22 Sept.enber 2005 DESCRI PTI ON. | MAGE PROCESSI NG APPARATUS AND METHOD,. AND
| MAGE- CAPTURI NG APPARATUS . Techni cal Fiel-d The present invention relates
- to .image processing apparatuses, and nore particularly, to an imge ,
~'processing apparatus in which a difference between a signal detected by a
sensor and the real world is taken into consideration.22&eplewheri2§ee for
: 'detectlng i ncidents occurring in the real world by a sensor. and for '
- processing sanpl ed data out put. fronrth _image sensor is widely used. 15 For
-“exanpl e, notion blur occurs in an i nage obtai ned by capturing an object
~noving in front. of a predeterm ned:stationary background with a video .
.canmera if the, noving .speed is relatively-high. Hitherto, in order to
~~ prevent such notion blur,. exanplPESCRA&ETIHEed of an el ectronic shutter is
“increased so- as to decrease the exposure-tinme. However, in the nmethod in
- whi ch t H@A&h RRQGESTE ARP ARG ER o) M&TH@,n@@esgamEt—@MdjtmsNGt he .
. shutter: %peed of  a video canera before capturing an inage. Accordlngly
there i & S5em|n whi ch- bl .urred i mages- cannot be corrected to 22

._M,Septenber 2005

;
]
:
;
;

-5 ) Technical Field

The present 1nventlon relates to 1mage proceSSLng'
apparatuses, and more partlcularly, to an 1mage processing
apparatus in whlch a dlfference between a 51gnal detected by-',
a sensor and the real world is taken into consrderatlon |

10 .

rBackground Art'
A technlque for detectlng 1ncrdents occurring in thei
Areal world by a sensor and for processing sampled data
:output_from the 1mage:sensor.is widely used.
15 -  For example, motioniblur'OCCurs in an rmage obtainEdjby

capturlng an object movrng in front of a predetermlned :
statlonary background w1th a v1deo camera 1f the mov1ng .
tﬁ;;speed 1s relatlvely hlgh.aie.'
A Hltherto, in order to prevent such ootlon blur; fdr"
"26"example, the speed of an electronlc shutter is 1ncreased so
'Wb'ras to decrease the exposure time. B | |
| However, in the-method‘in'which'the‘shotter'speedfis~
'_-increaSed lt 1s necessary to adjust the shutter speed of a o

. video camera before capturlng an 1mage Accordlngly, there‘

25 f_ls a. problem in whlch blurred lmages cannot be corrected to‘



obtain sharp images. Disclosure of Invention The present invention has been
made in view of the above described background. Accordingly, enbodinments of
the present invention nake it possible to elinminate notion blur contained
in a blurred inmage: According to a first aspect of the invention, there is
provi ded an i mage processing apparatus for perform ng2pSegesiziragRs on i mage
~data which is formed of a predeterm ned nunber of pixel data obtained by an
i mage- capturing device including a predeternined nunmber of pixels. and
having a tinme integrating function, _saj d inmage processing apparatus
conprising: area specifying nmeans ﬁor speci fying a non-m xed area forned

of a foreground area consi sting of foreground object conponents which form
a foregr %F |nage data and a background area consisting of
backgr ound obj ec nﬁbnents whi ch form a background. object of the inmage
data, or a m xed area in whichth:e: .foreground object conponents and the
background obj ect conponents area m xed; and processing execution neans for

si mul tneousd e Q&r&g&gh@gonbased on a result obtained by specifying the
area by the area specifying :neans, processing for separating the

f or egr ound Tokj esteaiponensst witd khe baekgraurd i9bj €rdw COPPORENESova from
pi xel data of the m xed area, and processing for elimnating .notion blur

: fron1tdﬂﬁquﬂhﬂdaﬂeECKgmeqndMJndA@bpedungoyponwmmmﬁlmﬁheslnﬂ@etpeogﬁeseng
apparatus may further include equal
invention make it p0531ble to ellmlnate motion blur contalned in
"a blurred 1mage. |
According_ to a first aspect of the inyention, _there is
provided an image processing_apparatas for performing proceesing
on image data.which is formed of a_predetermined_number of pixel
data obtained _.by an image¥capturing ::device includino a
'predetermined number of pixeie_ and having ‘a time integratingr,‘
funotion, "said image processing- apparatus- comprising: : area
specifying. means for specifying a non—mixed area formed of a
foregronnd area consisting of foreground object.oomponents\which
form a foreground object of image 7data 'andf a :background"area
consisting of :'backgronnd - object 'componentsTUAWhich | form ‘a’ .-f
‘-background object of the 1mage data, or-a mlxed area in whlch thef
fforeground object components and the background object componentS'
area mixed; and processing executlon means for 51multaneously
‘performlng, based on a result obtained by spec1fy1ng the area by

'the area specrfylng means, 'proce551ng- for separatlng the

bforeground object components and the background object components




portion detection neans for detecting an equal portion consisting of
adj acent pixel data of the foreground, area whose val ues are substantially
~equal to each other. The .processing execution nmeans may sinultaneously
performat |east the processing for separating the foreground object"
conponents and the background object conponents from theeptihieebodat a of the
~m xed area and the processing for elimnating notion blur fromthe
separated. foreground object conponents based on the detected equa
portion-and the result obtained by specifying the area by the area
speci fying neans. 10 The inmage processiZag—apparatus may further include
~unit-of-processing determ ning neans for determning a unit of processing
consisting of a plurality of the foreground object conponents and the
background obj ect conmponents based on a position of the equal portion. The
procengﬂﬁ Hﬁk%ﬁe%%ﬁ?dﬁp SIS TGt AREoREPGERBI RO FRT ROt LR i t of .
processj t r ng . .for _s rating the. faoreground :object conponents

Iﬁbgg‘ork gﬁupdﬂgcﬁrf?&% ngﬁsraggs 8414 rc%Lhnd 33 £ SJPg ,

and the backgroun onents-an & processiiEPOror et i mi nati-ng

motion' bl ubhd r eRkbbBe pr3eRaLahEd afpefa%%ﬁc%h%dacegfl f&&ﬁ@ﬁp%ﬁé%aeof% ulhe

uni t-of - processing”™ determning" neans may ermne the unrt rocessihg
corr esponti tig dorddied xelandatrar bekenging 49 dheaMped @readsitheng

- foreground area which is . |ocated on one straight Iine and which is oOther

than td€ agjxsintdatizedf dahe. ofquaé poerédound5 abhke equal - portion det ection
~_ neans may detect the equal 22 Septenber 2005 - 4 = . . L




~calculating the foregrou

portion by conparing a difference of the pixel data with a threshold. The
equal -portion detection nmeans nmay detect the equal portion consisting of
t he adj acent pixel data having the nunber of pixels greater than or equal
to the nunber of pixels corresponding to the anount of novenent of the

foreground object. The processi ng execution neans may sinultaneously
“perform the processing for separating the foreground B EREEYHGhent s

and t he background object conponents and the processing for elininating:
motion blur fromthe separated foregrpund object conponents by applying a
cal cul ation corresponding to a notion vector. . The processing execution
means may i ncl ude: nodel acquiring .neans for acquiring a nodel

corr espgndi t-Q. the unit of rocessin d_a notion vector; equation
gener atl'ngré&anlgl%soraregesn ,Satialuﬁgl,a_ e %ft?% SRGUi e hodel € an equat i on
corresgggg; n el ati gnshi p. bet ween. t i xel data of the unit of
processi ng Eg%dl r}q%ge%eoérl‘g}glroglur%]nc? Egbsj S%E\t{\i‘;csolrrnb%nte CUhd’ e TYIR QY ound obj ect
conponery £ A Ned.dJL ; nit nr.ocessi;ng; d cal cul,ation neans for
ég%l%gbeoﬁyecﬁeog aclgé{rr%glri n'%}%gafno he 'Cgk%t?%%% obj ect

conponeR Rl e iuhd he.citidul O@ﬁéf&é&gﬁ&@% U ddsgenerat ed -

equation. 22 Sept enmber 2005 - second "aspe of the

i nvent igake It RRRG ¥ HMOVIIGRM: ALdATBGR RIRCESSI A IO, f or performing

processing on inege data which is fornmed of  a predeterm ned nunber of
pi xel . edahd neftiaig @d thbna b 1FAGe-RARHY It e &e A HAMH Bbject

predet erm ned nunber of pixels and having 'a tine intedrating
g@mponents based on the detected equal portion and‘the
result obtained by specifying the area by fheﬁérea
specifying means.

10 ' The imagé processing épparatus may further include
unituof—proceSSing détermiﬁing means for determining‘a unit
of processing consisting of a plurality of the ﬁoreground

ﬁobjeqt cémponents énd the backgyound objéct components based
on a position of the equal portion.' The'prbcéssiﬁg-

15 execution means may simultaneously perform,.for eachlunit of
processing, the processing.fqr separating the foreground-
.object components and the backgroﬁnd objecﬁ ébmponents)énd
thefproceésing.fOr eliminating motion:biur from the
'separéted foregrpund object compdnents.

'_20_ .. The unit;of—processing7déterminiﬁg‘means méy_detefmine
‘the unit of processing corresponding to fhe pixél data
:belongipg to the mixed area:or'the foregroﬁnd_area which is
located on one $trai§ht lineiandrwhich ié bther thén the |
pngl data of the.équal.poftion.

25 The equal—portipn'detection_méans may detect the equal




function, said inmage processing nethod conprising: an area specifying step
of specifying a non-m xed area forned of a foreground area consisting of
foreground object conponents which forma foreground object of inage data
and a background area consisting of background object conponents which
forma background object of the inmage data, or a m xed area in which the

f oreground obj ect conponents and the background obj ect Zci?p6mest2805 ar ea

m xed; and a processing execution step of sinultaneously perform ng, based
on a result obtained by specifying the grea by the processing of the area
speci fying step, processing for separating the foreground object
conponents and the background object conponents fromthe pixel data of the
m xed area, an processin fo%ﬁgg%ninating notion blur fromthe separated
f or egFound “Obj e¥t CORFHEH s2 I HEYE Sr BEesdigPABERod ey Fiditthed
incluq%xgghgq?ql- portion detection step of detecting an equal portion
consisting of adjacent pixel data of the foreground area whose val ues are
substanti abhy egyaiit cth O etk Rt H c | ng;of_. t.he ro i ng
execution step, at Iéggﬁgﬁﬁé %%%gggégﬁg ?%?ﬁgeggﬁét?ﬁﬁe Sgggen%§§§5005 -
S5a t heotreiegr ewndiehiagt ogomeneM faant thedackarpung, obj ecte goRRPOPENt s
fromthe pixel data of the m xed area and the processing for elimnating
mot i orfbl pixklem gheaseparth@d dwor egnaiind tebj et conpbaent S£Mayidels
simul taneously perforned based on the detected equal portion and the

r esul €O6bEaPARALRY tepided fapaunlt g aowambytt hEé bheaf @2 Geptretrivdr 2005 - 6

The processing execution means may simultaneously perform
the processing for separating the foreground object components
‘and the background object components and the processing for
eliminating motion blur from the separated foreground object
components by applying a calculation corresponding to a motion
vector.

The processing execution means may include: model acquiring
means for acquiring a model <corresponding to the unit of
processing and a motion vector; equation generating means for
generating, based on the acquired model, an equation
corresponding to a relationship between the pixel data of the
unit of processing and the foreground object components and the
background object components contained in the'unit of processing;
and calculation means for calculating the foreground object
components and the background object components contained in the

- unit of processing based on the generated equation.




speci.fying step. The inmage processing nethod may further. include a unit-
of - processing determning step of determning a unit of processing
consisting of a plurality of the foreground 5 object conmponents and the
background obj ect conponents based on a position of the. equal portion. In
~the processing of the processing execution step, the p essing,. for
separating the foreground object conponents and the ba%ig?%ﬂﬁﬁg%ﬂfect
conponents and the processing for elimnating notion blur 10 fromthe
separated foreground object conponents may be sinultaneously performed for
each unit of processing. In the processbng of the unit-of-processing
determning step, the unit of processing corresponding to the pixel data
bel onging to the m xed area or the foreground area which is 1S | ocated on
one straigg whi ch is_ather than the i xel data of the equa

portion nay&%éélrcgig?%:] %One%l. S5 PIRTEssPhg %‘?gt H&vEGLaP porthisit gé? ection
tep, tRG; bn - 28 gt by, RN 5 d-Efce S L th
step, SthgiagHa pQ%ﬁ ggﬁgﬁ§-9§6ﬂ§ RELRAQPY¥ COTRILN ﬁﬁebeaﬁgg?gg???%n €

pi xel "data wth at n the processing o

det ectimageSt®fta Whe1£qua! MRREHION £0RSISIRYGhihRE adi@centPi gsngf;eﬂata
havi ng the nunber of pixels greater than or equal to the nuﬁ%er of pixels
corr esiponadi ngbitaoirarl amoynt of nomegentapfuride faeegeeund bjiRGhgTRY, be
detected. 25 In theprocessing of the processing execution step, the 22
‘Sept epbere200Bined munbeessohg diorelsepandt imgyitrhe foregioundtebireting
_conmponents and the background. object conponents and the processing for
function, said image processing method comprising: an area
specifying step of specifying a non-mixed area formed of a
foreground area consisting of foreground object components which
form a foreground object of image data and a background area
consisting of background object components which form a
background object of the image data, or a mixed area in which the
 foreground object components and the background object components
area mixed; and a processing execution step of simultaneously
performing, based on a result obtained by specifying the area by
the processing of the area specifying step, processing for
separating the foreground object components and the background
object components from the pixel data of the mixed area, and
' processing for eliminating motion blur from the separated
foreground object components.
The image processing method may further include an equal-
portion detection step of detecting an equal portion consisting
of adjacent pixel data of the Fforeground area whose values are

substantially equal to each other. In the processing of the

processing execution step, at least the processing for separating




elimnating notion blur fromthe separated foreground object conponents

. may be sinultaneously perfornmed by applying a calculation corresponding to
a notion vector. The processing of the processing execution step nmay

i nclude: - a nodel acquiring step of acquiring a nodel corresponding to the
unit of processing and a notion vector; an equation gengr@liNde pbseP Of
generating, based on the acquired nodel, an equation corresponding, to a
rel ati onshi p between the pixel data of the wunit of processing and the

f oreground object conponents and the background object conponents
contained in the unit of processing;- @nd-a calculation step of cal cul ating
the foreground object conponents and the background object conponents
contained in the wunit of processing based on the generated equation.

Accor difify tFOTEIURPRE aSBettt of COMRCBR SNty ritd oPaaksosind; sopie¢tded a
storage _nedi um.in_which_a conputer-readable program for performn

pr ocesSSTRGTSR Pmade®dat B ShitHS s ﬂ?&ﬁedogf gﬁepr%ﬂé?%r ﬁﬁ?ﬁbeghﬁf

pi xel in by I; 2- cap I vice.including a _predeterm ned
A e I o e o S s
conputrr-seadall e r mggﬁg' i ng.,,an,ar e dﬁEﬁ%J | t

specifying%g ngn-oﬂfﬁgg 3$%a fogﬁgé g?ya ?%rég?oun 1%¥%gﬂein§?§?§ﬁ8e%f 22
Sept emagled?2Qb thd adetoregd ovgdadbjpeet i 6AMRARE MR Wk &l 4 0pHt 21 4 egyound
object of inage data and a background area consisting of background object
conpomeets fuhhght her area bag kKgroundaobj ect of the i mage data, or a m xed
area in which the foreground object conponents and the background obj ect
conponents area m xed; and a processing execution step of sinmultaneously
per f or m ng, :




22 Septenber 2005 - 8 based on a result obtained by specifying the area by
the processing of the area specifying step, processing for separating the
f oreground object conponents and the background object components from'the
- pixel data of the m xed area,. and processing for elininating not i on
blur..fromthe separated foreground object. conponents. %rggQ?H%of t he
storage nedium may further include an equal-portion d ection ep of
~detecting an equal portion consisting of adjacent pixel data of the
foreground 10 area whose val ues are $ubstantially equal to each other.
the processing of the processing execution step, at |east the processing
for -separating the foreground object ' conponents and the background. object
conponeplet iffidMg tshep pi xel data of the m xed area and the processing for
15 elimnating notion blur fromthe separated foreground object conponents

may be simithaneaugkyppecbesibg hasaddonathgudeheet edcequal 5 periéon and the
result obtained by specifying the area by the area speC|fy|ng step. The

programﬁebrthSSUQ@a@et@&dumﬂm@aﬁt%mrbEEHdﬂeﬂMﬂﬂin@ a 3@idnbk- of - processing
determning step of determning a unit of, processing consisting of a
pl ur al prpcefssting tonedsaind odpr@ﬂumadpmﬁemﬁst&@dfbhegbaﬁhground
obj ect conponents based on a position of the. equal portion. In the
pr otesSbigcsf compopreotess sindg thee backgrosinglp obijlee tprompsaknysf bassépar at i ng
25 the foreground object conponents and the background object 22 Septenber
2005 _og a position of the equal portion. In the processing of
the proce551ng execution step, the proce551ng for separating
: the'fereground object components and the background object
.cemponents and the pfocessing for eliminating motion blur
- 10 from the Sepdrated fbreﬁround object cemponents'may be
simultaneously performed for each unit of processing.
In the proceSSLng of the unit- of proce531ng determlnlng
step, the unit of proce351ng correspondlng to the pixel data
lbelonging to the nixed area or the foreground area which is
15 located‘on'one‘straight line and which is-other than the
pixel data ofrthe equal portion may. be determined.
| In the. proceSSLng of the equal- portlon detectlon step,
"the equal portlon may be detected by comparlng a dlfference
of the pixel data.with_a threshold,
“20 ‘.Inrﬁhe'processing of the equal—portion detection step,
ithejequal portionrconsisting_ef_the adjaceht pixel data
having the numberzof pixels greater than or equal to the
'number'of pixeis correspondinélto an_amdunt of ﬁevement of
the foregroundzobject;mey be-detected;'

25 In the_processing of the.ﬁrecessing execulbion step, the




conponents and the processing for elimnating notion blur fromthe
separated foreground object conponents may be sinultaneously performed for
each unit of processing. In the processing. of the unit-of-processing
determining 5 step, the unit of processing corresponding to the pixel data
bel onging to the m xed area or the foreground area which is | ocated on one
‘straight line and which is other than the pixel data of® YTRE™EH AP portion
may be determined. In the processing of the equal -portion detection step,
10 the equal portion nmay be detected hy-conparing a difference of the

pi xel data with a threshold. In the processing of the equal-portion
detection step, the equal portion consisting of the. adjacent pixel data
havi ng the. nunber of pixels greater than or equal to the 15, nunber of

pi xel PrmeEsedpgndiony sepanabmgnthef freemenindfobidet f aprgooants objneict may
be detected. In the processing of the. processing execution step, the

pr oces€ihg ?%@k%@%ﬁﬁgtiﬁéj?ﬁé f GrBgPBERtSObjadEt componphbsesahngt héor
backgr ound obj.ect congonents.and t he processing for 20 elimnating notion

bl ur f RELEEpAFAt £ f SHegr obREMobl et SeEGHpSREnt SoRRgr g wileskeous! y
perfor pl yin cal cul ation corresponding t notion_vector. The
pr oces@%&?pégggt hénaa’?o?oeessi ﬁbm@%%rb??‘%ﬁ%yst e%eﬁﬁ/g“‘?(ﬁcl e: FRPIByRE 2
acquird f LL L NG .cor ding to the unit. of

o cese mlaiol! cBERLECRR R TOT dER T TEREH0S "U10” an equation
gener ati ngtskeproted8ngs abt Nohe basEce O N6 ACAH fed sy R gYUaLT ON

corresponding to a relationship between the

a model acquiring step of acquiring a model corresponding to the
unit of processing and a motion vector; an equation generating
step of generating, based on the acquired model, an equation
corresponding. to a relationship between the pixel data of the
unit of processing and the foreground object components and the
background object components contained in the unit of processing;
and a calculation step of calculating the foreground object
components and the background object components contained in the
.unit of proceésing based on the generated equation.

According to a third aspect of the present invention, there
is provided a storage medium in which a computer-readable program
for performing processing on image data which is formed of a
predetermined number of pixel data obtained by an image-—capturing
device including a predetermined number of pixels and having a
time integ;ating function is stored, said computer-readable
program comprising: an area specifying step of'specifying a non-

mixed area formed of a foreground area consisting of




pi xel data of the unit of processing and the foreground object conponents
and t he background object conponents contained in the wunit of processing;
and a calculation step of calculating the foreground object conponents and
t he background obj ect conponents contained in the unit of processing based
on the generated equation. According to a fourth aspect, of tgeI$@ sent
invention, there 1is provided a programfor allow ng a 5%%@? |

perform ng processing on inmage data which is forned of a predeterm ned
nunber of pixel data obtained by an inage-capturing device including a

pr edet er mi ned nunber of pixels and haviadg-a time integrating function to
execute: an area specifying step of specifying a non-m xed area fornmed of
a foreground area consisting of foreground object conmponents which forma

foregr ject of image data and a.background area consistin of
backgr%ungﬁgﬁ#ggto%%ﬁ%%n ATROMHT h Vg?ﬁﬁaﬁgﬁﬁkd?ogﬂﬂe%ﬁ?%%q BPJgFEeOﬁnage
- data, gf mxed aiea, i, W e nd .obj e conponent s .and _the
_back_grouang(’ie obj ect corrponae%\?%%glrnted;eange%dgrg%%d%ndproo(%cek?sascﬁ( 7 o8X CLﬂb!jgﬁ_tstep
of si nadripieoits] whehf ebrng, bhargH-OM Sof&suldr alifained by sRecifying the
area by the processing of the area specifying step,, processing for
separ atixwgi t hee22 iSepteibier t2Q05forddourfdr egfesnd QRiREneaMPAReNtsand
t he background object conponents fromthe pixel data of the m xed area,
and privegsgiongdf oobjekitni kamprgenbsi oarbkur nfikeny t hensepar atped deeseggound
object conmponents. The program may further include an equal -portion
det ectS*GIY St Ep 6FcHePEct Myl anasdly pertiosniognsi sting of




22 Septenber 2005 - 11 adjacent pixel data of the foreground area whose
values are substantially equal to each other. In the processing of the
processi ng execution step, at |least the processing for separating the
foreground object conponents and the 5 background object conponents from
the pi xel data of the m xed area and the processing fqﬁsglkgLng&pg.nDtion'
blur fromthe separated foreground object conponents nay Bé _ _
si mul t aneously perforned based on the detected equal portion and the

resul t-obtai ned by specifying the éréa‘by the 10 processing of the area
speci fying step. The program may further include a unit-of-processing
.determ ning step of determning a unit of processing consisting of a

pl ur al bagseaf drhe fresegtoupdahkachby epepemenhs and hheabagkghaund obj ect

- conponents based on a 15 position of the equal portion. In the processing

~ of theprpoesessigng fexaeubiren spepifihiagpsoepssprgcbesisgpaprating the - =
- foreground object conponents and the background object conponents and the -
pr.ocessiepgriadingelthei fateggonoti ohjbktr cofipomehhe sapatated foreground -
obj ect conmponents nmay be .20 ..sinultaneously perforned for each unit of
pr ocesbarggronnghebpeotessitpgnefit shéromi thef ppretedstagodetreni ning step;
~the. unit of processing corresponding to the pixel data belonging to the -
mi xed Bi€§doPreRe RBflegroundsangalani ehiininpbtagedobhoonklstrdrght |ine and
which is other than the 25 pixel data of the equal portion may. be. -
det er n-h€d 5eP2rakpfefpEpgpopBd-ohpect components. - | .

The program of the storage mediunm mnay further_inciude_-
-an equal-portion detection step of detecting an:equal |
portion consisting of adjacent pixel data of the_foréground
10 area whose values are substantially equal to each other. In
.'the—processing of the processing execution step, at least
the processing for separating the foreground bbject
géﬁponents and the background.objecf compohents from the
?ixel data of the mixed aréa and the processing for
15 eiiminating motion blur from the separated foreground object
components may be simultaneously performed based‘on the .
detected equal portion and the result:obtained by specifying
the area by the area specifying step. -
The program of the storage mediﬁm may fufthef'in¢ludé a
QZQ unit-of~§rocéssing determining step of determining a_unit of .
processing consisting of a plurality of the'foregfound |
object components and the;bagkground Objeét-compoﬁents‘based_
_ bn‘a position of the.eqﬁal portion. - In the processing of
- the prpceésing execution Step; the;processing for éeparéting

25 the foregrounq object components and the background object |




In the processing of the equal -portion detection step, the equal portion
may be detected by conparing a difference of the pixel data with a

threshold. In the processing of the equal -portion detection step, 5 the
equal  portion consisting of the adjacent pixel data having the nunber of

pi xel s greater than or equal. to the nunber of pixels ¢ r§ %98 ﬁhﬁﬁ to.an
anount of novenent of the foreground object may be det 8 e
processing of the processing execution step, the 10 processing for
separating the foreground object conponents and the background object
~conponents and the processing for elimnating notion blur fromthe :
.separated foreground obj ect. conponent s nay be, sinultaneously perforned by

applyl cuI n corres ondln a nption vector. 15 The
processrré? ?eq (%c %t%&f@ﬁﬁ?q%ﬂﬂlﬂﬁilQP|¥Gd@1 acqurrrng

. step ofe. a6 corres i,n o‘the unit of processing and a
- notion vectLEﬂérgbp%ﬁnr |(N1Eﬁﬁﬁﬁéh4] iﬁ TIRBIE S MY, Yased on the
-acquiredn SPr rel ationship 20 between the
- pi xel data of the urﬂi ff %r@noé:fe)sgs?rfrg andr{?‘h q{af FEGIoUiTd Bhj ect conponent s

and e backer N 0BLeCGOIROREAl S.SRLALIH LIS gggg{gfle rocessi ng;

FraaPE
and a calculation- step Of ulatrng the foreg RBonent s -

‘andst h%t@%ﬁkgﬂ}@mﬂu@blo@mpx%@&%& &f‘a%ﬂ% P he g. a%g

. processi ng based on the generated equatron
Accordb@gdh@ﬂﬁd”ﬂa|th%5Hﬁ§bd9%r%Q@chﬁW§%§'ﬁyﬁedfgﬂﬂa'é%eapaaﬁl%eqsan |nage

processi ng apparatus for perform ng processing
' - located on one straight line and which is other than the
pixel data of the equel portion may be determined.

In the processing of the equal-portion detection step,

10 the equal portion may'be detected by comparing a difference
of the pixel data with a threshold.

In the proce531ng of the equal portlon detectlon step,
the equal portion con51st1ng of the ad]acent plxel data
hav1ng the,number of pixels greater than or equal to the

15 number of pixels correspoﬁding to an amount of movement of
the fereground object may be detected.

In the processing of thegprocessihg executieh step, the
-processing for_separatinglthe foreground object componernts
and the background object coﬁponents.and the proeessiﬁg for

20- eliminating_motion blur from the eeparafed foregreund obﬁect-
components may be 51multaneously performed by applylng a |
'calculatlon correspondlng to a motlon vector

The processing of the proceSSLHg-executlon steb may

include: a model acquiring etep of.vahiring-a ﬁodel

25  -corresponding to the'unitfof processing -and ‘a motion vector;




on image data which is fornmed of a predeterm ned nunber of pixel data
obt ai ned by an i nmage-capturing device including a predeterm ned nunber of
pi xel's and having a tinme integrating function, said i mge processing
apparatus conprising: input mneans for inputting imge data having an

obj ect area consisting of object conponents which for C and
notion-blur elimnating nmeans for elimnating notion g%zaspepgyga %Ob%g in the

obj ect area by assum ng that values of part of the pixel data in the
obj ect area of the image data input by the-input neans are substantially
equal . The input neans may input the inmage data having a foreground area
consi st ng of foreground obj ect conponents which formthe object, a

backgrou COI’]SI sti.n bac round obj ect onents which forma
backgr oundq&%j ot , IS (f qeﬁle\ﬁr‘# ¢RIt hBafSS e@Poﬁﬁﬁ ghABred

conpongis angy %G@a@?ghg %&Q@sBBhSEE%C%%p%PePéfaégéhéﬂ%Pt 8., TOL ), on- bl ur

elimnati ng nmeans may elimnate notio occurrin ?oregr%und

area hyiassugitg bhatnvahues ofs écé)sfsifrfbe PlXetne d%i‘ebf’oﬁﬁ?&’ E]ngcgﬁound
~area of the inage data input by t i nput” means are subStanti al equal

22 Septeumpererd@0%nd 1Ba bibegioage @mw@sw@paﬁmrt@t uSnBY nEHr 1hefnd ncl ude
equal - portion detection neans for detecting an equal portion in which the
val uesiroift t he pirveksdang; i rrichez f orégnbandomr eaepf dtheca agestidaf atias e '
substantially equal. The notion-blur elimnating neans nay elimnate

not i orf WKHT BECuePD ﬁgtl ROPRENEBE ® gr i ncharew isasedd olbiekhé equabnpotsi on

det ect ed %y %e equa éportl on det ection neans.
ine in unit of processing based on the generated

équation.

According to a fourth aspect of the present invention, there
is provided.la program for allowing a computer for performing
processing on image data which is formed of a predetermined
number of pixel data obtained by an image-capturing device
including a predetermined number of pixels. and having a time
integrating function to execute: an area specifying step of
specifying a non-mixed area formed of a foreground area
consisting of foreground object components which form a
foreground object of image data and a background area consisting
of background objecé components which form a'background object of
‘the image data, or a mixed area in which tﬁe foreground object
components and the background object components area mixed; and a
.processing execution step of simultaneously performing, based on
é result obtained by specifying the area by the processing of the

'a;ea specifying step, processing for separating the




22 Septenber 2005 - 14 The inage processing. apparatus may further include
unit-of - processing determ ning neans for determning a unit of processing
consisting of a plurality of the foreground object conponents based on a
position of the equal portion. The notion-blur elimnating neans may
~elimnate notion blur of the foreground area for each u&%%?of Frocessing.
The unit-of-processing determ ning neans nay determ ne Pt 2988
processi ng corresponding to the pixel data belonging to the m xed area or
the foreground area which is 10 | ocated on one straight line and which is
~other than the pixel data of the eqdék portion. The inmage processing
apparatus may further include area specifying neans for specifying the
foreground area, the background area, or the m xed area. 15 The

equal - grtion det QtigF nmeans na% detect the equal _portion by conparing a
di f f erefice? ot e‘f’%&i CEEPRTRITR 479t hReshaferotnd cRjigacp&etPeReaBE ect i on

neans detect _t e partion consisting of the adjacent, pixel data
havi ng t e %5% na%gg% g‘? Pl xeqf; Eggat%}x ar‘?r%ra’eqﬁ%‘g. Q‘Jt)oqer‘?élﬁl@nbg?rof
pi xel secoff:R8MORAI At § Onan, AMDURL oA ’E@%/_eré%%targftehh.6foéé)%‘]ecgfr@ngb?Q!:ECt:
The notion=biur "elimnating neans nmay elim nate notion ur occurring in

t he f areggansitsarea by applying a 25 cal cul ation corresponding to a notion
vector. 22 Septenber 2005 - 15

The program may further include an equal-portion

detection step of detecting an equal portion consisting of




. The-.notion-blur elimnating nmeans may i ncl ude: nodel acquiring neans for
.acquiring a nodel corresponding to the wunit of processing and a.notion

. vector; equation generating neans for generating, based on the acquired -

nodel, an equation corresponding to a relationship between the pixel data
of the unit of processing and the foreground object ¢ ngapﬁz tai ned
inthe unit of processing; and calculation nmeans for Al ch g he
foreground object conponents contained in the unit of processing based on
the 10 generated equation. The noti an-bl ur_ elimnating means may

si mul t aneously perform processing for separating.. the pixel data of the
m xed area into the foreground object conponents and the background obj ect
compone S f 15 motion blur. fromthe
seggratggﬁ?geggr %%%f %?g%tgﬁoﬁ%%géﬁ Feibdy as%% ) eaaWQQF?rﬁ?ﬁqﬁﬁlﬁﬁ?

| ndi cat g gapens 1 yedes paco consi siiac of theforearound areq. and the

background area or m xéd area and € The

i nage pp?@@é%ﬂ%%?@é@%ﬂ%”@ﬁ’eﬁ”réPeIeé&_Clt?rg% &Po&@gé o -8 r ocessi ng

determning neans for determning a uni rocessing. conS|st|ng of a

pl ur al i $8p8F 2t Neg fOf & oF Srsh o1 ah 885 & QMG 5o 3 tgﬁpkground obj ect

conponents based on a position of t%e equal portion. he processing

exesut i ioackgansnd MBlyj & Mubdmnaciist ¥ . pesd orHe g 0feeach Uit 9f. 25
processing, the processing for.separating the foregrounds 22 Septenber 2005

- - 16 ohjesd dospanentishe gichddiss hag koo Widinoh] A6tn € QRaReNEIwdnd  the

proceSS|ng for elimnating notion blur fromthe
from the separated foreground object components may be

51multaneously performed based on the~detected equal portion
and the result.obtained by specifying the area by the
10 processing of the area specifying step.

The program may furthér include a unit-of-processing

,'determining step:of determining a unit of processing
‘consisting of a plurality of the foreground object
-components and the_backgroundobject'components based on a

15 position of the equal portion. ‘In the processing of the
processing execution'step, the processing for separating the
foreground object components and the background object

- components and the proce551ng for.. ellmlnatlng motlon blur

, from the separated foreground object components may be

20 ”31multaneously performed for each unit of processing.

In'the proceasing of the unit-of-processing determining
1$tep, the_uniﬁ of processing eorrespohding to the pixel data
Ubelonging to'the mixed'area'orgthe foregrouod area‘which ie
'1ocated'on one straight line and which is other than the -

) 25 pixel Qata_of the equal portion may be;determined.'




. conponents :and the background object conponents an

separated foreground object conponents. The unit-of-processing determning
‘means nmay determine 5 the unit of processing corresponding to the pixel

data belonging to the m xed area or the foreground area which is | ocated
on one straight line and which is .other than the pixel data of the equal

portion. The inmage processing apparatus may further 'r“¥f§2t9m¢y30m90

speci fying neans for specifying the foreground area, thé ackground area,
or the m xed area. The equal -portion detection neans nmay detect the equal
portion by conparing a difference of l1£he pixel data with a threshold. 15
‘The -equal -portion detection nmeans may detect the equal portion consisting
of adj acent pixel data having the nunber of pixels greater than or equal to

“the nunber afn tﬁi&%'r%ce%%&%%sw(@h@ eh%aa.r.'llp%rf%é[ U Qﬂcetre%\ﬂqgﬁntstgL the

foreground obj ect.. 20 The unit-or-processing determning neans
si nul t atteousdya Pgsdar ot %pwm&é&r@%ﬁéfﬂg} tah%ufff%rr%%r %U“d obj ect

he processing for

eilmrunfrqheanXHllﬁaﬂa w4 hehrsepaat ed foreground obj ect conmponents by
applying .25 a calculation. corresponding to a notion vector. 22 Septenber.

- 2005 - 17 Inetherproteoeooqsoﬁnghdebqneunpogtﬁe&naeﬁaythaﬁlggg nodel
~.acquiring neans for acquiring a nodel corresponding to the unit " of

pr o@esdilyy etk la peottiiem \eotsdrst iegu atfi Megem@raadem:g pisans dhek generatl ng,
based on the acquired nodel, an equation-
7 having. the number of plxels greater than or equal to the
" number of plxels corresponding to an;amount of movement of
the foreground‘object may be detected.
In the processing of the processiog execution sﬁep, toe

10 proCessing for separating the foreground object components
and the background object components and the processing fof
eliminating motion'blur from the eeparated-foreground object
components may be‘simultaneoosly perfOrmed by applying a |
.calculation corresponding to a motion vector.

15 ~ The o;ocessing of the processing execution step may
include: a model ac@uiring step of acquiriog a model
correspondiﬁgoto'the unif of‘processing and a motion vector;
;an,equationlgenerating step of,generating, based on the

- acquired model, an equatlon correspondlng to a relatlonshlp
: 20 between the plxel data of the unit of proceSSLng and the
Iforeground object components and the'background obiect
f.components contalned in. the unit of proce381ng, and a
calculatlon step of calculatlng the foreground object
components_andrthe backgrouod object components.contained.in.

25 ;the unit.of processing based on the‘generated equation.




corresponding to a relationship between the pixel data of the wunit of
processi ng and the foreground object conponents and the background object
conponents contained in the unit of processing; and calculation neans for
cal culating the foreground object conponents and the background obj ect
conponents contained in the wunit of processing based o %he ggnerated
equation. According to a sixth aspect of the invention, 1 hls %mmﬁrovided
an i mage processing nmethod for perform ng processing on inage data which
is formed of a predeterm ned nunber of pixel data obtained by an

i mage- capturing device including a predeterm ned nunber of pixels and
having a tinme integrating function, said i mge processing nethod
conprisingﬁxan i hput gtep f inputting i mage data having an object area
consi st i ng ‘6 °T§67¢ct P offponehitls GAPBRTT GHm BRe ol @entigRd ahHARS ohSbl ur

elim . i mi . ti bl i i bij t area b
assumig Tt BB, Binebe; B G n T bt ¥ o e i D BepCarganer the

assumi'ng that” val Ues “o Pl Xe

i mge gatigdqap sy whhenpE oc I i step ubstantially
equal . 2£'S§%fen§erwgég% §91$§§m€% %%éﬁ ré%gggﬁﬁﬁigﬁ'P%%SF%pgf @?%%? t he

| mage diadaa heviahey By egraund iRa CeRSISHigng v earoundiahj ect
conponents which formthe object, a background area consi sting of
backgmounidteshiieet! onnpenents whicebsf e anbackgr eundimbj eetegandisg i xed
area in which the foreground object conponents and the background obj ect
conporféicd igne -sadd minagk meyobessnput . appatdenpr eressiisdnof t heput
motion-blur elimnating step, notion blur occurring in the foreground

means for inputting image data having an object area consisting

of object components which form an object; and motion-blur

~eliminating means for eliminating motion blur occurring in the

object area by assuming that values of part of the pixel data in

the object area of the image data input by the input means are

substantially equal.

The input means may input the image data having a
foreground area consisting of foreground object components
which form the object, a background area consisting of
background object components which form a background object,

~and a mixed area in which the foreground ocbject components and
the background object components are mixed. The motion-blur
eliminating means may eliminate motion blur occurring in the
foreground area by assuming that values of part of the pixzel

data in the foreground area of the image data input by the

input means are substantially equal.




area may be elimnated by assum ng that values of part of. the pixel data
in the foreground area of the inage data input by the processing of the

i nput step are substantially equal,. The imge processing method may
further include an equal-portion detection step of detecting an equal
portion in which the values of the pixel data in the fo%ygggund Area 10 of
the image data are substantially equal. In the processifg 8F VPRe
nmotion-blur elimnating step, notion blur occurring in the foreground area
may be elim nated based on the equal portion detected by the processing of
the equal portion detection step. 15 ¥k +nmage processing nethod may
further include a unit- of-processing determning step of determ ning a
unit of processing consisting of a plurality of the foreground object
conponentsTQ%§ed on a:gosition of the equal portion. In the processing of

the notion-blur 69T Hat Ty €% PPIG bt i B bF BF 6§ t ARC 8P egPBHRY ar ea
may b i s I und f . Rr ssing. ln.the processing.of the
unit4§?$gFg¥2§%$%Hf éFé?%%%anbEs?gﬁecﬁﬁgguﬁptegPa%rnggﬁ?ﬂglgowgégéonding
to thecHd xelludat @ Bekopgkeg 494 he, f gr-egp QuE ea
which is 25 | ocated on gne strai ght FyﬁidgﬁﬁgaﬁﬁﬁﬁiPgﬁgt%grg%%agg?ﬁé - 19
pi xel diata aofe hesequakapoyt égialhy he: deiersi-Me:r theniRREELET AELSSI NI

method may further include an area specifying step of. specifying the

f or egmun@¢ldméaatehmot baokigt euncc@nea, nprin htharifxedgabead Sréd bhsed
processing. of the equal -portion detection step,. '
on the equal portion detected by the equal-portion detection

- means.




t he equal portion may be detected by conparing a difference of the pixel
data with a threshold. In the processing of the equal-portion detection
step, -,the equal -portion consisting of the adjacent pixel data 10 having
t he nunber of pixels greater than or equal to the nunber of pixels =
correspondi ng to an anount of novenent of the foregroqufggggggqg&y be

. detected. In the processing of the notion-blur elimnating step,. notion

bl ur occurring in the foreground area nmay be 15 elim nated by applying a
cal cul ation corresponding to a notiloh -vector_ The processing of the -
nmotion-blur elimnating step may include: a nodel acquiring step of
acquiring a nodel corresponding to the unit of. processing and a notion

vector; ~20rAD eflghi BRoOEBEt ALl BOLILEPLOT ndGNPAALADD, s ARG, ON the

acqui red nodel, an equation corresponding to a refafitonship ~between the

pi xel ~datia-off-bhecuBisi nal dRracassii g ﬁ@gn%h%orfeéﬁgEﬁﬂﬂﬁngbLéﬁ§iEO”PO”G”FS
~contained in the unit o processi ng; and a cal culation step of cal cul ati ng

“the 25offopegevrdngbi-6akic®ARENERAt S pORLALARY b7 thE HBLLPELRE Septenber
2005 - 20 processing based on the generated, equation. I% t he ‘processing

‘of theolgkictincbhpbnehisi pakkAgoft @PposPEQEASSIFNEREOEga8PaEALE iGNt he pi xel -
data of the m xed area into the foreground object conponents and the =
‘backgr Burdmb tabpebtucosponentsingdnpaneesaiyngliningté Meat bRgs TREI On bl ur
fromthe separated foreground object conponents may be simultaneously:
per for médthesédregransd anéar fimti each unit of processing. o '
The unitwof;processing determining means mayAdeterminé
the unit of processing corresponding to the pixel data |
belonging to the-mixed area or the foreground area which is
10 located oﬁ one étréight_line and which is other than the
pixel data of the equal portion.
- The image pfocessing apparatus may further include area
specifying_means for specifying the foreground area, the
background areé, or the mixed area. |
'15‘ The equal-portion detection means may detect ﬁhe equal
portion by-comﬁaring a difference of the pixel data with a
_threshqld. | |
The_equalQpértion detecfipn meéns may detect'the.equal
portion consisting of thé adjacent pixel daﬁa-having the
' 20 number Of.pixgls:greater than or eqﬁal.td the number of
N piXels corresponding ﬁo an amount of movement of the
.- foreground object.
'Thelmotionéblur é;iminatingrmeans may eliminate motion
blur'occurring in the foregioﬁhd area byrapplying al,

25 calculation corresponding to a motion ﬁeétor.




" indicating a non-mixed area consisting of the foreground area and the
‘background area or the mxed area and based on 10 the equal portion. The
~image processing nethod may further include a unit- of-processing
determ ning step of determning a unit of processing conS|st|ng of a
plurality of the foreground object conponents and the Jagl h@gng o®bj ect
- conponents based- 15 on a position of the equal portion. e processing
of: the processing execution step, the processi-ng for separatlng t he
f'oreground object conponents and theibaekground object conponents and. the
processing for elimnating notion blur. fromthe separated foreground
obj ect - conponent s may- be 20 simultaneously performed for each unit of

processing. g hﬁ%l@%p%ﬁﬁ§'n91%3 the unit-of-processing determning step,

~ the unit. of proceSS|ng corr espondr lnto e@ﬁ@ pi¥e "dati&e *h&PEfdi ng to the

. d I ted t ht |
MBS G R R O?%%f?p.x Sty | 5 St O”Gttasoor?wgy be
det er e o 22 SRRENHE 2005 meplh SIS, ddmge. pIpEassing, ethod nmy further

i'nclude-an area specifying step of specifying t Fore &Y the

backgr et AreR ¥ndhe Mg 3 on t@bé %?e({ﬁect ed%L)Qﬂe jof the equal - portion

detection step, . the equal” portion nmay Yy cdnparlng a

di 6 er enmtaon ke riespondaba wot B acibrasholtty Lt Re.P 10Ee3AAG Of the

equal - portion detection step, - the equal portlon consi sting-of "adj acent

_plxel data navmne unit of processing and the foreground object

components contalned in the unit of~processrng, and
calCulation means for calculating the foreground object
components contained in the unit of-processing based on the

10 generated equafion. |

‘The'notion—blur eéliminating means may simultaneously
'perform-processing‘for separating the pixel.data of the
mlxed ‘area 1nto the foreground object components and the
background ob]ect components and. processing for ellmlnatlng

15 motlon blur from the separated foreground object components
based on. area 1nformatlon indicating a non*mlxed area . |
.con31st1ng of the foreground area and the background area or
the mixed area andrbased'on the equal portion.

The.image'proceésing apparatus may further include:

7 20: unit—of-processing detérmining means for determining a unit'
.of proce851ng con51st1ng of a plurality of the foreground
,object components and the background object components based-
~_on a p051tlon of the equal portlon The-process;ng
'executlon means.nay 51multaneously_perform,-for'each unit ofﬁl

: 25 processing, the'processing for .separating the foreground'




t he nunber of pixels greater -than or egual to the nunber of 10 pixels
~corresponding to an anount of ‘novenent of the foreground object nay be
detected. 1n the processing of the unit-or-processing determning step,
the processing for separating the foreground object conponents and the
background obj ect conponents and the 15 processing for g@gﬁﬁﬂ@%h&% not i on
‘blur fromthe separated foreground object. conponents na e -

si mul t aneously performed by applyi'ng a cal cul ation corresponding to a
‘motion vector. The processing of thel@nit-of-processing determning step-
may include: a nodel acquiring step of acquiring a 20. nodel corresponding
to the unit of processing and a notion vector; an equation generating step
--of gen g, chasht t aGQui cQr onding to a
.relatlgﬂﬁﬁlp betmeenrgﬁzzgﬁiel dé%ﬁgo ‘the Lﬁﬁqéﬁﬁj esgﬁngegn t he _

" or egr aund s GOIONCTLIS AN AN, 25 hacKORAUN. QD) GG COMpOnent S

-contained in. the unit of 22 Septenber 2005 - 22 processing; and a

“cal cul atdmiraied ffrapla@idsiedhe ng;rcegarriwd obj ect conponents and the
background obj ect conponents contai ne in the unit of processing based on

- the gener at @tlecequati-om-pAocesding tetarsevenghmaspeckagf duhe dRuention,

there is provided a storage nediumin which a conmputer-readable program

- f orSperther Mmg: prio pessicse oM | |dmg:@stﬂm&mnm; ao ithd @rinkd  ofagpr edet ermi ned
~ nunber of pixel data obtained by an inmge-. capturing device including a

 pr edet &ediomad nourtivet hef mpiveel s rard orhahien ¢ car eigirorinidn e @aaiihighf yaction is
storéd, sai d conputer- readable. program conprising: an i nput step of.
|nputt|ﬁ§a¢ﬁﬁg@n one straight line and which is. other than the
-pixel data of the equalrportion- |
The image processing apparatus may further include area
" 10 specifying means for spec1fy1ng the foreground area, ‘the
background area, or the mixed area.
The equal—portlon detectlon means may detect the equal
portion by comparing a difference of‘the pixel:data with a
threshold.
15 - The equal-portion detection means may detect the equal
- portion con31st1ng of adjacent pixel data hav1ng the number
:'of plxels greater than or equal to the number of plxels
‘corresponding to. an’ amount of movement of the. foreground
. object. |
'20 E | _;he.unit—oreproceSSingfdetermining means may
simultaneously perform‘the prbcessing for'separating tne"
foreground object'componentatand the'background object
_'components and,the-prooeesing for eliminating motion blur
from the separated_foregronndgobject componente,by'apﬁiying

.25 a’calculation_éorreeponding'to a'motion“vector.




data havi ng an object area consisting of object conponents which forman
object; and a notion-blur elimnating step of elimnating notion blur
occurring in the object area by assum ng that values of part of the pixel
data in the object area of the inmage data input by the processing of the
i nput step are substantially equal. In the processingzﬁgk}ggbgggﬁ% st ep,
the i mage data having a foreground area consisting of foreground oObject
conponents which formthe object, a background area consisting of
background obj ect conponents which forma - background object, and a m xed
area in which the foreground object conponents and the background obj ect
conponents are mxed nmay be input. In the processing of the notion-blur

el imnating ep,..motion blur occurring in the foreground 22 Septenber 2005
- 22a area frﬁaﬁ/Rﬁnelr%IolfgipEé)tcgéSB?%Q?tﬁ?lﬁjgmtrh%tm‘?ﬁé?%g?yofmﬁalﬂdedf moggd pi xel
dat a ifrdheifQr e@r-eun e . 1he | t .0 y_the processing of
the inpu stlggr aré—i su%s%n%rgﬁ%/ﬁ eq%gﬁqsd%ﬁeggpga%g%}(%%/nq h%o s%@?a&gl di um

TR L i e 0 ey eRopt LR e
the faregretidgar eabofed he dimagendat azapeisu@st ambdad | y egual oquhlibhe
processing of the notion-blur elimnating step, notion blur occurring in
t he foragesprddanga tvaya beedaghipnshapedctased orhd hpiggualdapar téontdet ect ed
by theunit of processing and the foreground object components and the
backgroﬁnd object components contained in the unit of processing;
and calculation means for calculating the foreground object
‘componeﬁts and the background object components contained in the
unit of processing based on the generated equation.
According to a sixth aspect of the invention, there is
provided an image processing method for performing processing on
image data which is formed of a predetermined number of pixel
data obtained by an image-capturing device including a
predetermined number of pixels and having a time integrating
function, said image processing method comprising: an input step
of inputting image data having an object area consisting of
object components rwhich form an object; and a -motion—blur
“eliminating step of eliminating motion blﬁr occurring in an
.object area by assﬁming that values of part of the pixel data in

- the object area of the image data input by the processing of the

input step are substantially equal.




processi ng of the equal -portion detection step. The program of the storage
medi um may further include a unit-of-processing determning step of
determining a unit of processing consisting of a plurality of the
foreground 10. object conponents based on a position of the equal portion.
In the processing of the notion-blur elimnating step, _notion blur of the
foreground area may be eliminated for each unit of proc8s€PHgPe A%} he
processi ng of the unit-of-processing determining 15 step, the unit of
~processing corresponding to the pixel data belonging to the m xed area or
~the foreground area which is | ocated drfaore straight |ine and which is
other than the pixel data of the equal portion may be determ ned. The
program of the. storage nediumnmay further include 20 an area specifying

step of.specif in% the foreground area, the background area, or the m xed
“area. In tHﬁ‘ﬁ%ﬁh LECRGSOPIt RE ByBal 2pidk t 7P dethsctimpvestdepa henénagaal

~portio be detected by caonpari a difference of the pixel data with a
thresﬂglp%¥ Pd?ﬁlﬁﬁecﬁjé%'%&Pﬁgcg?%Fﬁggéaﬁﬁp.F%EPFﬁoﬁOHQP ERFBnvELEp, 22
~Sept enfagr, 2005 - R4, £ he eq j On sisting_of the adjacent pixe

dat a havi ng gheoééﬁﬁéﬁ 0 %?képgggégaféga h%%nggsgﬁﬂ Icpg Fﬁgigﬁﬁﬁﬁ r of

- pi xel sepidtespamsiih s @Ri @0Y¥RLLOfa NBYeRBAL L obBe for egiound ebiget may
be detected. 5 I'n the processing of the notion-blur~elimnating step,

not i oreddaurinoGechi fgel HotBgrban@gsList at@bIihtee Lld FhabadkhyoaRra! yi ng

a calculation corresponding to a
object components are

H




notion vector. The processing of the notion-blur elimnating step may 10
include: a nodel acquiring step of acquiring a nodel . corresponding to the
unit of processing and a notion vector; an equation generating step of
~generating, based on the acquired nodel, an equation corresponding to a
rel ationship between the pixel data of the unit of proges ? g5the 15

f oreground obj ect conponents contained in the unit of pro eSS|ng and a
cal cul ation step of calculating the foreground object conponents contai ned
inthe unit of .processing based onthe generated equation. In the
processi ng of t he notion-blur elininating step, 20 processing for
‘separating the pixel data of the mixed area into the foreground abject

conponeritecanchit e haghgr.ound, tof gl GIRANEN S @nd R Qeeseing for
elimnating notion blur 25 fromthe separated foreground object conponents

my be elsimmatameousiep, }ﬁﬁfﬁl@fm&aiﬁﬂ:tﬁl’tﬁfgﬁﬁn i@ fRtieQ ounadi cating a
non-m xed area consi'sting. of the: foreground 22 Septenber 2005 - 25 area-

and t hetsac kgryo bed edrigd rart eichd yniasethrdren tnd: baset ot Phetegwal portion.
The program of the storage nmedium may further include a unit-of-processing
det er nithien@istedp daft ad e rhiienfiog: ey romintd - Gire aprodic e$si- iglagensiaski ng of a
‘plurality of the foreground object conpaonents and the background. object
coﬁbonéﬁp§tb§§edheo@r@C§@§ﬂP@owfoﬁh@henewmabtﬁorBm@nsubﬁtehelpﬁmge35|ng of .

the proceSS|ng executlon step, t he: proceSS|ng for separatlng
. equal | o _ o _

The imege processing method may further include an
.egual—portion detection:step-of‘deteeting an egnal portion
in which the wvalues of the pixel data in the foreground area
1O of_the image. data are Substantially equal. In the
processing‘of the-motionfblur_eliminating;step; motion blur
oceurringrin‘the foreground area may be eliminated based on
the equal portion detected by the proce551ng of the equal—
lportlon detectlon step.
i5 'The_image processing method may further include a unit-
.3.of—proceSsing-determining Step of determining a unit of‘
proce551ng con51st1ng of a plurallty of the foreground
'object components based on a: p031tlon of. the equal portlon
‘In the proce551ng of the motlonwblur ellmlnatlng step,
-_2Q motion blur of the foreground area may be ellmlnated for -
| -eacn unlt of proce551ng.- |
In the proce851ng of the unlt —-of- processrng determlnlng.
‘step, the unlt of prOCeSSlng correspondlng to the pixel data
'belonglng to the mlxed area or the. foreground area Wthh 15

'_25 located on one stralght llne and which is other than the.




t he foreground object conponent s and t he background obj ect - 10 conponent s
and the processing for elimnating notion blur "fromthe separated _
f oreground obj ect conponents may be sinultaneously performed for each uni t
of processing. In the processing of the unit-of-processing deternning

step, the unit of processing corresponding to the plxelzg%ag 12 gl ongi ng
-to the mxed area or the foreground area which is .|oc i on one strai ght
line and which is other than the  pixel data of the equal portion nay be
- determ ned. The program of the storage medium may further include an area
speci fying step of spe0|fy|ng the foreground area, 20. the background
area, or the mxed area. In the processing of the equal portion detection

tep-, be detected b di f'f f th
ool dBEACa RS PR EARCR R o fEL R BRu o rgRR e heedual porcion
detect t [ f adj t | dat
-hiv.eﬁg' 22 Zeﬁ?en%oﬂia?g%%@oe&“%ffhee'tﬁﬂ Hoortgiters frelid thav e “squal
to the ggggef ohg Qtég %fcgéégifgggéngh%onge % gLSQPVﬁgent of .the -

f or egr ound ject he pr

unit- orb9&9§§§§ﬁ@gag@£er@}r%ﬁ@ mﬁigﬁ %Qg proce55|ng for separatlng t he
f oreground object" conponents an ackgr ound object conponents and the

processing fo gﬂdrpﬂﬁgéggidgﬁdﬂntﬂglgqufupggga é%% & ound
Pp

obj ect conponents may be sinultaneously perfornme yi ng~
cal cul athenegesI espeniMgndp 1 rﬁéﬁéﬁtéf&%ﬁrcoxﬂ-ﬁ§rﬂﬁé’c§5§iPﬂef’éné@e

uni t-of -processi ng determnning step
' of the plxel data w1th a threshold.
in the proce551ng of the equalfportron,deteotion steb,
_the equal portion consisting of the adjacenttpixeildata
10 having the number of pixels greater than or equal to the
number of pixels correspondlng to an amount of movement of
the foreground ob]ect may be detected- |
‘ In the.proceSSlng of the motlonﬁbiur_eliﬁinating step,.
motion blur occurring'in'the foregrouhd:area”may be
_‘15 eliminated by applylng a calculatlon correspondlng to a
motlon vector- |
The proce551ng of the motlon ~blur elrmlnatlng step mayi
include: d model acqulrlng step of acqulrlng a model :
correspondlng to the unit of proce551ng and a motlon uector,
20  an equation generatlng step of generatlng, based on the-
acqulred model an equat;on correspondlng to‘a relatlonship
between'the pixel data‘of'the unit of prooeSSing aud the
foreground object componentS'oontained-in-the unit ot
proceSsing; and. a calculationstep of ealouleting‘ther

25 ‘foreground-object'components_contained in the unit ofl




may include: a nodel acquiring step of acquiring a nodel corresponding to
the unit of processing and a notion vector; an . equation géenerating step
generating, based on the acquired nodel, an equation corresponding to a
rel ationship between the pixel data of the unit of processing and the

f oreground obj ect conponent s and the backgfound Obleptzfégq%%ﬁngﬁ5
contained in the wunit of processing;- and a cal cul ation step of
calculating the foreground object conponents and the background object
conponents contained in the unit of 4% ocessing based on the ' generat ed
equation. According to an eighth aspect of the invention, there is _
provi ded a programfor allowi ng a conputer for performng processing on

i mge gabtaewbial bsstar padteb gepeedetar @g@%@iownber of pixel data
-obt ai ned by an image-capturing device 22 Septenber 2005 - 26a including a
predet erm ned thaberooéspixel 51 anke hayt dgnablifee1iNi 89 BL4NGedynction to. .
execute: an input step of inputting the image data having an object area
consi spirngeekiolj éor ceppenenhy thhi phxbor daga ol eak; maRdgqazweki on-bl ur
elimnating step of 22 Septenber 2005 - 27 elimnating notion blur

occur r iingoi kheh&oobpeotindr ejbyt. asspohrgtshahdvaheebaokgpanhdof the pixel
‘data in-the object area of the inmage data input by the processing of the .
i nput SP2pchr eownpsenhsi ahtlypeqaoaksisgl fiorhelpmévesshggnofibhebilaput  step,
the image data having a foreground area consisting of foreground. object
conponéhPR Whecheparatedefobferound phirgroanupaneats may be ~ |

simultaneously performed based on area information-
indicating a non—mixed area consisting of the foregrgund‘
area and-the background aréa or the miXed area and based on
iO the equal portion.
 The image processing method may fﬁrﬁher include a unit-
onprocessing determining step of déterﬁining aﬁunit.of
processing consisting of a plurality of the foréground
robject components and the background object componénts based
15 on a position of the equal portion. in the.prOCessing of
the processing execution step, the processing for se?arating
the_foregroqnd object Compbnepts-and thelbéckgréund-objéct
components and‘the processing.fér,eliminating ﬁotion:bluff.
Afroﬁ_the éeparated foregroﬁnd object ébmpdﬁénts méy bé'r
20 simultanééuSly pérformed‘for'eéch‘unit of‘prQCeSSing.
‘In‘thé processing of the unit-of-processing determining .
step, the unit.of‘processing_correspohding-to‘thé”piiel data
belonging to.#he mixed,a:éalor thexforegfound érea which is.
. located on one straight line and which is'otheﬁ'thén-the

25 pixel data;of‘the equal portion may be determined. .




consi sting of background object conponents which form a background obj ect,
and a m xed area in which the foreground 10.object conmponents and the
background obj ect conponents are m xed may be input. I'n the processing of
the notion-blur elimnating step, nmotion blur occurring in the foreground
area may be elimnated by assum ng that val ues of part ,9fs the Bhxel data
in the foreground area of the inage data 15 input by the p?oceSS|ng of the
i nput step are substantially equal. The program nmay further include an
equal -portion detection step of deteeting an equal portlon in which the
val ues .of the pixel data in the foreground area of the'image 20 data are’
substantially equal. In the proceSS|ng of the mot i-on- bl ur el i m nati-ng

step., noti I elimnated .

~ "based on thgﬂgaug{ % ée%%dg% %%%ﬁ' e pfggﬁgé nﬁéggtﬁg 844l - portion
- det ect.i i T d a unit.- of processing 22

: Septemﬁﬁbé&%¥? §g§“ggé$igﬁfﬁﬁ%§ te %rféﬁ r%%é%rm;%?ﬂﬂu of processi.ng -
ConSIStbg@kéﬁo@hdﬂégégltd&(ﬂhélﬁiﬁéﬁgﬂ&gynd obj ect ~conponents based on a B

“position of - the equal portion. In the processing of the notion-blur :
el imnatingIst epe @be@%s@h@rofokhbh%qh%ﬁegbg%ﬁgnaﬁgﬁeg%¥oges%l nlnated for-

~each unit of processing. In"the processing of uni t-of - pr 6cessi ng _
- det érmtrnmga@iaﬂlp,pdﬂtedmlmawfbeprd&%%%ém k%ﬂrdo%&@%’l(iid“% Q ddie el data
of the plxel data wrth a threshold.
- ~In the processing of the equal—portion‘detection step,
the equal portiOn consisting of.adjaoent'pixel'dataIhaﬁing-
the number of pixels greater than or equal to the number of .
10 plxels corresponding to an amount of movement of the
foreground object may be detected. |
In fhe processrng of the unlt—orfproceesing determining
step, the processing for separating the foreground object |
- components and the background object comoonentS'and the
15 processing for eliminating‘motion blur.from the separated
foreground object. components may be srmultaneously performed
‘by applylng a calculatlon correspondlng to a motlon vector
The proce551ng of the unit- of*proce551ng determlnlng _
step may include: a model acqulrlng'stepAof acquiring a
20 . model correspondlng to the unit-of'nroceésing and-a motion
=vector, an equatlon generatlng step of generatlng, based on
“the acquired model ‘an equation correspondlng to a
~relationship between the pixel data of the unit of
processing and. the forengund object‘conponents and the

25 background object components contained in.the unit of




bel onging to the m xed area or the foreground area which is 10 |ocated on
one straight Iine and which is other than the pixel data of the equal
portion may be-determ ned. The program may further include an area
specifying step of specifying the foreground area, the background area, or
the m xed area. 15 In the processing of the equal-porthﬁdeg% quﬁp step,
the equal portion may be detected by conparing a di ff erénce  of e pixel
data with a threshold. In the processing of the equal-portion detection
step, the equal portion consisting of phe_adjacent pixel data 20 having
the' number. of pixels greater than or equal to the nunber of pixels
correspondi ng to an anount of novenent of .tBF forfgrpund_objeft may b?.

det ect e .J:n the processin f the notion-blur elimnating step, notion
bl ur Gl G i R 3 SR LGP R Rt Rr S5yt HeA L4 o S e Ly SBPI9H ng: 4
cal cul g44 [ t r. 2005 - 29 potion_vector. e
proceég?kgﬂbﬁgﬁﬁg%%§?g0%9§|nge?%§¥§§$%ﬁgq%3E%gh§§@p°Pﬁ8Fﬁd§?n5?h% I .
acqui rimg.! epief caCgubebng: fs MBslela G eRpYd e LhS LNLE . of processing
and a notion vector; 5 an equation generati'ng step of "generating, based on
the acquir edamdighg @b eguatiONtEORERSPONGIFNG HO hvdltaldronsttidie bed ween
the pixel data of the unit of processing and the foreground object
conporEmvs. degntani sieerdge thwedium t iof whpcbcessongutandraadabal pro@ramst ep of
cal culating the

for performing processing on image data which is formed of a _ ;
predetermined number of pixel data obtained by an image-

capturing device including a predetermined number of pixels and

r.having a time integrating function is stored, said computer-
readable program comprising: an input step of inputting image
data having an object area consisting of object components which
form an object; and a motion-blur eliminating step of
eliminating motion blur oécurring in the object area by assuming
that values of part of the pixel data in the object area of the
image data input by the processing' of the input step are
substantially equal.
| In the processing of the input step, the image data
having a foregrouna area consisting of foreground object
components which form the object, a background area
consisting of background object components which form a
background object, and a mixed area in which the foreground
okject components and the background object components are
mixed may be input. In the processing of the motion-blur

eliminating step, motion blur occurring in the foreground




10 foreground object conponents contained in the unit of processing based
on the generated equation. In the processing of the notion-blur elimnating
step, processing for separating the pixel data of the mxed area into the
f oreground obj ect conponents and t he background 15 object conponents and
processing for elimnating notion blur fromthe separated foreg{ound

obj ect conponents may be sinul taneously performed basetf GiRtember2005
area-information indicating a-non-m xed area consisting of. the foreground
area and the background area or the m xed area and based on 20 the equal
portion. . The program may further22ianel ude a unit-of-processing determ ning
step.of determning a unit of processing consisting of a plurality of. the
foreground object conponents and the background obj ect conponents based on
:a 25 position of the equal portion. In the processing of the 22 Septenber
2005 275G WockesPhymeRatedi B fcspninge thedcewdiueg fof Beparafing the
,foreq;ound.ob'eﬁt conponggtsgfnd t he background object conponents and the

processingP T ePPhfnatt ng  frotiCsT IBPHRYY roma het sépar at 29§ ofid§Round obj ect
conpo . e..sinul taneously performed for each, unit, of.processing.
In thgﬁlﬁﬁbe s%ﬁ% 5?%Fﬁgsgﬁgt?gf}%ﬁo§g§§Fn§ a8t 8rmi FﬁﬁtagFé%}E¥he uni t of
processjad .corresponding to the pixel data belonging to the m xed area or
the foreground area which is |ocated on one straight |ine and which is
ot her thanthhe pkdgpiaxelodatige 0btbhegeawakii BN t=9n Bk RE dstergded, - The
‘program may further include an area specifying Step '

equal-portion detection step of detecting an equal




of specifying the foreground area, the background area, or the m xed area.
In the processing of the equal-portion detection step, 15 the equal '
portion may- be detected by conparing a difference of the pixel data with a
- threshold. In the processing of the equal-portion detection step, the

equal portion consisting. of adjacent pixel data having,tde HHﬁQﬁ

pi xel s greater than or equal to the nunber of 20 plxels C rrespondlng to
an armount of novenment of the. foreground object may be detected. In the
processing of the unit-or-processingodetermning step, the processing for-
separating the. foreground. object conponents and. the background object -:-
~conponents and the 25 processing for. elimnating notion blur fromthe

. separ at Sept e fo e round obj ect conponents nay be
'usigultaﬁgoﬁg ¥ gerggtﬁgdggﬁ gﬁ?? %a?t%ﬁ%&¢%ﬁ?ch$ﬁé§bondlngyto a
noti on e_processing of the,unit-of-processing determ ning ste '
may inc#ggESLQu%QdeF %cqgl#h%gl%?%% %ﬁt%c%ﬁﬁr WEFQ?Qﬁﬁéh pogdlngpto
the uni.t,.o0 r n t ation generating step of
'generat?%g?hg ggﬁé%%Q?%Q a%aﬁgge lonq?fﬁ a%ﬂﬁaﬁﬁuﬁl pondlng to g ,
rel at | opsht g bei weegc Lber 1 2h X g?% heag i O B Bo4gssing and the

- foreground object conponen S an g ébnponents
contsai nedihinihed wRkdd Bn PRACESE ng & of cal culating
j " t he bag%%roundi%ﬁi E¥P o

the foreground object conponents an conponents
cont ai negbdds$ hieg UDE teid REACLSSIRG BAsed Q1 iidie srggner ated equati on.
| The program of the storage medium may further include a
unit-of-processing determining atep of determining a.unit of
processing consisting of a plurality of the foreground
10. 'ohject components based on a position of the equal portion.
In the processing of the motion-blur eliminating step,
motlon blur of the foreground area may be ‘eliminated for
each unit of processing.
In the proce551ng of the unit-of- proce551ng determlnlng
15 step, the unit of proce551ng corresponding to the pixel data
belonglng to the mlxed area or the foreground area which is
.located on one stralght llne and whlch is other than thej
pixel data of the equal portion may be determined.
' The program of the storage nedium-may further include
ZQ an area spe01fy1ng stép of . spec1fy1ng the foreground area,
‘the background area, or  the mlxed area.
In the proce531ng of the equal-portion detection atep,
' ,the equal portion may be-deteCted by comparing a difference
of the pixel data:with a.threahold.

.f25» B in the processing of the‘equalﬂportion detection step,




According to a ninth aspect of the invention, there is provided an

i mage- capt uri ng apparatus conprising: inmage- capturing neans for outputting
a-subj ect image captured by an inmage-capturing device including a '
predet erm ned nunber of pixels and having a tinme integrating function as
image data formed of a predeterm ned nunber of pixel data:. aieasspecifying
means for specifying a non-m xed area forned of a foregrouﬁ& area ‘
consi sting of foreground object conmponents which forma foreground object
of .the inmage data and a background-af€a- consisting of background object

- conponents which forma background object of the inmage data, or a m xed
area in which the foreground 22 Septenber 2005 32 object conponents and -

. the backgs cafich DAL GOMRANGIS A &F dHX e A PTAGRSSIG £xecut i on

“means for sinmultaneously performng, based.on a result obtained by

 speci f yingideias eauthed hir i 1SPegid i vRANS:r RIRGASHNGHE0r separating
- the foreground object conponents and the background object conponents from

“'the pi xeintat &Hipitha sictad cvppmdiard tdHCestMg e rehvielicpdt g mtion -
blur fromthe separated foreground object conponents. The inage-capturing.
appar atrs> ner dgrduner abnjedard enalO bequrltepareld.on det ecti on neans for _ ,
~detecting an equal portion consisting of adjacent pixel data. of the .
f oreground dne&hewhoseesalingsodr ehesubstanti-alllyy eyimintoirgchtebher. The.
processing execution means may sinul taneously performat |east the .
pr oces $iotg ook 13iep axcatinng nghé.nf ¢hegifored robjpecredSmagmpenent s- and the .
background obj ect conponents fromthe ' o o
o eliminated by applying a calculation corresponding to a
motion vector. . |
The p;ocessing of'the motion-blur eliminating step may
10 includé: a model acquiring step of acguiring a model
corresponding to the unit of processing and a motion vector;
an_equation generating step of generating,-based on the
acquired model, an equation corresponding to a relationship
. ‘between the pixel data of the unit of processing and the
15 foreground'object components contained in the unit of
processing;-andfa“calculation:step‘of calculatihg-the
foreground‘objeét components Contained in the unit of
.processing based on. the generated equation. -
In ‘the brocessing of the'motionwbiur‘eliminating;step,
- 20 prqcéssing for separating'the'pixel data of the mixed area
‘into the foregroupd iject components and the background
object components and processing for eliminating motion blur
- from the separated foreground object components may be’

"simultaneously. performed based on area information

.25 7 indicating a nonﬂmixed area cdnsisting_of the foreground:




pi xel. data of the mxed elimnating notion blur conponents based on the
area and the processing for fromthe separated foreground object detected
equal -portion and the result obtained by specifying the area by the area
- 20 specifying. means. The inmage-capturing apparatus may further. include
unit- of-processing determ ning means for determ ning aunit of ,oprocessing
consisting of a plurality of the foreground object conponents and the
background obj ect conponents based 25 on a position of the. equal portion.
“The processing 22 Septenber 2005 33 gxecution neans may sinultaneously '
perform for each unit of processing, the processing for separating the
f oreground object conponents and the background object conponents and the
ion blur fromthe separ at ed foreground

- processj for, elim.nnating.no

obj ect Elclt(;erqrapoa(r%lednt%sl}.e Fies K u%# AR5 &%t dbrtshiatioty ameaka sRey CBet er ni ne
t he unit,. of cessl corresponding. to the pixel. data -belonging to the
m xed é%g%f%ﬁﬁghgﬁggggﬁ?ound area which is |ocated on one straight |ine and

T o 288 80 ReorLOng! 4o 2l hERRLhePBELL 001 BE i g o
detcet o oAnt iy deT ol RETGUAR SHAEF I TR, SR DREL! 82
5 processing consisting of a plurality of the foreground
object components and the background.object compoﬁentsrbased-
on a position of the equal poftion. In the processing of
the processing exegption step, the processing for separating
the foreground object components and the background object
10 components and the processing for eliminating motion biur
from the separated foreground object components méy-be
| simultaneously performed for each unit 6f processing.
In the procéssing of the-unitfof“proceSsing determining
step, the unit of processing.corréSpondiﬁg to the pixel data
.15 belonging to the.mixed afea or thé foreground area which is
1oqafed on oné straight line and‘which is other than the
pixel data of the équai portion may be determined. |
The program of the,storége.médium may furthef'inCIUde
an area specifying step of specifying thé foregrbuna'érea{
20 the background area, of‘the.mixed area. |
In the.proceséing'of'the'equal~p0rtion detection step,
the equal portion méylbe detéctgd by comparing a.difference
'Qf the éixel data with a thfeShold{
In the p;ocessing of the éqﬁalwportion détection step,

25  the equal portion consisting of[édjacent pixel data having




15 portion consisting of the. adjacent pixel data having the nunber of

pi xel s greater than or equal to the nunber of pixels corresponding to an
.anmount of novenent of the foreground object. The processi ng execution
means may si nul taneously 20 performthe processing for separating the
foreground object conponents and the background object,, g%gggggqhg and the
processing for elimnating notion blur fromthe separate or eground

obj ect components by applying a cal cul ation corresponding to a notion
vector. 25 . The processing execution. neans nmay include: nodel 22

Sept enber 2005 - 34 acquiring neansz$or acquiring a nodel corresponding to
the unit of processing and a notion vector; equation generating neans for
generating, based on the acquired nodel, an equation corresponding to a

rel at ignshjpubst ween rgplhfelry ngegeéxﬁeeﬁ%ﬁh%r O%apf £ BT Q5&ssi ng, do%he

f oreground object componentsand t ackgr obj éct conmponen

cont aigieklis ddie depioha@hig @bogﬁsgl!megnta@(% GRberbati oF %@n%oﬁ:%reﬁhau' ating
the foreground object conmponents and the background object conponents

cont aiagkegickctl matyhbeutleteofeqr ocessi ng based on the generated equati on.
According to a tenth aspect of the invention, there is provided an

i mage- capt dri nghapparcatess iognpef sithg:  imhgeor eapbces sindredesekalnongyput ting
a subj ect |na%e captured by an inmage-capturing device including a

pr edetsérelﬁfne& RunBEPCBPSipg xefer anteimdthigica tihee ififtregiratndg Pbnecton as

i mage data grned of a _predeterm ned nunber of pixel data and having an

Obj ectcogpggeg fisi g e obfHHITDBMSoneEEShhi chomipg iy  and  the

processing for eliminating motion blur from the separated
foreground object components may be simultaneously performed by
"applying a calculation corresponding to a motion vector.

The processing of the unit-of-processing determining step
may include: a model acquiring step of acquiring a model
corresponding to the unit of processing and a motion vector; an
eqﬁation generating step generating, based on the acquired
model, an equation corresponding to a relationship between the
pixel data of the unit of processing and the foreground object
components and the background object components contained in the
unit of processing;- and a calculation step of calculating the
foreground object components and the -background object
components contained in the unit of processing Eased on the
generated equation.

According to an eighth aspect of the invention, there is
provided a program for allowing a computer for performing
processing on image data which is formed of a predetermined

number of pixel data obtained by an image-capturing device




object; and notion-blur elimnating neans for elimnating notion blur
occurring in the object area by assum ng that values of part of the pixel
data in the object area of the image data are substantially equal. The

i nput nmeans may i nput the inmage data having a foreground area consisting
of foreground object conponents which formthe object,zzep%cgggﬁ&gd area
consi sting of background object conponents which forma gcﬁbround obj ect,
- 35 and a mixed area in which the foreground object conponents and. the
background obj ect conponents are m xed. The notion- blur elimnating neans
may elimnate notion blur occurring i®tahe foreground area by assum ng that
val ues of part of 5 the pixel data in the foreground area of the imge data
i nput by the input nmeans are substantially equal., The inage-capturing
appar at further .ipclude equal -portion detection neans for detecting
an eqdﬁ#ﬁdg@&g ¢ Phed P%ﬁm{ﬂ%fvﬁP groPQﬂﬁgiﬁ&%laHﬁtQaWﬁnﬁhéifBiﬁﬁround

porti‘on
~area 10,.0fy, ke i,mege e ntially equal. The notion:blu
elininatiﬁb negﬁs %a?gg%?n?%a %g%%%%bn dfmggtﬁFF'ng%iﬁnpﬁgg%BQeg?%upd
~area bhageed GRthheaeqHal aROFLE 08 detect ach D= tihe fauakRer LLap g&HE’&“ on
nmeans. The inmage-capturing apparatus may further |nclu§e uni t ?

of - pr odeissi Hgraetar obhesy; e et idet-@N MM iengnanbpi fig 0fteProcessi ng
consisting of a plurality of the foreground object conponents based on a
position of the equal. portion. The notion-blur elimnating neans may
elimnate notion blur of the foreground area for each unit of processing.




. pixel data of the unit

20 The unit-of-processing determ ning nmeans may determne the unit of

- processing corresponding to the pixel data belonging to the nixed area or

the foreground area which is |ocated on one straight line and which is .

other than the pixel data of the equal portion. 25, The inage-capturing

apparatus may further. include area - 36 specifying negqu%ggagﬂa§lfylng

the foreground area, the background" area, or the m xed area.

~equal -portion detection nmeans nmay detect the equal portion by conparlng a
difference of the pixel data with a 2tthceshol d. The equal - portion detection

means may detect:the equal portion consisting. of the adjacent pixel data

havi ng the nunber'of pi xel s greater than or equal to the nunber of pixels

corresp o an. ath unt. of novenent of the 10 foreground object. The
ot i on- ur e %ar‘[lcf S T et Thi 19 Bt Aresedut ring in the
foregro n calcul ation corresponding to a notion
‘vector.’ i on- %ﬁgar]yu "Tqrﬁafné%&mtg a‘ﬂ% W‘?%éfé\ﬁfe Inndd§ obimCdequiring
means for éﬂg&“{ﬁ to JShe _.unit proce53|ng and a -
ot i on vect or eqéﬂluag@{ltn;?a generanlrpng an Yevarars gfo hey 38@dton t he

ach|reg3gpQQ} éﬂbgﬁ&ﬁ&#QHﬁg (%Eﬁpondlng to a relatlonshlp bet ween phe

sing and the foreground object 20 -
conponent s Q%n&%bn%@ob@sEQEgUBEttﬁE 9589%5§%@ Cong Eﬁgég!%g%on'neans for
I .

cal cul ating the.foreground obj ect conponent ai ne fie unit of
pr chsmaﬂg_ndJaﬁaibMIU%d area consisting of fo_reground; object
| cdmpgnenﬁs WhichAform the object, a background area
consistiqg'of’beckground object components which form a
| background‘bbject, and a mixed area in which the foreground
10 object components and the backgrouﬁd object compbnents are
mixed may-be‘input. In the processing of the motién-blur
eliminating step, motion blur occurring in the foreground.
afea May be eliminated by assuming that values of partAof.
| the pixel data in the foregroundﬁarea-of the iﬁage-data
15 input by the processing of the iﬁput-step are substantiaily'
_equal. | |
" The progfaﬁ may further include an equal—pertion
detectlon step of detectlng an equal portlon in wthh the
values of the plxel data in the foreground area of the image
-20 data are substantlally equal. In.the processing-of the
Y motion—blur eiimiﬁating steb, motion blur occurring-in.the
- foreground area may be eliminated based on the equal portlon
. detected by the proce551ng of the equal~portlon detectlon-
"step. .

:25_ o The program mayyfurther include a unit-of-processing




gener ated equation. The thron-biUr“eIininating means. nmay sinultaheously
25 perform processing for separating the pixel data of the 22 Septenber

- 2005 - 37 5 background object conponents and processing for.elimnating

nmotion blur fromthe separated foreground object conponents m xed area into
the foreground object conponents. and the the nm xed area,apg-RasedopPn t he
equal portion. based on area information indicating a non-m xed area

consi sting of the foreground area and the background area or The

i.mage- capt uring apparatus may furthe#8include unit- of-processing
determning neans for determning a unit of processing consisting of a
plurality of the foreground 10 object conponents and the background obj ect

conponefdte Mastithg Wred RASIdd fifn e LAHAL RO L, cThe, P “?CGSS' ng

~execution neans may sinultaneously perform for éach it pr ocessi ng,

‘the pragassistg oo 5ePFAANG tihe f HHRITINr RRIE D § %%'Epone“ts and the
- - background obj ect conponents and 15 the processing for elimnating notion

~blur fmmmuKHEHﬂﬁpakameﬂohoeegkﬁunﬂrﬁbkﬂﬁﬁjﬁpQﬁﬂﬁﬁﬁb%rtl%% In the

uni t - of - processi ng deternining neans.may deternmine the unit of proceSS|ng

cor r es pondiany ing totfe thiex @lo tdainab el @Ndinigatd nighe tips ethodliea ggughe _
foreground area which is 20 located on-one straight I'ine and which is other

thah ted thiexdlordatrauonti ah;eaema@i b;asoreﬂumna'lilaaei |fmgeaoapwmtngfappar atus
may further include ar ea
- processing.

- In the‘processing of the unitmof—processingrdetermining
step, the unit of processihg corresponding to the pixel oata
belonging to the mixed areavor the foreground area which is

10 located on one stralght llne and Wthh is other than the
plxel data of the equal portlon may be determined.

The program may further include an atrea specrfylng step
of spec1fy1ng the foreground area, the background area, or
the mixed area. - |

15 In the proceseing of the equal-portioh detection step[
the equal portion nay be deteCted by comparing a difference
of the pixel‘data with a threshold.r |

In the proceSSIng of the equal~portlon detectlon step,‘
the equal portlon con81st1ng of the adjacent pixel data

20 having the number of plxels greater than‘or'equal‘to the
‘number of pixeio corresponding to an amount of morement of
‘the foreoroUnd object may be detected.
In'the'proceesing of the-motionfblur eliminatithStep,

motion blur ooourring'in-the foreground areelmay"be

_rgs elimrnated’bylepplyihgfa calculation corresponding to a




- specifying neans for specifying the foreground area, the background area,
~or the mxed area.. 25 The equal -portion detection neans may detect the
equal 22 Septenber 2005 - 38 portion by conparing a difference of the .
pi xel data with a threshold. The equal -portion detection means may detect

the equal - portion consisting of adjacent pixel data h@ﬁ@p% mﬂyzﬂ
of pixels greater than or equal to the nunber of pixel s correspon ng to an

“anount of noverent of the foreground object. The unit- or - processi ng )
det erm ning nmeans nay sinultaneougl¥9perforntthe processing for separatlng
the 10 foreground object .conponents and the background object conponents

~and the processing for elimnating notion blur fromthe separated -

- foreground. object conponents by applying a cal cul ati on correspondlng to a
noti on BeELER. VIR t - of - processi ng deternining means may include: 15
- model acquirjng means for ‘acquiring a nodel corresponding to the. unit of
processing amf d’rr%ﬁsﬁﬁ%@tfortheeéﬂ%ﬁ%blg%@ﬂamlﬁ@ﬁm§ﬁ€@r magenerat i ng,
‘based on tge acqglre nodel uatlon corresponding to a'rel ationship
bet ween FHEIYF X IH%&seal ﬁcqqfe‘i}rﬂc-{ CRyrfe AT bl 2 Heodek eground 20

- obj ect go onent anqﬁhq§5$acﬁg{eaﬂd obj ect_ conponents contained in the
unit of %&E%ﬁ%ﬁl S¥ng %%ﬂcﬁﬂ@ﬂﬁ#&ﬁt?ﬁ?ﬁQﬁeground
'ObJ§Ct éﬁ”@ﬁﬁ§%§5&iﬂg£er§%1ng step of generatlng, based on the

acqu1red model an equetlon corresponding to a relationship
between the plxel‘data of the unit of‘processing and the
foreground object components contained in the unit of
proceSsing; and a calculation step ef ealculating the

10 foreground object components contained in the unit of
processing based on the generated equation.

In the proce551ng of the motlon blur ellmlnatrng step,
proceSSIng for separating. the plxel data of the mixed area
into the foreground“ob]ectecomponents andwthe background-

15 object components and processing for eliminating motion blur
from the separated foreground object componentelmay be
simultaneously performed based on aree~information
indicating a:hon—miXed area ‘consisting of the foreground
area and the background area or the mixed area and based on

20 the equal portion.

_ The progrem_may further include a unit~of—proceesiﬁg
determining step of determining a unit of processing
consisting of ‘a plurality of the foreground'object'r

-componentS“and,the-background-objeét components based on-a' l

25 ©position of the equal portion. 'In the precessing of the




background-object conponents,contaihed in the unit of processing based on
the generated equation. 25 22 Septenber 2005 - 39 Brief Description of the

. Drawings Fig. 1 is a block diagramillustrating the configuration of an

enbodi ment of a signal processing apparatus according to the. present
invention. 5 Fig. 2 is a block diagramillustrating the S|gnal proce55|ng
- apparatus. Fig. 3 illustrates the. inage capturing perf PR mBV”@ sensor.
“"Fig. 4 illustrates the arrangenment of pixels. 10 Fig. 5 illustrates the

. operation of a detection device. 'Tﬁ%f BA illustrates an i nage obtai ned by
‘i mage capturing an object corresponding to a. noving foreground and. an

| " obj ect corresponding to a stationary background. Fig. 6B illustrates a

* . nodel @htﬁmmsdnhye&éﬁ&ﬁdbﬁgst&pl5thhep&bﬁéséthCEans@bé@btiﬁ%uﬁﬁe
‘corresponding to one line of an image. Fig. 7 illustrates a background
_area, . &oreeguodndbirea, coappnredsaned, thechbuekgdobagkepguad area, and an

~ uncovered. background -area. 20 Fig. 8 illustrates a nodel obtained by

;t expandicogponeniie andnbhdlpeoteeﬂlnbefprxeﬂlmahaeanfmptxehsbahrgned

side-by- side in an inage obtained by inmage-capturing an object
f_corres§§ﬁ@1ﬁ@etée@@rﬁeggoﬁdrﬁgrbgnd object components. may be.

5 51multaneously performed for each unit of proce551ng
"In the processrng of tne unltuof—process;ng determininq
step, the_unit of processing correepondind;tolthe nixel data
belonging to the mixed area or the foreground area which is
located on one straight line and which is other than the
10 pixel data of the equal portion may be determined.
The program may further include an area specifying_step
of specifying the foreground area, the background area, or
the mixed area, | | B
In the procesSing of the equal?portion detection step,
15 - the equal portlon may be detected by comparlng a dlfference
of the plxel data with a threshold
In'the proce381ng of the equalfportion detection step,
- the equal portlon con51st1ng of adjacent plxel data hav1ng
n'the number of plxels greater than or equal to the number of '
_-20 : plxels correspondlng to an- amount of movement of the
'kforeground object may be detected |
| ‘In the proce551ng of the unlt or— proce551ng determlnlng
step, the proce851ng for separatlng the foreground object
.components and. the background'object.components and the

25 - processing'forteliminating motion blur from the separated-




a stationary foreground and an the object a stationary background. 25 Fig.
9 illustrates a nodel. in which pixel values are 22 Septenber 2005 - 40
expanded in the time direction and the period corresponding to the shutter

time is divided. Fig. 10 illustrates a nodel in which pixel values are
expanded in the time direction and the period correspoqgﬁ%,?t BerbBos
shutter time is divided. Fig. 11 illustrates a nodel in ch pi xe values

are expanded in the tine direction and the period corresponding to the
shutter tinme is divided. Fig. 12 illustgates an exanple in which pixels in
a 10 foreground area, a background area, and a mixed area are extracted.
Fig. 13 illustrates the relationships between pixels and a nodel obtai ned.

T et PER DS B e R R oy ise bd TR BRRdEa PP (P RE<E B
the shutter t me i s divided.
g:éeca5ﬁﬁlﬁﬂﬂ{%Q?gg%gu%géeﬁrES?&%g%hﬂ%‘f%Q:va &€§13Pevec Bﬁhded in the tine

direction aﬂﬂatﬁﬁbéégéﬁﬂﬁ'QQfr%ﬁ@o%ﬂh@gofzﬁrgeeggfnéhHE%SEm%%gﬁ%Igtg vi ded.

Fig. 16 illustrates a nodel in which pixel values are exp he tine
di rectian andtllie :peai ofloder r esREndiing keepheoshuiddqri dide S dbybded.

Fig. 17 illustrates. a nodel in which pixel values are

corresponding to the unit of processing and a motion vector; an
equation generating step of generating, based on the acquired
model, an equation corresponding to a relationship between the
pixel data of the unit of processing and the foreground object

- components and the background object components contained in the
unit of processing; and a calculation step of calculating the
foreground ~object components and the background object
components contained in the unit of processing based on the
generated eguation.

According to a ninth aspect of the invention, there is
provided an image-capturing apparatus comprising: image-
capturing means for outputting a subject image captured by an
image-capturing device including a predetermined number of

' pixels and having a time integrating function as image data
formed of a predetermined number of pixel data; area specifying
‘means for specifying a non-mixed area formed of a foreground
area consisting of foreground'object components which form a
foreground object of the image data and a background area
consisting of background object components which form a
background object.of the image data, or a mixed area in which

the foreground




25 expanded in the time direction and the. period correspondi ng 22 Sept enber
2005 - 41 to the shutter time'is divided. Fig. 18 illustrates a nodel in
whi ch pixel values are -expanded in the time direction and the period
corresponding to the shutter tine is divided.. Fig. 19 is a flowhart
illustrating the processing for adjusting t he anDunt of,, qg%k% rg% . Fig.

20 is a block diagramillustrating an exanple of the co guratlon of an
area specifying unit 103. Fig. 2.1 v#%ustrates an i'mage when an object 10
corresponding to-a foreground is no g. Fig. 22 illustrates a nodel in
which pixel values are expanded in the tine direction and the period
corresponding to the shutter time is divided. Fig. 23 illustrates a nodel

i n whi chjpikekowmpbuentar end5thepbadédronndhebtjicee donpohkansandethe peri od
corresponding to the shutter tine is divided. Fig. 24 illustrates a nodel
in mhlthdeehndapueseasenge&pandedonnmehestEmm diimettiaasoandyt he period
corresponding to the shutter tine is divided, 20 Fig. 25 illustrates the
condi t PeRECFBindet baakdi Ag fheeanés. ObtglnEGAbNIEugtnﬁyesganhexanple of the
result obtained by specifying the area by .the area specifying unit 103. '
Fig. ZﬁEﬁPIPﬁsihaté§eansﬁﬁah§Yéngfmeﬁﬁérré§9pﬁsébﬂa|ﬁed seﬁabyt$pg0|fy|ng

t he area b¥ the area sgeC|fy|ng unit "103. 22 Septenber 2005
5 oreground ocbject components and the ackground. object

components from the pixel data of the mlxed-area,?and
processing'for'eliminating motiOH-blur frbm'the separated
' foreground object components. | i
The image-capturing. apparatus mayrfurther include
- 10 equal- portlon detectlon means for detectlng an equal portion
consisting of adjacent plxel data of the foreground area
whose values are substantlally equal to each other. The.
processing exeoution means oay-siﬁultaueouslf perform at
least‘the prooeseing for'separatiug'thexforeground object
15 components aud‘the backgrouud_object_ooﬁponents from the
pixel data of’the ﬁixed arealand_the processiug for' |
eliminating motion_blur from the Separated foreground object
"oomponenta based on:the detectedrequal'portion‘and-theﬂ
result obtained.oy speoifying the area by the area
20 'specifyiug.meana,_ |
The image—capturing'apparatus may further iuclude‘unit—o
,of-proce351ng determlnlng means for determlnlng a unlt of
‘proce851ng conslstlng of a plurallty of the foreground
-object components and the background object components based

‘25  on a p051tlon of the. equal portlon. The processing




- 42 Fig. 26Cillustrates an exanple of the result obtained by specifying
~the area by the -area specifying unit 103.  Fig. 26D illustrates an exanple
of the result obtained by specifying the. area by the area specifying unit
103. Fig. 27illustrates an exanple of the result obtained by specifying
the area by the area specifying unit 103. Fig. 28 is a.flowhart
illustrating the area specifying processing. Fig. 29 i szfzge\é\%g%f{za?sagram
illustrating another - 10 configuration of the area specifying unit 103.

Fig: 30 illustrates a nodel in whichsgi-xel values are expanded in the tine
direction and the period corresponding to the shutter tinme is divided. Fig.
31 illustrates an exanple of a background image.. 15 Fig. 32 is a bl ock .

di ag_ragi | ] L%:SI ratniln the conf i&g ation of a binary-object-inmage extracting
port i o S - Hy NSEK T UsHTHHELARIRITRY RERtP B of 0B @R alkt onf val ue.
- 20 Fig. 33B illustrgtes the calculation of a correlation value, Fig.. 34A
i 11 ust rates THe Cal T TV BT ot FRIGRTLNAI e FELImMd | |ustrates
e ST e A SIS 85 Gy 35S IR S o 38
the‘processing for'eliminatiﬁg mbﬁion blur ffomgthe. |
5 sepatétéd foreéround objéét-cbmponeﬁts, |
| The unit—oﬁ-broéégsiﬁg‘determining meéns may ,determine
the unit of pfocessingrédrreséonding to the pixel data .
belonging to thérmixed area:or the forégfound area which-is
located on one stfaigﬁt line and which islother thanrthei
10 pixel data of the equal portion. | |
The equaimportion deteétioh means may detect the equal
portion by éomparing a difference of the pixel data with .a
Eh:eshold.' | o -
Thg equél-pbrtiqnﬁdetecfiqn meaﬂs may_detéﬁt thé;eQual'
15 portion,conéisting oflthe:adjacent pixél-data having the
number of piﬁels greater thanrdr equal to ﬁhe number of
pixels cbrresponding to;aﬁuamount df movement of the
foreground objeét.' | | |
Therpfocéssiﬁg eXeéutionlmeans may simﬁitanéously
20 pé:form the-proceSSing'for sepérating fﬁe foreground‘object-
Cqmponents'and‘thé background object‘Cbmanents‘andzthe |
p;chssing for'éiiminating mofion'blur from the.Sepafated
. fbregrbuﬁd objéct domponepfs by applying a.calculatioﬁ |
'-_cofpeéponding'to a motiOﬂ_vecth.' o | o

25 ;-The processing execution. means may inélude:_model




image. Fig. 36 is a block diagramillustrating the configuration of a tine

change detector 303. Fig. 37 illustrates determ nations made by an area
determ ning portion 342. Fig. 38 illustrates an exanple of determ nations
made by the tinme change detector 303. Fig. 39 is a flowhart illustrating

t he area specifyin 10 processing perforned by the area specifying unit
103. Fig. 20 isya ?Iomchart illustrating details of the“dt®EMPERET fying
processing. Fig. 41 is a block diagramillustrating still another
configuration of the area specifying unm4 103. 15 Fig. 42 is a block _
diagramillustrating the configuration of a robust-processing portion 361.
Fig. 43 illustrates notion conpensation perfornmed by a notion conpensator
3x81. Fig... 44 iIIustr%I%s not i.on conpensag! n perforned by 20 the notion

conpeﬁgg or 3§1CCNR gOTa8 Y& PR ofe AGFE |gPE BrATRM,Y h Og?%% 4pkti fyi ng
by OEeS Bhocisbipf0cha 8 MPYSNYECHLL iU R o0 dRL Bt ousl. PEgcess!
Sept eneeler2@Qhy; 44oaddte CORfi gHRALT AR Rfi RgM XALHL L, T ati0 calgyl ator 104,
corresponding to a relationship between the pixel data of the
unit of processing and the foreground object components and the
Vbackground object components contained in the unit of
processing; and calculation means for calculating the foreground
object components and the background object components contained
in the unit of processing based on the generated equation.
According to a tenth aspect of the invention, there is
| provided an image-capturing apparatus comprising: image-
capturing means for outputting a subject image captured by an
image-capturing device including a predetermined number of
pixels and having a time integrating function as image data
formed of a predetermined number of pixel data and having an
object area consisting of object components which form an
object; and motion-blur eliminating means for eliminating motion
blur occurring in ﬁhe object area by assuming that ﬁalues of
part of the pixel data in the object area of.the image data are
substantially equal.
The input means may input the 1image data having a
foreground area consisting of foreground object components which.
form the object, a background area consisting of background

object components which form a background object,




Fig. 48 illustrates an exanple of the ideal mxture ratio a. Fig. 49
illustrates a nodel in which pi xel values are 5 expanded in.the time
direction and the period corresponding to the shutter time is divided.

Fig. 50 illustrates a nodel in which pixel values are expanded in the tine
direction and the period corresponding to the shutter time is divided. 10
Fig. 51 illustrates the approximation using the correl%t3%Bm8¢ 98 egr ound
conponents. Fig. 52 illustrates the relationship among C N, and P. Fig.
53 is a block diagramillustrating-the ~configuration of an .-
estimated-nmixture-ratio processor 401. 15 Fig. 54 illustrates an exanple of
-~ the estlnated m xture ratio. Fig. 55. is a-block dlagran1lllustrat|ng

"~ anot her onf Uﬂgtlon of the mixture-ratio calculator 104. Fig. 56 is a

Cf owchaaf'rf i1l AR e P ode ddth of F 90 g iaRgacRentisct ur e
ratio. 57-is a flowhart illustrating the processing for 25
cal cul a':'fl g s e éjqnﬁth%entgﬁ Fre@&iNgd;st MAteefotdofr aj ght

approct natfl" SR SR Gt et g™ "

i1 ust rigf ec'shet %ge%r%ﬂn%%@e}%s b?(f atshse J.In)(gjelt%at values of- part of - o

5 the plxel data in the foreground area of the 1mage data
,1nput by the input means are substantlally equal

The 1mage-capturing apparatus may further include
equal—portion'detection meéné'fof detecting an equai portion
in which the Valﬁes of the piiel data in the foreground area

IIO 'of'the image data are substantially equel ~ The motlon—blur
eliminating means may ellmlnate motion blur occurrlng in the
foreground area based on the .equal portion detected-by'the
equal—portioﬁ detection means. |

' The image—oaptﬁring apparatus;may-furthé; Enclude‘unit—

15 of-processing determining means-for determihing a onif of
'processing oonsistingrof-a pluraiity of the foreground
object components based on a position of the'equal‘portion.
The motion—biur eliminating means- may eliminate motiOn blur
of the foreground'area for each unit of”proceseing. .

20 'A,The unitnof—proeeesing deéefmining means mey detefmihe
‘the unlt of processing correspondlng to the pixel data |
.belonglng to the mlxed area oxr the foreground area whlch‘ls
;ocated on one_st;alght line’ and whlch 1S=other than'the-
pixel'datarof the_equal portion. |

25, The imagemcapturing apparatus may further include area




a plurality of frames when the mixture ratio a is calculated. Fig. 61 isa

bl ock diagramillustrating. another -configuration of the mxture-ratio
esti-mati on processor 401. Fig. 62 illustrates an exanple of the estlnated
m xture ratio. Fig. 63 is a flowhart illustrating the mxture-ratio_ -
cal cul ating processing. 10 Fig. 64 is a flowhart illustrating the
processing for estimating the m xture ratio by using é2ﬁemehmE@8M%spondlng
to a covered background area. Fig. 65 is a block diagramillustrating an .
~exanpl e.of the configuration of a batkground/foreground separator 105. 15
Fig. 66A illustrates an input inmage, a foreground conponent inmage, and a
- backgr.ound conponent i mage. Fig 66B illustrates a nodel obtained by

eXpandisibcitiyieks ndhrdNe ol Bdd i Wil dieahidg By Gfd || ustrares a',

nmodel in which plxel values expande i“Me “di réction and the

per i od peReeRARdERG At 0 Eheh§h%5%%@,%k@%_ls divided. Fig. 68 illustrates a
- nmodel in which pixel val ues. are expanded in the tinme direction and the .~

peri od correrpoaghay- %@rtb@nSBEEEQtlbh”ﬁehﬁsdhﬁkdégtegﬁ Fha. eéﬁai"UStrateS
a nodel in which pixel values are expanded in the tinme directi'on and the

‘per i odpeatiespbidcbgparenghe shutreeentien® i $Hd Yided. d5itg wiQni § a bl ock.
diagramillustrating an exanple of the configuration of a separating

porti omh@ethoddki g. 71A |IIustrates an exanple of a separated foreground -
conponent i mage. _
The equal portlon detectlon means may detect ,the equal
"portlon consisting of the adjacent plxel data havrng the
‘number of pixels greater than or equal to the number of
- pixels corresponding to an amount of movement of the
10 foreground object.
| - The motionmbIUr eliminating means may eliminate motion
1blur occurring in the foreground area by applylng a
_.calculatlon correspondlng to a motion vector.
The motion-blur el;m;natlog,means may ;nclbde: model
15 acquiring means for acquiring a model'correspoﬁoiog to the
unit of‘processiﬁg and.e motionlgector; equatioh generating
means . for generatiﬁg}_based on the acquired model,_an
equation correSponding to a,relatiooship'between'the pixel‘
data of the unit of'processing and the foreground object
20 oomponentS'contained in thewunit of processing;~and |
- calculatlon means for calculating the. foreground object
_components contalned in the unlt of processxng based on the7
generated equatlon. |
| : The mot10n~blur eliminatiog“means‘may-simuitaneously

25 perform proceesing for separating the:pixel data of the




Fig. 71B illustrates an exanple of a separated background conponent inmage.
Fig. 72 is a flowhart illustrating the processing for 10 separating a

foreground and a background. Fig. 73 is a block diagramillustrating an -°
‘exanple of the configuration of a notion-blur adjusting unit 106. Fig. 74

is. a block diagramillustrating an exanple of the conf 0 a -
motion-blur elimnating unit 108. 15 Fig.75 |IIustraté%Q%B%%g%P0@i ‘whi oh

t he pi xel values. are expanded in the tine. direction and the period
‘corresponding to the shutter tine is Miwvided.- Fig. 76 illustrates a nodel
-in which the, pixel values are expanded in. the tine direction and the.
period 20 corresponding to the shutter tine is divided. Fig. 77 illustrates

a nodel I values e. expanded in the tine direction and
the perF%’ewgo%?gsggﬁ Pné tootﬁgrgﬁﬂat8P3F£29CP§pBP@PH§dan¢|Ehe78 o
ol nap oS R SuEE IR 8! ShBBoRYEL R hHOBLUBLER 85, Db himbnarbne of the
i xel's b n u 80 i|lustrates an exanple

bt “the mevepanbat:Tabnchy %ﬁb%fgké?‘s?é‘%%ﬁaoﬁﬁg oBRstH fbheRedr e e
pr ocessbagefobnagi-ust hﬂ%?ﬁ%%&%ﬂa%&?@@g knof' %ﬁtaej:;%g:”at es an

i mage obt ained by capturing stationary quadr
5 consisting of the foreground area and the background area or
the mixed area_and‘based on the equal portion.

| The image—capturing apparatusamay further include unit—
of~pr0cessing determining means for determining a unit of
processing consisting of a plurality of the foreground

lO_Vobject components and the background object components:based
on a p081tlon of the equal portion. The processing | |
executlon means may 51multaneously perform, for each unit-of
proce551ng, the_proce581ng for separating the foreground
.. object components and the background object - components and
15 _the proce551ng for ellmlnatlng motlon blur from the
separated foreground object components.

The unit- of proce551ng determlnlng means may determlne'
the unlt of proce351ng correspondlng to the plxel data
belonglng to- the mixed area or the foreground area which is

7329. located-On-one‘straight line and:which~ia other than the
. pixel data of the equal portion. | | |

The image- capturlng apparatus may further 1nclude area

spec1fy1ng means for spe01fylng the foreground area, the
s background area, or the mlxed area.

25 . ‘f The equal-pertion detection means may detect the egual'




Fi g. 83 illustrates an i mage obtai ned by capturing the 10 noving black |
quadrilaterals. Fig. 84 illustrates an exanple of a result obtained by :
executing the processing by the notion-blur adjusting unit 106. Fig. 85 is

~a flowchart illustrating the processing for 15 adjusting the amount of

notion blur. Fig. 86 is a flowhart illustrating the progessi or ‘
elimnating notion blur of a foreground conponent inagég%fFETQ%?£@£ a bl ock
diagramillustrating another configuration of the function of a signal
processing 20 apparatus. Fig. 88-ld8ustrates the configuration of a

‘synthesi zer 1001. Fig. 89 is a. block diagramillustrating still another

configuration of the function of the signal processing 25 apparatus. - 48

. Fig. 9Qcksianbbock dibags Ll gt ' £i Lon, ¢ ”
By Sersoigrianian fbresiige e s BT L 0o

m xture-ratio cal cul ator Ig. 91 is a iagram i !
confi gyhatikaniaf. a foreground/ background separator 1102. Fig. 92 is a
bl ock diagramillustrating still another configuration of the function of

‘the signal PrecegsiDgpoPPeE dddiSecHidh BSahs | Wsyradesct heycanfiguration of

a synthesizer 1201. 10 Fig. 94. is a block diagramillustrating stil
anot hepoeahbhgubationing bheadigpahtppoLESSHAGaaRRA A§UBhe number '

5 of pixels greate; than or equal to thé number of pixels
_ cor;esponding to an amqﬁnt of movement of the foreground
cbiject. |
- The unit—or—procéésing determining means may
simultaneously perform the processing for separating the
- 10 foreground object components and the background object
Components and the processing for eliminating motion blur
from the,separated-foreg:Ound-bbject components by applying
é’calculation corrésponding:to a'motion'vecto:..
‘The unit—of—proceséing détermining meané méy‘include:
15 'model,acquiring meané for acquiring a model corresponding_to
the unit of prdcessing'and a motion vector; equation |
‘ gengrating ﬁeans for.geherating, based on the acquired.modél,
an equation corresponding té-a-relationéhip-between-the

pixel data of the unit of p;dcessing and the foregrouﬁd

‘20 }iject'compqnents and the background object components'

contained in the unit of processing; and calcuiatioﬁ means
for calculating the foreground object components and the-
. background Object components contained in the unif of

' processing based on the generated equation.

- 25




Fig. 95 is a block”dfagraniiIlustrating the configuration of a

separating/blur-elimnating unit 1 503. Fig. 96 illustrates the unit of
pr.ocessi ng and a node 115 corresponding to the unit of processing. | Fig.
97 illustrates the unit of processing and a nodel corresponding to the unit
of processing. Fig. .98 illustrates the unit of processj , del
corresponding to the unit of processing. 20 Fig. 99 ilﬁ%g%?gﬁg%%? e unit of
processing and a nodel, corresponding to the unit of processing. 25 .Fig.
Fig. Fig. Fig. illustrates the cal gylation of pixel values. 101 :
illustrates.an exanple o . fan input inmage. 102 illustrates an exanple of a
processing result. 103 is a flowhart illustrating the processing for - 49

eYining%iqg tion blur. Fi%% 104 is . a flowhart illustrating sinultaneous
- processi T f PSR EIGhe & R FFMPand a background and for elimnating
not i on blur¥w5 Fi.g.. 105.i.s % bl.ock diagram.illustrating still another
S 19. I"is a bloc :

diagram- illustrating the
cqnfiguratidn of an embddiment of a signal processing
'apparatﬁs acéording to'the present invention.
5 Fig. 2 is a block diagram illustrating the signal
| processing apparatus. | | |
Fig. 3 illustrates the image capturing performed by a
-S5ensor. | |
Fig. 4 illustrates thé arrangement of pixels.
iO Fig. 8 illustrates the operation of a detection device.
Fig. GA.illustrates an image-obtained by image-
capturing an object corresponding to a moving foreground and.
ah 6bject corfésponding to a stationary.background.
Fig. 6B illustrétes a model'obtainéd by expanding in
‘15' 'the time direction pixel values cofréSpondingfto one line of
an imagé- |
Fig; 7 iLlustrates a background area, a foreground area,
- a mixed area,; a cbveredﬁbackground area, and an uncovered. |
'background'afea. - |
200 " - Fig. 8 illﬁst:atés-é model obtained by expanding in the
time direction tﬁe‘pixel valpes-of pixels éligned side~by-
Aléide in an';mage;obtained'by image—cépturing an objéct
.fgdr;éspondiqg'to a'stationary‘fofeground and an the ébject
_'cor#espondihg to a Statidnary'backéfQUhd.

';25‘ . Fig. 9 illustrates-a model.in which pixel values are




configuration of t he signal processing apparatus., Fig. 106 is a bl ock

.. diagramillustrating the configuration of a notion-blur elimnating unit-
- 106. Fig. 107 il-lustrates a nodel supplied to an equation 10, generator
1622.. Fig. 108 illustrates a nodel supplied to the equation generator
1622. Fig. 109 illustrates the calculation of the pixel,, y&al Ugs.qdo Fig.

110 is a flowhart illustrating the processing for ellnln ting notion
blur. Fig. 111 is a flowhart illustrating the processing.-for elimnating

notion blur of a foreground conponemt0 i+mage. 20 Best Mdde for Carrying Qut
‘the Invention Fig. 1 is a block diagramillustrating the configuration of
an enbodi nent of a signal proceSS|ng apparatus according to the present

| nvent @baridPYn (GRNLEAL Riosessiio i the? hepisailes uarbous (ypes of 25

pr ocessi ng according to prograns store efifer 2005

.50 Nhgpqyﬁa%%uqkerntgm%tqraggvgagh 28. Prograns executed by the CPU 21
and data are stored. in a RAM (Random Access Menory) 23 as required. The

CPU 21, therRgM 23, 1@-Mstf’§t8§% Iag»d@x elﬁomfeﬁgglggl e@—gfu%gl%iby. abus 24.

5 An input/output interface 25 is also connected to the via the
bus 24.exdVandeutinuithe 26meWRigBck$ohorABALRE - Férbe6909§E§béﬁd§n56yboard a

mouse, a m crophone, and so on, -and an output unit 27, which is fornmed of
a dbspltay tha shutter time is divided.

Fig. 11 illustrates a model in which pixel Values are
expanded in the time direction and the perlod correspondlng
to the shutter Cime is divided. |

Fig. 12 illustrates an example in which pixels in a

10 foreground area, a background area, and e‘miged'area are
extracted.'

Fig. 13 illustrates the relationships between pixels
and a model obtained by expanding the pixel values in the
time direction. | |

15-‘ Fig. 14 illustrates a model in which pixei'values are’
expanded in the time direction and the perlod corresponding
. to the shutter time is divided. |
E Fig. 15 illustrates a mddel in which-pixel values are
expanded in the time direction and the period correspondlng
20 to the shutter time is lelded. |
Fig. 16 1llustrates-a model in which pixel values are
._expanded in the tlme direction and the perlod correspondlng
,;to the shutter tlme is divided.
3Fig. 17 illustrates a model in'which‘pixelAvalues are

25 expanded in the time direction and therperiod-corresponding




. speaker, and so on, are, connected to the input/output- 10 interface 25.
The CPU 21 executes various types of processing in response to a conmand
~input fromthe input. unit 26. The. CPU 21 then outputs an inage or sound
obtained as a result of the processing to the output unit 27. The storage
unit 28 connected to the input/output. 15 interface 25 j,s for ,. for
TGl

 exanpl e, a hard disk, and stores prograns executed. by

-and. various types of data. A conmunication unit 29 comunicates with an
external. device via the Internet' _or.another network. In this exanple,

~ the comunication unit 29 serves as an obtaining unit for 20 obtaining an
output of a sensor. Alternatively, a programnmay be obtained via the
“.conmmunijcation unit -29 and stored. in the storage unit 28.. A drive 30
“connect B9 toet peuthput ket pls dhvidédce 25. drives a magnetic disk 51, an

. optical disc 52, a magneto optical, disk 53, a sem conductor nenory 54, or
“the like, -Fi=53- %elrﬂglélﬁqradiersg@oﬂﬂqfﬁ} rigdivirh gls mittedc hed wes tlre dri ve 30,

- and. obt ai ns_ rogram or. data stored in the corresponding nedium The

- ‘obt-ai neﬁx%?%%‘?‘gn} ' gi‘l%t%l?f‘% FEREE T etfd othheper ledregperamiandgidiaand st or ed

“therein if _necessary. 5 A description is given below, by taking a nore
'specifi%o Q%%ﬁ%?%gi%# Eﬁ%?gﬁ%ﬁib'ﬁéﬁésing. apparatus for specifying an

" ‘area havi ng gnpe signi.ficant .infqrmation fromdata obtained by a
sensor or fgﬁggxgggc:%ﬁbq%ﬁﬁg%@é§ §93Hgiﬁégﬂfmji 0 PIRGESR 1NN TPKe

o foll 0""'&1931?&‘@1@&%1@ a%%x"llt'i,no o0 Yrur. '
o Fig. 20 is a block diagram illustréting an example of
the configuration of an area specifying uniﬁ 103.
Fig. 21 illustrates an.image when an object
- 10 corresponding to a;foregyoﬁnd is moving.

Fig. 22 illustratés a model in which pixel values are
expanded in the timé'diregtion and the period corresponding
té the shutter time is divided.

Fiqg. 23—illust£ates a model in which pixelmvalues are

15 expanded in the:timé direction and the period cérresponding
ﬁo the shutter ﬁime'is divided.

Fig. 24:illustrates a model in which pixel values are

':expanded in.the time direction'and.the‘period corresponding
to the shutter'timé is diwvided. -
20 . Fig. 25 illusfrates the conditioné,for determinin@'the
area. - |

Fig. 26AVilipstrates‘an'exémple of the result obtained

'.by'speéifyinglthe area by the.area speéifying unit 103..

Fig;726Bfilluétratés-én example of the fesult‘obtainéd

':25 byzspecifying the area by the area specifying unit 103.




10 a CCD area sensor corresponds to the sensor, the area information or
. the. mixture ratio corresponds to significant information, and the m xture
of a foreground and a background in the m xed area corresponds to notion
blur-or a distortion. 15 .Fig. 2 is a block diagramillustrating the
signal processing apparatus. the It does not matter whebhkgpiekib& 2084 gnal
processing apparatus are or software. individual functions of inplenented
by hardware That is, the block diagrams of this 20 specification nmay be

har dwar e ‘bl ock dlagrans or software 42 unctional block diagrans. Mtion blur
i's a distortion contained in an image corresponding to a noving object
caused by the nmovenent of an object to be captured in the real world and.

the i 2 , 5 th

e T, ST IR SE G PR BRIl BebpAl "

o | b t lied t
el o) oL Rt 1R Lo e uyl.%z%%s%pis%%g O TRGe, *uBP!fed Lo

I8 e on s o A i
extrachy @p%@&&@lh@aﬁﬂe area by the area specifying unit 103. '
5 o Flg. 27 1llustrates an example of the result obtalned
‘by‘specifying the area by the area.specifying_uni;l103.
| Fig. 28 is a flOWChart,illustrating the area specifying
processing. |
_ Fig..29 isré block_diagram illustrating another
-10. configuration of the area specifying unit 103.
Fig. 30 illustrates a ﬁodel in which pixel values are
EXpandedrin'theftimé'direction and-tﬁe'period'corfesponding
td the shutter time is divided. |
.Fig; 31_illustrétes an éxample of a background image..
15 . Fig. 32 is a block diagrém'.illustrating the |

configuration of a binary-object-image extracting portioh

302. -
Figﬂ 333'illustrate5'the calculation of a-corfelation
value. | | |
20 | Fig: 33B iliustrates the calculation of a correlation
Value.r | | |
Fig. 343 iilustrates.ﬁhe'galculation of a corrélation

value.
 Fig. 34B illustrates the calculation of a correlation

25 valﬁer




nj corresponding to the foregroun ‘
bl ock mat chimey. gradientse hase ALel3ldabn, ALdRChy ggutsive techni que, .
t he [

i nfor medeé permiivhing pert dorImt i on o : :

.'object corresponding to a foreground object contained in the 10 input
- i.mage, and supplies the extracted i mage object to a notion detector, 102.

The object extracting unit 101 detects, for exanple, an outline of the .

foreground i mage object contained in the input inmage so as to extract a.
~.rough inmage object corresponding to the foreground objegbywenkne 2648 Obj ect
~extracting unit 101 extracts a rough image object corresponding. to a
. background object contained in the input inage, and supplies the extracted

i mage object to the notion detector 4802. The object extracting unit 101

~extracts a rough i mage object corresponding to the 20 background object -
from for. exanple, the difference between the input inage and the

extracted inmpge obje orrespondi ng 25 fo the foreground object.
Al ternatively, ‘Sf o$$ eﬁglrﬁ% %{%ﬁ%’e Bbj %&?m%];‘f r%{jt{?f}?g.bﬂrﬁrty olgiEctmay extract

- the rougﬁabgage obj ect corresponding'to the foreground object and the

rough "i-mage object correspondi ng 22 Septenber 2005 - 53 to the background

:‘object,fron1ﬁ _GhEfar e . roynd image stored in a .
b méTa ande %JJ}H llt?taﬂfs?‘rafg%l% tion detector 102

built-in background menory and .the 1hp

cal cul atesraguphiom vSEL 9Tt bl chdfice [QUANY, st ed | mage ob) ect
opj e

ct according to a technique, such as-

and supplies the calcul ated notion vector an t "6nVE&Ct or posi ti onal

»Fig, 38 illustrates an example 6f determinations made
"by the time change deteétof 303. |
Fig. 39 is-a flowchart illustrating the area.specifying
10 processing performed by the area specifying unit 103,
Fig. 40 is a fiowchart illustrating details of the area
specifying processing. | |
‘ Fig. 41 ;s a block diagram illuétrating still ano£her
-.configuratién of the area specifying unit 103.=
';5 - Fig. 42 is a block diagfam illustrating the
.cbnfiguration‘of‘a robust-processing portion 361.
Fig. 43‘illﬁstrates motion compensationvperformed bj a
motionlCOmpensator 381. .
Figi 44‘illustrétes motion compensation performed by
2Q thé motion.compensatOr 381. s
Fig. 45 i$ra flowchart illustrating the area spécifying
prdcessing.a
Fig. 46 is a flowchart illustrating details of the
robust procéssing;- .

125 - Fig. 47 is alblock diagram illustrating an example of




. 10 for specifying the positions of the pixels corresponding to the notion

“vector) to an notion-blur extracting unit 106. The notion vector out put
fromcontains information corresponding 15 v. area specifying unit 103 and
a the notion detector 102 to the amount of novenent The notion detector

102 may output the notion vector of each inmage object tfeehhgnom th the
_pixel positional information for- speci fying the pixels of the image
object, to the notion-blur adjusting unit 106. 20 The anount of novenent v
is a value indicating.a positional 4¢hange in an image corresponding to a

- noving object in units of the pixel pitch. For exanple; if an object inage
corresponding to a foreground is noving such that it is di spl ayed at a

. posi ti enef edh rRbuehs 18MaY s &k ORY 3¢y rddrhef 8 £0¢ nit is positioned
in the subseque%t 2218eptenber 20L01r r frane, eu%éégﬁnﬁﬁ% of noverment v of

t he object ¥ 48011 ect
| ol BsPoti g 4,0 ézbeﬁnﬁPé eF 0&1}8% %‘feeﬁneeg&&%

extracting unit 101 and the notion detector en adjustlng
"~ the anmpahfoof.notion blur 5 corresponding to a noving object. The area
specifying uni't 103 deternines to which of a foreground area, a background

area, or a mqemgirﬁm:m‘htem xelmadel hen iwtpith igmgs bﬁilQ{&Iﬁ,ar%”d suppl i es
information
5  expanded in the tlme direction and the perlod correspondlng
to the shutter tlme is lelded-

Flg 50 1llustrates a model in which pixel valués are
expanded in the tlme direction and the period correspondlng
to the shutter time is divided

'alQ Fig. 51 1llustrates the approx1matlon us1ng the
correlatlon of foreground components

Fig. 52 1llustretes the-relatlonship among C, N, and P.

" Fig. 53 ‘is a block ‘aiagram illustrating the
-configurafion quan estimatedrmixture—fatio precessor 401. .
15 - Fig. 54 ilqutrates an example ef,the'estimated nixture
ratio.

Figf 55_13 a-bloek diegram illustrating another
configuration of the mixture—retiorcalculatoe 104.

Fig. 56 is a flowchart 1llustrat1ng the proce551ng for

‘20 : calculatlng the mixture ratlo |

Flg 57 -is a flowchart lllustratlng the proce551ng for

~calculating the estlmated mlxture ratlo.

Flg; 58 1llustratesla stralght line for appreximeting_
the mixture'ratiq'ai | |

25 ' Fig. 59 illustretes a plane for approximating the




indi cating to which-area each pixel belongs (hereinafter 10 referred to as
"area information”) to. the mixture-ratio calculator 104, the
~foreground/ background separator 105,. and the notion-blur adjusting unit.
- 106. The m xture-ratio cal cul ator- 104 cal cul ates the nlxture ratio
corresponding to the pixels contained in a nmxed area 2%%_ é %@%;nafter
referred to as the "mxture ratio a") based on the inpu e notion
vector. and the. positional - information thereof supplied fronrthe notion -
detector 102, ~and the areainformatigs supplied fromthe area specifying
unit 103, and supplies the mixture ratio a to the 20 foreground/ background
separator 105. The mixture ratio a is a value indicating the ratio of the
i mge conponents corresponding to the background object (hereinafter also
‘be ref SHEEESD. raa.%l@b%ckground conponents”) to the pixel value as.
expressed bﬁ,eq Hg_ which is 22 Septenber 2005 - 55 The

S s &

f.or egr ound/ badk e itiie off i 9Mﬁﬁ$§|lmto a
f oregr oy onent t he i mage conponents
| corresﬁ% |ﬁ§gf t¥H%ffgagﬂ?ﬁuﬂgeﬁbﬁéﬁtm&%EPEFnéﬁFéP 4 46 salevfatedd to as
- "foreground nents” ' nd,.a back und conponent image fornmed of only-
the backgro&% conponen bﬁﬁ%% g‘@ﬁrﬁﬁeqéﬁéézrﬁQﬁQﬁﬂﬁqﬂﬁh§ﬁpplred fromthe
. areg snggﬂfﬁ@dgb 3“ f%régrr) gflred fromthe
m xture-ratio ca ator supp ies nfdtent i mage

e Oy S a%:s%sfarrﬁr%rr et
‘ratio. P
Fig. 63 is' a flowchart illustrating the mixture—ratio
celeulating'prOCessing
10 : Fig. 64 is a flowchart 1llustrat1nq the proce531ng for
estlmatlng the mixture ratlo by u81ng a model correspondlng
to a covered background area. |
Fig. 65 is a blockjdlagram'illustrating en example of
-the oonfiguration of'a background/foreground-separator 105.
15 Fig. 66A‘illustfatesean inout image, e foreground |
component 1mage, and a background component image.
| Fig. 66B 1llustrates a model obtalned by expandlng
_plxels of one llne in the time direction.
Flg 67 1llustrates a model in which plxel values are
~_20 expanded in the time dlrectlon and the periced. correspondlng
‘to the shutter time is lelded.
Fig.-68millustratee-a model in which pixel-veiues are
expanded in the tlme dlrectlon and the perlod correspondlng'

_to the shutter tlme is divided.

25 Fig. 69 illustrates a model in which pixel values ere _




preci se foreground and background can be obtai ned conpared to a known

met hod in which only a foreground and a background are specified w thout
considering the mxed area. 15 The notion-blur adjusting unit 106
determines the unit of processing indicating at |east one .pixel contained

in the foreground conponent inmage based on the anount Qf
obtai ned fromthe nDtlon vect or and based on the area £§§%¥%W§$%§h5 The

unit of processing is data that specifies 20 a group of. pixels to be °
subjected to the notion-blur adjustéents. Based on the anount by which the
motion blur is to be adjusted, which is input into the signal processing
‘appar at us, the foreground conponent. i mge. supplied fromthe 25

foregrqgg%{ r.o r 05 t.he |on vector and -. '
posi ti on Ipﬁ%o?%a#?%%%ﬁﬁﬁﬁg%gjsup 3G 1 C8ﬁr&§P8896P9102 ‘and
“the Lnugo(yhéoéﬁﬁﬁﬁgrnqﬂnkhqs d! QLur adjusﬁtng uni-t- 106 adjusts_the '

- amount. of noti cont al ne e foreground conmponent image. by

removing, 5pdgcreasing, BionC&Q%ngﬂ &E?UQQE Qn lyr gggtgﬁned in the

-foreground conponent i nage tion ur a ing SR 196 hen out put s

the foregr Qi IRRARGH o JEMRIS B R Gl ?;%%%nofs qotion blur is adjusted
to the sel ector 107. is not essential that the notion vector and the

posétional F1g. lmﬂgrﬂmlhgﬂrﬁhééeéﬁ @Qaﬂﬁ@é ofhg §§$§E£9&d107 sel ects one of
the foreground conponent inage supplied fromthe foreground/ background..

_separ atforeb@suand cohgoheneghiadgd .conponent |nage in which the anount: of
nDtlon blur is adjusted supplied fromthe o
Fig. 71B 1llustrates an example of a separated

background component image.
Fig. 72 is a flowchart illustrating the processing for
10  separating a.foregfound and.a backgrodnd.
Fig. 73 is a block diagram illuetfating an.example of
the configuration of a motien—blur-adjusting unit.iOG.
- Fig.. 74 is a block diagramrillustrating'an example of
the configuration of a motion—blur.elimiaating;unit 108.
15 Fig. 75 illusﬁrates a model in which the pi#el value53
Hare expanded in the time.direction and the period
correspondlng to the shutter tlme lS lelded
Fig. 76 illustrates a model in whlch the plxel values
are expanded in. the time dlrectlon and the period. |
20 correspondlng.to the shutter time is dlv;ded,
Fig. 77 ilererates:a model in-Which_%he pixel values
:are expanded ia the time direction'and_the period.
correspending to the ShutterifimefiS'divided..
Fig. 78 ;1luStrates anrexample of the pixels from which

25 motion blur is eliminated.




15 notion-bl ur adjusting unit 106 based on, for exanple,.a selection
signal reflecting a user's selection, and outputs. the selected foreground

‘conponent image. An input inmage supplled to the signal. processing
apparatus is discussed below with reference. to Figs. 3 20 t hrough 18. Frg

3 illustrates image capturing performed by a sensor. Eﬂ%ﬁé%ﬂégﬁmb§ f or med
of, for exanple, a CCD (Charge' - Coupl ed Device) video canera provided with

a CCD area sensor, which is a solid-state inmaging device. An 25 object 111
corresponding to a foreground in the ggeal world - 57 noves, for exanple,-
hori zontally fromthe left to the right, betmeen an Ob]ECt 112
corresponding to-a background and the sensor.. The sensor captures the

i mage of the bjegg ;i 5.corresponding to the foreground together with the
i mge of thé 8bj éct ESEB?F8§p6ﬁdFﬁ@mPéet hé ‘bhekpisahd. TThe whasbr o

out puts ,f apt\re e.inunits of frames. For exanple, the sensor
out put s aﬁgi%hge%hagﬁn %ElPﬁé per. second The exposure tinme of the

sensor can bg;l/ 39 e 10 exposu is a period fromwhen the
sensor startgl&conver ?Qgtf%gﬁf figh a?ﬂﬁﬁ 8?eEF?rEb¥e%ﬁa¥@eW®h¢hl when t he

conver sy ibhopmm e s knpYL LI ght to the electrrcal charge is finished. The
exposure time. is also re eérfed to as a "shutter time". 15 Fig. 4

ol o 1SR P Gl e A Tl
|nage..bﬁhﬁground-components.
- Fig._SZ illustrates an image obtaineddby capturing.
stationary black quadrilaterals. |
Fig. 83 illustrates an image obtained by capturing the
10 moving black quadrilaterals. " |
Fig. 84 illustrates an example of a result obtained hy
executing the processing by the motion—biur adjusting unit-
1b6- : : LT
Flg 85 is a flowchart 1llustrat1ng the processrng for
_ A}S -ad]ustlng the amount of motion blur
Fig. 86 is a flowchart 1llustrat1ng the proceselng for
ellmlnatlng motlon blur of a foreground component 1mage-
,'Flg 87 is a block diagram 1llustrat1ng another 7
. conflguratlon of the functlon of a 51gna1 proce551ng
20 apparatus.. -
' 1Figf 88 illnstrates the configuration”of-a synthesiZer
1001. o - -
Flg 89 is a. block diagram’ 1llustrat1ng strll another
conflguratlon of the functlon of the signal processrng

_25 apparatus.




detection device correspondlng to. each pixel is disposed on the sensor.
When t he sensor perforns i mage capturing, each 20 detection. device outputs
a pixel value of the corresponding  pixel formng the image.. For exanple,
the position of the detection. device in the X direction correspdnds to

the horizontal direction on the inmage, while the p05|Eb%£ o ‘gg&xpetectlon
device in the-Y direction corresponds. to the 25 verti ¢al FPRE e Bn on the .
i mage. 22 Septenber 2005 - 58 As shown in Firg. ‘55 the detectlon devi.ce,
which is, for exanple, a CCD, =~ convéBts input light into electrical charge
during a period correspondlng to a shutter time, and stores the converted
el ectrical charge. The anount of charge is.5 al nost proportional to the

intensity oﬁibhegbnggt al bIk@ IQEQQH d%%ﬂ;%ﬁ &P thg light is input.

‘The detection™ device sequentia e elect) charge converted

mmmmmmﬂmmwg%ﬁm%ﬁﬂ%wmg%@@”wt“pmwj 

corresponding to the shutter tine. That ecti-on device

integrates #hg.i pputsl kOB B HAGGEAR 108%sed 6QHe3RANdi ng to the shutter .
time and stores the electrical charge correspondi'ng to the anount of

i nt egr aboed ilgughitiokt oFam b reofhaRl At diRlo Ui delaCldn dgywi ce has , an

integrating function with respect to time. 15 The electrlcal char ge stored

in%he deteFtigonddevsce b$ockoﬂyagkad intasaryelhagetyahugnBynharcireuit
(not shown), and the voltage value is further converted into a pixel

val ue, Cogﬁahua@tdpglbiltdatépmmmidnsaﬁnnmg:sm@@@qr@ﬁawégSlg@ch plxel value

output fromthe sensor is a value prolected on-a
' apparatus ‘ _ _

Flg.-93_illﬁstrateslthe cdnfiguration:Of a syntﬁesiéer-
1201. | |
16 Fig. 94 is a block diagram illustrating still another
configuration of the signalAprocessing_appératusl
Fig. 95 is a block diagram illustrating th_é_
cdnfiguration'of-a Separating/blur—eiiminating unit 1503,
Flg 96 1llustrates the unit of proce551ng and a model-
:15 correspondlng to the unit of proce531ng |
| Flg 97 1llustrates the unit of . proce331ng and a model -
.correspondlng to the unit of proceSSLng
Fig. 98 illustrates the unlt of processing and a model =
corresponding to fhe unif of processing. | |
20 - Fiq: 929 illustratés the-unif 6f ﬁrocéSsing and a model
corresponding to the unit oprcheésing.
' Fig. ;OO-ilLUStrates-the éalcqiation-of ﬁiXel values.
jFig. 101 illustrates‘an‘exémpie.df;an input-image.
- Fig. 1D2iillusfrates an éxamélé oftafprdcessing résﬁlt4

:25. - Fig. 103.is a flowchart illustréting the,processihg for




20 linear space, which is a result of integrating a certain -

t hr ee- di nensi onal portion of -the object corresponding to the foreground or
‘the background with respect to the shutter ‘time. The signal processing
apparatus extracts significant 25 infornmati on enbedded in the out put

signal for exanple, the 22 Septenber 2005 - 59 nixtureylif,doofy the
.storage operation of the sensor. The signal processing apparatus adjusts
t he amount of .distortion, for exanple, the anount of notion blur, caused
by the mixture of the foreground image aobject itself. The signal processing
apparatus al so adjusts the anount of -distortion caused by the m xture of
the foreground i mage object and the background image object. Fig. 6Ais a
vieMIiIIxstrating an i nmage obtained by capturing a noving object 111 '
cor r espBNUTAGREST A FOF &Y oY 10 and a stationary object. 112 correspondi ng
to a backgraund. In the exanple shown in Fig. 6A, the object corresponding
to tmann$$%rﬁﬁsﬁmWi o Zont st 15 3 lokng helmektaneouhe' right with
respect .screen. Fig. 6B illustrates a.. npdel obtained by.expanding
~ pi xel 8%8%%$§%%9C T SSPONA TR 0?0 RreyHRURE @ #nbgekghowndiandi g. . 6A

“in the tipe. di ion. The. horizontal direction shown in Fig. 6B . .
corresp%%gge?%&ﬁﬁétgp fﬁélQRr%éﬁ?Dn'x inFig. 6A . The values of the

Bomponent's, " e e 50 ek B S i o v e
backgr osswdsi @bt £Cton of:the-signél processingiépﬁé;atus.;
Fig. 106 is a block diagram illaétrating-fhé
configuration of_a,motiOn—blur eliminating—ﬁnit 106.
Fig. 107 illustratés a model suppliéd_fowan equatioh
10, generator 1622. | |
Fig. 108 illustratés a'mbdel suppliéd to the equation
generator 1622. | ‘ | ) | |
Fig. 109 illustrétes the'calCulation'df the éixel
values. |
15 - Fig. 110 is a flpwchart illﬁstréting thérpfocéssing for
eliminating.motion blurf R -
Fig. 111 is a flowchart illustrating fhe processing for

eliminating motion biur-of'a.foreground compbnent image!

20 Best Mode fbr CarfyingAOut thetInvéntiQﬁ
Fig. 1 is ahb1ock diagram illustratiﬁg-the
'cgnfiguratioh of”an embodimént of a-éignal ﬁrocqssing
. apparatus according ‘to .the présenf invenfionf A.CPU |
(Central Processing Unit) 21 éxecutéé.various'typeé'of

 25 prOcessing according to;prbgramé stored in a-RbM {(Read Only




The values of the pixels only fromthe foreground . conponents
~corresponding in the foreground area are formed conponents., that is, the
image to the foreground object. The values. of the pixels of the m xed
area are forned 25 _ fromthe background conponents and the foreground
conponents. 22 Septenber 2005 60 Since the val ues of 25% @h§&%§o¢ﬁ t he
m xed area are forned fromthe background conponents an or eground
conponents, it may be referred to as a "distortion area". The mixed area °
is further classified into a covered®ackground area 5 and an uncover ed
background area. The covered background area is a m xed area at a position
corresponding to the leading end in the direction -in which the foreground

obj ectubRoFRYi P9, o ¥WheR €y tQEorQSQKQEQEnQBCO”?S?BSQ%% aggegﬁ@gﬁq%gy covered

with the 10" foreground over tife. In contrast uncovere ckground

area igha opyeg @ﬁ@ad&@5r§§90§9599dt9ntQeakﬁa'k kafd @Uﬂcégséhe di rection in
whi ch the foreground object is-noving, where ackground- conponents

gr adualtésioappeas ¥ efedhiiBedls fﬁedtggug§edtﬁQngM bhe LAROERS ining the
foreground ~area, the background area, or the covered background area or

t he unZdveredchackgr@unto asg8hi Sthepubyi At puthggarea specifying unit 103;
the mxture-ratio calculator 104, and the foreground/ background separator
10% as tfmaﬂnumnpuﬂﬂnptput 1nterface 25 1is' also connected to the
CPU 21 via the bus 24. An 1oput unit 26, which is formed of
a video tamero, a keyboard, é;mouéé, a‘microphooe, and so on,
and an output unit 27, which is.forﬁéd of a display, a |
speaker}.and So on, are_connected‘to_thé input/output
10 interface 25. The CPU 21 executes ﬁarious types of
processihg in response to a oommand-input from the input.
| unit 26. VThe_CPU 21;then'outpﬁts an image or sound obtained
as a result of the processing to the output unit 27;
The'storage unit 28'o0ﬁnectedlto the input}outout‘
15 interface 25 is formed of,‘for exémple; a hard disk, and
stores ptograms executed.bf the CPU 21-and_variou5‘typés of
.datai A:comﬁunication uoit 29 Communicates with an extornal_
device via.tﬁe‘lnternet'or ahother‘netWOrk-' In this exampie,,-
the communlcatlon unlt 29 servés as an obtaining unit for
20 obtalnlng an output of a sensor.,t
Alternatlvely, a program may be obtained wvia the
1commun1catlon unlt 29 and stored in- the storaqe unit 28.
A drive 30 connected to the 1nput/output 1nterface 25
“drives a magnetlc dlsk 51, an optical disc 52, a magneto-

25 optical disk 53, a'semlcondﬁctor memory 54, or the like,




20 .Fig. 7 illustrates the background area, the foreground area, the nmixed -

area, the covered background area, and the uncovered background area

~di scussed above. In the areas corresponding to the i mage shown in. Fig. 6,
the background area is a stationary porti.on, the foreground area is a 25

~ noving portion, the. covered background area of the nlégge&gm§§@5@ﬁber 2005

- 61 areais a portion that changes from the background to the

f oreground, and the uncovered background area of the mixed area is a

portion that changes fromthe foregrggnd to the background. Fig. 8

illustrates a nodel obtained by expanding in the tinme direction the pixel

val ues of the pixels aligned side- by-side in the inmage obtained by

-capturing the i e of the object corresponding to the stationary -

foregr oﬁﬁanaﬁ‘d‘:gﬂ TREgedorg thed bl ekt 2bEaelpdntid nghe odt hree s | onary 10.

'backgro%ng For exanple, as the pixels aligned side-by-side," - pixels

. arrange O%E%“Ilf’ e RIOYHIM <oF et 2 aft pecd el ctlel. Cofl'm;mrx@ing/al ues

8 are val ues of the pixels

d_indicat b¥r FOlrthr h., FO4 shown in Fi
corresponﬁlng to Q%eq%% t&ﬁdrﬁr??Eﬁ%t%ﬁ|%%%#ylsf¥ﬁ%ﬁﬁﬁﬁﬁkﬁdTMEiﬂuxel val ues
;|nd|cat§gdp {E dgng§94 sqgmn in Fig. 8 are values:of the plxels
corresponding to the objEet> Bt $he Wt bkt V' eRIGHBUNd. I n the vertical
' ~$L;%§LL??IBEXEF%cr§ tﬁg%eéggga%gﬁ % redtgﬁgl l%%F%ggoggzgggéggéghg tg 20
whi ch. éﬂﬁuﬁfé‘sfo s agltg%aclorb\r%rctés%qngn%%par (NS tsfpre?::qutylng en
area having embedded 51gn1f1cant lnformatlon from data
obtalned by a sensor or for extractlng embedded 51gn1f1cent
1nformatlon. In the follow1ng example, a CCDh line sensor or
10 a CCD area sensor corresponds to the sensor, the area
information or the mlxture ratlo corresponds to 51gn1f1cant
.1nformatlon, and the mlxture of a foreground and a
background in the mixed area corresponds to motlon blur or a
distortion. | )
15 ‘Fig. 2 is a block diagramriliustrating the signal
processing apparatus-
It does not matter whether the 1nd1v1dual functrons of
the 51gnal processing apparatus are 1mplemented by hardware-:
or softwere.- That 1s, the block dlagrams of this-
20' specification may be hardware_block diagrams or software
functional block diagrams.‘ “
Motion blur is a dlstortlon contarned in an image’
correspondlng to a mOVlng object caused by the movement of

an ob]ect to be captured in the real world and the image—-

‘25 capturlng‘characterlstlcs of the sensor.




into electrical charge, and the position at the bottomside of the
‘rectangle in Fig. 8 corresponds to the time at which the conversion from
the input light into the electrical. charge is finished. ..That is, the

di stance fromthe top side to the 25 bottom side of the rectangle in Fig. 8

corresponds to the 22 Septenber 2005 - 62 shutter tine s shown
in Fig. 8 are described bel ow assum ng that, forexanp%g%ggﬂgbgﬁh$ter tinme
‘is equal to the frane size. The horizontal direction in Fig.. 8 corresponds
to the spatial direction X in Fig- 82 Mre specifically, in the .exanple
shown in Fig. 8, the distance fromthe left side of the rectangle indicated
by "FA" in .Fig. 8 to the right side of the rectangle indicated by "B04"

is eight tiqgsthgg g?éghgi%%ggbgchaniiﬁaggﬁﬁgqxggpsqﬁptkye'pixels. When

t he foreground objec n ackground “obj ect aré s éﬁionary,'the | i ght

i nput i r 3 i.ng erj od. corresponding to
t he s.huﬁ%&?{%}n@ﬁ _ eFOd%girsidg)g] eccot? ?gggglrﬂﬁég% o‘s(%}ﬁlecpghgutgeefeﬁeﬁd;pﬁos di vi ded -

15 int g d Wiy qrma?@r %H_;j%rg{j-‘ons of equal periods. For.. exanple, if the nunber
of virtual divided portions is 4, the npdel shown in Fig. 8 can be

representedAhyihbatnmggbesgggplﬁngkg.tgé.siggglngqg%%sg&nﬁirtual di vi ded
portions can be set according to the anount of novenent v of the object

cor § es pppdirag uso 120 stlpe Ifiese goowrd oM ;e éﬁtﬁta&i‘dﬂr{f furdiltTeL0 1ROz exanpl e,
the nunber of virtual divided portions is set to 4 when the
area specifying unit 193, a mixture-ratio calcu;épor 104,
ard a foreground/background separator 105,
The object extracting unit 101 eXtrécté'a fbugh.image
dbject corresponding to a foreground ébjééf céntained in the
10 input image,  and supplies the eXtractedlimégé bﬁject to a
motion deteéto:_102; ‘The object eXtractiﬁg_unit 101 @etects;
for example, ah outline of the foreground iﬁage object
contained in the input image so as to extra§t a‘rough image
object corresponding to the foreground objeét.x .
15 The'object extracting unit 101 extractS:a'rough ihage
object corresponding to a‘background objebf Cdntained.ih-the
~ input imége,-and suppiies the extracted iﬁagé'queét‘tolthe
motion detector i02. The object extracting'unit 161; _
extracts a rough image objeét correspdnding_éo thé- B
-‘20. backqﬁound objecffroﬁ}for.example,the differencé.bétweenr
i the input image apdrthé eXtracted.image'object corfespénding
to the foregféund object. . |
Alternatively, for‘éXample, thé bbject éxtracting,unit
101 may-extrécf the rough image object cqrrespﬁﬁdiﬁg'to‘the'

25 . foreground object and the rough_image object corresponding




anmount of novenment v is 4, and the period corresponding to the shutter
time is divided into four portions.. The uppernost line in Fig. 11 o
corresponds to the first 25 divided period fromwhen the shutter has _
opened. The second 22 Septenber 2005 - 63 line in Fig. 11 corresponds to

the. second divided period fromwhen the shutter has T hird
line in Fig. 11 corresponds to the third divided perig%%?ﬁgﬁ$ﬁ£§%§the

shutter has opened. The fourth line in Fig. 11 corresponds to the fourth
di vided period fromwhen the shutter ias opened.. The shutter tine divided
in accordance with the amount of novenent v is also hereinafter referred to
as the "shutter tine/v". 10 Wien the object corresponding to the :
foreground is stationary, the light input into the sensor does not change,
and thus® the Parkgreund. ckdapbnEnenFohevdifSerquat betwéden wabue obtained .
by divigin t he gixel value FQ ~ Dby.the nunber of virtual .divided portions.
Si mi | ar PHE ARBHIEhE"BBFeBtOTeE E0r# 3pbhiir by Packdeonnd agerooumyd drsd :
.station@ég,.ﬁhe_ foreground conponent FO02/v is equal to the val ue obtained
by - di vidFng"PRE PRREF: val ue FO2 by the nunber of virtual  divided o
portions, the far routh%%%?onent FO3/v is equal to <the value obtained by
~ dividing the pi X& £ Yy e FAHIRIES o matimalvediteirded portions,
and o he f, or 94 gg onent. FO4/v .is equal to the val ue obtained by
- di vi'di ng -t’ﬁe %%” |e’\9/‘g$‘1‘3% FO4 BT P HRMberObreSRIRdiRg W Viled porti ons. |
foreground object according to a technique, such as block
- matching, gradient, phase correlation, or pel-recursive
technique, and supplies the calculated motion'vector énd:the
motion-vector positional information (which is informétioﬁ
10 for specifying the positions of the pixels cprrespdnding to
the motion vector) to an area specifying unit 103 and a |
motion-blur extracting unit 106. |
The motion vector output from the motion detector 102
cpntains information corresponding to the amouﬂt'of movement
15 . | | |
The motion detector 102 may output the motion vector of
each image object,"together with the pixel positional
information for specifying the pixels of the image object,
to the mgtion—blur adjusting unit 106. |
20 ‘ -The-amount of .movement v is a value indicatiﬂg a
positional change in an image corresponding té a moving
ijec? in units of the pixel pitch.- For example; if an
object image corresponding to-a,foreground is moving such
thatVit is displayed at a position four pixels away  from a-

425 reference»frame when it ié positioned in the sﬁbsequeht




When the object corresponding to the background is 25 stationary, the light.
input into the sensor does not change, 22 Septenber 2005 - 64 and thus,

t he background conponent BOl/v is equal to the value obtained by d|V|d|ngr
t he pi xel value BOl by the nunber of virtual divided portions. Simlarly,

.when the object corresponding to the background is stafionar
background conponent B0O2/v is equal to the-v&lue'obtai%%&;ﬁﬁ &Hﬁbﬁhlng t he
pi xel value B02 by the nunber of virtual divided. portions, the backgroeund
conponent BO3/v is equal to the val%é obtained by dividing the pi xel val ue
BO3 by the nunber of virtual divided portions, and the background 10 :
conponent BO4/v is equal to the value obtained by dividing the pixel value

304 by hmUThes floutr ialndided o por thans e sspeel fioal 1y, when the

obj ect correspondlng to the foregroun is stationary,.

correspﬁygyégbdﬂaﬂﬂaet%St%%r%g&%%QgUQQiq&; 4 nput into the sensor does not -
- change during the period: corresponding to the shutter time. Accordingty, -

the foregrownd @@g@@eeektEgééyHQOﬁﬁﬁﬁp@n@IaadI@hEhﬁth?ﬁtdgeéEtgP of . the
shutter time/v fromwhen the shutter. has. .opened or eground conponent-

FOl/v 202cenfespeadidnghte tbAgusecand tper bietindf dhectiwht ehuti me/v from .
when the shutter has opened, the foreground conponent FO1l/v correspondi ng

t o bhe cohriredppadtingn tof at hevshut berjecti.me/ v from when the. shutter has
opened, and the foreground conponent FO1l/v corresponding to the fourth
portion of The 25&—3hs@eerfj?lmlumitOmﬂheetéhﬁlﬁhﬂt t@rwhla@hqpﬁn@d becorre
the foreground area, a background area, or a,mlxed area each
pixel of the input image belongS,‘and'Subplieé informétién
indicating to wﬁich area each pixel-beléﬁgs,(hereinafter
;IO referred to as "area information") to the mixture~ratio
calcu;ator 104, the foreground/background separator lOS,.and
the motion—blur adjusting'unit 106;
| ' The mixture-ratio calculator 104-célCHlates the mixture
ratio corresponding to the pixels‘cpnféined{inza_mixed‘area"
15 63 (hereinafter referred to as the "mixture ratio a") bésea
on the input image, the motioﬁ vectof'and.the_positional
information thereof‘supplied from the motion detector 102,
and the area information supblied fr§m the area Specifyiﬁg .
unit 103, and.supplies the mixture ratio o to fhe | |
20 foregrquﬁd/backgrdund_separator 105.
The mixture ratio a ié'a'value»indicating-the ratio of
‘.thg‘image componéﬁts cor:espoﬁding to the background object
(hereinafter alsO.be referred‘to.as "backgrouhd,compénents“)_';
to the pixel value as.éxpressed byjequation k3)} which i5-

25 . shown below.




22 Sept-enmber 2005 - 65 sanme value.. The sane applies to FO2/v through
FO4/v, as in the case of FO01/v. Wen the object corresponding to the
background is stationary, the light corresponding to the background object .
5 input into the sensor does not change during the period corresponding to
the shutter tinme. Accordingly, the background conpone ‘
corresponding to the first portion of the shutter ting &ggéé%¥2(§n t he
shutter has opened, the background conponent BOl/v corresponding to the.

10 second portion of the shutter tingfv_fromwhen the shutter has opened,

t he background conponent BOl/v corresponding to the third portion of the
shutter tinme/v fromwhen the shufter has opened, and the background _
conponent BQl/v _ corresponding to the fourth portion of the shutter tinme/v
1.5 from when'® HOrsmored/Raskgsenad seporatore 194nsepalratesThbe same -
applies. to B02/v through B04/v. A description is given of the case i-n which

the. objEt B pdHE fy TG AU SPBARET s Rde Fommed lod. ooBjyect

corres é“i' to the background is st tiOnary. .20 Fig. 10 i!Lustrates'a'r
model obtained by Expatdl mg G405 0g it e dayesroume pbdectval ues of |
oo B e T 3 o oo e 5T L
0 o ek, SRR S RYERTS " oS5 205/ TR 15 o shor
background components based on the area infofmatipn supplié&
from the area specifying unit 103fand the mixturé ratio a
supplied from the mixture-ratio calculatorlld4,'and suppiies
the foreground component_image to.the.motipn—blur adjusting
10 ‘unit 106 and a selector 107. The separated foreground
cgmponént image may be sét as the final output.r A more
precise foreground and background can be obtained compared‘
to a known method in which only a foreground and a
background are specified without éonsidering_tﬁe mixed area.
15 The motion-blur adjusting unit 106 determines the unit
Qf processing indicatiné at least one pixel contained in the
foreground quponeht'iﬁage based on the aﬁount of movement_v
obtéined from the ﬁqtion:vector and-based7on'thé area 
information. The unit of*pfdcessinq is déf% thétispecifiés
200 a group qf;piﬁelsltb be subjected to the mdtioneblur
,édjustments; | |
| 'Bésed on the amount by which the motioﬁ blur is to be
~adjusted, ﬁhich is input:ihto the'signal brocessing
apparatus,.thé'forégrﬁund component image supplied.fromlthe

25‘ foreground/backgrdund-separator 105, the motion.vector and




nm xed area,. which is the covered 1

22 September 2005 - 66 object corresponding to the foreground is arigd
body "noving with constant velocity. In Fig. 10, the object image
corresponding to the foreground is noving such that it is posi tioned f our
pixels to the right with respect to a reference frane when it is displayed
in the subsequent frame. In Fig. 10, the pixels fromt pixel to
the fourth pixel belong to the foreground area.. In Fi 2B%T@g%5%966plxels
fromthe fifth pixel to the seventhdflxel fromthe |left belong to the
Packground area. In Fig. 10, the
ri ght nost pixel belongs to the background area.. The object correspondlng
to the foreground is noving such that it gradually covers the object

cor r espordige® ittd dohe. hackEHAYRSNOVEE rbioFe 5y égqqeﬁlﬁgb% tBQGmSQQBB“e”tS 15

contained in the pixel values of the pixels belonging't covered
backgr@um@camea1@nangadfm@@Ihh@tb@ekgeeeagslﬁaﬂpeﬁenh§taealﬂfu£°regfo“hd

E conponents at a certain tine during the perlod correspondi ng to the

shut t eadjiust: infounetanple adtjhetpi xak ¥abuatMgunbeupHed1 By the- thick. 20

~frame in Fig. 10 is expressed. by equation (1) below M

BOZ/V+'©2ﬁﬂi§@ﬂ/VHFQBEVf@ikgEOﬁndXaﬁmbﬁnehBElﬁhﬁéhb?lx@ﬁoﬁiQ@1the left
contains a background conponent corresponding to one portion of the
shut t efecrgesingndotoiagreaningotpensnt$onobiespooaitagnt@ 26 theee portlons

. of the shutter time/v, and thus, the m xture 22 Septenber 2005

foreground component image. The motion-blur ad]uetlng unlt
106 then outputs the foreground component image in- whlch
amount of motion blur is adjusted to the selector71Q7. itf
is not.essential that the motion vector and the positionel
10 information thereof be used.
The selector 107 selects one of the foreground
. component image supplied from.the foreground/backgrOund
separator 105 and the foreground component lmage in Wthh
the amount of motion blur is adjusted supplied from the
15 motlonmblur adjusting unit 106 based on, for example, a
‘selection srgnal reflecting a user's selection, and outpurs
the selected foreground component image.
An 1nput image supplled to the 51gnal proceselng :

apparatus is discussed below with reference to Flgs. é

- 20 through 18.

_Fio. 3illustrates.image Cepturing-éerformed by.a
sensor. The-eensor is formed of, for example, a CCD
(Charge*Coupled Devicef video camera provided with a‘CCD"
area sensor, which is a selid- state imaging device. An-

i2_5 object 111 correspondlng to a foreground in. the. real world




- - 67 ratio a of the fifth pixel fromthe left is 1/4. The sixth -pixel from
the left contains background conponents corresponding to two portions of =
the shutter tinme/v and foreground conponents corresponding to two portions
of the shutter tine/v, and thus, the m xture ratio a of the si xt h pi xel

fromthe left is 1/2. The seventh pixel fromthe |left hggfg&pkground
conponents corresponding to three portions of the shut v and a
foreground conponent corresponding to one portion of the shutter tinelv,
“and thus, 10 the m xture ratio a of the_fifth pixel fromthe left is 3/4.
It can be assuned that the object corresponding to the foreground is a
rigid body, and the foreground object is. noving with constant. velocity
‘'such tq%t it ixels.to the right in the subsequent frane.

\ igodls é, four

Accor di nng, 7 15°F of fr%t 0t h OR bR thY obfiel cBMpotRHE e xidie frimhithe | eft
in port t utter pened is pval .to the pixel fromthe left in
FO7/ v Ilt)g{kh o%l;t?stb:f—‘?%t ]1]0?(:%?1?%%%?{&‘?}1"@9'[%0t%é”@ff?]?%rfoultql mEd hreom when
t he stugéﬁ opas foreground conponent of the fifth Fig. 1.0 correspondlng
“to the second 20 portion of the shutter time/v fromwhen the shutter has

~ opened. S|hﬂﬂyﬂ§%ns%hefa%t%g%%u?%lpﬁggﬁpent E /v IS q%ﬁEF|;O age..e

f oreground conponent o he "s1 X rrom

'COYBGSQ%EHéEbSﬂHfHEEEJ“HHEF¥Hféé¥béﬂdtJE§§%HgJ%ﬁib.the image of

~ the object 112 corresponding to the background- The sensor
'outputs the captured image ih units of frames. For»exahple,
the sensor ootputs an image having 30 frames per second.
The exposure time of the sensor can be 1/30 second. The
10 exposure time is a period from when the sensor starts
convertlng 1nput llght into electrical charge untll when the
-convers;onlfrom the input light to the electrical charge is’
finished. The exposure time is also referred to as a
"shutter time™. |
15 Eig._4 illustrates the arrangement_Of pixels. In Fig;
4, A through I'indicatelthe individual pixels. The pixelsr
are disposed on a plane of a COrreSponding image. One
detectlon dev1ce correspondlng to. each plxel is dlsposed oh
the sensor._ When the sensor performs image capturlng, each
y ,26 detectlon deV1ce outputs a plxel value of the correspondlng
plxel forming the 1mage For example, the p051tlon of the
:detectlon dev1ce in the X dlrectlon corresponds to the'
.horlzontal dlrectlon on the image, while the position of the
detectlon device in the Y dlrectlon corresponds to the .

257 vertlcal dlrectlon on the 1mage.'




time/v fromwhen the shutter has opened, and the foreground -25 conponent

- of .the seventh pixel fromthe left.in Fig. 10 22 Septenber 2005 - 68
corresponding to the fourth portion of the shutter tinme/v from when the.

shutter has opened. It can be assuned that the object corresponding to the’

foreground is a rigid body, and the foreground object i g, @R¥RgesM th
“constant velocity such that it is displayed four pixels to the right in

t he subsequent frame. Accordingly, for exanple, the foreground conponent
FO6/v of the third pixel fromthe I8¥t-in Fig. 10 corresponding to the - -
first portion of the shutter tine/v fromwhen the shutter has 10 opened is
equal to the foreground conponent of the fourth pixel fromthe left in

Fig. 10 coresperdinngnt @ithesseeqrdy-pattiign - S rsLi from
_when the shutter has nop:eLtr%ed. simlarly, the ?%?’.‘ég?buﬂﬁié%%fngﬁ Y06/ v is

equal - dsarigiee f of e@OURG FRIRANEMLUY 1tikg iy R - ft 15 in
‘Fig. 10 corresponding to the thir porfggh Sflthe é%hf?ggQ)%ﬁﬁgkg from when

the shutteindas mpared coand s dioe #oun &Lyt tePMRIRENt 1Ak EBSr?EXt-h pi xel .
from.the left inFig. 10 corresponding to the fourth portion of the
shut t ertite nenwedrten wert rtike Isktbree .haghepenednt28r! thgajebesassuned t hat
t he object corresponding to the foreground is a. rigid body, and the. ,
f or gr @imddhjremipars iomali g wheh ictestant wel odit ynpueh1ihat hhdi s
di spl ayed four, pixels to the right in the subsequent frame. Accordingly, .
for exdms ®enive fforeyhdghd tbhempagbnt iE03hpuaf. t theseeopdt25npi xel from the
left in Fig. 10 corresponding to, the first ' o
device sequentially adds the electrical charge converted
from the input light to the stored electrical charge during
the period. corresponding to the shutter time.  That is, the
10 detection device integrates the input light during the
period correSponding to the shutter time and stores the .
eléctrical charge corresponding to the amount of:integrated
;ight. It can be considered that the detection deﬁicé has
én integrating function with respect to-ti’me._=
15 - The electrical charge stored in the detection device is’
cdnverted into a voltage value by é cirguit (not-shown), and‘
tbe voltage value is further converted into a pixel value,
such as digital-data, and is output. Accordingly,-eaﬁh |
_pixel value output from the sensor is a value projected on a
20 ~linear space, which is a result of integrating a certain
lthreeFdimehéional portion of the cbject corresponding to the
foreground or the background with respect to_the_shuttér'
time. | |
‘The signal processing apparatus extracts significant

25 information embedded in the outputusignél;_for example, the




22 Septenbér 2005 - 69 portion of the shutter tine/v ffon1mhen“the shutter.
has. opened is equal to the foreground conponent of the third pixel from
the left in Fig. 10 corresponding to the second portion of the shutter .

| “tinme/v fromwhen the shutter has opened. Simlarly, the foreground -

- portion

~conponent FO5/v is equal to the f or eground conponent the. f th pixel
fromthe left in Fig. 10 corresponding to the third p%??ﬁ%%“%¥gﬁﬁﬁ shutter

tinme/v fromwhen the shutter has opened, and the foreground conponent of
~the fifth pixel fromthe left in Fig-q10 10 corresponding to the: fourth
portion of the shutter tine/v from when the shutter has opened. It can be
assuned that the object corresponding to the foreground is a rigid body,
and the foreground object is noving with constant velocity such that it is
di spl ayBtK§®ie rabio pixdby the tdheordgrhtoperat hen subsdguenindaranme. -
‘Accordingly; for_ exanple, the foreground conponent F04/v of the left nost.
pi xel i T HLInDl FIETOE ipRar athes faditstportiommefuttheshutter tinme/v
from when the shutter has opened.is equal to the foreground conponent of
the se DA (T tHEnRle, Y jangqung ot medrices pdndi, ngatsethe second’
portion of .the shutter time/v_fromwhen the shutter has opened. Similarly,
“the fo:{@@r%d“’e&%é%ﬁ AP nes g g denebisicdgricwed £ .cofpenent of .
thecthisrd pixel fromthe. left in Fig. 10 corresponding to the. third
ST P R AR A SO GRUgGidn e AnSptamter 2005

distortion caused by the mixture of the foreground image

object and the background_image object.
Fig. 6A is a view illustrating an image obtained by
capturing'a ﬁoving object 111 correspohding-to a foreground
10  and a stationary object 112 corresponding to a background.
In the example shown in Fig. 6A, the object correspdnding'to
_the fO;eground is moving hqrizontally from the left to the:
right with respect to the screen. |
Fig. 6B il;uStrates a model obtained by exbanding'pixel
15“'values corresponding to one line of the image shown in Fig.
GA‘in the time'directioﬁ. Thelﬁorizontal direction shown in
_Fig. 6B éorréspondS to the spatial direction X in Eig.‘6AL
The values of the‘pixels in the.backgréund area'aréA
formed only from the background,éomponeﬁts, that is, the:
20 image components .corresponding fd‘the background_object!
The values of the pixels in the foreground area-afe‘formed
‘only from the foregrouha components, that is, the iﬁage
pomponents-correspondihg-to the foregrouﬁd.objéct. |
‘The valuészof.the_pixeis of the ﬁixed area are formed -

25 . from the backg;ound compohents and the foreground componénts.




- 70 conponent of the. fourth pixel fromthe left in Fig. 10
~corresponding to the fourth portion of the shutter tinme/v from when
t heshutter has opened. Since the foreground area corresponding to the
novi ng object contains notion blur as discussed above, it can also be.
referred to as a "distortion area". Fig. 11 illustrates,a.podel) 4t ai ned by
expanding in the tine direction the pixel values of the pixels in one |ine
i ncl udi ng an uncovered background area when the object 10 corresponding to
the foreground is nmoving to the rightoin Fig. 11. In Fig. 11, the anount of
novenent v is 4. Since one frane is a short, period, it can be assuned
that the. object. corresponding to the foreground is a rigid body . nmoving
with c t I I the ohj ect ge 15 correspondlng to
oo e PRl S PR Bt AT TERI GHRE our

the foreground i1s nDV|ng suc
i xel s i e f nge _frane nit is displayed
Pn t he %ﬁﬁigﬁﬁiﬁ?§é¥¥% dhd é?ﬁﬁéneﬁgi th%I§8F§gFP8 ﬁBmPQPFﬁE§t pi xe

to the 30 Qa% Aare In Fi t he. -

pi xel s lfromrréltthﬂeé Ee&téﬁﬁdxbﬁ to t e sevent p1 xel&lqaeda f’ ro%qehé“ gI‘t bel ong to

_ the mxadaren, rdin I8 A Y anad 22 RAGKAS %é?ﬁ:egazrob%d 9. 11, the

ri ght nost pi xel belongs to. the foreground ar ea ect cgrrespondlng

- to she afrﬁiegfmmv&ﬁ&hkﬁa@ﬁ}undz%r%%pte”ber 2005

The covered background area lS a mlxed area at a
position correspondlng_to the leading end in the direction
in which the foreground object is moving, where the |
background components are gradually covered with the

10 foreground overrtimef-

In contrast, the uncovered background area’ is a mixed
area corresponding.to the trailing end in the direction in
which the foreground object is moving, where the background
‘components gradually appear over time.

15 As discussed aboye; the image containing the foreground
area, the background-area, or the-covered‘background'area or‘
the uncovered background area is input into the area
specifying unit 103, the mixture-ratio calculator 104, and
the foreground/background separator 105 as the input image.

26 : Fig. 7 illustrates the background area, the foreground
area,. the mlxed area, the covered background area, and the

- uncovered background area dlscussed above In the areas -
_corresponding to the 1mage shown in Fig. 6, the background‘
area is a stationary portion, the foreground-area is a

t23 moving portion, the covered background area of the mixed




- 71 the object corresponding to the background is noving such that it is
gradual ly. renpoved fromthe object corresponding to the background over '
time. Accordingly, the conmponents contained in the pixel. values of the -

-pi xel's bel onging to the wuncovered background area change fromthe
foreground conponents to. the background conponents at ;3 sgfkhd Bodsl me of

- the period corresponding to the shutter tinme. For exanple, the pixel value
. M surrounded by the thick frane in Fig. ills expressed by equation (2).

10 M = F02/v+F01/v+B26/v+B26/v (2) Epr_exanple, the fifth pixel fromthe

| eft contains background conponents corresponding to three portions of

- the. shutter tine/v and a foreground conponent corresponding to one

shutterlﬁggtion of the shutter tinme/v, and thus, the 15 m xture ratio a of

the fift1Fdidel® AGhiRe Ghat Ghandgs, fiar diha Pasikasioundo et kibel ef t |

cont ai background- conponents. corresponding, to two portions of the

_ shuttegﬁﬁﬁﬁﬁﬁéigéaiaDFO' dBWRTWﬁ&ﬁﬁbﬁEWéEQQQHPFE§§@ﬁdPﬁgtb@ mpsegorti ons of
‘the s ter. time/v, .and thys, .the mixture ratio a of the sixth 20 pixel -
fromt h%g‘feal ert a@_oﬂti.o%ﬁél%efm &5 XS (% e evEPtindc §at BhAs a

backgrggﬂg%ﬁgﬂygpent correspondi ng to one portion of the shutter tine/v
-and foreground conponents corresponding to three portions of. the shutter

DA BTSSR A A S
generakﬁ&@ddiEQ%t@Eﬁe%he_pixel values of the pixels aligned side-
by;Side'in the image obtainedlby éépﬁuring the image of the
object correspondihg to.thé stationary foreground and the
- image of the object corresponding to the stationary
10. Dbackground. - Fdr,example, as the pikels aligned side-by-side,
pixels arranged in one line on the screen can be selected.
The‘pixel values indicated by FOl through F04 shown in
Fig: 8 are vaiues‘of,the pixels corresponding‘tb the object
- of the stationarﬁ.foreground;_ The pixel values indicated'by
15 B0l through B04 shown in.Fig. 8 are values of the pixels
cbrpespondinj to the objeét of thé stationary background.

- In the verticél direcfion_in Fig. 8, time elabseg from .
the top Lo the bottom in Fig. 8. The position‘at,theﬁtoﬁ
side of the rectangle iﬁ Eig;-S co:responds-tp'the‘timerat

.20 ‘which the sensor starts converting input light inté
electrical ghargg; aﬁd tﬁe position at the bottom side of-
the rectangle in Fig. 8 corresponds to the timé at ﬁhich the

. conversion f:om the-inbut 1ight into the electricai chaf§e
"is finished. . That iS} the distance‘from,the-top side to the

25 .bottom Side of the rectangle in Fig. 8 corresponds to the




val ue , M can be expressed by equation (3): M=a - B+ Fi / v (3) were a
is the. mixture ratio, B indicates a pixel value of the background, and
Fi/v designates a foreground conponent. It can be assuned that the object
corresponding to the foreground is a rigid body, mhich is noving with
constant velocity, and, the anount of novenent is 4. Fnggt%05for
exanpl e, the. foreground conponent FO1/v of the fifth pixe fromthe
left in. Fig. 11 corresponding to the first portion of the shutter tine/v
from when the shutter has opened is é2qual to the foreground conponent of
the sixth pixel fromthe left in. Fig. 11 corresponding to the second
portion of - the shutter,tinely fromwhen the shutter has opened. 15
Sinilagﬁﬁmtghetﬁqkeground conponent - FO1/v is equal to the foreground,

:-conpOnent of the seventh pixel fromthe. left in Fig. 11 corresponding to

~the'third ponéi axelst BRosAULheRiqt i TeLY.! HAELWAEDG! Aey ShUL Ler, a5 opened,

and ‘the foreground conponentof the eighth pix rom n“Fig. 11
20 cor tespondond ekaniphe, f ekt Rhpetkron iak tihe shuht e ek, fro”‘“he“
the: shutter has opened It can be assuned.that. the object correspondlng
to thesifzer.eground is a rigid body, which is noving with constant velocity,
‘and "t he amount of novenent v is 4. Accordingly, 22 Septenber 2005 - 73. for

- exahpl e, thBhéohegipontatodpoaent off 024 VEOE . tBecst¥éBpon@s xed fuom the. left

in Fig. 11 corresponding to the first portion of the shutter time/v from

~ Vihen t Feashelt dirkesioopsneéd -Fégeqhal Morehepe@negtemmg,ceﬁp@nent of the
~ “seventh _

- example shown in Fig. 8, the distance from the left side of
. the rectangle indicated by "FO1" in.Fig. 8 to the right side

of the rectangle indicated by "B04" is eight times the pixel

10 . pitch, i.e.,. eight consecutive pixels.

| "When the foreground object and the béokground cbject

are statiooary; the light input into the sensor does not
change during the period‘correspondiﬁg to'the shﬁtter time.
‘The . period corresponding to the shutter time iS‘divided-
15 ‘dnto two‘or more portions of equal periods. For.example,rif

the-number of virtual divided portiohs is 4, the model shown‘

-in Fig. 8 can be represented by the model shown in Fig. 11.
_}The number of v1rtual lelded portlons can be set according

- ko the amount of. movement v of the object correspondlng to

- 20 the foreground w1th1n the shutter tlme- For example, the --

number of v1rtual lelded portlons lS'Set to 4 when‘the
famount of movement v is 4, and the perlod correspondlng to
'the shutter tlme is lelded into four portions.

The uppermost lrne‘in Fig. 11 corresponds to the first

g 25 divided.period'from when the shutter has opened. The second




pixel fromthe left in Fig. 11 corresponding to the second portion of the
shutter tinme/v fromwhen the shutter has opened. Simlarly, the foreground
conponent FO02/v is equal to the foreground conponent of the eighth pixel
fromthe left. in Fig. 11 corresponding to the third portion of the 10.

shutter tinme/v fromwhen the shutter has opened. It ca that the
. obj ect corresponding to the foreground is a rigidbod;QQ%HfE% rE@a?mwng '
wi th constant velocity, and the anmount- of nmovenent v is 4. Accordingly,

for exanple, the foreground, conponert; EO3/v of the seventh .15 pixel from
the left in Fig. 11 corresponding to the. first. portion of the shutter
time/v fromwhen the shutter has opened is equal to the foreground

conpone of .the.eighth ixel fromthe left in Fig. 11. corresponding to
t he secg%a por?ﬁgn E FRETSPRICRST t9 kR Frenndndhvidedsperied has 20

_ d d | . th f nce. to Fi 9 thro

that cHbuhagcReen deserL %ﬁ%“e“e%ra,ei orEhF eEhi r bt S kel 6t D1 rt al
di vi ded, t of Ge Ty, th

Count SPEEELROAEOLES %2*?‘1?1;%% B e F RS Jleer ot ne obj pet
cor T espong Ag: 22, SopbERbET 205 f?Jahtfltege}Igogbg O e graypl e, 1

t he obj ect correspondlng or egroun

di spl ayed ERIr ot 9! &1 Ad DG G Mdh %&P%et&&%rgﬁﬂﬂaf‘: e 'Otl

~is positioned in the subsequent. frane, anmount
4. The sweied - of virtual divided portlons is set to 4in accordance W th-

"the amount of
The shutter time divided in accordance w1th the amount

of movement v is also herelnafter referred to as the
"shutter time/v".

.10 When the object correspondingrto the foreground is
stationary, the light input into the sensor doee not change,
and thus, the foreground.component'FOl/v‘is.eQual to the
value obtained by dividing the pixel value FO1 by the number
of virtual divided portions. Similarly, when‘£he1objecc

xlSI'corresponding to'the foreground,is,stationafy, the
foreground component F02/v is eqnal to the value obtained by
dividing the pixel value FO2 by the number of virtual

: d1v1ded portions, the foreground component FO3/v is equal tq
the value Obtalned by dividing the plxel value FO3 by the

'20"number of virtual d1v1ded portlons, and~the foregrOund

. component FO4/v is equal to the value obtained by dividing
-the bixel value F04 by the number of virtual lelded
portlons |
| . When the object corresponding to therbackground is

- 251 etationary,_the light input into Ehe sensor does not change,




nmovenent v. Simlarly, when the object corresponding to the foreground is
nmovi-ng such that it is displayed six pixels to the left with respect to a
certain frame when it is 10 positioned in the subsequent franme, the anount
- of nmovenent v is set to 6, and the nunber of -virtual divided portions is

set to 6. Figs. 12 and 13 illustrate the rel ationship ﬁ£5§ Og round
area, the background area, and the m xed area .15 whic 5ﬁ?F@?

cover ed background or an uncovered background, which are di scussed above,
to the foreground conponents and +h& background conponents correspondi ng
to the divided periods of the shutter tine. F|g 12 illustrates an exanple |
i n-which pi xels in the foreground area,’ the background area, and the

m xed apea @ig, %%%r%%gﬁg n]%%mbg% Pro%%ﬁgkngggﬁngg ggygﬁggkground In

correspondlng ‘to &P poving-rn

the exgaphe %%%Q&neﬁ E&QGL%%E%BE tﬂ%’ &elc%r&%%pBB?'Bg %ggggﬁgaggsgggggd_-

is horizontally noving wth espec to the screen.

75 Fr6&Evﬁ&thau5dévﬁhéﬁepé%Q§Sﬂ%e“t Eﬂ;&%@gg #Qheﬁnghérggfea#“+2 is a

frane subsequent to frame #n+ Plxe sint f oreground t he.

- backgr esréeapeadiand tbhendi K8dka-8anar §se%thL rom,gne of franes #n
through 5 #%+2 lagd t he anount%of ﬁbveﬁent ggﬁggggf ?%8 4. A node

~obtai npdchyrexpandbagohbacphuel vvakuesual thetrgxt tachedonPhxels 5? the tine
direction is shown in Fig. 13. Since the object corresponding to the
‘foregrdmnddnng the pixel value BO2 by the number of virfual
‘diVided.portions, the background component B03/v is equal to
‘ the_Vélue obtained by dividing the pixel value BO3 by the
number of virtual divided portions, and the background
10 component B04/v is equal to the value obtalned by leldlng
the plxel value B04 by the number of virtual lelded
fportlons
Eore specifically, when the-object corresponding to the
'foreground‘is stationary, the light corresponding to the
15 fofegronnd'object input into the sensor does not change
- during - the petiodicorresponding to the shutter time.
Accofdingly,_the foreground component FO0l/v corresponding to
the~first-pott10n of. the shutter time/v frdm when the
shuttetihas opened; the‘foreoround component F01/v
20 correspondlng to the second portlon of the shutter tlme/v
‘“_from when the shutter has opened ‘the foreground component
FOl/v correspondlng to the thlrd portion of the shutter -
: ,tlme/v from when the.shutter has-opened, and the foreground
component FOl/v correspondingito the fourth portion of the

25 . shutter time/v from when the shutter has opened become the




movi ng, the pixel values in the foreground area are formed 10 of four .
-different foreground conponents corresponding to the shutter tinme/v. For -
exanple, the leftnost pixel of the pixels in the foreground area shown in
Fig. 13 consists of FO1/v, FO02/v, FO03/v, and FO4/v. That is, the pixels in
~the foreground contain notion blur. 15 Since the objecEQ%g&&%agg&%ing to
t he background is stationary, light input into the sensSor cortrésponding to
t he . background during the shutter tinme does not change. In this case,

t he pixel values in the.background_aésa_do not contain notion blur. 20 The
pi-xel values in the m xed area consi sting of a covered background area or
- an uncovered background area are forned of foreground conponents and

. background conponents. A description is given bel ow of a. nodel obtained

- by expamiiigid Hie -he HHersadia eqiplored e piod v vdluesyhofridyer, 25 Ainxel s whi ch

care ‘aligned side-by-sidein a plurality of 22 Septenber 2005 - 76 franes

_,and\Mﬂé%?éﬁ%§9(ﬁﬁﬂﬁﬂi&ﬁ-the sane positions when the franmes are overl apped
when the image corresponding to the object is noving. For. exanple, when
~ the-image c pORdPRISEE ERETEBPeating fovithg herkaontatll §swith respect
~to the 5 screen; pixels aligned on the screen can be selected as the pixels

“al i gnedP G HEBYYei dde Rilghtl Fonnasponstiey dondde beskairesddbpbarpandi ng i n
"thestiqp‘directioghﬁhegg%xels whi'ch are aligned side-by-side in three :
franes P4 ThSgdPeotEPTed B SSaplr (hGRas Shitded the periesponding to a

ru_StatiOQ§ﬁ¥x£$ﬁ§gﬁ%%n%oa%gewgtht%Eetime. Accordingly, the
.backgrqund component'801/v corresponding to the first
© portion of.the shutter time/v from when the shutfter has

opened; the background‘component BOl/v gorrespondihg'tQ the.
10 second portion of the shutter time/v from when the shutter
has opened, the background compohent BOl/v corresponding to
the third portion of the shutter time/v from when fhe
shutter haé obened, and.the baékgrouhd component BOl/v
.dprrespoﬁdinq t@ the fourth portioh of the shuEter time/v
15  from wheﬁrthe shqtter has opened become the same value. The
same'applies'to B02/v through B04/v.
A description'isfgiven df.the case in'wﬁich the.object
ccorrespbpdiﬁg toﬁthe.foreground is moving and the object
o chrespohding'té;the béckground is Stationary.

1120 - “Fig. 10 illustrates-a model obtained by expénding in
,the‘ﬁime diréction the pixél values-of the pixels in one
_liné; includiqg‘a covered backéround area, when the object
,cqrresponding:to the foregfound-is moving'to the right in
Fig-. 10. In Fig. 10, thé-amount of moﬁemenf v is 4. Since

?25_rone frame is:a short period, it‘can be assumed that the




|l ocated at the sane positions when the franes are overl apped. ~ Franme #n is
the frane subsequent to franme #n-1, and frame #n+l is the frame subsequent
.to frame .#n. The sanme applies to the other frames. 15 The pi xel val ues
B61 through B12 shown in Fig. 14 are pixel values corresponding to the
stati onary background object. Since the object corresponding to the
“background is stationary, the pixel values of the corr&S6pereR)2Pi%el s in
“frame #n-1 through frame #n+l1 do not change. For exanple, 20 the pixel in
frame #n and the pixel in frame #ntl6bocated at the correspondi ng position
of the pixel having the pixel value BO5 in franme #n-1 have the pixel value
BO5. Fig. 15 illustrates a nodel obtained by expanding in the tine.

o in s Dt 8 O BRI S o Trams o

an i mage obt ai ned by capturing an obj

~ corr espRding wti%acfoﬁrs%%%u%ﬂo@tg@;s YR tadheyd %L}@tgcic’% Qe 15

t oget her with. an object corresponding to a stationary gr ound and whi ch

are | oeaira® splonidi® gS 8BE thROFolie@R®uen & e fitames:@f &raveranred. The

nodel shown in Fig. 15 contains a covered background area. 1n Fig. 15, it
can be passwieaeth@buhpixebiseetb teQr ragPendiing te 4. ereground is a rigid
body noving with constant velocity, and that it i'S noving such that it is
di spl ayedefrencepitxehs thebhd tr ijgshtdjjsrp]tmcsLmsmnguﬁg;@g@entlofﬁ%@r dingly,.
the anount of novenent v is 4, and the nunmber of virtual divided portions
I's 4. For ekanpie, ihe flosggioend tooponkatleftibet! pikansto the
fourth pixel belong to the foreground area. 1In Fig. 10, the
pixels from therfifth,pixel to the seventh pixél from the
left belong to the mixed area, which is the covered
10 background area. 'In Fig. 10, the rightmost pixel belongs to
the background area.. | -
The object corresponding to the forégrohnd is moving
such that it gradually Covérs the object Coiresponding td
the‘background over time. ‘Accofdingly; the coﬁponehts
_15 contained in the pixel valuesfof the pixels belonging to the
covered background area change from- the background
components. to the foreground components at a -certain time
during'thé period Correspohding to the shutter time.
For example, the pixel value M surrounded'by the thick

20 framg'in Fig. 10 is eXpressed‘by“equation {1) bélow;

M = BO2/v+B02/v+F07/v+F06/v (1)
For example, the fifth pixel from the'left contains a
béékground'component.co;respondipg'tq one portion of the

shutter time/v and foregrouhd compoﬁents‘corresponding to

25  three poxtidns‘of the shutter time/v, énd thus, the mixture




pixel of franme #n-1 in Fig. 15 corresponding to the first 15 portion of the
- shutter tinme/v fromwhen the shutter has opened is F12/v, and the
foreground conponent of the second pixel fromthe portion of the opened
is also pixel fromthe left in Fig. 15 corresponding to the second.
shutter tinme/v fromwhen the shutter has F12/v. The fareground conponent
~of the third left in Fig. 15 corresponding to the thir&mf%Pfﬁp??8W5of t he
shutter time/v fromwhen the. shutter has. opened and the foreground
conmponent of the fourth pixel the_lght_in Fig. 15 corresponding to the
~fourth portion the shutter time/v fromwhen the shutter has opened are
F12/v. from of 25 The foreground conponent of:the | eftnost pixel of frane

- 78 #n-%_in Figh 15 corresponding to the second portion of the shutter
ti-me/v FRomPwientt e shiitterphagl o%@?f%o“i% iy vis Thel f orByr cuinkiconponent

por 1 orb SF SRR ot e LI R st i N A ars opencd 1. 8l S0
LAY FUECe AR RIS el Lo et
the ?huf$P5gP§§ndc&&ﬁg&héﬁ%gjégf%espcnding to two portions éf‘the
‘57'shutter time/v, and.thus, the mixture ratio o of the sixth.
pixel fromAFhe leff is 1/2. The seventh pixel fr?m the left
contalns backg;ound companehts corresponding to three
_ portions of the shutter time/v and a foreground component
corresponding to one portion of the shutter time/v, and thus,

10 the mixture ratio @ of the fifth pixel from the léft is 3/4.

It‘cah‘be assumed that the object corresponding to the
foreground is a rigid body, and the foreground object is
‘moving with constaht velocity such that it is displayed.four
‘pike;s to the right in thersﬁbsequéht'frame. ﬁbcordiﬁgly,

15 for example, the férégrdund component F07/v of the fourtﬁ"
pixel from the left in Fig. 10 correspéhding to thé-first'
?ortion'of the'shutter.fime/v,from wheﬁ the shutfer has .
Qpengd‘is-equal to the féfeground component of thé'fifth“

' pixel‘frgm'the'léft in Fig. 10 corresponding to the‘sécond

20. portipn'of the shﬁtter‘timeﬁv from when the shutter ﬁés
opened. Simiiarly;‘fhé“foreground component.F07/v is éqﬁal'

- to the fdreground‘compoﬁént of the sixthrpixel from the left
in Fig. 10 ¢or:e3ponding to thelthird'pgrtién of‘the shﬁtter
time/v from_wheﬁ thé'shutter:has opened, and the foregrqund-

25 component of the seventh pixel from the left in Fig. 10




- The foreground conponent of the |eftnost pixel -of frane 10 #n-1 in Fig..
- 15 corresponding to the third portion of the shutter tinme/v fromwhen the
-shutter has opened is Flo/v. The foreground conponent.of the second pi xel
' fromthe left in Fig. 15 corresponding to the fourth portion of the shutter
. time/v fromwhen the shutter has opened is also 15 F10/l\v ground
. conmponent- of the | eftnost pixel of frame #n-1 in Fig. %%5%%¥B§gg§%glng to
‘the fourth portion of the shutter timely fromwhen the shutter has opened
is FO9/v. Since the object correspdififig to-the background i s stationary,
‘the. background. conponent of the second pixel 20 fromthe left of frame
“#n-1 in Fi.g. 15 corresponding. to the first portion.of the shutter tinme/v

- from weerrbposhihigerto lhas epemed postBOY wr The Rackgeeurdmepgponents of
~the third pixel fromthe left of frame #n-1 in Fig. 15 corresponding to

the f|ﬁsbmawﬂesechedshuttean&aefobhﬁeﬂhutter time/v from 25 when. the
~shutter has opened are B02/v. The 'background.. 22 Septenber 2005 - 79
conponent s &f ¢ae Heuassupedethét othéhebieft oérfesp@néﬂné tbnci g. 15
corresponding. to the first through third portions of the shutter tine/v
~from wheregeusHuiser hagidpbndd, ared BB8/ forbBgknuhdaneij#ntl ikn Fig. 15,
~the leftnpst pixel fromthe left belongs to the foreground area, and the
seé%ndeHFBHngthoGPﬂﬁtépkeVslpﬁéﬁVtﬁécheﬁhabeﬂbngStdlshéagedeﬂoarea whi ch
s a covered background area. The fifth through twelfth pixels fromthe
| ef t oPlf‘Féﬁetolé snrrtqhﬁ Frgthesspbpegagens tfnémsack@mgndlagém and the

i xel
P for-example, the foreground component F06/v of the third

pixel from the left in Fig. 10 correspondlng to the flrst
portion’of the shutter time/v from when the Shutter has
.__10 opened 1is equalrto the foreground component of the fourth
pixel from the left in Fig. 10 Corresponding to the second
portion of the.shutter time/v from when the shutter has
opened. Similerly,‘the foreground_component FO6/v is equal
to the foreground component ot the fifth pixelerom the left
: lSt in Fig. 10 corresponding to the thirdrﬁortion of the shutter
time/v from_when the shutter has opened, and the foreground
‘component of the sixth pixel from—the‘left in Fig. 10
correspondlng to the fourth portion of the shutter tlme/v
from when the shutter has opened.
' ".ZQ S It can be assumed that the object corresponding to the
‘foreground'istasrigid'body, and‘therforegrOUnd object is
,mov1ng with constant veloc1ty such that it is displayed four
pixels to the rlght in the subsequent frame. Accordlngly,
for example,‘the foreground,component FOS/V of.the second

25 :pixel.from the left in'Fig.:lO_corresponding'to‘the first




val ues thereof are B04 thraough BlIl, respectively. The first through fifth
pi xel s fromthe left in frame #n in Fig. 15 belong to the foreground area.
The foreground conponent in the shutter time/v in the foreground area of
15 frame #n is any one of FO5/v through F12/v. It can be assuned that the
"~ obj ect corresponding to the foreground is a rigid body Vi n i
constant velocity, and that it is moving such that the:¥gggﬁwgﬂﬁ%6$nage is
di spl ayed four pixels to the right in the subsequent frame. 20 Accordingly,

'r'the.foreground conponent fromthe Legt of frame #n of the fifth pixel in

Fig:. 15 corresponding to the-first portion of the shutter has-opened is
- F12/v, and the sixth pixel fromthe left in tinme/v fromwhen the shutter
f oreground conponent of the Fig. 15 corresponding.to the 25 second portion
. of the Rt 2 iy FHurhsthdningyey shiam erherp iSeptentdre2005 - 80 has
- opened is also F12/v. The foreground conponent of the seventh pixel from
“the | efPPTPHEY B TortedIndisipIedne, conpprentport itde dhitide shutter
timelv fLOQ% -has qpened and the foreground conponent of

the ei dghtit :’f}g}u 'tﬁr}}eeo heij i 'ejirr_bf_E[lq:n.lq:i‘%j?rrl%si%%}@léégp&ﬁhit@@ B6<ORE fourt h
pQrt i Or})ﬁ)f)gi&nh%‘fsn:%et esrhlgt:it—rcraefl \{:fmré% Vl\f'hreor;n tw eens htuhte.t %rhuril:%?aro %ged are F12./ v
 $ ‘opened. Similarly;'the_f¢réground component FO5/v is equal |
to tﬁe_forég;ound_combéhéntfof the fourth pixel from the
left in Fig. 10 ?orrespondiﬁg to thevthird portion of the
shutter time/% frqm'When the shutter has opened, and the
'fpreground compoﬁent of'the7fifth pixel from the left in Fig.
;10 lOICOrrgsponding‘tq the fourth portion of the shutter timé/v
from when the'éhutter has opened.
It can be aésqmeazthat the object corresponding to the
fbreground is a”rigid body,-and the foreground object is
moving with_¢dnstant.velo@ity'sueh'that it is éisplayed four
--15 ‘pigels to thé right iﬁ,the'subsequént frame. Accordingly,
| .. for examplé,rthe fOregroﬁnd component F04/v of the left most
-.pixel‘in Fig. }O co;respénding to the firstrportion of the
shutter time/v frbﬁ'ﬁhen'the shutter hés'opéned is equal to
therforegrouna-céﬁpoﬁent of the second pixel from the;left
: 20 ip Fig; 10 corresponding tq_the second‘pOrtidn of the
B shutter time/v fme Qhen-the shuttér has opene&;r Similariy,
-the  foreground éomPQnent F04/v is equal to the foreground.
';:compbﬁeht ofvthe_thi;d.pixél'from the.léft‘in Fig. 10
éorrespbndihg-to the,third portion:of the'shufter time/v

réﬁf. from when the shutter has opened, éﬁd the foreground




The foreground conponent of the fifth pixel fromthe left of frame #n in- -
"Fig. 15 corresponding to the second 10 portion .of the shutter tine/v from
when the shutter has opened is F11/v. The foreground conponent of the sixth
pi xel fromthe left in Fig. 15 corresponding to the third portion of the
shutter tinme/v fromwhen the shutter has opened is als% FlI{ b g
foreground conponent of -the 15 seventh pixel from the I%BfEPER fﬁafi 15
correspondlng to the fourth portion of the shutter tinme/v fromwhen. the
shutter has opened is.Fil/v. The-f otleground conmponent of the fifth pixel
~fromthe left of frame #n in Fig. 15 corresponding, to the third 20

- portion of the shutter tine/v fromwhen the shutter has opened is 'F10/v.

_pixefcdugdﬂé%Qeofp%hE'?B QEthEﬁe$p§98ﬂ £§|355§E2§%Pk§§LOL UL

| f oreground conponent of the si |ng to the.

1 our th coshlsbBihd hBLY EB@mféQ‘ﬁﬁﬂht Berehuhi 6F Pas EAOLY.. The,d prear ound

conponent of the fifth left of franme #n in Fig COrrtespo dlng to 22

_Septen&ebmzqaén8thetqutggftﬁa905ﬁé§@dof t he shutter time/v fromwhen the
shutter has- opened is FO09/v. Since the object corresponding to the .

, background BSnce the foreground area corresponding to the moving
L 5 object contains motion blur as discussed above, it can also
oe‘referred to as a "distortion area". g
Fig. 1lrillustrates a model.obtained by expanding in
the time_direction the pixel.values of the pixels iu ooeu
line including an'uncovered background area whén the object
110 corresponding to the foreground is moving to the right in
Fig. 11. 1In Fig. 11,irhe amount of movement v is 4. Since
one frame is a short period, 1t can be assumed that the.
object correspondlng to the foreground is a rigid body
mov1ng—w1th constant velocity. In Fig. 11, the object image
I5 corresponding to'rhe foreground_is moving to the right Such
that it is_poeitioned fourdpixels to the right with respect
to a reference.framerwhen it is displayed in the subsequent
frame. 7 | | |
'In.Eig; l;; the pixels'from the leftmost pixei to:the~
20 ifourth pixel.beiong'to the background area. In Flg 11, thé
'plxels from the flfth plxel to the seventh plxels from the
left belong to the mlxed area, which 1s an uncovered
background‘area.. In Flg 11, " the rightmost pixel belongs to
the foreground area. | |

251 ) The obJect corresponding to the foreground which covers




" from t hERrErEE im-9F

_const ant°Vetb
-di spl : i ls to t: ight, i'n th t f . Accordi |
holt B A O o B urld S i | et B T oRBRL of 11 arme i1

~stationary, the background conponent of the sixth pixel from .the left of

frame #n.in Fig. 15 corresponding to. the first portion of theshutter

time/v fromwhen the shutter has opened is B0O5/v. The background
.conponents of the seventh pixel fromthe left of frame #n in Fig. 15

corresponding to the first and second portions of the shutter tine/v from
10 when the shutter has opened are BO6/v. The backgr ourd SeRIGRMGA s of the
ei ghth pixel fromthe left of franme #n in Fig. 15 corresponding to the
first through third portion of the shutter time/v fromwhen the shutter

~ has opened are BO7/v. 15 In frane #n in Fig. 15, the sixth through eighth

pixels fromthe left belong to the nixed area, which is a covered

: background area. The ninth through twelfth pixels fromthe left of frane
“#n in FFEe 28786l ofgr Fospord g kige ounel baekgrewnt! the mpiwiely 201atal ues

t hereof are BO8 through Bll,. respectively. The first through ninth pixels
%‘g‘é@ Livrenqvem gt ram. thye| ebitpato adwrdpregtiound ar ea.

The forq&round%co onent in the shutter tinme/v in the foreground .area of

frame #n31tRe Bagk M PO VEIRE oudiC FADFRIbS |the pmponessined that t he

obj ect coryespondj ng.to the - 82 “foreground js a rigid body noving with
@??y%nskﬂﬁiﬁ¥ﬁﬁliYa'¥§ NS R b alifeFiade groibe | mage is

i,\ﬂeﬁi.?h%%%%%r%tgﬁpﬁd;géhg%ébtr]ace)cc]}thg&d({ Séq_ potjr&a?!nq:ns Oaft tah%esrr?:%tj.tnertitmien%/fv fr oml
the period'corfesponding to the;shutter time. |
‘Fér example, the;piéel value M' surrounded by thé'thick
frame in Fig. 11 is expressed by equation (2).
10 M' = F02/v+FO1/v+B26/v+B26/v (2)
| Fdr example, the fifth pixel from the left contains
backgrbund components'correSPOnding to three portions of the
shuttef:time/v'and a foregfdund compbnent'corresponding to
oné_shutte: pbrtion3of thé shutterrtime/v, and thus, the
15 mixture ratio o of the fifth pixel from the left is 3/4.
_Thé sixth pixel from the ieft coﬁtéins background components.
E corréspgnding.ﬁoitwo portionsléf‘the shutter time/v and
foregrognd.components cofresponding'to two'portions of the
shuttér ?ime/V, and'thﬁs,.the mixture'ratio o of the,éixth
20 pixel from. the_lef't_ 15 1/2. The seventh pixel from the left
-'chntains a baCkgrOundfcdmponént:cotresponding to one poftion -
of the'shﬁtter time/v and fpregrouné components - H ;
'corrésponding_to fhreé‘portions éf.fhe shutter time/v, and
thus, the,mixture ratio o of the seventh pixel from the left

- 25 is 1/4.




- ..Fig. 15-correspondi
“from the left in Fig

Fil'/v. The foredrobkhd
. #n+|_in Fi-g.- 15 portlon

l“FlZ/V,'énd'the f or egr ound cohponent'of'the.'tenth.pixel fromthe left in

Fig. 15-corresponding to the second portion of the shutter tinme/v from
when the shutter 10 has opened is also F12/v. The foreground conponent of

"the eleventh pixel fromthe left in Fig. 15 corresponding to the third
~portion of the shutter tinme/v fromwhen the shutter has ogened and the
foreground. conponent of the twelfth pixel from the |81
corresponding to the fourth portion 15 of the shutter tine/v fron1mhen t he
-shutter has opened are Flt/v. The-fd2eground conponent of the ninth pixel

eRPe295 15

fromthe left. of frame #n+l in Fig. 15 corresponding to the second

- -portion of the shutter tine/v fronlmhen the shutter has 20 opened is Fil/v.

i xel .from t f und conponent of the tenth left in
. wierhe S“ﬁgatoggt hggt %ugr%‘d e P PERER Y P RontURCRLERE. . shut t er

has. opena i t?ellﬁ%ézléﬂf‘resy%‘%i f%%u%ﬂ% Lompaenent of the eleventh pixel

5 corres ng to th 25 fourth portion of the

shutter' tinge/v from n_t2e.shutter 22 Septenber 2005 - 83 has opened is
ffgoheht of the ninth pixel fromthe |eft3lof frame:

h where o is the mlxture ratio, B indicates a plxel value of
5l the background and Fl/v_de51gnates a foreground component.
It can be assumed that the object correspondlng to the
foreground is a rlgld body, which is moving with constant
velocity, and. the amount of movement is 4. Accordingly, for
r_example, the_foreground component FO1/v of the fifth pixel -
;O from the left inhFig. 11 corresponding to the first portion
| of the shutter time/v from when the shutter has opened is
-equal to the foreground component of the srxth plxel from
the left in. Flg 11 - correspondlng to the second portlon ofl
the shutter tlme/v from when the shutter has opened.
- fS 'Slmllarly, the foreground component FO0l/v is equal to the
foreground component of the seventh pixel from the left in
' Flg 11 correspondlng to the thlrd portion of the shutter
time/v from when the shutter has opened and the foreground
component of the elghth plxel from the left in Fig. 11
20 'correspondlng to the fourth portlon of the shutter tlme/v
from when the shutter has- opened |
It cnn.be assumed thet.the object,corresponding'to the
1foregronnd is'a rigid body, which is moving with . constant

velocity, and the amount of movement v is 4..AAccordingly,r




" of the shutter time/v 5 opened is F10/v. corresponding to the third from
~when the shutter has The foreground conponent. of the tenth pixel fromthe

left in:Fig. 15 corresponding to the fourth portion of the shutter tinme/v
from when the shutter has opened is also F10/v. The foreground conponent

-of the ninth pixel fromthe left of frame #n+l in F g.2k3,6RELS8RPNdI ng 10

to the fourth portion of the shutter time/v. fromwhen the shutter has
opened i's FO9/v. Since the object corresponding to. the background is
stationary, the background conponént 7gf -t he tenth pixel fromthe left of

‘frame #n+l in Fig. 15 corresponding to the first 15 portion of the.shutter

- 2005 -

time/v fromwhen the shutter has opened is BOQ/v The background

fconponegg 8&aﬁ$fee|€ﬂ n%o ixel fromthe |eft of frame #n+l in Fig. 15
correspon

0 the i TSt %ﬁ%“%%c%%%P%B?PFoﬁQ26V Phethautiekh time/v from
wh h h he b d 20 f th
on gy shut o @ﬁ%gpﬁ%?t“gﬁ? mﬁj#‘ﬁ{ﬁeﬁﬁc §59 160 cohe 5RO ng Lo ¢ he:

twelfth pixel fromt

s bpenogean e th POk e oL ADRs SELE S TBRY LR STt oo el

“has opened are Bl1l/v.

25 pi X%peﬁé@nié h@quﬂ tt&@h@é‘%éﬁe&ﬂ%ﬂ‘& X(.e&nﬁcgr?&t rhé Sseavenzt%l Sept enber

5 ,plxel from the-left in Flg 11 correspondlng to the second
portlon of the shutter tlme/v from when the shutter has
opened. Slmllarly, the foreground component F02/v is equal
to the foreground component of the eighth pixel from the
left in Flg 11 correspondlng to the third portlon of the

10 shutter tlme/v from .when the shutter has opened.

It can be assumed that the object corresponding to the
foreground is a rlgld body,_whlch 13 moving with constant
.veloc1ty, and the amount -of movement v is 4. Accordlngly,

"for example, the foreground component F03/v of the seventh
" 15 plxel from the left in Flg‘ 11 corresponding to the. first
portlon of the shutter tlme/v from when the shutter has
'opened is equal to the foreground,component of the eighth
plxel from the left in qu 11 correspondlng to the second
'.portlon of the shutter tlme/v from when the shutter hasd
20 opened. o
It has been descrlbed with. reference to Flgs. 9 through
11 that the numbeér of v1rtual lelded portlons is 4. The'

‘number of. v1rtual lelded portlons corresponds to the amount

of movement v. Generally, the amount: of movementrv

.25 -corresponds to the mov1ng ‘speed of the object correspondlng




" covered background area. Fig. 16 is a nodel of an inmage obtained by
extracting - the foreground conponents fromthe pixel values shown in. Fig.
15. g .5 Fig. 17 illustrates a nodel ~obtained by expanding in the tinme"
direction the. pixels which are aligned side-by-side in three frames of an

. i mage obtained by capturing an object corresponding tQ&%k$8%§QEB&Pd t hat
‘i's nmoving to the right in Fig. 17 together with an object corresponding to

. a.- 10. stationary background and which are |located at the sane positions

~ when the franes are overl apped. The Hbdel shown in Fig. 17 contains an

" uncovered background area. In Fig. 17, it can be assuned that the object

corresponding to the foreground is a rigid body noving with 15 const ant

-~ vel oci ty, tard thlkalyrblnds. Me¥kNgxalel et hat ikt ol §+digp! r..pixels to
-.the right in the ELDSSHUEnt fraﬁe.ﬁ ﬁccord?ﬁglé?jgﬁz gﬁ%gggkggdﬁggenent v

is 4. For thxamplegrbhadl eeanound GaERORRAL of thediebiupsh epixel of frame
- #n-1 in Fi'g. 17 correspondi ng togthe first. -~ 20 porﬁﬁgﬁlg?§?h£8§ utter

ti me/ vplixemswihen thbe rabutt e thagegpenedtbsaFddiaiangd hhe &Héggiﬁund
conponent of the second .pixel fromthe portion of the opened is also 25
pi xel fisoppsheibett in. Fhy. siBsequenspondineg tRet ARCEREORE Shutter time/v
“from when the shutter has F13/v. The foreground conponent of the third
5 mcvement‘v.isfset.to_4. The number-of virtual divided ' -
“portionsuis set~to]4 in accdrdance.with_the amount of
movementlﬁ; -Similarly, when the object éorresponding to the
foreground-is ﬁéving such that it ié displayed six pixel§ to
the left with respect to a_cértain frame when it is
:10 positioﬁéd inrthe‘subsequent frame, thé amouﬁt_of movément v
is set té 6, and the number of virtual divided portions is
set to 6. | | |
Figs. 12,aﬁd 13 illustrate the relatiénship of the
foreground areé;jthe backgrbﬁnd area, and the ﬁixed areé
15  which consists éf a covered background'or an uncovered
background;‘ﬁhich aré discussed above, to the foreground
components and-theaba&kground_components'correspondiﬁé to
‘fhe‘divided:pétiod$ of thé.shufter time.:
Fig. 12Aillu5t:étés an‘example‘in which.pixels in the
. 20. .fbregrouﬁd areaf.the background‘area; and the mixed-area are
extracted_ﬁrom an_image—éontaihing a foreground
.,correspondih§ to.én'object‘ﬁoving in frént_of a Stationarj
background; _Ih'tﬁe exam?ie shoﬁn inffig; 12, the object
cotreépondinglto the foreground is hOriZontallY'moving with

25 respect to- the screen.




left in F|g 17 corresponding to. the third 22 Septenber 2005 - 85
portion of the shutter tinme/v fromwhen the shutter has opened and the

foreground conponent of the fourth pixel from the left in Fig. 17
corresponding to the fourth portion of the shutter tinme/v fromwhen the

shutter has opened are F13/v. The foreground conponent,,
pixel,-fromthe left of frame #n-1 in Fig. 17. correspo(r)isf ﬁmg?%ﬁgﬁe first
portion of the shutter time/v fromwhen the shutter has opened is Fl4/v.
The foreground conponent of. the thinpd 10 pixel fromthe left in Fig. 17
corresponding to the, second portion of the shutter tine/v from when the
shutter has opened is also F14/v. The foreground. conponent of the third

pi xel fromt ef 7 corr spondlng to the flrst portion of the
“shutter tine/ r§%Vﬁhéﬁ;%h§1 Sﬁ§§8f§ 5ﬁbﬁ€@nﬁs #p15pA0d fremgce the

obj ect o) r ionary, the background

conponeﬁ?iéo?fp %dkfgh% ﬁ$§3$§§§gyt ' ﬁ%&ﬁ%*ﬁh “in Fig. 17 corresponding to

t he second tgyr. h [t ' he utter tinme/v fromwhen the

shutter 20 ﬁgggggbned%%reQ§§%P&5%$ %a%ng%%n%a55968H8ﬂt§r8? tﬁ@S second

pi xel fgmfhe.d ef f [ Jesp nd to.the third
tedlazq rfited f}O@/ gm]‘ ron]; ﬁ‘é E‘EPélﬂhhas opened

and fourth portions of the shutter tine

atesBzeﬁszrmucbeq@thcwm@me% the & *yertdt@ >&e' EJ% the left of 25
frame #n-1 in Fig. 17 corresponding to the fourth portion oF %2 Sept enber

2005 .- obtained by expandlng.the pixel values of the extracted
| pixels in the time direction is shown in Figﬁ'lé(
Since the'objeet corresponding to the'foreground is
mov1ng, the pixel values in the foreground area are formed
1Q of four different foreground components correspondlng to the
shutter tlme/v For -.example, the leftmost plxel of the
pixels in the foreground-aree sbown‘in Fig. 13 consists of
FO1/v, Fozh FO3/%v, and FO4/v. That is, the pixels in the
foreground - contaln motlon blur | a
o15 Since theuobject correspondlng‘to thé background is
stationary, light input into the sensor corresponding to the
“baekground'duringothe ehutter time does not change. In this
~ case, the'pixel,valuee.in theibackground‘areeAdo not‘contain
motion blur- | | |
-20 The pixel values in the mlxed erea con51st1ng‘of a
covered background area or . an uncovered background area are
'Aformed of foreground components and background components
A descrlptlon ‘1s given below of a model obtalned by
.expandlng in the time direction the pixel values of the

.25 plxels which are. allgned side- by—81de in a plurallty of.




- 86 -the shutter tine/v.fromwhen the shutter has opened is B27/v. In
frame #n-1 in Fig. 17, the leftnost pixel through the third pixel belong
to the m xed area, which is an uncovered background area. 5 The fourth -
through twelfth pixels fromthe left of franme #n-1 in Fig. 17 belong to
the foreground area. The foreground conponent of the frane is an

-F13/v through F24/v. The leftnost pixel through the ﬁ@&??%mBWf@&ifron1the
10 left of frame #n in Fig. 17 belong to the background area, and the

pi xel val ues thereof are B25 through/®28, respectively. It can be assuned

t hat the object corresponding to the foreground is a rigid body noving
with constant velocity, 15 and that it is; noving such that it is displayed

four pigtehes taad kg ifdohird Qogaeceﬁ‘%%ewtsajﬂeﬁg%lsr%(i%%r d\ﬂﬂghythehe

f or egr ound ‘conponent of the fifth pixel fro rame #n in Fig.

17 cor respendian® (o dh@ppdds WhRer tthen i@fagd R Sl %ﬁlngn%vtﬁéom when the
shutter has-opened is F13/v, 20. and the foregroun onent of the sixth

pi xel fobgmctthds efting) Firgr bkaa@nesspondi ng.d erita@% %62-9@9 Bﬁaahen of the
shutter. tinme/v fromwhen the shutter has opened is F13?

f or egr dundheowpgrent ief mohe ngevertiRopivsal v Wamh tr'é%ple@i:t thNtnEi 0. 17
corresponding to the third portion of 25 the shutter tine/v fronlmhen t he

.shu@teﬁcrhagfbpemeds aidghkd 8% theregmeendcaanbene@ue@teahgsetg@th pi xel
fromthe left in Fig. 17 corresponding to the fourth portion of the
Shutteplxels aligned side-by-side.
- Fig. 14 1llustrates a model obtalned bﬁ-expandlng in-
the time direction the plxels which are aligned 51de by-side
.rln.thfee frames of an 1mage obtalned by capturing an object
10 correésponding to a staticnary background,and which are
located at the same7poeitione when the'frames are overlapped.
. Frame #n is.the frame subseguent to frame #n-1, and frame
#n+l is the frame subsequent to frame #n. The same applies
‘to the‘other ffames. ; | | |
15 ' The pixel values BO1 thrcugh Bié ShOWn'in Fié 14 are
'plxel values correspondlng teo the statlonary background
-.object Slnce the object correspondlng to the background is
statlonary, the plxel values of the correspondlng plxels in
frame #n 1 through frame #n+1 do not change For example,'
20 the plxel in frame #n and the plxel in frame #n+1 located at
" the - correspondlng p031t10n of the pixel hav1ng the plxel
"_value BO5 in frame #n 1 have the plxel value BOS
Flg 15 1llustrates a model obtalned by expandlng 1n

the time direction the plxels whlch are. allgned 51de—by side.

25 in- threevframes of an image obtalned,by capturing ah object




tinme/v fromwhen the shutter has opened are F13/v. The foreground conponent
of the sixth pixel fromthe left of frame #n in Fig. 17. corresponding to
- the first. portion of the shutter tine/v fromwhen the shutter has opened
- is F14/v, The foreground conponent of the seventh pixel fromthe left in
- Fig. 17 corresponding to the second portion of the shutfef,{hBE/Hef r om when
the shutter has 10 .opened is al so F14/v.. The foreground conponent of the -
~eighth.pixel fromthe left in Fig. 17 corresponding. to the first portion
of the shutter time/v fromwhen the Shutter has opened is F15/v. Since the
obj ect corresponding to the background is 15 stationary, the background
conponents of the fifth pixel fromthe left of frame #n in Fig. 17

corr espondiagebRuls «SeCoRSLIEOUD TGUL 1. RRCLL ans, of Lhe shut Ler -t el

from when the shut has opeéened are ents of

the six¥hgpi xel thgepntipe,l gft f ' Fig. 17 corresponding to
the.thirdgand-fou?th portionsagfogi§5?;¢§k%£?%?%%?% ??d%1mhen t he shutter

has opesedtabga B30 ek RO AdoKEE WDLLLOIRONEYL of g Lhe seventh. pixel from

:._the_keft of frame #n in Fig. 17 corresponding to the fourt %ortion of the

 ptenhay oe Y e et RS v teed P had B At 8 (he

- sevént hipi Reg. f Ioreddieaied ta hedengd oddeyramed &Fea, Wwhich i's an uncovered

- background ar ea. | o o B ' -
ST In Fig. 15, it can be assumed that the object | |
-cdrresponding.tO'the foreground'iéra.figid body moving with
constant ﬁelocity, and that it ié'moﬁing‘such that it is‘
displayed four pixels to the right in the subsequent frame.
10 Accordingly, the amount of movemenfrv ié 4; and the numbéf
of virtual divided portioﬁS'is'4§ o | |
For example,'the'forejroﬁnd.componenf of the leftmost:
pixel of frame #n-1 in Fig. 15 correéponding to the first
portion df the shuttép time/v.f;oﬁ wﬁeh the_shﬁtter hés‘

15 qpened.is-Fi2/v, and the,fofeground.coipoﬁent of the:sécoﬁd
‘pixel:from the left in Fig. 15 correspénding to the second
'_Portign,of the Shutter time/v'ffom when the shutter has

opened is also F12/v. The fofeg;éuﬁd component of the third
7 pixel’frgﬁ the left in Fig. 15 corresponding to the tﬁird
20 pqrtioﬁ of the-shutﬁer time/v-from_when fheAshutter has .
opened and the foreground component-of'the‘foufth piiel from
- the léft in Fig"15-correspoﬁding to thé fourth'portién‘of |
thefshﬁttef time/v from whéh the Shufter haé épéned'are |
© F12/v. | - o | .

_725_ : The foreground component of :the leftmost piﬁel‘of frame




The eighth through twelfth pixels fromthe left of frame #n in Fig.. 17
belong to the foreground area.. The value in the foreground area of frane
#n corresponding to the perijod. of the shutter time/v is. any one of F13/v

‘t hrough ‘F20/v. The | eftnost- pi-xel through the eighth pixel fromthe 10 left

of frame #n+l in Fig. 17. belong to the background are t i xel
val ues thereof are B25 through B32, respectively. It ?3@8 &?gﬁﬁﬁd t hat
t he obj ect corresponding to the foreground is a rigid body nmoving with
constant velocity, 15, and that it i¥8 poving such that it is displayed
four pixels to, the right in the subsequent frame. Accordingly, the

f or eground conponent of the ninth pixel fromthe left of frane #n+l in

Fig. 17 Ignirﬁsppﬂgh Ngs t O, %%;dr{éf og Ctg‘grg‘{hﬁ t(eﬂr) /v from when

t he shutter has opened. is or of the

tenth pixettdrombde, | 8fdn ihdd Gnd S100¢ to the €Q nd portion- of
the shutter tinme/v fronf%hen t he shuttefgﬁas op ned |s alsg‘ﬁﬁslv The_

foregromd cor@pnanta Yoddi sl antihdix&lodd %‘hxélheféoﬂt h'/ ]TéfQ: 17

corresponding to the third portion of. 25 the utter Fom when. the

shut t erithasi pperedane ddidinBto frreamund LamYles ofd t},%\}tf‘{%llf th pixel’

fromthe left in Fig. 17 corresponding to the fourth portlon the
shubt ertind fe/srdn ememheamd et elahapananad aned ¥y Thehor eground

conponent. of the tenth pixel fromthe left of frame #n+l in Fig. 17
Corresﬁmmﬁgnpunﬂtdumﬁdneﬂt of the third plxel from the left in Flg
15 corresponding to the fourth portlon of the shutter tlme/v
from when the shutter has.opened is Fll/v.
The foreground component of the leftmost plxel of frame
10 - #n-1 in Fig. 15 correspondlng to the thlrd portlon of the
shutter time/v from when thershutter_has opened is F10/v.
The foreground component.of the-second pixel from'the left
'in Fig. 15 corresponding to the fourth portion of.the
shutter tlme/v from when the shutter has- opened is also
'15 F10/v. The foreground component of the leftmost plxel of
. frame #n-1 in Fig. 15 correspondlnq to the fourth portion of
the shutter time/v~frontwhen the shutterﬁhas opened is F09/v.
Since the cbiject corresponding EO’the hackground is
| statlonary, the background component of the second plxel
A éov’from the left of frame #n-1 in Flg 15 correspondlng to the
flrst portion of the shutter tlme/v from when the shutter
. has opened;ls.BOI/v. The background components of the third
: pixel from the ieft'ot frame,#nfl 1n‘ElgL 15-correspond1ng
to the first and second.portions'of the shutter time/v from. -

A125 when the shutter has opened are BOZ/#- The background..




portion of the shutter tinme/v fromwhen the shutter has opened is Fl14/v.
The foreground conponent of the eleventh pixel fromthe left in Fig. 17
corresponding to the second portion of the shutter tine/v fromwhen the.
~shutter has 10 opened is also Fl14/v. The foreground conmponent of the

twel fth pixel fromthe left in Fig. 17 corresponding t h fir portion
~of the shutter tine/v fromwhen the shutter has openegzkgﬁﬁﬁg?gi&%ince-the
. object corresponding to the background is ,15 stationary, the background
~conmponents of the ninth pixel fron1t9$ | eft of frame #n+l in Fig. 17

o]

corresponding to the second through urth portions of the shutter time/v

‘fromwhen the shutter has opened. are B33/v.. The background conponents of
the tenth pixel fromthe left of frame #n+l1l in 20 Fig. 17 corresponding to
- the thivdmpedehbireh Poztfonsthofpixdie Shut ttére tliafe/ v.ff femuehégn-tthe shutter
- has opened _are B34/v. The background conponent of the el eventh pixel from
the l'eftRof19rahe gemiesnpiRling 12 ddre dbiporiditig cught iteirtiopoirhipast i on of
the shutter.time/v. fromwhen the shutter 25 has opened is B35/v. : 22
- Sept entRt Spsshuleer |hine/dmef vamwhan fihp shmttelre haisnbhetkdoagh el eventh
pi xel s %@§n1the left in Fig..17 belong to the m xed area, which is an.
uncover ,ﬁﬁckground area. The twelfth pixel fromthe left of frame #n+l in

.'.'Fig¢-5 17 bel ongs to the foreground area. The.foreground conponent in the
shufter ti Fb%%ﬁ' énfgréﬁrggﬁd égeatBP'#F§F%°%E+PlX?% BAg offlee of F13

th.r Ougmé:)‘g@’béfésrpgesdtiovecl% foreground area, and the second through
fourth pixels from the"left belong to the mixed area, wﬁich
is a covered background érea; N
The fifth through twelfth pixels from the left of frame..
10 #n-1 in Fig. 15 belong to the background area, énd the ﬁixel
values-thereof are B04 through B11, respectivély.

The first through fifth pixels from the left in frame-

#n in Fig. 15 belong to the foreground area. The foreground
_ - component in the shutter time/v'in the‘foregroﬁnd area of
15 frame #n is any one of FO5/v through F12/v.

It'gan be assuméq that the object correspdnding to the
:foreground is a rigid-body movin§ with_consfént velocify,.
‘and-that it:is,moviﬁg such that the foreground image is

displaYed'four pixels to the right in the sﬁbsequent frame.
N 20- Accofdingly, the fdregrdUnd compoﬁent of the fifth pi%ei
| from .the left of‘fréﬁe #n in Fig: 15 correspopding to. the
- first porﬁion of the:shutter time/v frbm when the shufter
' }vhas épeﬁed is Fi12/v, and the.foregrou#d cbmponeﬁt of thé
sixth pixel-from-the-left»in Fig. 15 cprrésponding:to'the.

25 second portion of the shutter time/v from whéen the shutter




Fig. 18 illustrates a nodel of an inmage obtained by extracting the-
foreground conponents fromthe pixel values 10 shown in Fig. 17. Referring
back to Fig. 2, the area specifying unit 103 specifies flags indicating to
~which of a foreground area, a background area, a covered background area,

or an uncovered. background area the individual pixelspyaf LR lpput | mage
.15 belong by using the pixel values of a plurality of franes, and supplies
the flags to the mixture-ratio calculator 104 and the notion-blur adjusting
unit 106 as the area information.—-Te i xture-ratio cal culator 104
calculates the mxture 20 ratio.a for each pixel contained in the mxed
area based on the pixel- values of a plurality of franes and the area

I nf or matii.o .sSupplie calcul ated nixture ratio t he
foreg?%%ﬁd%ﬁgb%gr5§n§858pggg?gf 195€ %%Eeﬁng olfBPEAER r8§n5h§eparator

105 e} t f.r. . £ . i stin - “th -
oreor SR By A oG R T b et e boviheyal ves of

a Pl Urahisn gbrcibATBS. thBCsARERENEORERY e hneym Xiyre ratio ai and

suppl i es the foreground conponent image to t'he noflion- fusting uni t

106. Thashebeasdbhul agdbushiogréiht LOHpAdEHSt §et BAcATRYRL BY,gpt!on blur

contained in the foreground conponent 'image based on ground -
- conponewbni nhge 18pphhestifL oMkt berrbapeanougdtbacker eundeaeparatgh 105, the

notion vector supplied fromthe notion detector 102, .and the area
of the sbutter time/y.from when the shutter has opened are
Fl2/v. | | |
The foregféund cdmpbhent of the fifth pixei froﬁ thé
left of frame #n in Fig. 15 cofresgonding to the second
10 portion of the shutter.time/V'frdm when the shutter has
opened is'Fil/ﬁ. The foregfound‘component of the sixfh
pixel from‘the.left'in-Eig. 15 cdrrespohding to the third’
portion of the shutter time/v from when the shutter has |
openedcis alsdfFllfv. - The foreground component of'thé
,15' seventh pixel from the left infﬁigﬂ 15 corresponding to the
.fourth portion of the Shutter tiﬁe/v Trom when.the‘shutter:
has opened is Fl1l1/v.
The foreground component of the:fifth;pixel from the'. -‘
left of frame-#n in Fig. 15 corresponding to the third, -
20 portion éf theVSﬁutter time/v from when the shuttérrﬁaé
opened is EiO/v..;The_foreground component of the sixth |
'pixel_from the lefﬁ iﬁlFig. 15 correspbﬁdiﬁg tq thé,féufth“
_portion of the shutter timé/ijrom when the'shuttéi has
oPened is alsorFiO/v. ‘Thé_fo:eground'compénent.of'thé-fifth, S

: 25 pixel from thé'left of frame #n in Fig. 15 correspondiné to




10 information supplied fromthe area specifying unit 103, and then

- outputs the foreground conponent image in which nmotion blur is adjusted.
"The processing for adjusting the anount of npotion blur perfornmed by the
signal processing apparatus is described 15 below.with reference to the

flowchart of Fig. 19. In step 511, the area speC|fy|ng;ggkbm$g§2@&ecutes
area specifying processing, based on an input inmage, for generating area

information indicating to which of a foreground area, a background area, a
covered background area, or an. uncoggred 20 background area each pi xel of
t he i nput image belongs. Details of the area specifying processing are
given below. The area specifying unit 103 supplies the generated area
|nfornBE Neto %he m xture- ratlo calculator 104. In step 511, the area

speci fyi ng tRrE sy Wrge‘?fer @, ShuEgya deduav thhon mhen ithege, area

i nfor ipdicatin epf ember 2005 - 92 which of the foreground )
ar ea, nq% Sg%c gF%ﬂn E%Fgg §§ fe’- ni xed area (regardl ess of whether each

pi xel bel on C bac oun .area or_an_uncovered background
ar ea) - eachgﬁi§% t%F %ég % 88“ APgngs. tpﬁ PRFkJEaYRd ihe 5

f or egr aungd 05 _and the. on-blur adjusting unit 106
deternlne based onud}%E glréﬁ%ﬁ%ﬁ}6¥mgﬁ?'n§0 eStSthnRékRer TERR i xed
areg i e cQv@r efk hackgr ¢ ory, ca vered background area. For =
exanple, if the input |ngggqﬁgEﬁ%&pdsegoﬁﬁ%%ﬁgngtﬁgr%BftPﬁeffB?Eground

area, plirdih HxeheAlane AR il RATELOURE, AR LRLERE, dhigot on of

opened is BOS/V. The background components of the seventh
plxel from the left of frame #n in Fig. 15 corresponding to'
the first and second portions of the shutter time/v from
10 when the shutter hae operied are B06/v. The background
components of the eighth pixel from'the ieft of frame. #n in
Fig: 15 corresponding.to the first through third portionrofl
the shutter time/v from when the shutter has opened are |
- BO7/v.
15 |  In frame #n in;Fig; 15, the sixth.throngh eighth pirels
from the left belong to the mlxed area, whlch is a covered
. background area.
- The ninth through twelfth pixelstfrom the left of frame
#n in Flg 15 belong to the background area, and the pixel N
24 'values thereof are BO8 through B11, respectlvely.
The flrst through nlnth pixels: from the left in frame
'#n+l in Flg 15 belong to the foreground area. _The
| _foreground component in the shutter tlme/v in the foreground
-area of frame" #n+1 is any one of FOl/v through” F17/v.

25 _ It can be assnmed-that ‘the object corresponding to the




the notion vector, it is determned that the m xed area- is a covered
background area: |If the input inmage is disposed in the order of 'the
background area; the m xed area, and the foreground area in the direction’
of the notion vector, it is 15 determ ned that the m xed area is an
uncover ed background area. In step S12, the mxture-ratio calculator. 104.
calculates the mixture ratio a for each pixel contai ned?SAPTHE % ed area -
based on the.input inmage and the area 20 information.. Details of the

m xture ratio cal cul ati ng processi-ngare given below. The m xture-ratio
calculator = 104 supplies the calculated mxture ratio a to the - '

f or eground/ background separator 105. |In step 513, the foreground/ background

separ at .25 .extracts the foreground. onents fromthe input inage |
22 Sepﬁgﬁﬁégéﬁﬁégl%X§3r16%Segogﬁ Pﬁglggegl%ﬁpgpﬁﬁFFBE gﬁngﬁEYnixture ratio
a, and Lires it r.eqgro c neptsto -the nmotion-blur adjusting
uni t 16%§§§%tteaFo?%g%%ﬁﬁ%gbgﬁggngﬁggiﬁggefo ﬁg§9&gasiﬁég?hésnntion-blur

adj ust i it gl rat es, +hased_ on the.mti , ~and the area -
Tt or mer v, W, SERRIE B0, (RS PRAR ARG IR, SEBRRESARE PR T ST

conseculdose dRinka ks @h%pQ%%@gEBuhaecHBﬁBHQﬁtdBEeEEEOﬂiﬁgﬂaﬁgﬁ%gging to any

of the uncovered background™ area, the foreground area, e covered
backgr gwaet ahealer® amd radidsys+thenampynt 1gf cBPE%QﬁoQ&i%gCQ@tt‘%@ed in the

f oreground.conponents corresponding to t-he unit _
first portion of the shutter time/v from when the, shutter

has opened is Flé/v, and the foregfouﬂd”compénent of - the
tenth,pixel from'the left in Fig. 15‘corresponding to thé
second portion of the shutter time/v fiom,when the shutter .
10 has Qpeﬂed is alsQ Fl2/v. The‘foreground component of the
elevénth pixel from the lefﬁrinrEig."IS,corresponding to the
third portion of the'shuﬁtér-timekv'from when the shutter
 has opened and the foreground.compoﬁeht of the twelfth pixel
from:the left in Fig. 15 corresponding to the fourth portion
15 -of-the'shutter time/v from when the'sthterrhas openéd are
‘FIZ/V. | |
The foreground componént;df the ninth pixel from the
left of frame #n+l in fig. 15 gdrféspondiﬁgztd the second
portion of the shutter.time/v.from when the shutter-hés
20 ~'opened‘i$ Fll/v.r The fogeground éompqnént,of'the tenth
.piXel from the left in Fiq.'lS‘correéponding to the third
' portion of fheléhﬁtter time/wv from_when'theAshutter has.
Qpenéd ié also Fll/v. ‘The ereground coﬁﬁonent‘of:the
eleventh’pixel from the left in Fig. 15.corresponding'to:the_

25 fourth portion of the shutterftimefv'from when the shutter




processing. Details of the processing for adjusting the anount of notion
blur are given below In step 515, the signal processing apparatus

determ nes 15 whether the processing is finished for the whole screen. If
it is determned that the processing is not finished for the whole screen,

the process proceeds to step 514,. and the processing _fqr .adjusting the
anount of notion blur for the foreground conponents-c&?%@@ﬁBhﬁ?h% to the
unit of 20 processing is repeated. If it is determned in step S15 that the
processing is finished for the wholeggcreen, ‘the processing is conpleted.
In this manner, the signal processing apparatus is capable of adjusting
the. anount of notion blur contained in 25r the. foreground by separating

the for qund agp th Hét Sept enber 2005 - 94 . background. That is; the
si gnal proce§§| Ws i's capabl e of adjusting the anount of. notion

bl ur contain i dat a i ndi cating. the pixel val ues of the
‘foreground p?gg|@OregngHggCSRPP@BF§F|8ﬁ Ggee§éﬁtéfpﬂﬂélaféemlﬁﬁe t he

m Xt ur e-ladid @ ;104; t.he eC|f un|t fore ound/background
separator 105, %Igmk nDtlo E%ﬁdrﬁ% %%? § §éedi bed bel ow

Fi 20 | gk | t I f 10 th f ti -
5 Spad ot sl IS Sl STt

of the area speC|fy|ng unit
Fi g.520cgeasdnet #50/9 . ”D%hgnfo¥SSE8&ndAcE&%%%e Vg2l stores an. input
|nage in units
pixel from the left in Fig. 15 correspondlng to the fourth
portion of the shutter time/v from when the shutter has
opened is also F10/v. The foreground component of the nrnth :
pixel from the left of frame #ﬁ+1 in Fig. 15 .corresponding
' 1Q to the fourth portlon of the shutter tlme/v from when the
shutter has opened is F09/v.

Slnce the object corresponding-tofthe1background is
stationary, the background component ofAthe tenth pixel tron
the left of frame #n+1 1n Fig. 15 correspondlng to the flrst

15 portion of the.shutter tlme/v from when the shutter has |
- opened is BO9/V - The background components of the eleventh
pixel from the left of frame #n+l 1n Flg 15 correspondlng
to the flrst and second portlons of the shutter tlme/v from7
when the shutter has opened are BlO/v -The background
?0- components of the twelfth pixel from&thedleft-of frame #n+l
in Fig. 15-corresponding to the'first through third portion
of the shutter timefv'trom when the‘shutter hasAOpened are
B11/v. | |
In frame #n+1 in Fig. 15, the.tenth through twelfth .

25 pixels from the left belong to the mixed area, which is a




of frames. When the inmage to be processed is frame #n, the frame nenory 201
stores frame #n-2, which is the frame tw 15 franes before frane #n, frane
#n-1, which is the frane one .frane before frame #n, frame #n,. frame #n+l,
which is the frane one frame after frane #n, frame #n+2, which is the
frame two frames after frame #n... A stationary/noving et er i nin portion
202-1 reads the 20 pixel value of the pixel of frame #i+SPEBREPEP at the.
same position as a designated pixel of frame #n in which the area to which
.the pixel belongs is determi ned, andg4eads the pixel value of the pixel of
frame #n+l | ocated at the sane position of the designated pixel of _
franme:#n fromthe frame :25 nmenory 201, and cal cul ates the absolute value "

of the 2005, - 95 difference between the read pixel val ues.
The &5{ gﬁ% %ar%\ﬂroémtﬁjeta &ffini ng porti on 202-1 determ nes whet her the

absolute va feth [ rence bet ween val ue of frame #n+2 and
t he pi xel IF‘fiﬁe ga%em n$$ aaréﬁ?gﬁ ?ﬁﬁﬁgaegrgge?xYﬁ?%%ﬁ%gd Th. If it
i's detenjg nefd o4 ]Qﬁ% ffen n te the threshol '
st at i onar y/ movi e(% gﬁanﬂi ?lo% ffﬁf I ngb Wi nagl‘ 9% ° %Hf@% an area
~deternmiyy ng portion 203-1. If it is deternlned t hat the absol ute val ue of -
the di fference between 10 the pixel value of the pixel of frame #n+2 and

thespixel yahue1of 110gsPL¥€hsOf £6@OE eﬂﬁ;lﬁédsgg ’S%r’ﬁfi?’?ﬁ oy equal

the threshold Th, the stationary/nmoving-determn - supplles-
a statm@eatyheown@ecdebﬁrﬁh@abhﬁalkndhgeh'Bge §§§5h883£¥de18yt§fd@rea

deternlnlng portion 203-1.
- ' in three frames of an image obtalned by capturlng an object
corresponding to a foreground that is mov1ng to the right in
Fig. 17 together with an object corresponding to a
10;‘stationary background and which are located at the same
positions when the frames areroverlapped; The model ‘shown
in Fig. 17 cootains an uncovered background area.
In Fig. 17, it can be assumed that the object
‘corresponding to the foreground is a rigid'bod; moviog,with
15 = constant velocity, and that it isemoving such that if is
displayed.four pixels to the right in the subsequent frame.
-Acco;dinglyL theeamount of movement v is 4.
| For_example} the foreground Component“of the leftmost
rplxel of frame- #n 1. in Fig., 17 correspondlng to the flrst
'__20 portlon of the shutter time/v from when the shutter has
opened is F13/v, and the foreground component of the second
.pixel from ‘the left 1n_F1g.-l7 oorrespondlng to the second
- portion of toe shutter time/v'fromlWhen the shutter has
..opened-is also Fl3/v; Theiforegroond“component of the third‘

25 pixel from the left in Fig. 17 corresponding to the third




15 A stationary/ noving deternining portion 202-2.reads the pixel value of
a designated pixel of frame #n in which the. area to which the pixe
bel ongs is determ ned, and reads the pixel value of the pixel of frame
#n+l located . at. the sanme position as the designated pixel of frane #n
fromthe frame 20 nenory 201; and cal cul ates the absolgte vague of the
difference between the pixel values. The stationary/movArrg a8y ¢’ ni ng
portion 202-2 determ nes whet her the absolute value of the. difference
bet ween the pi xel value of frane gn$% and the pixel value of frame #n is
greater. than a 25 preset threshold Th. If it is determ ned that the
. absol ute 22 Septenber 2005 - 96 value of the difference between the pixel
values is greater than the threshold Th, a stationary/noving determ nation
i ndi catPHgELABVehgthe sSkuippt T edine/ ¥ herem aeheiet Eieri stiutgtepdrdd on 203-1 and
an area determ ning portion 203-2. If it 5 is determ ned that the absol ute
val ue dtPeRed 7?1 et lem ckoremioith PSRl B itee ofourttsi mixedl ofrdmr ane
#n+l . and tﬂe pj xel . val ue of .the pixel of frame.#n is snaller than or
equal 10T et thrigs ot @ Th! THE LTRAVDRE I aittdy monitign ot ti on 202- 2
suppl i a stat.ionary/ npvi determ nation 10 indicating "stationary” to
‘the ar g}'%e%é&ﬁ?ﬁ ﬁb?l“f:)eg?r)‘fi Do3Ey %{?ﬁi HHE e dafetamenad ®geporti on 203- 2.
A sgaiify%?yinnving det ermining portion 202-3 reads the pixel value of a

designat'ed pixel of frane #n in which the area to which the pixel bel ongs
of franme #n-1

| ocated at ths. Toasa?elg PBansaBht o ikl sBrendoplar Tof PPRakBesn 17 om t he
‘rfrgne left of framé #n-1 in Fig;'l7‘éprresponding to the.first
portion of the shutter.time/vrfrom,whén the shutter has :
opened is Fl4/v. The foreground éomponent'of.the:thira
10 pixel from the left in Fig. 17 éorresponding to the second
portion of the.shutter time/v frqm_whén the shutter has
opened is also Fld/v. The foreground component of.fhe‘third
lpixel from the left in Fig. 17 corresponding to the first
po;tion of thg shutter time/v from when the shﬁttér héé.
15 opened is F15/v. o
Since the object-correspondingzto the bacquoﬁﬁd is
statiogary, the batkgrbund componeﬁts ofrthe leftmoét pixel
of' frame #n—lrin‘Fig; lfltorrespondihg'to_the second ﬁhrough 
fourth pqrtiéns of the éhuttér tiﬁe/V‘from»ﬁheﬁ-the éhuttef |
20 has Opéned are EZS/V. The‘baékgfoundfcomponents:bf'thé
secqndrpixel.ftpm the left of‘frémér#n*i in Fig. 17 |
corresponding to the third and fourth portions of the
shutter’timg/v from when the shﬁtter has opénéd are.BZG/vg
* The background component of the third pixel from the ieft‘of-

25 frame #n-1 in Fig. 17 corresponding to the fourth portion’df‘




menory 201, and cal cul ates the absolute value of the .difference between

t he pi xel values. The stationary/noving determning portion 202-3 -

determ nes whet her the absolute 20. value of the difference between the-

pi xel value of franme #n and the pixel value of frame #n-1 is greater than
a preset threshold. Th. If it is determ ned that the absolute value of the
di fference between the pixel values is greater than' tRSePRPE¥AEP 7h, a
stationary/ noving determ nation 25 indicating "noving" is supplied to the
area determ ning 22 Septenber 2005 -8®7 portion 203-2 and an area

determ ning portion 203-3. If it 1is determned that the absol ute val ue of
~the difference between the pixel value of the pixel of franme #n and the

pixel . oxal UguRkeChe Bne) ol f Lams Al bl lier, than of 5 egup). o the

"t hreshol the stationary/.noving ermn _

stati onary/ ypvj ef.erm-nati i Adi i NQes ionary" to the area
deterniningﬁgoﬁgg%%%@3?1gﬁa%ggth%ﬂhrg§édg g?ﬁééﬁrﬁﬂﬁ%¥tﬁ%ﬁ? 3-3. A

st ati opREy £AR¥HNG: det eHE1 BhY9rBOLLEOR: 203 4-bgadg, thg 5 10 pixel value of
the pixel of frame #n-1 |ocated at the sane 'p05|?|on as a designated pixe

of frafBc#BetadWBheRgEHBNAr 8Reat O Which the pixel belongs is deternined,
and reads the pixel value of the pixel of. frame #n-2 |located at the sane

posi tion asrhderdlestignaiashgi xeke DftH rgree ¥ Framihe fIame, A5 memory 201,
~and cal cul ates the absolute value of the difference between the pixel

val uesfrdhe #$hati dnarFydnovingeloeyersi thogrepe§iOin@02r4a . defigt m nes
whet her the absolute value of the difference between the. pixel val ue of
frame #preground component of the frame is any one of Fl13/v
through F24/v. |
The leftmost pixel through theifdurth pixel from the
10 left of frame #n in Fig. 17 beloné to the background*area,
and the pixel values théreof are BZS thfough B28,
respectively. . | o
It can be‘éssumed that the objéét'corresbondiﬁg to the
forégroﬁndlis a rigid bbdy moving with constant velociﬁy,
15 and that it is moving such that it is displayed four pixelé
to the right in the sﬁbéequent framé. Accordingly, the
foreground coﬁponént‘of tﬁé_fifth.pigel from the left 6f_
. frame #n in fig; 17'cértesponding to tﬂé first portion of
the shutter timé/v ffom when the_shutter=haé openéd is‘F13/v,
20 anq the fdregrouﬁd component-of ﬁﬁe'sixth pixel from the
left in Fig¢ l7-cqrresponding to the'se¢énd portion of thé
Shutter_time/v'from when the shuttér has opened is %ls&‘
,Flev;‘ The foreground'component of the‘seventh‘pixel frbm_-
the léft”inuEig- 17 corresponding to the third portion'éf‘ 

25 the shutter time/v-from.when'the shutterlhas.Openédfand»the




1 and the pixel val ue of frame #n-2 is greater than.a preset 20 threshold
Th. If it is determned that the absolute value ©of the difference between
the pixel values is greater than the threshold Th; a stationary/noving
determ nation indicating "noving" is supplied to the area determ ning
portion 203-3. If it is determ ned that. the absolute val ue 25 of the '
di fference between the pixel value of the pixel of 22 SEpreipey 29%0s5 - 98
- frame #n-1 and the pixel value of the pixel of frane #n-2 is smaller than -
~or equal to the threshold Th, the _stationary/noving determ ni:ng portion
202-4 supplies a stationary/noving determ nation indicating "stationary"
to 5 the area determ ning portion 203-3. Wen the stationary/ noving ;
determ pation supplied from the stationary/noving determ ning portion..
202-1 i WoF Rt end "< Remk yoI abe whkehEnebixal | Bhamythevieft deter m nation
supplied. fromthe stationary/noving determ ning portion 202- 10 2 indicates:
"movi ng® 9t he' ar ¥E YRGB nlg® plre i BrtDE3-RoHRE @R e Aiethe hehutter desi gnat ed
pixel of.frame_#n bel ongs to  an uncovered background area, and sets "1", .
~which ignllec/g‘f et O h‘g}eq %3‘%&*?‘3%%%&%? xSPepet ot ¥H3AR- uncovered R
backgr ound ﬁ{eqﬁ rien an_uncover ed- ac%nd-_a,r a determnni n\% flag 15
‘associ ated Wi th the FEs gtog@o&e){g:‘ ° 5 Y R SaryForhsy .
_d'etgrmjpfg%%ipaq@ from. the stationary/ opvin term ni.ng portion
202-1 indicates 'mv?%g"lnor Ji/%’eﬁ%fh%llslf%ﬁ’%rha}@? ﬁg‘?/i_ d‘ggt%?% nation -
suppl 1 g5b.fr.0m the (SiAtANATYL I, dB)SE TNLNGPOT4, 00, 203, 20 2 i ndi cates
“stati g%ary", the area specifyi ng@&]i-_ C%%g%l]én gl;}P? Sh&%?r s _‘ o
opened 1is F14/v,"The_foreground component of the seventh '
pixel from the left in Fig. lT‘Correspdnding to the second
portion of the shuttef time/v frquwhen-thé shutter has
10 opened is also Fl4/v. The foreground component of the
eighth pixel from the left in.Fig. 17'corres§onding,to fhe
first portion of the shutter time/v from when the shutter
has opened is F15/v. |
Since the ijeét,corresponding to the'bééﬁ@roﬁnd is
15 ;stationary, the background components of the fifth pixél
from the left of frame #n in Fig. 17 correébonding-to thé. -
second through fourth portions of the shutter ‘time/v from
when the shutter has dpened are B29/v. The background
components of'thg sixth pixel from the left of frame #n in
20 Fig. 17 corresponding tbfthe third and. fourth portidhs of
the shutter time/v'from whenrthe'shUtter'hés opened are -
-B30/v. The badkgfound component-éfithe‘seventh pixel from
the left of frame #n in‘Fig.—l?*corresponding to the fourth
portion of thé shutter,timg/v‘frbm whén:the,shutter-has |

. 25  opened is B31/v. .




determines that the designated pixel of frame #n does. not belong to an
uncovered.- background area, and sets "0", which "indicates that the

desi gnat ed pi xel does not belong to an uncovered background area, in the
uncover ed- background-area 25 determ ning flag associated with the :
desi gnat ed pi xel . 22 Septenber 2005 - 99 The area-determ ni ng portion
203-1 supplies the uncovered-background-area determ ni¥ ePh@%ﬁ@Wth.ch "
orr "0" is set as discussed above to.a determ ning-flag-storing franme
menory 204. \Wen the stationary/ novi 8§ determ nation supplied from the
stationary/ noving determ ning portion 202-2 indicates "stationary" and
when the stationary/ noving determ nation supplied fronlthe

stati onary/ nQVig}g, i eg%rqhngg%Apggthnmgq%ff%1ﬁ¥% theldg gnary , the

‘area determning portion 2 "det-er m nes hfed pi xel of”'

- frame depalongsito Lhe shal i iR A ER taqgﬂ chylingl cat es

that the pixel belongs to the statio area, . in dnary ar ea

_det er mi 11 ngh flhreRSSRE iRl ed Wit thefdesi gnat ed pixel. Wen the
-stationary/noving determ nation supplied. from15 the statlonary/nDV|ng

- det er mi ni-ng TR tlign tR02h2ouBdl €akeFLh’ FAKENG" ebmVRgR theLSEati onary/ novi ng
determ nation supplied fromthe stationary/noving determ ning portion 202-

3 i Adi cfatane nbviing'Eid.ha 7aned et alolitH FRAddh2@3-«2 . deter m nes t hat
t he desi gnated pixel of frame #n does. not 20 belong to the stationary

area, ardisetin: "Wle fwhicgfroundi cateas oft ffa:tant&e#rpldcﬁlréj;(g@%dﬂ@b kel ong to the.
stationary area, in the stationary-area determining flag associated -with
the the perlod of the shutter time/v is any one of " F13/v through
 F20/v. |
| The leftmost pixel through the eighth plxel from the
IQ left of frame #n+1 in Fig. 17 belong to the background area,
and the plxel ‘values thereof are B25 through B32,
respectlvely.
It can be assumed that the cbiect corresponding to‘the
foreground is a rigid body moving with constant velocity,
15 and that it is moving such that.it is displayed fourrpixels
to the rlght in the subsequent frame. .Accordingly,-the
foreground component of the nlnth plxel from the left of
frame intl in Fig. 17 correspondlng to. the first portlon of.
the shutter tlme/v from when the shutter has opened 1s F13/v, L
.20 _and the foreground component of the tenth pixel from the
.left in Flg 17 correspondlng to the second portlon of the
pshutter time/v from when the shutter has opened 1s also
F13/v. The foreground component‘of the eleventh pixel from
the left in Fig. 17 correSPOnding-to the third portion of

.25 the shutter time/v from when.the shutter has:opened and the




des‘i'gnat ed pixel. ‘The area det er i ni ng poft'i'o’n 203-2 supplies the 25 7
stationary-area. determning flag in which."1" or "0" is set 22 Septenber .
2005 - 100 as discussed above to the determ ning-flag-storing frane
menory 204. \When the stationary/noving determ nation supplied from the
stationary/ noving determ ning portion 202-2 indicates "-gvti ng" d when
the stationary/ noving determnation supplied fromthe fatP8RE ¢¥ovi ng
determ ning portion 202- 3 indicate "noving", the area determ ning portion
203-2 determ nes that the designatedgpi xel of franme #n belongs to the '
movi ng area, and sets "1", which indicates that the 10 designated pixel -
. belongs to the noving area, in a noving- area determning flag associated .
W th thgodes%gna ed‘géxel. Wien the stationary/ noving determ nation
suppl i et°FPORTERS SPBRIRIEF v Fovitdgtet BE i Ri vl pbremobheobe bt i i cat es.
"stati o%lfry" or when the stationary/poving determnation 15 supplied from
- the statt ‘a}y/%%5¥?ﬁp?ﬁgkﬁ$1%?ngh%o???ﬁ 2oL tRoR neif cilee shkibkeonary”,  the
~area def ) i rtion . 203-2 determ nes that the designated pixel: of - '
frame #nﬁé%)és %ﬁqﬁ%‘?rb@? R ToViRY WFeT ok sBEY/ Yo", whi ch i ndi cates
that the pixgl. dogs | o o _the Jmoying area, .in the. .20 noving-area -
det er mi ni ng g as?%%ﬁlgt%;ﬁ:o\?\[ﬁ%f%etrhte Of;&i\fﬁngﬁeﬁ?’pi%@ 'IfHTé?Hhrté‘é det erm ni ng
por'si on 203-r stpphd St he M 99 2F &% A GIIRALY £ addnephieh "17 or 107
is set as _ , : ‘ -
' portion of the shutter time/v from when the shutter has | -
opened is Fl14/v. The foregrouﬁdlcomponent of the eleventh -
pixel from the left in Fig. l7-c0rrespondingrtd.the secoﬁd
portion of the shutter time/v from when the shutter has
_10 ‘opened is also Fl4/v. The foreground component of tﬁe
twelfth pixel from the left in Fig. 17 cofresponding to the
first portion of the shutter time/v from when the shutter
has opened is F15/v.
Since the object corresponding to the background is
_15 stationary, the background components Qf the ninth pixel
from the left of frame #n+l in Fig.'IT;corresponding to the
second through folrth portions of the shutter fime/& from
when the shutter has opened are B33/v. . The background
components of the tenth pixel from the left of frame #n+l in
20 " Fig. 17 corrésponding‘td the'third'énd fourth portions of
" the shutter time/v .from when the shutter has opeﬁed are
~_BB4/VJ The background component of the ‘eleventh pixel'from-
the left of frame #n+l in Fig. 17 corresponding to the

fourth portion of theishutter time/v. from whén the shutter

25 has opened Ls_B35/v.




di scussed above to the deternmining-flag-storing frame nmenory 25 204. 22
Sept enber 2005 - 101 Wien the stationary/ nmoving deternination supplied

from the stationary/nmoving determ ning portion 202-3 indicates "noving"
and when the:stationary/ noving determ nation supplied fromthe '

. stationary/noving determ ning portion 202- 4 indicate EﬁE%IEO 3585 t he

area determ ning portion 203-3 determ nes that the designate pixéi of

frame #n belongs to a covered background area, and sets "1", which

i ndi cates that the designated pixel 9belongs to the covered background _
area., in a covered-background-area determning flag 10 associated with the
desi-gnat ed pi xel. When the stationary/ noving determ nation supplied from

‘the stationq&yﬁgg&anDQg;g&p%qﬁ_glgor&%%nni%%%{zakggb a% EQQLE%epiohary" or

when t he stationary/ noving deternmndtion sup

- stati ongy YA ®VE g, dateryd f [ - 4 indicate "noving", the area
‘determr%i ng portion 203[’83{%2%%&%{4@21“2( ég%lq[r?%;z edi BEEDiEE2 of fr ame #n

does nothidel ot A SVRIE G RAKE NG A8, and sets "0", which
i ndi cates that the designated pixel does not belong to a covered -

background anheatwen fifhe paewer edohagkgr oure- area d iping flag -~
associated with the desﬁgnated pi xel .. The aregaggtgbﬁégﬁﬁggggrtion 203-3

Suppl | 5 tine e et ot krpundrakea.dater i na,Ehagup wopERLLLL . or 1o
_ g-flag-storing "n ane nenory

204_ in the shutter time/v in the foreground area of f;ame.#n+l '
is any one of F13'through-F16; respectively. | |

Fig. 18 illustrates a model of an image obtained by.
extracting the foreground components from the pixel values

10  shown in Fig. 17.

Referring back to Fig. 2, the area specifying unit 103
specifies flags indicating te which of a fqregrdund aree, ai
background area, a covered background area, or an uncovered.
backgrouﬂd erea—the individual pixeie_ofsthe iﬁpuf image

15 belong by using ﬁhe pixel values of a pluraiity of frames;
and supplies the flegs to the mixture—faﬁio calculator 104
and the motion-blur adjusting unit 106 as .the afea
information. | .

The mixture-ratio Calcﬁiatqr 104 calculates the'ﬁixﬁure

20 ratio « for each pixel contained in the miked area based on
the pixel values of a plurality of frames and the afea-
jnformation; and supplies the calculaﬁed mixture ratio o to
tﬁe foreground/background separatof 105.

" The foregrbund/backgroﬁﬁd separaﬁor 105;extrac£s the

25 foreground component image consisting of only the foreground




.25 The determ ning-flag-storing franme menory 204 thus 22 Septenber 2005 -
102 stores the uncovered-background-area determning flag supplied from
the area determning portion 203-1, the stationary-area determning flag
supplied fromthe area determ ning portion 203-2, the noving-area
determining flag supplied fromthe area determ ning partion 203-2, and the
cover ed- background-area determ ning flag supplied, froﬁ?ﬁﬁ@ma?ﬁgmﬁ ' .
determ ning portion 203-3. The determ ning-flag-storing frane nenory 204
supplies the uncovered-background- aﬁfa”det ermning flag, the 10 '
stationary-area determning flag, the noving-area determ ning flag, and

- the covered-background-area determning flag stored therein to a _
synt hesi zer 205. The synthesizer 205 generates area information indicating
to whiedetnenes Urcpydrad e kgrmind dnes dthe pihatdlanar ywrarea, 15 the.
novi ng area, or the covered background area each pixel belongs based on -
t he uncBvERSY- baek (i di-ndfioearadeitcar, miamich g hef [meigg tutdwe rsttzicl onamydar ea
determining flag, the noving-area deternmining flag, and the =~ = -

cover ed? i D drd@ geEhicmmy riandg isass! ited threomoatien-blur -

det erm ni.ng-f| ag-storin 20 frame nenory 204, and supplies the area
infornaﬁélﬁ%q%P Uiyt ni ng-flag-storing frane nenory 206.. The
det%rnining-%:aﬁj%toriﬁg fra nmenory 206 stores. the area. information
supplied fromct R8TdYRTRELSFz8FI9651ngnHn1E| {88 0adpusEst ke apmauihf or mati on,
- aLored SPHEhn B BRI M P BT Y S 2102 22

based‘dn the foreground component image suppiied from the

foreground/background separator 105, thé-méti@n vector
supplied from the motion detector 102, and the area
‘10_ information'supplied from the area specifying unit'IOB, an&
then outputs the foreground cémponent_image in which mptidnr
blur is adjusted-
| rThe processing for adjustiﬁg the amount of motion blﬁr
performed by the signal prdceésing apparatus is described
15 below with reference to the flowchart Of‘Fig_ 19, fn‘step‘
511, the area specifying unit 103 executes area specifyiﬁ§' 
processing,'based on an input image; forAgenerating area
information indicating to which of a foreground afeé, a
backgréund area, a coveréd background a&éa,.br:an unc§vered
2Q .bééquoundJaféa'each pixel of the input image belongs.
Details of the area specifying processing are given below.
- The area specifying unit 103 supplies‘tﬁefgené:ated area
) informatioﬁ to the mixture—ratio Caléulator 164.
In step S11, the area'specifying.unit 1037may-generate,

25 based on the input imagé, area infdrmatidn indicating to




- 103 specifying unit 103 is described below with reference to Figs. 21

t hrough 25. Wen the object corresponding to the foreground is noving, the
position of the image corresponding to the object on the screen-changes in
every frame. As shown in Fig. 21, the imge-corresponding to the object

| ocated at the position indicated by Yn(x, y) in frame #n_ is positioned at
Yn+l (x, y) in frame #n+l, which is subsequent to frame %t PRMEFENS obt ai ned
by expanding in the tinme direction the 10 pixel values of the pixels

al i gned side-by-side in the noving-d¢zection of the inage corresponding to
the foreground object is showmn in Fig.. 24. For exanple, if the noving
direction of the inmage corresponding to the foreground object is horizontal

Wi LN T GRRER! JIf0 e RG1Ee0uAal S e MRl SN, I Flid, 221 5,8, model

obt ai ned. by expandi ng e time ‘diTection e plxe-anIuesl¥ﬁ t he pixels

di Sposqd@l & :loknq Siletivesl do: I o2 Rl 109 J A KA #n T equal

to the line in frame #n+l.. 20 The foreground conpone orresponding to

the obiceglerctoBbaiaedunt LieseeendrpiotRloddd J®ddidiisetht fufiagel from the

left in franme #n are contained. in the sixth pixel through the seventeenth.

pi xel koem phgelebl ithel hapet#ah gen vl s#n, Ifrhechliisx%Ja%eQe't‘?xh%gifng to-the
t

covered 25: background area are the eleventh through-thirteenth pixels 22
Sep? enfielre2@0hnd/b@ékground separator 105 and,tho motionfblur 5 -
adjusting uniﬁ.iQ6 determine based on the direotion'of the
'motion vecﬁor whether the mixeo area is aicoveredzbackgfound
area or an uncovered background areé. For example, if the
.input imagerisodisposed in the order of fhé foreground area,
10 the mixed area,,and‘the background area in the direction of
the motion vector, it is determined that the mixe& area is-a
covered background area. If.the input image is disﬁosed in 
the order of the background area, the mixéd-area, and the
foreground area in the diréction:of the motioanector, it is
15 determined that the mixed area is an ﬁncovered.bockground
area. |
In step 512, the'mixture—ratio_oalcﬁlator‘ldé
‘ calculates the-miXture ratio o for'eaoh.bixel Contained in
the mixed area baSéd'on thé.inpuf image éhdfthe aféa
20 information.. Deﬁails of the mixtuié'ratio calculating
procéssing are givoﬁ bélow. The miXtﬁfe¥ratiofoaiculator
104 supplies the calculated mixtuie rétio.a_to the
foregroond/backgfound separétor 105. |
In step S13, the ioreground/backgxound-separator-105

- 25 _extracts the foreground componehts-from'theiihput image




10 covered background area are the fifteenth through seventeenth pixels
fromthe left, and the pixels belonging fromthe left, and the pixels

~bel onging to the uncovered background area are the second through. fourth .
pixels from the left. In frame #n+l, the pixels belonging to the to the

uncover ed background area are the sixth through |, ei ghtﬂas%géﬁ[)éz%@mthe
left. In the exanple shown in Fig. 22, since the foreground conponents

contained in f frane #n+l, the anount of ame #n are noved by four -pixels
iin. novenment v is 4. The nunber of ykrtual divided portions is 4 in -
. accordance with the anmount of novenent A description is now given of a .
change in pixel values of the pixels belonging to the mxed area in the
franes %5 before and after a designated frame. I'n Fig. 23,. the pixels.

bel ongi RE5EG Q" chher@tra phkyretintParand i #he ket wire e it oby tded backgr ound

i's 'station?rg. E%d he anmount of novenent v in the foreground is 4 are = .
the fifteBRth™Y hir'otgh® STVEHME HRABEHSS fFrkitchand tefqn-1A01ISi nce the anount.
~of noven 1S 4,.1 ifteenth through  seventeenth frames fromthe left

~in the %@ﬁ/?%ﬁﬂégf‘%%%hﬁéla%gﬁl%i@%?ﬂv_ - KTRATRE ot s and bel ong to
. .the . backgr rea. The . fifteenth through seventeenth pixels from the..
left in. frg#gq§%¥b%1ﬁﬁi%ﬁeigogﬁgnbgﬁgFea%ﬁgﬁglﬂﬂ pnat }Béontain only

"_baclsgr_%l&sieﬁé)tf‘%)@,“%‘&sse@% el ong, i rq}?ecto:r: and the area

'information,.the unit of processing that indicate$ the -
positions of consecutive pixels disposea in thé moviné
direction and belonging to any of the uncovered backgrouﬁd
area, the foreground area, and the covered backgroun& area,

10 and adjusts the amount of motion blur contained in the
fqreground components corresponding to the-unit of
processing. Details 6f the processiﬁg for adjusting the
aﬁount of motion blur are given below.

In step-Sls, the sigﬁél processing apparatus determines .

15  whether the processinq_ié finished for the whélé screen. If
it is determined that'the prbcessing is not finished for the
whole screen; the proceSS:proceeds-to.step 514, . and the

*proCessing.for adjustingrthe amount of motion blur‘for.tﬁe
foregroupd-components corresponding to the‘ﬁnit of

';20:”procéssing is repeated. ”
. If it is determined in step S15 that the processing is |
finished fo; the whole Screen;wthe processing is éoﬁplefed.  -
In this mannér, the signalprocessiﬁé appératus.ié |
Capéble of adjusting the_amount'of-motion blur éontained in

o _25f the. foreground by separating the foreground and the




- 105 background area. Since the object corresponding to the background is
stationary, the pixel value of the fifteenth pixel fromthe left in frame

#n-1 does. not change fromthe pixel value of the fifteenth pixel fromthe
left inframe #n-2. Simlarly, the pixel value of the sixteenth. pixel from

the left in .frame #n-1 does not change from the pixel f

sixteenth pixel fromthe left in franme #n-2, and the pﬁ%ee&gvﬁT&Qﬂﬁf t he.
seventeenth pixel fromthe left in frame #n-1 10 does not change fromthe
pi xel value of the seventeenth pixel94romthe left.in frame #n-2. That is.,
the pixels in franme #n-1 and frame #n-2 corresponding to the pixels

bel onging to the covered background area in frame #n consist of only

baCkgrQﬁﬁ@gr%@n%Q”p@%%%t%s,aQ%et@?gﬁ%ﬁeyfﬁgé§§in %%gg&EQ%snggrchange.

Accordingly, the absolute value o i fferenc weén thé pixel val ues

'S 2l MagloaheTs najhie i8Lakhanany IRy 19 nAlS ey B1al LaRaade df gp, t he

pixel's. in frame #n-1 and frane #n-2 corresponding to the piX rbe!onging_
to thesampdeddaata 20dikafthiade the by xkhe vahaldsonar YhaoH,pg 44ehaum ni ng. '

portion 202-4 is "stationary" Since the pixels belonging to the covered::
backgredreélsarea in frame #n contain foreground conponents, the pixel 25
val ues thereof -are different fromthose of frame #n-1 consistinc 22
Sept enber 2006 codDbguration of each of the area specifying unit
103, the mixture-ratio calculator 104; the
fofégﬁbund/background‘séparator 105, and thé motioﬁ—bluf
adjusting unit 106 is described below. |
Fig. 20 is a block diagraﬁ illustrating an example of
10 the configuration of the area specifying unit 103. The area
| specifying unit 103 shown in Fig; 20 doés not use a motion
vector. A frame memory 201 storeslanginput image in units
of frames. When the iﬁage to be processed is ffamé:#n, the
ffame memory 201 stores frame-#n;Z, which is the frame two
15 frames béfore fréme #n, frame #ﬁ—lg which is éhe frame one
frame beforg f;ame'#n, frame #n, frame #n+1, which is the
frame onérframe'after frame #h, frame #n+2, which is the
frame two frames after frame #n. . | |
A stationary/moving determiniﬁé portionl202—l'réad5'the
20 'pixel Vaiue of tﬁe pixel of frame #n+2 Located‘atAthe_same
position as a désighated_pixel éf,frame #n-in;wﬁich the area
'tQAwhich-the pixel belcngs-is.deterﬁined, and reads thé_
.pixel value'of the pikel of frame vl loCatedlat_the same
;poSitiQn of the designated pixel of frame:#anrom the frame

25 memory 201, and calculates the absolute value of -the




stationary/ noving determ nation nmade for the pixels belonging to the m xed
area in frame #n and the corresponding pixels in frame #n-1 by the
“stationary/ noving determ ning portion202-3 is "noving". Wen the -
stationary/ noving determ nation result indicating "noving" is supplied from
the stationary/noving determ ning portion 202-3, and th o
stationary/ movi ng- determination result indicating "stQQE%WﬁwngP%isupplied'
fromthe stationary/ noving determ ning portion 202-4, as 10 di'scussed
~above, the area deternining portion 2Q03-3 determnes that the
correspondi ng pixels belong to a covéered background area. In Fig. 24,.in
frame #n in which the background is stationary and the anount of novenent .
v inthe | foreground is 15 4, the pixels contained in an uncovered o
backgr ofid L§reacar betvhensebondesdroiighl f vukuds pi Xeis fromthe left. Since-
the ampunt of novenent v.is 4, the second through fourth pixels fromthe
left inStRELISNBE¥GUENENIT dakerihnd ng dreal oo §2 - babkunmint:conponent s -and. -
bel ong tg %Ee bgckground area. In 20 frane #n+2, which is subsequent o
to. frand8hRPT the eREohdte nYaligh eburth i ktrergomativedrefithecont ai n onl y

- background ,conponents_and bel ong. to the background. area. Since the . .
obj ect Eﬂiﬁélsﬁgﬁ‘dfe ngtt BT ERR -‘g‘é%%g?%n‘izp‘? PLER AtV i thrans ¥+ val ue of

t he secopd_pj fromthe 25, left in fr . #n+2_ does.not change from-the
- pi xe v'ggygp%)%%ﬁ;@ae%t%n%lé‘?é%'f)o@l:e%g?iﬁje' sédond gisxseteramiede | ef t- in
frame #Eﬁ&t §%81éff%grence is greater than the thfeshold}Th, a - -

stationary/moving determination indicating "moving" is
Supplied to an area determining portion 203—1; If it.is-
determined that the ébsblute value of the difference between

10 the pixel value of the pixel of frame #n+2 and the pixel
value of the pixel of frame #n+l is smaller than or equal to .
the threshold Th, tﬁe'stétionarY/moving'determininé portion .
2ﬁ2—1 supplies a stationary/moving determination iﬁdicating
"stationary” to the area determining portion 203-1.

15 A stationary/moving'determining'poftion 202-2 reads the,
pixel value of'a designated pixel of frame #n in which the
area to which thé pixel belongs is determined, and reads the
piXel~value.of the pixel of frame #n+l located ét,fhe séme
position_as the designaﬁed'pixel of frame #n froh the'frame

20 memory 201, and calculates the absolute value of the
difference betWeén the pixel values. The.Stationary/méving

',determihing portion 202-2 determines whether the absolute |
value of the.diffefence bétween fhe pixel value of frame |
" #n+1 and the pixél value-of frame #nriS‘gréater.than a

S 25 preset thrgShold Th. If it is determined that the absoiute




-the pixel value of the third pixel fromthe left in frame #n+2 does not
change fromthe pixel value of the third pixel fromthe left in franme
#n+1, and the pixel value of the fourth pixel fromthe left in frame #n+2
does not change fromthe pixel value of the fourth pixel fromthe left in
frame ffn+l. That is, the pixels in frame #n+l and frang #n+2 '
“corresponding to the pixels belonging to the uncovered ZI6PEIERABUnd ar ea

~in frame #n consist of only background conmponents, and the pixel :

Accordingly, the absolute val ues thes@of do not change. value of the
di fference. between the pixel values is alnost 0. Thus, the
stationary/noving determ nation nmade for the pixels in frane -#n+l and

Cfrane et % £O LSRN0 IS, X B RENANOLIG LQ Lhe fllxed area i

frame #n e stationary/ noving determni'ng portl

- Stati onaty " the - il dUih 1S Pl Yes, 8001 0,19, R (WIGOK IS, Packgr ound

. ! 8n :
‘area- in frame #n contaln foreground conmponents, pi X “val ues

 ther eofs it £k i eranty HPM {NASEAN f AP L8O kelhig gl only

background conponents. Accordingly,. the stationary/nmoving erninatioh
made f qiorttieomi2Ed-st arkelLNgirg Q:i%tfeﬁﬁli@ﬂi)h%dg)%rr%ﬁoh” ohrane #ﬁtfg@@ the
a g .

.corresponding pixels in franme.#n+l by the stationary/ novin

det &r mi id niptePOIddDERA2-thd SbsAVtRIvalde SePtrarben £2008nze108 Wien the

stationary/ noving determ nation result ' :
between the pixel value of the pixel of frame #n{}‘and the
pixel value of the pixel of frame #n is smaller than or
-equal to the fthreshold Th; the stationary/moving determiﬁingr
.portion 202-2 supplies a stationary/moving determination

..10 indicating "stationary" to the area determining portion 203-

1 and the area determining portion 203-2.

A stationary/moving detérmining portion 202-3 reads the
pixel value of a designated pixel of frame #n in which.the
area to which the pixel bélongs is determined,tandlreads.thé

_15' pixel value éf the.pixel of frame #n-1 located at tHe_samé
.pdsition as the designated pixel of frame'#n from the frame
‘mehdry 201, and calculates the absolute value of the
‘diffgfence between_the pixel values. The statiohérY/moﬁing
.détérminihg'pértion 202-3 detérminés whetherﬂtﬁe abéoiute

'-f20.VValue_ofwthe difference between the pixel_value.of frame #n
and the pixel valué Qf fréme #n-1 is greater than a preset
th;eéhpld Th. If it is &etermined that the*abéolute value
_of the difference between the'pixel-values is-g:eatgi.thaﬁ'

the threshbld,Th, a stationarY/moving determination“

253 indicating "mbving" is supplied to the area determining




i ndicating "noving" is supplied fromthe stationary/noving determnning
portion 202-2, and when the stationary/noving determnation result _
indicating "stationary" is supplied from the stationary/moving determ ning
portion 202-1, as discussed above, the area determning. portion 203-1 .
determ nes that the correspondi ng pi xels belong to an uncovered background
area. Fig. 2Sillustrates determination conditions in fﬁ%ﬁﬁ$mfﬁeﬁwoﬁade by
the area specifying unit 103. Wen the determnation. result for the pixel
inframe #n-2 |located at the sanme i mpge position as a designated pixel in
frame #n to be processed and for the pixel in frame #n-i |ocated at the

sanme position as the designated pixel in frame #n is 15 stationary, and
nated pixel in frame #n and the

E?igltrﬁogﬁgﬁéﬁgﬁg%gﬁggéfggl%FEELggggﬁggghggepﬁé§ﬁﬂpoﬁ0553theIﬁeétgnated

 Phetpi ke PRl oY P ePEaTiPE 58T 0n 26 Backy: sinerrea: Vien the

ocat ec ot "eha SambiaL, AR RS, the BIRET P8 hrmel o fend ke #n |5 and

Tocat e bt Tt heTb0e P nche kel P n P EaRE B F i e [ gien o 12T 1
5 equal to the threshold Th, the stationary/moving détermining

portion 202f3 supplies a stationary/moving determination
indicating "stationary" to the area determining portion 203-
2 and the area determining portion 203-3. |
A stationary/moving‘detérmining portion 202-4 reads the
10 . pixel value.of the pixel of frame #n-1 located at the sanme
position ‘as a designated pixel of frame #n in.which the area
" to which the pixei belongs is determined, and reads the
pixel value of the pixel Qf‘frame #n-2 locafed at the same
pOSitiop as,thé designa;ed'pixel of frame fin from the frame
15 mémory.201, and calculates the abéolute value of ‘the
'difference betWeen the-piXel ﬁalues. The stationary/moving
'determinipg portibﬁ'202—4‘detefmines whethér the absolute
value of the»differenge‘betweeﬁ the pixel value of,frame #n-
| i and th§ bixel Vélue of frame #n-2 ‘is greéter than arpreset
'-__‘;0. threshold Th. If it is determined‘that:the.absolUté value
. of the difference.betWeen the pixel values is-greater-thénn
the threshold Th/‘a stationary/moving dététmination. |
ihdicating."moying“ is supplied to the area defermining
portion 203-3. If it is-détérmined that the absolﬁte valde

25 of the difference=betWéen the pixel value of the pixel of




22 Septenber 2005 - 109 position as the designated pixel in frame #n'is-
stationary, the area specifying unit 103 determ nes that the deS|gnated

pi xel in frame #n: belongs ''to the statlonary area. \Wen. the

determ nation result for the. pixel in frame #n and the pixel in frane
#n-1 |l ocated at the sane inage position as the designated pixel in frame, #n
is noving., and when the determ nation result for.the 33iSeatempber 200@me #n
-and the pixel in frame #n+l |ocated at the sane inmge position as the
designated pixel in frame.#n is novi9tg,- the area 10 specifying unit 103
-determ nes that the designated pixel in frame #n belongs to the noving
_area. Wien the. determination result for the.pixel in frame #n and the

ixel iedalladn-nhdl 0681 A1 109,808 LIBOB1eROSH £OU Ao 405 dgsignat ed

pixel in frame #nis ﬁDVI and erm nation’'resu

pi xel @aaﬁq@@etﬁaslokogahsg g the pArEshamaesosihion as the designated

pixel in frame #n and the pixél in frame #n+2 ['6cated at inmage position as

. the degitgrabed piwekihg HeaEBmE AN, Sﬁé&tgeﬁryoz%l%éﬁﬁﬁ%@%' fying unit 103
determines the sane S that the 2% desi gnat ed pi xel rame #n bel ongs to

an uncevetednlagkeboung akearmikh@son26Adt Baeugh 26Dxtlbnstyat g;exanples.
of the area determ nation results obtained by the area speC|fy|ng unit -

-5 'the area determining portion 203-3.

When the stationary/moving determination supplied from
the stationary/moving.deterﬁining portion,ZOZ—l indicates
"stationary" and Qhén the stationary/moning.determination
supplied from the stationary/moving determining portion 202-

A0 2 indicates "moving"”, the area deternining portion 203-1
determines that the designated pixel of ftame #n belongs tol
an uncovered background area, and sets "1", which indicates
that the designated pixel belongs‘to_an uncovered background
area, in an uncovered-background-area determinfng flag

| 15 associated with the designated pixel.

_ When the stationary/moving determination supplied from
the stationary]moving determining poft;on'ZQZ—l indicates
"moving" or when the stationary/moving determination
suﬁplied fron thé étationary/moving detérmining.portion 202-

20 2 indicates "stationary", the area specifying unit 203-1
' determines that the de51gnated pixel of frame #n does not
belong to an'uncovered background areaf‘and sets "0" ‘which
-llndlcates that the de51gnated plxel does not belong to an
uncovered background area, in the uncovered—background—area

_25’_determ1n1ng flag assoc1ated with the de31gnated pixel.




©103.. In Fig.. 26A, the pixels which are deternined to belong 25- to a
covered background area are indicated in white. In Fig. - 110 - 26B, the

pi xel s which are determ ned to belong to an uncovered background area are
cindicated in white. In Fig. 26C, the pixels which are determ ned to bel ong
to a noving area are indicated in white. In Fig. 26D, the pixels which are
deternined to belong to a stationary area are indicat&dSepfeRpare 8% Fig. 27
illustrates the area information indicating the nixed area, in the form of
an i mage, selected fromthe area infgrmation output fromthe : -
determ ning-flag-storing frame 10 nendry 206. In Fig. 27, the pixels which
-are determned to belong to the covered background area. or the uncovered
background area, i.e., the pixels which are determined to belong to the,

m xed area, e drRH cHtedmiiming tortieen &0l isvicpriiwmtsi ahei ndi cating t he

m xed area output fromthe 15 determ ning-flag-storing frame nmenory 206

" desi gnatR@SoYpeednr @i Erwnd e a Hie ol roviny qg-ra Whebatur'd. "swr ounded by
t he porﬁ&gns w thout a.texture in the foreground area. The area

speci fyi Ng. 1Protesdt Myt FEtToihetP Be tHe ardet apeid g1 agnistoriad s.
describgd below with reference to the 20 flowchart of Fig. 28., In step
5201, t E@T?eﬁﬁ@?ﬁ#nﬁ@g201 obtains an inage frame #n. JIn step of frame
#n-2 through.,.frame #n+2 i.ncludi,ng S202,. .the'. stationary/novi hg determn ning
por%ion 202-3.°"de §rﬁtﬁ§§oﬁﬁ€¥ﬁggvPH€ GELEFFiRatigh supblied from o

the.stationary/moving determining portion 202-2 indicates
',fstationary" and Qhen the stationary/moving determination
'1supplied from the stationary/movingldetermining-portion 202-
3 indicate "stqtionary", the area determining portion 203-2
10 determines that the designated pixel of frame #n belongs to
the stationary area, and sété "1", which indicates that the
.pixel belongs to the stationary area, in a statioharyférea
detérmining flag associéted with the designated pixel.
When the stationary/moviﬁg determinatioﬁ éﬁpplied-from
15 the stationary/moving determining portion 202-2 inaicates
:“moving" or when the stationéry/moving determination
supplied from the stationary/moving determining portion 202-
3 indicate "moving", the area determihiné pgrtion‘203—2
détermings that the‘desighéted‘pixel of fraﬁe #n dOes;not-
20:_belong to‘therstationary area, and sets "0", which indicates,‘
'rthat the pixei does not’beloﬁg=to the stationary'afea, in
the stationary-area determining flag associated with the
designated pixel. | |
The area determining pdrtion 203-2 supplies the

:”25 staﬁionaryfarea.detérmining flag in which "1™ or "0" is set




result for the 25 ' pixel in frane #n-1 and the pixel in frame' #n. | ocated
at the 22 Septenber 2005 sane position is stationary. If it is determ ned
that the  determnation result is stationary, the process proceeds to step
S203 in which the stationary/noving determning portion 202-2 deternines
whet her the determination result for the pixel in frame_#n and the pixel in
frame #n+l located at the sanme position is stationary?22Periepbe €003et er mi ned
~ion step S203 that the determnation result for the pixel in frame #n and
the pixel in frame #n+l |ocated atl®he-sane position is stationary, the
process. 10 proceeds to step S204. In step S204, the area determ ning
“portion 203-2 sets "1", which indicates that the pixel to be processed
- bel ongs. ot a:LhEsSEAl LBBALY toaLRR. dbRoHhEnshal FRRAL Y Gr £y delsfdri ning flag
associated with the pixel to be processed. The area determ ning portion
203- 2 gdpBlhesotthe 15 stationary-area determning flag to the _
determ ning-flag- storing frame nmenory 204, and the process proceeds to
- step S205.whén thel St&eiSidd Patbiih$tePShatint e 1delersFopati on
result for the pixel in frame .ft-Land the pixel in frame #n 20 |ocated at
t he samBepesktioNary/mbOVh§TdeBErhinihgi Sodeien maed i thetep&203 that the

- determnation result for the pixel in frame #n and the pixel in frame #n+

| ocat edmatrintfHeasdnehpasthé onta 10wyt phnotheg piaied cmiro thiespr ocessed does
. not -belong to a stationary area. Accordingly, the ' ‘ :
, supplied Erom the stationary/moving determining pprtiqn_202—
3 indicate "méving", the area determining portion 203-2
determines that the designated pixel of frame #n belongs-to
the moving area, and sets "15, which indicates that the |
- 10 designated pixel belongs to the moving area, in a moving-
area deteﬁmining flag associated with the designated pixel.
Whén the stationary/moving determination supplied from
the stationary/moving detérmihing‘portion 202—2'ihdicates
”Stationary" or when the stationary/moving determination
i5 supplied-froﬁ the stationary/moving determining portion 202-
3~indicaté'"stationary", the area determining portion‘203{2
determines that the désignatedlpixel,of frame #n does-not
belong to the moving area, and sets "0", which indicates
that_thé pixel‘does nof'bélong to- the moving areé, in the
iZQ moving—éfea detefmining flag associated with the désignated
.éiXel. |
The area detefmining'pdrtion 203-2 supplies the moving~
area determining flag in which‘"l" or "0" is sét as
discussed_above,to:the determining-flag-storing ffame_memory

25 204,




25 processing of step 5204 is ski pped, and the process proceeds 22
Septenber 2005 112 to step 5205. In step S205, the stationary/ noving

B determ ning. portion 202-3 determ nes whether the determ nation result for

.the pixel in frame #n-1 and the pixel in frame *n |ocated at the sane

"position is nmoving. If it is determned that the deter ion sult is
- noving, the process proceeds to step 5206 in which t hé SF@F.%H&@ / movi ng

“determ ning portion 202 2 determ nes whether the determination result  -for
the pixel in frame #n and. the pixeli1on frame #n+l located at the sane 10

"r_position is noving. If it is determned in step S206 that the determ nation

result for the pixel in frame #n and the pixel in frane #n+l |ocated at
roces roceeds to step 5207. In step

the sane po MOV, N th

5207, the a?%%%%gEerrﬁ?ﬁ?ﬁéﬁﬁﬁ%fﬁéylﬁgi uindion sunidiiad ifrencat es t hat

‘. 8259Phxﬁtﬁé,g%?%%%%%iﬁ? s e Prd oo f i G D actsvnth o e ar ea
 doterm et o Fen SRR LS5 MR EPUMSRLY SR RS pr oceeds to-

Tor the el o LS S Wrﬁé’vﬁ?@?%éi‘raﬁén“%wd“ BBt 42 he sane:

for. the pixel in franme #n- '.and e pi xe

' ]|908|5t| of isdbéatd ONAYEidHartP" | ehS LR AMSINEGH AP ZL5R o BRRIxel In.
rame
‘ determines_that the designated pixel of frame #n belongs to

a covered bacﬁground-area, and sets "1", which indicates
that the designated pixel belongs to the covered background
drea, in a covered background-area determining flag
‘ 10 - associated with the designated pixel.
When the stationary/moving-determinatioh supplied from
the stationary/movingldetermining portioh 202-3 indicates
statlonary" or when the statlonary/mOVLng determlnatlon
. supplled from the statlonary/mov1ng determlnlng portlon 202~
15 4 1nd1cate movlng", the area determining portion 203-3
determines thatlthe desighated pixel. of frame #n does not
belong to a covered background area; and sets "0, 'whichA
1nd1cates that the de31gnated plxel does not belong to a
' :covered background area,'ln the covered- background-area
'2Q, determlnlng flag assoc1ated w1th the de31gnated plxel
The area determln;ng portion 203-3 supplles the
covered background—area determlnlng flag in whlch i or ngn
is set as dlscussed above to the determlnlng flag storlng
‘frame memory 204.

25 ‘: - The determining~flag—storing frame memory 204 thus




-, S206 that the determnation result for #n and the pixel in frame #n+l1

| ocated at 22 Septenber 2005 - 113 "the sane position is stationary,. the
‘pixel in frame#n does not. belong to a noving area. Accordingly, the ‘
processi ng of step S207 is skipped, and the process proceeds to. ‘step S208.
- I'n step 5208, the stationary/noving determ ning portio 5 202- et ermi nes
~whether the deternination result for the pixel in frang%ﬁ?@agﬁﬁg9%% pi xel
in frame #n-1 |located at the sanme position is stationary. If it is

. determined that the deternminationré84lt is stationary, the process
proceeds  to step 5209 in which the stationary/noving determning 10
portion 202=3 determ nes whether the determ nation result for the pixel in

frane #tokean@nkh@npb¥elkelnphERERoHAd-hoeat BdtatniRengapp position is
"nmoving. If it.-is determned in Step S209 that the detérm nati.on result for

‘the pixelppiln b @¥en#Rnhd apdat Retpinehihg HHafBo#N20351) oggied at the sanme
position is noving, - the process proceeds to step 5210. In step S210, the .

©area detetfoniarg-peehi aate2R3n3ngetsaglsupphich Fhdhcehesathat the pixel
“to. be processed belongs: to a covered background. area, in the -
cover edeltarignangdpareaode8BALNi bhef hagingsaceat édtaihnihe 2pi xel to be
~ processed. -The area determ ning portion 203-3 supplies the
. cover edupadigdodndmatka deeerdehengifiiag porthende®er2y namg-fHeag- st ori ng
- frame nenory 204, and the process. proceeds to step 5211." The area
| deternFﬁWﬁgegobapbgrgeedsarea defermining flag supplied;from the
érea'determining portion 203-3.
rlThé detefmining—flag—stofing frame memory'204 suppliés
_the‘ganvered—background—area determining ‘flag, the

106 - Stationary—area determining flag, the'movingfarea
detérmihing flag,-and‘the covered-background-area
.dete;miﬁing flag.sﬁored.therein_to a_synthésizer 205. The
.Asynthésizer 205 generates area information indicating to
which of the'qncovered background area, the‘stitionary'area,'

15 . the moving area; or the covéred background area each pixel -
‘bélongs baégd=én the uncoveréd—background—area détermining
:flag,'the stationaryﬂarea determining flag{ the'ﬁoving~area
déterm;ning flag, and the coVered;background—aféa ‘
determining flag supplied ffom_the déterminihg—flég~stbring

20 Lf?émé-meﬁorfiéo4,'and su@?lies the -area information,to a
detérminihg—flag—storing:fréﬁe méméry 206.
 Tﬁe'deterhining—fiag—storing frame memory 205 stores.
the ared_ihformatién suppiigd from the synthésizer 205, and
'.alsé'outputs_the.area'information_étdred‘therein..

25 ' j.An‘example of the processing performed by the area




suppl i es the covered-background-area determning flag. to the 25
determning-flag-storing franme nenory 204, and the process 22 Septenber
2005 - 114 proceeds to step S211. If it is deternmned in step S208 that. -
~the determination result for the pixel. in frane #n-2 and the pixel in
frame #n-1 located at the same position is noving, orﬂf'ig Ls2§
determined in step S209 that the pixel in frame #n-1 aid CR&EBiXS in
~franme in located at the sane position is stationary, -the pixel in frame #n
- does not belong to a covered backgroypd area. Accordingly, the processing

of step 5210 is skipped, and the process proceeds to step S211. 10 In
step: S211, the stationary/ noving determ ning porti-on 202-2 determ nes.

. whether the determ nation result. for the ixel in frame #n and the pixel -
Cin frangPRRMEYIoe iRt ak03 hes denrr idrd thokpw svildvireferndndg tics det er ni ned
. in step,.S211__that the determination result is nmoving, the process 15 -

 proceedsl¥®: 41 elEZFN 4P which the stationary/ noving det ernini ng. porti on

-202-1 deter_ipes g?etggr. he determination result for the pixel in frame
#n+l and the "Bt &€ O8I o a e TR FP PG R%e FOat bEnE cE8RE OpBS £Fon i s ,
~'stationary:. 20 it is.determmned .n step 5212 that the determ nation
resul t q?‘%%?‘ﬁb '%)%(éfosiln%lf%r%im#ﬁ%ﬁ S 1€ iSaRond o dive thegn+2 | ocated at
t hecsang, itl i tionary, t rQcess roceeds to.step.5213. In
5 r%é!)@ﬁ drpr\:ﬂédssc%r%e!n %%%41%.1{) =] f&?— frglg[te_ n %51 w@h.lni ndi Cat'es-

step 5213, the area determ ning “por tion S
- that the: gl xel, (hdeyP RGN (041429 2ackground area,

rthé-pésition indicated by Ynkx, ¥) in frame #n is‘positiohed
at Yn+1 {x, v} in frame #n+1, whiéh is subsequent to framé fin.
‘ A modél obtained by expanding in the time direction the
10 pixgl values of the pixels aligned‘éide-bymside in the
‘moving direction of the image Correspoﬁding td‘the
.iféféground‘object is_shown in-Figp 24, For example, if thé
mbving direction of the imagé corresponding to the  | :
- foreground Obiect is horizontal with respect to the scréen,
| 15 the model shown in Fig. 22 is a’modei obtained by ekpaﬁding
in the time direction the pixel values of the ?ixels : | |
disposed on a line"sidefby;side. | |
In Fig. 22;-the‘line.in fraﬁé #n is éqﬁal to_the iine
in frame #n+1. | | .
20 The foféground components corfespohding to the object
cdntained'in thegsegbnd bixelrto the*thirteeﬁth pixel from
: the'left.in frame_#nare.contained.in the‘éix£h pixe1- |
through the seventeénfh pixel ffoﬁ the'léft-innfréme#n%l.-
In fféme #n, thé pierS-Egiohging to the covered |

23 'backg;dund area are ‘the élé#ehtﬁ-through thirteenth pixels-




.'- 115 uncover ed- backgr ound- ar ea deternlnlng flag associated with the pixel
“be processed. The area deternining portion 203-1 supplies the
uncovered background-flag determning flag to the. deternlnlng.flag storing
- frame nenory 204, and the process proceeds to step S214. it is
‘determined in step 5211 that the result for the pixel % frag? #n and. the
pixel located at the same position is stationary, or Z2’FEPEPRFFEYP in step

©..S212 that the determi nation determination in frane #n+1 if it is . result

~for 10 the pixel in frame #n+l and the pixel in frame #n+2 is noving, the
~pixel in frane #n does riot belong to an uncovered background area.
~Accordingly, the. proCessing Of "step 5213 is skipped., and the process

. : .
Getor nhe 5Bt RePReraniorive i“aﬁvi?ﬁg‘i‘%ﬁ%ﬁpgﬁ b irtare

f |
frane, Ja kpboubl afed A ELTHRE aég?ﬁdt e 2R8E° FBePhoP 1BBLe BhEG302, Bnd 1he

-~ area spgei {¥kng pfgc§§§$€ h§1repﬁ@tﬁgxgggoége?ﬁgfﬁﬁntgg Q%xe!s 20 If.it

hrls determned In step t hat e areas a e pixel's in frane #n.
are spegibied, ba@l@g%&?§5§r@£0§§§d§het91§t88nﬁ1§1§hrou step 5215, the

- synt hesi zer 215 generates area Information |cat|n t he m xed. area based
- ongt hesé'ﬁ@ﬂﬂ@éleﬂl Q@?}k@IQUﬁﬂoﬁr@@e dﬁéﬁf m ahaguflé aiglaaﬂs ther sQyehgd-
- to the uncovered background area. are the sixth through
eighth pixels from the left.
':In the example—ehown in Fig. 22, Since the foreground
"components contained in frame #n are moved by four pixels in.
10 frame #n+1, the amount of movement v'is 4. The number of
virtual- lelded portlons‘ls 4 in accordance with the amount
of movement V.
A descrlptlon is now given'of,a7change in pixel values
of the pixels belonging to the mixed_area in the frames
15 ©before and'after a designated frame.
-In.Fig.723.'the”pixels.belongingrto a covered
: background area in - frame #n in whlch the background is
-‘f statlonary and the amount of movement v in the foreground is
4 are the flfteenth through seventeenth plxels from the left.
20 Since the amount-of‘movement v is 4{ the‘flfteenth through
seventeenth framee from the left in'the previoue_frame;#n—l
contain only bactgr0und components and beiong to the
v.background area. The flfteenth through seventeenth plxels
from the. left 1n frame #n 2, whlch ‘is one before frame fn-1 ;

"25_,conta1n only background components and belong to the




25 background-area determning flag stored.in the determ ning 22 Septenber
2005 flag-storing frame nenory. 20.4, and al so generates area infornmation
~indicating to which of. the uncover ed background .area, the stationary .

. area, the noving area, or the covered background area each pixel bel ongs,

- and sets the generated 5 area information in the determning-flag-storing
frame menory 206. The processing is then. conpleted. AL2 &F@E% above,
the area specifying unit 103 is .capable of generating area |nfornation
indicating to which of the noving.ajga,_the stationary area, the uncovered
10 background area, or the covered background area each of the pixels
'Lcontained'in a frame bel ongs. The area specifying unit 103 may apply

| ogi cal 0 - the area information corresponding to the. uncovered

backgr AT %f%%n%nareae area information corresponding; to 15 the covered

background area s s to generate area information corresponding to the
m xed area, ?Fé’r? r?%? SRS SR SrordihorPadisiatnidhdg sof 1 ags

: ;PSLC?L%@?%%%?%F% e Lo o Thpd nE f SR b el SO the
onl LR R A Rl R S J‘eii?%%owmtﬁit&fﬁeégf o area 0
e g s, S8 bl dp et Llpen (G b aren,
- and OUtﬂHEEbﬂﬁgi value of the 51xteenth plxel from the left in -
L frame #n—l does not change from the plxel value of the . |
51xteenth plxel from the left in frame fin-2, and the pixel
' value of the seventeenth ‘pixel from the left in frame #nfl
fb does not. change from the plxel value of the seventeenth
'-plxel from the left in frame #n-2.
| That is, the plxels in frame #n~l and frame #n-2
jcorrespondlng to the plxels belonglng to the covered
. background area in frame #n consrst of only background
15“components, and the pixel values thereof do not change
:Accordlngly, the absolute value of the differerice between‘
‘the plxel values is almost 0. Thus, the statlonary/mov1ng
determlnatlon made for the pixels. 1n frame #n 1 and frame
‘#n—2 correspondlng to the plxels belonglng to the mixed area
20  in’ frame #n by the statlonary/mov1ng determlnlng portlon
202-4 is. statlonary
| Since-the plxels belonging-to3the COvered background
-.area in frame H#n contaln foreground components, the plxelr
values thereof are dlfferent from those of frame #n 1

.25 consrstlng of only background components. Accordlngly, the




22 Septenber 2005 - 117 area . information indicating the stationary area as
the area information indicating the background area. The enbodi ment has
been. descri bed, assuming that the object corresponding to the background is
~stationary. 5 However, the above-described area specifying processing can
- corresponding to the; background be applied even if the image area contains
~motion. For exanple, if the image corresponding to the:%é@W@WBﬁﬁﬁxhrea is
uni-formy noving,. the area specifying unit 103 shifts the overall image in
10 accordance with this notion, andlpérfornms processing in a manner . simlar

-'-to the case in which the object corresponding to the background is

stationary. |If the.inmage corresponding to the background area contains

tocal xétdatflfoarae@;t/mwmanaetfettﬁuamgﬁpﬁgutey'fBQ 4Rt 1,513 sel ects the pixels

15 corresponding-to thé notions execut es t he above- “descri bed

_prOcesﬁem@nglﬁbgtoz%hbsmﬁxgboﬁbeg'@ﬂr§¥hhbl§§t%%h!@ﬂ can exanple of ‘the
configuration of the area specifying unit 3. The area speC|fy|ng unit 103

:-'-'.shovvn i ridegpoddidgepiRel susa &rARb @A-1. B a6t %atéoﬁsfg%eb'ﬂﬁ‘ | mage
gener ator.-301 generates a background i nage corresponding to an i put i mge,
and sdpfkeirednthg gemeiahedobagkgesoundvifgge to a binary-object i mage

- extractlng portion 302.. ‘The background i nmage

5 | When the statlonary/mov1ng determlnatlon result
ihdicatlng "mQV1ng" is suppl;ed from the stationary/moving
determining portion 262—3, and-when the-stationary/moving;
'determination result indicating."stationary“ is supplied.
from the statlonary/mov1ng determlnlng portion 202 4, as

10, dlscussed above, the area determlnlng portion 203-3
determines. that the correspondlng plxels belong to a covered
‘background area. |

7 In Fig. 24,71n frame #n in wnich-the background is-
_stationary and the amOUnt of movement'v in thesforeground is
‘..15 ‘4, the plxels contalned in an-: uncovered background area are
~ the second through fourth plxels from the left. Slnce the .
amount of movement v. is 4, the second through fourth piXels‘
from the left in the subsequent frame #n+l contain only -
background components and belong to the background area.‘ In
.20 frame #n+2 ‘whlch 1srsubsequent to. framel#n+l the second :
through fourth plxels from the left contain only background
components and belong to the background area.
Slnce the obgect correspondlng to the background is
V_statlonary,othelplxel.value-of the second_plxel.from_the |

25  left in frame,#n+2'does not change from the pixel value of




generator 301 extracts, for exanple, ~an i mage object 25 corresponding to a
background: object contained in the input - 118 inmege, and generates the
background i mage. An exanpl e of a nodel obtained by expanding in the tine
direction the pixel values of pixels aligned side-by-side.in the noving

direction of an image corresponding to a foreground obj.e I in
Fig. 30. For exanple, if the noving direction of the i2%§%$%%§?§§%%ﬂding to

~the foreground object is horizontal with respect to the screen, the nodel
shown in Fig. 30 is a nodel obtained py expanding the pixel values of

pi xel s di sposed side-by-side on a single 10 line in the time domain. In

.Fig. 30, the line in frane #n is the sane as the line in frane #n-1 and the
: Iine“in”Lrane #n+l . I n frame #n, the foreground conponents corresponding to

the obj &6f E6APAFNBE*FH fReMsFie hleht otyhiBanentetht h pimelarlgs from t he

| eft ar ontained in the second, through thirteenth pixels fromthe left in
“frame #§P§ %%ée r &8 P%oogoﬁ?%ﬁ%H¥¢¢P1¥%hef¥%%thh%h¥%@@hMPW@ﬁW@first'pixm

covered 3b? BAERGPOENEaTea CFETiHE T Bueh: TRAHE GUBH R F RN IpTXel 5 25
are the SeRon® LhY Stigh" PN Bk ST GHS oHE BTALNh 45 i i, the.
 Phrough e B s e R R A e o aEongi ng to the
' QnC9V§rﬁ£bm the pixel Value;of‘the fourth‘pixel from the left in

~ frame #n+1. | | |
That is, the pixels in frame #n+1 and fraﬁe #n+2
corresponding to the pixels belonging to the uncovered

10 background area in frame #h ﬁonsist of only backgroundr

-Components, and the pixei values tﬁereof'do'not change.
.Accordingly,.the absolute value -of the différence.between
thé pixel vglues is;almoét.operhus;'the stationary/moving
‘determination-ﬁage~fof the pixéls in fraﬁéf#n+f-dnd frame
';5 #n+2 corresponding téithe~pixels belonging to thé mixed area
in frame #n by the'statidnary/moving detefmiﬁing portion
"202-1 is."statiéﬁaryi; | o
Since thepixéls'belongipg“téthe.uﬁcoveréd backgrouhd.
area in framé #nicqﬁfain fogegfound componehts, the.pixel

ZQ Valuesrthereof are'difféfeﬁt:from thpse of'frame #n+1

,conSiéting 6f only BaCkgrQﬁndfcémponents. ‘Acéo;dingly,.the
;statidnary/mojing déte:minatiénfmadé for the piXéls | ﬂ
:belonging to the‘m;ieﬁ aréé iﬁ frame‘#n and the
.corﬁeSponding pixéls in-framel#nfiby the-stationary/moving'

. 25 determining.portion 202-2 -is "moving".




,-background area‘are the 5|xth through eighth pixels fromthe left. In frange
#n+l, the pixels belonging to the covered background area are the
ntneteenth through twenty-first pixels fromthe left, and the pixels

bel onging to the 5 uncovered background area are the tenth through. twelfth

In frame #n-1, the pixels belonging to the background ;Q%%aeag h first
pi xel fronlthe |l eft, and the fourteenth through twenty- 1°F plxe s: from
the.left. In franme #n the 10 pixels belonging to the background area are
the first through fifth pi xel s fromiBhe |l eft, and the eighteenth pixels
fromthe left. through twenty-first pixels fron1the left. In frame #n+l
‘through ninth pixels fromthe left. -the pixels belonging to the background

rarea are th@hkhr%helét%@r%ﬁ%%?/ﬁo@in?hEetégﬁ hayRd,i page; corresponding to
the exanple shown in Fi-g. 30 generafe e bacEground i mage generat or

301 is miMsnd thdi'Godhg The %%Jpq&@an%o%ﬁ%e G Sh {m&b‘i‘n Xe' S

" correspondi ng to.the background "object; and does not contaln
conponety s o iReEp Piitie G odeechan 3dn @h@a@raetab%&y/ﬂagﬁngased on the

- betvieen the background supplies the generated generateS a to the
~ foregr mmmlonmeammanymmamha W&g@t&bhra%@'t“l ng BAppi 983302
_5‘ from the statlonary/mov1ng determlnlng portlon 202- 1, as
-:dlscussed above, the area determining portion 203-1
'fdetermlnes that the correspondlng plxels belong to an
"_uncovered background area.
Fig. 25 illustrates determination conditions in frame
10 #n made by the area soecifying unit 105. When the
determination-result for the pixei in frame #n-2 located at
the same Image position as a designated plxel in frame #n to
be’ processed and for the pixel in frame #n-1 located at the
same posltloh as the designated_pixel'in frame “#n is
'.15 stationary, and when the determination result'for the
.deSignated pixel in frame #n and the pixel in frame #h—l
located at the same 1mage pOSltlon as the de51gnated plxel
"1n frame fin is mov1ng, the area spec1fylng unit 103
-idetermlnes that the plxel in frame #n+l- belonqs to a covered
2p ‘background area.
,When the determinatioﬁ_resuit_for the pixel in frame‘#n‘
.and the pixel in frame #h—irlocated-at the same image
eposrtlon as the de51gnated plxel 1n frame #n 1s stationary,
and when the determlnatlon result for the plxel 1n“frame.#n

25 'and the plxel in frame #n+1 located at the same lmage




i mage and the input ‘bi-nary object inmage correlationinmge, and to a tine
change 22 Septenber 2005 -. 120 Fig. 32 is a block diagramillustrating the

~configuration of the binary-object-inmage extracting portion 302. A

correl ation-val ue cal cul ator 321 calcul ates the correl ation between the
background i mage supplied fromthe 5. background. |nag%2 enprg %01 and
the input image so-as. to generate a. correlation val ug” aha" ﬂ%%? es the
generated correlation value to a threshol d-val ue processor 322. The
correl ati on-val ue cal culator 321 appjég®s_equation (4) to, for exanple,
3x3- background i.mage bl ocks having X4 10 at.the center, 3x3-background

corresponds to as shown in Fig. 33A and to, for exanple, inmage bl ocks"

havi.ng Y4 a er _whjch  the background i mage bl ocks, as shown in

t he t
g 33%05%{ae?%bi‘/sce'faﬁl%u@%%+%@a%e‘%oﬁ’+’é¢]at*’6an%§%0¥“"@WW”° va. e
(Xi |

x%ﬁe area ggec1fy1ng unlt 103 determlnes that the de51gnated
-.plxel in frame #n‘belongs-to the statlonary area.
When the determlnatlon result for the pixel in frame #n
5 and the plxel 1n frame #n-1 located at the same image
‘position as-tne‘desrgnated pixel in frame‘#n is moving, and
_When the»determination result:fordthe pixel in'frame #n and
the pixel in frame #n+l located at the same image pOSltlon
as the designated plxel in frame. #n is movrng, the area
10 specrfyingVUnit7103 determines that the designated pixel in
| frame #n belonds-to‘thelmoring area. |
When the. determlnatlon result for the pixel in frame  #¥n
and the plxel in. frame #n+l located at the sSame 1mage
'p051tlon as the desrgnated plxel in frame #n is moving, and
: 15 when the determlnatlon result for the plxel in frame #n+l
located at the same 1mage posrtlon as the de51gnated plxel
.1n frame #n and the plxel in frame #n+2 located at the same
‘ 1mage p051t10n as the de81gnated plxel in frame #n is
'statlonary, the_area spec1fy1ng unlt 103 determlnes that the
20.'designated-piiel};niframe #n'belonga'to an nncovered.'
 ‘background area. - H |
Flgs 26A through 26D 1llustrate examples of the area
determlnatlon results obtalned by the area spec1fy1ng unlt
"103. In Flg 26A. the plxels whlch are determlned to belong‘-

25 to a covered background area are lndlcated in whlte - In Fig.




15 Correlation value = i.=0 i =0 202 (Xi - X) 2 (Yt - Y)Y 1=0i=0 .(4)
(5) Y =.9 The correl ation- val ue cal cul ator 321 supplles t he correlatlon
val ue cal cul ated for each pi.xel as discussed (6) 20 above to the

t hreshol d-val ue processor 322. 121 Alternatively, the correlation-val ue
cal cul ator 321 may apply equation (7) to, for exanple, bac und

i mage bl ocks having X4 at the. center, -as shown in Flgzzg%ﬂe §W§E§§ for
exanpl e, 3x3-background inage ' bl ocks haV|ng Y4' at the. center which
corresponds to the background i magelbPocks,. as shown in Fig. 34B, thereby
cal cul ating the sum of : absol ute val ues of di fferences correspondi ng to Y4.
8 Sum of absolute values of differences =. Xl (Xi XYi)l (7) The

correl @tepon-tkal ye xeakcuhatar a%gldé'ﬁlé@hdl%_%dt% %létrbnlgotgf ahhe absol ute

.val ues -of the differences cal cul-ated as descri bed above to the

t hr eshangovalreel aa@&gathdSQZeaSatBe maﬁeeteal c13% wﬁlllﬂ@
In Flg 26C the - plxels whlch are determlned to belong
to a mov1ng area are- 1nd1cated 1n white. _ In Fig. 26D the.
5 plxels which are determlned to belong to & statlonary area
are 1ndlcated in whlte. |
Figh'27'illustrates the area information indloating the
mixed area, in.the forﬁ'of an image,,selected'from the area
information output fromothe determihingeflag—storing frame
lQ memory 206. _la:Fig. 27, the pirels-which are'determined to
belong to the coveredfhackgroond area,or.the uncovered |
background area, i e., the plxels which are determlned to
belong to the mlxed area, are lndlcated in. whlte The area
-1nformat10n 1nd1cat1ng the mixed area output from the
15 determlnlngwflag—storlng frame'memory 206 designates the
mixed area and'the portions_havinéra texture Shrrounoed byf
the portions wittht'aetertore in the foreground area.
.The area speoifyingfproceeslng performed‘bY'the area

.specifying unit 103 ls described below with reference to the

'.20 flowchart of Fig 28..  In step S?Ol the frame memory 201

| obtalns an image. of frame Hri- 2 through frame #n+2 1ncludlng
frame #n. | .
| In Step‘SZOZ ‘the statlonary/mov1ng determlnlng portlon-
- 202- 3 determlnes whether the determlnatlon result for the- |

25 Lplxel in frame #n 1 and the plxel in frame #n located at the'




The t hr eshol d- val ue processor 322 conpares the pixel value of the
correlation image with a threshold thO If the 15 correlation value. is
smal | er than or equal to the threshold thO, 1 is set in the pixel val ue. of

the binary object-image. |If the correlation value is greater than t he
~threshold thO; 0 is set in the pixel value of the bing% 39* nage The
“threshol d-val ue processor 322 then outputs.the binary %@) ge whose

- pixel value:'is set to 0 or. 1. The t hreshol d- val ue processor 322 may store
" the threshold thO therein in advanggs-ar may use the threshold thO input
~froman external source. - 122 corresponding to the nodel of the input

i mge shown in Fig. 30. In the binary object image, 0 is set in the plxe
val ues of the pixels having a higher correlation with the background i nmage.
Fig. 3639 é’oo‘il&cll@rﬁllégrs%%llo%tyr -at ity 1tthé scRfrgtiaerohalr the time
change etector 303 deternlnln the area of a pixel in frame #n, a.
frame J§Fbﬁ€?“& hilfary ARG Yirmk BFOFﬁéﬁeP#ﬁcﬁed$r%ﬂe #n, and

| trim o S e Lo e Bnwob e mos 10,81 et o per o 582
I S 0 S e tﬁssg;ﬁg‘fafzahgpza”m#“'
ALE T S8 Tl NI TR e e

same position is stationary. R
| if it'isrdetérmined in step SZOS_that the determination
résuit for the'pixel.in frame-#nlénd the pixel in frame #n+1
located at the same_pdsition is stationary, the process
10 proceeds to;étep 5204. _Infstép 5204, the area detepmining
rpoftion'203—2'séts'"1", which indicates that the pixel to be
processed‘belongs to thé.stationary,area, in the stationary-
area determining flag aSSociated with the pixel to be
processéd. " The area determining portion 203-2 supplies the
15 stationary—area determining:flag td tﬁe determining-flag-
-storing frémé MEeEmOry 204,1and the.pfocess proceeds to step
5205, | L
If it is determlned 1n step S202 that the determlnatlon
result fqr_the p;xel in frame,#n—l;and the pixel in frame #n
-20 locatéd'at'the'éame pOsition-ié.mbviﬁg, or if-it is
déterﬁined iﬁ stép.S203 tﬁét fhe determination result for
the pixel in fraﬁe'#n and the-pikel iﬁ framé #n+1 located ét
fthé samé'position iS'@oVinét'the_pixélAtoiberprocessed does
not beiongato'a statipnaty aréa;' A&cordingly;'the

. 25, processing of step 5204 is skipped, and the process proceeds




_binaryrobject inage'ih"ffane #n is:O, the'area'deternining._ portion 342
determ nes that the designated pixel in frame. #n belongs to the
‘background area. 20 Wien the designated pixel of the binary object inmage in

Cframe #n. is 1, and when: the ‘correspondi ng pixel.of the binary object

“image in franme #n-1 is 1, and when the correspondi ng bi nary
‘object image in frane #n+| is 1, the area determ ning %%?ttemmﬁﬁgﬁ
-deternmines that the 25 designated pixel in frame #n belongs to the

- foreground area. 22 Septenber 2005 11£23 When the designated pixel of the
binary object image in frame #n is 1, and when the correspondi ng pi xel of

~..the - binary object inmage in franme #n-1 is 0, the area determ ning portion

- 342 detias idtng@s ddwd. t he desi gnat ed plxel in frame #n 5 belongs to a
covered background area. Wen the designated pixel of the binary abject’

image in franme stegd $205, aﬁﬂe“@@ﬁtﬁBﬁa@??h@&ﬁﬁ@ddégerﬁiﬁfhgOﬁorﬁﬁjp'nary

- “object inmage in frane #n+l is 0, the area. determ ning. portion 342

- det er m2M5-3 hidtdrve mes ivgrathed piheelddte rofihamg ofin retQ1beltgpgsnbo an -

~ uncover ed background area. Fig. 38 illustrates an exanple of the
'deterrnpwﬂaknmn fivegre Hip-tlhend hechdngd det €ehar 3A3168atba Btnahny obj ect

nge corresponding'to the nodel of the input image shown in' Fig. 30. The

: cH%WE&aRﬁﬁkﬁﬁﬂm'x@O@Odem@rnlﬁéSlthaﬁ te¢ethihedsthiahrohgh fifth pixels
fron1the left in frame #n belong to.the-background area since the

corresﬁ%ﬁ&ﬁﬁ%}ﬁﬁ@«ﬂﬂsn@ﬁuﬁﬁelsbm@aﬂpg@bﬁé@tpwn&geS|prbcaﬁes#hoaSEe@ The

tlne chaqﬂp detector. 303 determ nes that the sixth
in Wthh ‘the statlonary/mov1ng determlnlng portlon 202—

2 determlnes whether the determlnatlon result for the plxel
in frame #n and the plxel in frame #n+l located at the same
10'r p051t10n is movrng
| If it is determined in-step:S206 that the determination
result for‘the-pixel‘in'frame'#n and the pixel in frame #n+1
located at'the'same'posltioh'is ﬁovlng, the process proceeds
to step 5207;: In step 8207- the area determlnlng portlon U
.15 | 203-2 sets "i", whlch 1nd1cates that ‘the plxel to be |
processed belongs to a mov1ng area, in the moving-area
determlnlng flag a35001ated w1th the plxel to be processed
The area determlnlng area 203-2 supplles the moving-area
determlnlng flag to the determlnlng flag storlng frame
| 20 =memory-204 and the process proceeds to step 8208
| 1T 1t lS determlned in step 5205 that the determlnatlon .}
1I,result for the plxel in frame #n—l and the plxel in frame #n
located at the same p051t10n is statlonary, or. 1f it 15
determlned in step 5206 that the determlnatlon result for

;25 - the plxel 1n.frame7#n and-the plxel in frame #n+l located at




through ninth pi xel s fronrthe l eft belong to the uncovered 20 background
area since the pixels of the binary" object image in frame #n are 1, and

- the corresponding pixels in frame .#n+ iare 0. The time change detector.
303 determines that the tenth through thirteenth pixels fromthe |eft

bel ong to the 25 foreground area since the pixels of tQ@Eprnap%ﬁﬁ ect _
image - 124 in frame #n are 1, the correspondi ng pi xel #n-1 are
1, and the corresponding pixels in frame #n+l1 are 1. The tine change :

.detector 303 determines that the fourtgenth through: sevent eent h pi xel s from
“the left belong 5 to. the covered bac ground area since the pixels of the
bi-nary object image in frame:#n are 1, and the corresponding pixels in
frame #n-1 are 0. The tine change detector 303 determ nes that the

‘ei ght eeflf® FAROURMS HWkan LT | 3Rt iminad % frivmniee] ofn felmngin Woeso the
background area since the correspondrng pi xel s ‘of the binary object inmage

C.in framRPetend torme ”é?‘é’dl%rﬁé%ﬁle Rf GrsEasing tharfasiqssdndpft he ar ea

specrfqugﬁugéé 103 |s descri bed 5 ow with reference to the. flowhart of
Fig. 39° b BokingRe, PHUHGE B fardatter 6P §20%he area

£6°a backor ddhctBbeLe" a%&aea.s%%%aoﬁxa%??wapg. ha@s?:aigéﬁééac??%éi?ﬁBﬂl e
g S S GRIEEALE IO s, ST CURLLES e gener e,
- st Cp s%ef %bfﬂﬂr@' r&@ze%%d %%e p?t&tela(itnl W ane #n—l locate_d at
| Tthe same positionuis‘sfationary. If itriS'deterﬁined that
the determination-result is étationary, the procees prbceeds
to step 8209rin which the.stationary/mouing'determining
'1Q portion 202-3 determioes,whether the-determination result
fof the pixel in_ffeme‘#n“l'and the‘bixel in frame #n'r
located at the same‘positioh is moving
If it is- determlned in step 5209 ‘that the determlnatlon '
result for the plxel 1n frame #n-1 and the plxel ‘in frame #n
lS located at the same p051t1on 13 movlng,.the process proceeds-
to'step S210. Ioistep SZlO{:thelaree determiuing‘portiOn
203-3 sets "1, uhil'cri--iﬁd_icate,s that the pixel to be
processed*belongs to e oovefed background area, in the
covered background-area determlnlng flag assoc1ated w1th the
20 plxel to be processed.: The area determlnlng portlon 203 3
'supplles the covered—background area determlnlng flag to the
determlolngfflagfstoring frame memory 204, andrthegprocessz
' proceeds . to S?@P;SZil; 'ihe'erea determihing'portionf203~3r:
supplies the eove?ed-beckgroundfarea determining’fiag:to'the‘

25 determiningeflag—storing frame-memory 204;'and the process




.portion 302 calculates. -a correl ation val ue between theinput image and the
background i nage supplied fromthe background i nmage generator 301 accordi.ng
‘to, for exanple,- calculation 25 discussed with reference to Fig..33. In
step 5303, the 22 Septenber 2005 - 125 binary-object-imge extracting
portion 302 conputes a binary object image fromthe coyr. | ue and
the threshold thO by, for exanple, conparing the corrg%§%+%hb§g?%g W th
the threshold thO. 5 In step S304, the tine change detector 303 executes
the  -area deterni ning processing, "add4 he processing is conpleted. Details
of the area deternining processing in step 5304 are described bel ow with
reference to the flowhart of Fig. 40. In step S321, the area determ ning

porti ompBdZedtds tthe st} tdome change detector 303 determi nes whether the
designated pixel.in frame #n stored in the frame nenory 341 is 0. If it is

~determined tifatitthe desieghahed PhxekephnNsbDBMELAR Lfe &Q‘é‘eﬂﬁﬁ?ﬁéﬁodyproceeds
to step S322. In step 5322, it is .deternmined that the desi gnated pi xel Fno

franme #reddtongs tohe’ Zi:ﬁxtdle madf@meur#d 2aked, tardptilel. PhLOgRSRLNG S
conpleted. If. it is determined in step S321.that the designated pixel in

frame #mn-ls Ipcatieel process spmeceedd tionstiepmS323g, bk skepr5323, the area
" determning portion 20 342 of the tine change detector 303 determ nes

“whe? hedatirrmdesidgriat edeppisedld thatf threp#redt anedrimet he-frane tesory 341
i's 1,. and whether the corresponding pixel in frame #n-1 is.0. If it is
det er mﬂ#é‘i?]{ hat freeeddii dratagbchiadelthan Sfamemepani tiiornl md;tatlonary,

-the plxel in frame #n does not belong to a covered
background area.. Accordlngly, the processing of step 5210
iS”skipped, and the process proceeds to step S211. |

'10 | ) In stepgS?ll, the stationary/movingodeterﬁining portion
202—2'determines:whether'the determination result for the
plxel in frame #n and the plxel in frame #n+l Jocated at the
same p051tlon is. mov1ng If 1t is determined 1n,step‘8211

: that the determlnatlon resuit‘is,mouing, the pfoceSs

l 15 'proceeds to,step S212‘in Which'the stationary/moving'

' determlnlng portlon 202-1 determlnes whether the -
determlnatlon result for the plxel in frame #n+1 and the
plxel in frame #n+2 located at the same p051t10n lS
statlonary.

'120'7‘ Q'.Iffit'is‘determined in step'3212 that the,determination
result for the plxel ln frame fint+l and the plxel 1n frame |

. #n+2 located -at the- same p051tlon is statlonary, the process

tproceeds to step 8213._ In step 8213 the.area determlnlng

-'portlon 203—l‘sets "1" ‘which. indicates- that the plxel to be

25 . processed beiongs to an uncovered background area, in - the




the correspondlng pi xel inframe #n-1 is 0,. the'proCess proceeds to step-

5324. |In step 5324, it is determ ned that 25 the, deS|gnated pi xel in franme
#n bel ongs to. the covered 22 Septenber 2005 - 126 |If it is determned.in
step 5323 that the designated pixel in frame #n is 0, or that the

correspondi ng pixel in background area, and the proces et ed:

frame #n-1 is.1, the process proceeds to step 5325. In$%$%ﬁkﬁgggggé t he

. area determ ning portion 342 of the tinme change detector 303 deternlnes
whet her the designated pixel in fLaMEs#D stored in the frane nennry 341 is

1, ‘and whether the corresponding pixel in frame #n+l is 0. If it is

determ ned that the designated pixel in frame #nis 1 and 10 the

corresp L0 in frame #n+1 | the process proceeds to step: -
© S326. |(refp‘gt e%rggzga‘:ktgmél ef&F ﬁ&%efﬁ‘éplpﬁef&ésu graeedapesevith frame #n

belongs n re ack r.oung. area, and the processing is conpleted.
thgekggﬁ?ng S gf e§§%§ thgpetﬁéeae ?§ﬁéFéﬂanSPOEF£@m in frame #n

0, hat f 1, the process ' .
L?oceeSEO?o@sﬁﬁﬁﬁl%%r‘EF*@‘)H LBV b Ra R - Ford R HE oA on 342 of
the ti mgyghapge e d a t he desi gna ixel in franme
#n beIonésatggtE%gfg§g%?%ﬁ§gﬁgrgggggﬁggfﬁ' p%g%%%s?ﬁ@ ?% %@9 5 dfleted. As
.d|sdhsseﬂeap@&@esshﬁr@&@éd§p§8'§¥éggsypht 103.is able to specify,. based,on

the correl ati on val e between the " input i'nage and the correspondi ng
‘background immge: ié)d@ﬁéﬁhlned in step S211 that the determlnatlon
result for the plxel in frame #n and’ the plxel 1n frame #n+l
located at the same p051tlon is statlonary, or if it is’
| .determlnedilh step 5212 that the determlnatlon result for '
16. the pixel in frame-#n+l and the pixel ih frame #n¥2 isr
moving, the plxel in - frame #n does not belcng to an
uncovered background area. _Accordlngly, the_processihg.Of
- step S213‘1s.sk;pped and the prOCess proCeeds to step S214;
In step38214 the area spec1fy1ng unlt 103 determlnes
1§ whether the areas of all the pixels in frame #n are
spec;fled If 1t is determlned that the areas of all theh
' plxels 1n frame #n are. not - yet spec1f1ed the process
‘ ;returns to step 5262, and the area spec1fy1ng proceSSLng is
.repeated for the remalnlng pixels. :
20 : If it is’ determlned in step S214 that the areas of all .
the pixels in frame #n are spec1f1ed the process proceeds |
B to step 8215. In step 5215, the synthe51zer 215 generates .
area 1nformatlon lndlcatlng the mixed" area based on the
uncovered background~area determlnlng flag and the covered— |

25 fbackground~area determlnlng flag stored in the determlnlng—




25 of the foreground area, background area, or the the background area,

t he covered uncovered background area. each pixel .22 Septenber 2005 - 127
of the input image belongs, and generates area information corresponding
to the specified result. Fig. 41 i.s a block diagramillustrating another
configuration of the area specifying unit 103. The are§2§Qq0|n¥b&% unit 103
shown in Fig. 41 uses a notion vector - and positional SERALS SRt her eof
supplied fromthe notion detector 102. The.sane'.el enents as those shown in
Fig. 29 are designated with like r&terence nunerals, and an expl anation

- thereof is thus omitted. 10 A robust-processing. portlon 361 generates a

robust binary object i.nmage based on ‘binary object inages of N .frames

suppl i edafromvthagbipany- ABhEeY- LUBYEa8N! BACL! BAnePAELL0R 302, and outputs
t he robust binary object image to the. tinme change detector 303. 15 Flg

.42 is -anbboektdbagiamichtuayr abi wEithecrceRti gHEBYEPBI0batbEround
~robust-processing portion 361. A notion conpensator 381 conpensates for

t he nosrea, ofhehetabioasyyohieal tmagmsvohgNateapmesrbesedcoretde notion’ -
vector and the positional 'information thereof supplied fromthe 20 notion
detectbaCRQQQuaddanaapaaehapnmelohebongensahadsbtsatye gbhecitédrge to a
'switch 382. The notion conpensation perforned by t he noti on.
. 5 area 1nformat10n in the determlnlng flag storlng frame
‘memory 206. The_processlng is then completed
As.discussed'ab0ve, the area speleylng unit 103‘15
.capable of generatlng area 1nformatlon lndlcatlng to Whlch
of the moving area, the stationary'area, the uncovered
110 background area, Or the covered beckgroond ereareach of the
- pixels cdntained.in a frame belongs- -
The area specrfylng unit 103 may apply loglcal OR to
‘the area 1nformatlon correspondlng to the uncovered
background area and the area. 1nformatlon correspondlng to.
.15 ‘the covered background area so as to generate area
1nformatlon correspondlng to the mixed area, and then may
generate area_information consisting of flegs indicating‘to
'.wtich of the movingtaree;'the stationery:area,'or the .mixed .
‘area the indiVidual piXels contained:in the frame belong.
j20 . ".When-the‘object corresbonding'to tﬁe-foreground has a
' ctexture, the area speciinng'doitrIOB‘is ablertOZSpecifyltﬁe
ﬁmov1ng ‘area more: pre01sely | - |
The area speCLfylng unlt 103 is able to output the.area
informatlonr1nd1cat1ng.the mov1ng'area as the area

25 information indicating the foreground area,-and outputs the




compensator 381 is di scussed bel ow exanples shown in 25 exanple, that the
Figs. 43 and 44 area in frame. #n-with reference t It is now assuned, for
is to be processed. Wien 22 Septenber 2005 - 128 binary object inmages of
frame #n-1, frane #n, and frame #n+l shown in Fig. 43 are, input, the

mot i on conpensator 381 conpensates for, the 'notion ofytdha.RiHapys obj ect
i mge of franme #n-Land the binary object i mge of frame #n+l, as Indicated

by the exanple shown in Fig. 44, based on the notion vector supplied from

the notion detector 102, and supplie§7the noti on- conpensat ed bi-nary obj ect
images to the switch 382. The switch 382 outputs the notion-conpensated
bi nary 10 object image of the first frame to a franme nenory 383-1, and

outputs i on- ens ted_binary object inmage of the second 'frane
"to afra%ggngﬁ% géo h%?%%?% t%ﬁe gﬁF%EHaBBZaeﬁ@p@QstQQMﬂrea .

”“také’”t%*‘??@an%@%ﬁﬁo?l 3004550 e tfa?%ﬁéﬁgéagt ¢Ref). and. outputs the
B N Shar R AR 1) el R Tk ey oy oot
i mage Qﬁbﬁeﬁk correspondlng to the background is statlonary
5 However, the above descrlbed area spec1fy1ng proce551ng can ‘
rbe applled even rf tne image correspondlng to thelbackground ;
area'contains motion. For exanple, if the image
corresponding to the backgroundrarea‘ie'uniformly moving;
the area spec1fylng unlt 103 shlfts the overall image in
10 accordance with this motlon,'and performs processing in a
manner 51m11ar to the case in which the object correspondlng
to the background is statlonary. If the image corresponding
to tne-background area COntains locally_different motions,
the‘area specifying unit.lojfselects the pirela
15 correspondlng to the motlons, and_ekecuteS'the abovef
descrlbed processing.

Flg. 29 is- a block diagram iilustrating an example of
the conflguratlon of the area specrfylng unlt 103. The area
spec1fy1ng unlt 103 shown in Flg 29 does not use a motlon |

Z-ZO"vector Y background 1mage generator 301 generates a
background 1mage correspondlng to an 1nput 1mage, and
supplles the- generated background 1mage to a blnary object—

f;lmage extractlng portron 302 "The- background image
‘ generator 301 extracts, for example,'an 1mage object

'_25 correspondlng to a background ob]ect contalned in the 1nput




stored binary object image first franme, andoutputs the to, a weighting
portion 384-1.. 20 The franme nmenory. 383-2 stores the notion-conpensated
binary object inmage of the second frame, and outputs.the stored binary

obj ect inmage to a weighting portion 384-2. Slnllarly,.the frame nenories
383-3 through 383-(N-1) stores the notion-conpensated :9%%%@%b9§h@§t i mages
of the. 25 third through (N=1)-th'franes, and outputs the stored' binary 22
Sept enber 2005 - 129 object inages g welghtlng portions 384-3. through '
384-(N-1). - The frame nmenory 383-N stbtes the notion- conpensat ed bi nary

" object image of the N-th frame, and outputs the stored binary object |mage
to a weighting portion 384-N. 5 The wei ghting portion 384-1 multiplies the

pi xel vitage of andegemertaiors conpersct edolmdaiyagbj ect i mage of the first
franme supplled fromthe frane nenory 383-1 by a - predeterm ned wei ght w,

“and suppl i e ax@EmFHce @ thisnaroge lolsidetiniavhdey texprmddeguiil aher t&&é The
.melghtlng portion 10 384-2 multiplies the pixel Val.ue of the

not i on-TorfifenseR dehe Rl wriuat Qﬁﬁg@(ﬂstmmmdeﬁmﬂmlmed from .

the frane rrerr_or% 383-2 . by afredeterm ned wei ght w2,.and supplies the

vei ght ed*DiAFyP H?Je‘EftCtiereIgé) Gt NG PRI ER TONBBE L6 aLi kewl se, -t he
wei ht| ortions .384-3 thr h 384- mul tipty the pixel values of
thergmtl (%eo ‘ﬁfgﬁt@(f‘:tbﬁfarf&cgﬁl ddt ﬁ(lr%ge%o of EMe e##ned et hridudhe( N- 1) - th .

ctlon of the 1mage correspondlng to

' frarresmos}igpgllaad fromthe frane nmenories 383-3 through 383 (14-1) by

foreground object is horlzontal Wlth respect to the screen,‘
the model shown in Flg 30 is a model obtained by expandlng
_'the pixel values of pixels drsposed 51de—by—side on a single
.10‘1line in the time domain.’ o |
In Fig. 30, the line in frame #n is the same as the
line in‘frame‘#n—l and the line in frame #n+1.
| In frame #n, the foreground components corre3pondlng to -
the object contalned in the 81xth through seventeenth plxels
15 from the left are contained 1n the second through thlrteenth,'
, plxels from the left in frame #n 1 and are also contalned in
‘~the tenth. through twenty first plxel from the left 1n frame o
#n+1.

In frame #n—=, the plxels belonglng to the covered

"20-7background area are the eleventh through thlrteenth plxels

‘from the left, ‘and the plxels belonglng to the- uncovered _
'dbackground area are the second through fourth plxels from.

the left A In frame #n, the. plxels belonglng to the covered

‘background area. are the flfteenth through seventeenth plxels ,.

25 from the left and the plxels belonglng to the uncovered




pr edet er ni ned wei ghts w3 through w (N-1), and suppliesthe 20 weighted

bi nary object .images to the accumul ator 385. The . weighting portion 384-N

mul tiplies the pixel value of the notion-conpensated binary object imge

~of the N-th frame supplied fromthe franme nmenory 383-'N by a pr edet er m ned
wei ght wN, and supplies the weighted binary. object: |ng?§F5t%r§ée?§%05t he

accunul ator 385. 22 September 2005 - 130 The accunul _ cunul ates-
the pixel values of the notion-conpensated binary object inmages nultiplied
by the weights W through wN of the first through N-th franes, and =~ -
conpares the accunul ated pixel valuewith the predetermned - 5.threshold
thO, thereby generating the binary object inmage. As discussed above, the
robust-processing portion 361 generates. a robust binary object inmage from
N bi narjaskgeesnd | megresarandhe upipt lesthirough t éregh e Chelng ef et edtor  303.
Accor di ngI%/, the area specifying unit 103 configured as 10 shown in Fig.. -
41 is abfgtto, 1Bpbeaty finel artdee movee by detbetging Ham thmtcowhoah in Fig. 29
even if_nojse is contained in the input image. The area specifying . -
pr ocessli’ﬁ@!(%??rbci‘ M Dy et el ne G yiepwih ttwegst wofifisfur ed as shown
in Firg. 41 J;)s 15 described below with reference to the flowchart of Fig.
45. ~ ThEMPY %efs‘é?%g@i%flesﬁtep BBAG Mot RelPeuw & Hisrilar  to those
of ste rg‘go 'Efprou h step, S303 discussed with reference to.the flowchart
of Bi o B Perdd i lpR T BIRR Medis e Gy beelfrn o | OMenart
pixels from the left. | ] S ,7' R -
In frame #n-1, the pixels belongihg to the baCkgtound‘
area are the first pixel from the left, and-the,fOurteehth‘
through twenty-first pixels from the left.'iIn'frame'#n, the
10 pixels belonging to the background afea are the first |
‘through fifth pixels from the left, and the eighteenth-
through twentwairst'pixels from the left. 'In-ffame"#n+1, 
the pixels belonging to the background area éfé the fifst'
through ninth'pixels'frém the left. )
15 An example of the background'image correSponding'té.the
eXample shown in Fig. 30 generated-by»the background image.
- generator 301 is shown in Fig. 31. . The 5ackground.image 1
consists of the pixels corresponding to.thelbaékgrdund
.iject, and does not contain image components Coffesponaing
20~ to the foreground object. | | |
The binafy—quect;image extracting poftionf302
"generateé.a bipafy object iﬁagé.based on the cdrrélation-*
between the backgroundrimage‘and the input image, -and
supplies the géneratéd-binafy'object image-to a time changef

25 detector 303.




20 In step 5344, the robust-processing portion 361. perforns the robust-
processing'. In step.5345, the time change. detector 303 perforns the area.
det ermi ni ng processing, and the processing is conpieted. Details of the
processing of step.S345 are simlar to the .25 processing discussed. with
“reference to the flowhart of Fig. 22 Septenber 2005 - b3kptetBer2pbai | s oOf
t he robust processing corresponding to the processing of step S344 in Fig.
45 are given below with reference to the flowhart of Fig. 46. |n step
5361, the notion conpensator 381 p&fPoins the notion conpensation of 40,
and an explanation thereof is thus omtted. an input binary object inmage .
based. on the notion vector and the positional information thereof '

- supplled fr Byt hez i arbUeteciiDagHOR. i1 Must epr 53§ 2chone of the frame
-menories 383-1 through 3837N stores the correspondi ng notion- conpensated
“blnarycohﬁeQUramaga smppheeﬂlmaaytbbjewttiha@&Zextﬂaateﬁg5§§§tl@ﬂe '

. robust-processing portion 361 determ nes whether N. binary object |nages

~are stéPéd. Bf cprrelstietevainedcahatliNtbirnapy objealatsngese are not
stored, the process. returns to step 5361, and the processing for 15

= conpen§9ﬁ¢ﬁéatépnthetwaenohh@fbahégbﬂnady1mbgecSupphgedaﬁﬂomheh@roce55|ng

for_storing the binary object |nﬁge are- regeated_ If it is determinedin
‘st ep 5BBIKFRAENN BRadrydebpEetornafdsanfet eoiRBL t fBage os@sss proceeds to-
step S364 in 20 which weighting is perfornmed. In step 5364, the weighting
generate a correlation value, and supplles the generated :
correlation value to a threshold-value processor 322.
The correlation-value calculafor 321 applies'equation
(4).t0, for example, 3x3-background image blocks'having Xy
10 at the center, as shown in Fig. 33A -and to, for example,'
3x3-background image blocks hav1ng Y4 at the center which -
'correqunds to the backgroundrlmage-blocks, as shown 1n Flg.‘
33B, thefeby‘calculating a correlation value. corresponding
to ¥,.
’ ' © .8 B _
DXL - XYL i - oY)
i=0 i=0

15 Correlatlon value = ' (4

B - 8- 2
\/Z(Xi—}() ZY:L—Y‘

L
> Xi
i=0

sy

X =
‘ 9 -
.
ES'Yl o , :
v — i=o ‘ i o ‘ Co

The correlatlon~value calculator 321 supplles the
correlatlon value calculated for each plxel as dlscussed _

20 above to the threshold—value processor 3220




.area, or théltsrea

~portions 384-1 through 384- N nmultiply the corresponding N blnary obj ect ..

i mages by the weights w through wN. In step 5365, the accunul ator 385
accunul ates the N wei ghted binary object inmages. 25 In step 5366, the

“accunul ator 385 generates ,a binary 22 Septenber 2005 - 132 object inage

fromthe accumul ated i mages by, for exanple, conpari ngtdg.AGGWEN ated .
value with a predeternmned threshold thl, and the processing is conpleted.

- As di scussed above, the area speci fyi ng unit 103 5 configured as shown in .
- Fig. 41 is able to generate area _inbqrnmtion based on the robust binary .

object inmage. As is seen fromthe fore90|ng description, the area.
specifying unit 103 is able to.generate area information indicating to.
whi ch of the noving area, the stationary area, 10 the uncovered background

gdvﬁédkgﬁé@ndoré?éatéaehvﬁﬂ%élC@énnaahed BAlamayane
bel ongs. #ﬁﬁ947 is a block diagramillustrating an exanple of. the -

~confi gutRit BRI it Ce- &L $¥CRRdR atioB —Poskgrpund image: -
“estim d ture r at % ssor 401 cal cul ates an 15 estimated m.xture
ratio f PP W%&ﬂ %ﬁ/ e Qﬁxﬁﬂoﬁﬁ i Bler etbackid oumd  ar ea

based o h and S Iles e ul ated estimted nlxture
- o rﬁfﬂgﬁa&@éwﬁ?p&aﬁr Eﬂ B R08a VARG Ty At The.

ratio toa 1mx

ratio for. each Sbaéﬁground

s i S, S, R B L

ng a

: area-bééﬁﬂmpq @%g{nQQb, thereby calculatlng the sum of absolute

- values of differences correspondlng-to Y.

Sum of absolute values of differences = z:kXi - Yﬂ| ‘ (N

The correlation—value calCulator 321 suppliesathe sum
- 10 ' of the absolute values of the dlfferences calculated as
descrlbed above to the threshold—value processor 322 as the
correlation value.
The.threshold—value_processqr 322 compareeithe pixel
value of the‘correlationsimage with a threshold th0. If tbe'l”
'15 correlation value.is smaller thaa or equal-to the threshold
tho, 1 is set in the plxel value of the blnary object 1mage
If the correlatlon value is greater than the threshold thO
0 is set in the plxel value of the blnary object 1mage- The
-threshold value processor 322 then outputs. the blnary object
20 llmage whose pixel value 1s set to 0 or 1. Therthreshold—'
‘value processor 322_may store the ‘threshold tho thereinrin
- advance, or may?uee tbe,threehold-thoriaput frbmdaniexternal
_source. l' | : | | o

Fig. 35 illustrates the binary object image




I mage, and supplies the cal cul ated estlnated m xture ratio to the
m xture-ratio. determning portion 403. Since it can be assuned that the
obj ect corresponding 25 to the foreground is noving with. constant
velocity within 22 Septenber 2005 133 characteristics. That' is, the the

shutter tine, the mxture ratio a of the pixels belongkggtto a.mxed area
exhibits the foll ow ng changes according m xture ratio ?em%32ﬁ$¥ to the
positional change in the pixets, 5 If the positional change in change in-
the mixture ratio |If the p03|t|onaﬁ28hange inthe pixels is
one-di mensional, a can be. represented linearly. the pixels’is 7
t wo- di nensional, a a change in the mxture ratio a can be- represented on a

pl ane. cd$ﬁ@§®dﬂain@e%b0@h@fmBH%lfBﬁn%hbslﬁﬂﬁtt1mabep%%ogﬁ.&g %u”Ed that
the object corresponding to the foreground-is a rigid body. novi'ng with

const argo .velrocithy. bIRargr aghert 9habee O XkUsRLr 3kl @nd bixeAversely

proportional to the amount of novenent v within the shutter e
.values of the pixels having a hlgher correlatloh with the,_
background image. | | |

5 | Fig. 36 is a block diagram_illhstratihg the

configuration of the time'change;detecter 363; When'
determining the area of a pixel in frame #n,_a:frame‘memery
341 stores a binary object image of frame #n—l,‘frame #n;
and frame #n+l supplied‘from thehbinary—object4imager

.hlo extracting portion 302. o

An area determining‘portion 342 determines the'area of

each plxel of frame i{n based on the blnary object 1mage of
frame #n-1, frame #n, and frame #n+l so as to generate area
information, and outputs the-generated area-lnformatlon.

15 Fig. 37 illustrates the determlnatlons made by the area-
determining portion 342. When the de51gnated pixel of the,
binary object image in frame #n is 0, the area determlnlng.-
portion 342 determlnes that the de81gnated plxel in frame #n
belongs to the background area. . |

'. 20 o When_the designated pixel of the binary‘ebjectiimage‘in -
| frame #ﬁ,is 1.‘ahd when the;correspending-pixel of thefl. |
_blnary object: 1mage in frame #n-1 is 1, and when the
correspondlng plxel of the blnary object 1mage 1n frame fn+l

is 1, the area determlnlng portlon 342 determlnes ‘that the

25 de51gnated plxel in frame #n belongs to the. foreground area..




- 15 tinme of the foreground. An. exanple of the ideal mixture ratio a is
shown in Fig. 48. The gradient 1 of the ideal mxture ratio a in the

,mxed area can be represented by the reciprocal of the anmpunt of novenent
v. As shown in Fig. 48, the ideal mxture ratio a has the 20 value of 1 in
t he. background area, the value of 0 in the foreground area, and the val ue
of greater-than 0 and smaller than 1 in the m xed ar ed2 SPRICTHRE 2Wanml e
shown in Fig. 49, the pixel value COG of the seventh pixel from the, left
-in frame #n can be indicated 25 by- empmt+on (8) by using the pixel value '
PO6 of the seventh 22 Septenber 2005 - 134 pixel fromthe left in-frane

. #n-1. C06 = B06 /~v + BO6 / v + FO1L / v + F02 /] v =P06/ v. + P06/ v +
val ue C06

FOL / v + F -P 6+YF|/v I i.on t he pi xel
pi xel vaIuquh%_ ?h%%ﬁ$%¥ éﬁ st pﬁ%ql€$ ey 0@hj§cﬁndP€§Fednby a (8)

:is;indlgggﬁg QM fsnlfegnéfﬁﬁenm@he otrhspondlng plxel of the

binary object‘image in frame #n-1 13-0 *the area determining'
“portion 342 determlnes that the de51gnated plxel in frame n
'S5 Dbelongs to a covered background area. | |
When the de51gnated pixel of the blnary object image 1n'
frame #n is 1, and when the correspondlng pixel of the
binary object image in frame #n+l is 0, the area determining .
portion 342 determines that the designated pixel in frame #n
.‘10 belongs to an-uncovered background area. |
Fig. 38 illustrates an example of the deterﬁinationsr
made by the time-change‘detector;3031on the-binary;object
image correspondlng to the model of the input image shown tn
"Fig. 30. The tlme change detector 303 determlnes that the
15 flrst through flfth plxels from the left in frame #n belong
to. the background area since the correspondlng pixels of the
binary object 1mage in frame #n are 0.
The time change detector 303 determlnes that the 51xth
through nlnth plxels from the’ left belong £o the uncovered |
ZQ background area since the plxels of ‘the blnary object image
in frame #n are 1, and the_correspondlng pixels in frame'
t#n+l‘are 0. - | |
The tlme change detector 303, determlnes that the tenth
: through thlrteenth pixels from the left belong to the-

_25. foreground area srnoe the plxels'of the binary object image




pi xel value B of the pixel in the background area. That is,  the pixel value
- Mof the  pixel in the. nmixed area and the pixel value B of the. pixel an
t he background area can be represented by equations 10 and (10),
respectively. M= C06 B = P06 (9) In equation (8)., 2/v corresponds to the
" mxture ratio a. Since the amount of novenent v is 4,2tdetehbatoose. ratio a
of 15 the seventh pixel fromthe left-in frame #n is O S. As discussed B
above, the pixel value Cin the desgggated frame #n is considered as the-
"~ pixel value in the m xed area, whil he pi xel value P considered as the
. pixel of frame #n-1 prior to frame #n is value in the background area. .20
_Accordingly, equation ( 3 ) indicating the mixture ratio a. can be
r epr eseidt dikansy Hogratel dn ¢b£)CorCeBand1335pl@@ﬁnonenﬁsaEbF#hvlcontalned in
- the designated pixel. The variables contained in equation (11) are two:
: factor§“file tetpel ﬁmﬁt@perﬁépp@dangnélﬁhéSSGM|ﬁr@metwa+ﬂoaegr®und
~conponents. 5. Sinmilarly, a nodel obtained by expanding in the tine ,
direction tﬁéeka@P ghpbes fatemien 392 deberminesnbhefehbe is 4 and the

~ number of virtual divided portions is 4 in an uncovered background area |$'
showniq?qﬁﬁfeqﬁ? through seventeenth plxels from the left belong

5 to‘theicovered background area since the plxels of the
binary object image-in frame_#n a:erl,-and therco;:espondingz
,;bixels in frame #n-1 are 0. | o | M
The time change detector 3@3 determines.that the
eighteenth through twenty—first pixels from the dleft belong
10 to the background area 51nce the correspondlng plxels of the
binary object image in frame #n are 0.
The area spec1fy1ng proce551ng,performed.by the.area :
ebetifying unit 103 iszdescribed below with referebce to bhe
.-_flowchart of_Fig;.39- In step 5301} the backgfopnd image
15 - generator 301 of bhe area specifying unit 1b3 extrects,.for
example,.an image object corresponding to.a background - |
object contained'in:an_inbuf imege besed on;the‘input iﬁage
so as to generate ‘a background ioege, and supplles the
'_:generated background image to the blnary object 1mage
: 2ﬂ'l-extract1ng portion 302. |
| In step $302, ‘the binary—object—image'extractiﬁg
-'portlon 302 calculates a correlatlon value between the 1nput
1mage and the background 1mage Supplled from the background
‘1mage.generator 301,accord;ng to, for-example,rcalculatlon L

25 discussed with reference to Fig. .33. Ig‘sﬁepu33o3, the




- As in the representation of the covered background area, 10 in the
uncover ed background area, the pixel value C of the designated franme #n is-
considered as the pixel value in the mxed area, while the pixel. value N

of franme #n+l subsequent to frame #n is considered as the background area.

Accordingly, equation (3) indicating the m xture ratio e
represented by equation (12). C = a N+f The enbodinenfaﬁggg%éggoﬁgscribedL

(12) assuming that the background object is stationary. However, equations.
(8)  through (12) can be applied to ithe case in which the .20 background
~object is noving by using the pixel value of a .pixel |ocated corresponding
to the anobunt of novenent v of the background. It is now assuned, for '

exanpl e Eig; tk he_ampupt of novenen of the object. -
-correspoﬁd?ng.??ichhgﬁ%g%k8¥gﬁ%a %%gZPOEEHO?héoﬁuﬂ%%EUQﬁS\ﬁrﬁkﬁﬂrknvided‘

So0s " Bhee Bndae) B Pn R D e G PNl ¢ e’ ermber

2005 - 1 background I's Aoving to pi xel
val ue Btpb bbe pbxebxif-tbe bagkor ea iln yequation (10). is - '
represent ed By a pi xel val ue ?%é. g#ﬁgg%%d%% ﬁ%&%ﬁ%quﬁgi#ﬁj 9 each

cont ai nthwotrh¥ashablesnot he m xture ratio a cannot be determ ned w thout

. nodi fying the equations. Cenerally, an.imge has a strong spati al -
correl ati on, Itk e EEdi Nalhe  HinelhanRealRd ddt ot 498 REQX|ILLY pith each -
ot her have al nost the sane pixel - ‘ a

. area determining processing, and the processing is completed. :
Dgtails of the area determining proéessingrin step.SéG4
are described below with feference to the flowchart of.Fig_
40. - In step S321, the area determining portion 342 of the :
10 time éhange-detector 303 determines whether the designated
‘pixel in frame #n stored in the frame memory 341 is O. if
it is determined that the designated pixel in frame #n is d;
the process proceeds to step $322. 1In step $322, it is' |
.determined that the designated pixel in frame #n belongs to
1% the baékground area, ahd the processing is completed; o
. If it is determined in step S$321 that the designated
pixel ih frame.#h is 1, the process proceeds to step 5323“
.Ih'step S323} the area determining portion 342 of theltime
- change detector 303 determines whéther the designatéd:pixel
20 in frame'#nistored'in the frame memOfy‘3él is.lg'andrwhether:
the correépquingjpixel in frame #ﬁfl is 0. 1If it is
‘ dgtgrmined that ﬁhe designated‘pixel in fraﬁe:#n is i and
" the éorrespdnding pixel in frame #n-1 is b,-the:process-
p?oceéds'to step 3324. 1In sfép S324,‘it is,determiﬁed that

25 ;thg designated pixel in frame‘#n_belongs td.the.covered




val ues. 10 Since the foreground conponents have a spatially strong
correlation, the equation is nodified so that the sumf of the foreground
conmponents can be deduced fromthe previous or subsequent frane, thereby .
determning the mxture ratio a. The pixel value. M of the seventh pi xel -
fromthe left 15 in frame #n in Fig. 51 can be expressed syefeitabiPn (13).

2 . 12 M = B06+ ZFi/ v v i=il The first term2/v of the right side in -
equatron (13) corresponds to the mixture ratio a. The second term of the
right side in. equation (13) can bel@kpressed by equation 20 (14). by
utilizing. the #n+l. 12 Fi/v'= (3-~Fi/ v i=ii i=7 pixel value in the
'subsequent frame (14) S nom/assuned t hat equation. (15) holds true by 22

np”wr%% e 4 BB S it afan o (e foregroun
modi fied intg equaki a@t(e%mneaymugtég)zw@aegraér'nrle(&églgrﬂgted |
pixel in frame-#n.ls 0, or that the correspondlng plxeL.ln,
freme #n—l is l;.the"proCess proceeds to step S325. In step’
5 3325, the area_determining bortiOn 342 of the time change
detector 303 determines whether the designated pixel in
frame #n stored in the frame memory 341 is 1, and whether
-the corresponding pixel in frame #n+1 is 0. If it is |
‘determined that the designated pixel in frame #n is 1 and
10 'thegcorresponding pixel in frame #n+l is 0, the process
proceeds to step S$326. In step $326, it is determined that
the_designated“pixel in frame #n_belongs‘to rhe uncorered .
béckground aree, and.the processing is completed. | |
| If it ie determined in step $325 that the designated
15,_p1xel in frame #n is 0, or that the correspondlng pixel in
frame fin+l is 1, the process proceeds to step $327. In-step
S$327, the area derermining portion 342 of the time change:
detector 303 determlnes that the de31gnated plxel in frame .
#n belongs to the- foreground area, and the processrng is |
20"completed
As dlscussed ~above,- the area specrfylng unit 103 15
fable to sSpecify, based on the correlatlon value between the
1nput,1mage_and;the correspondlnq background~lmage, to which
ofithe foreground areeﬂ the_beckground area, tne conered |

25 background area, or the uncovered background area each piXel-




1Fi/v 2 F v 4 (.16) As a result, R can be
(17) If it is assuned. that the foreground
are equal, as indicated by equation (15);

expressed by equation (17) 2/4
conponents in the 10 m xed area
equation (1B) can hold true for

all the pixels in the m xed .-area because of the internal ratio. 1-a (18)
I f equation (18) holds true, equation (11) can be 15 d%ﬁ%ﬁgﬁﬁ?ahﬁ§
equation (19). . C=a P+ f Y+V-1 P+(1-a).- 1Fi/v N (19)
Simlarly, if equation (18) holds true, equatlon (12) can be devel oped -
into equation (20). C=a - N+ f _y4¥7 N+(1l-a)- EFi/v (20) (X -N(1-a)-P 22
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of the input image belongs, and generates area information
corresponding.to the epeCified.result. |
Fig. 41 is a block diagram illustrating another
configuration ef"the'erea'speCifying unit 103. The erea'
5 -specifying unit 103 sﬁeﬁn in Fig. 41.uses a motien'vectof
- and poSitional-information thereof.supplied from the motion
detector 102. The same‘elements‘as those showﬁ in Fig. 29°
are'designated_with like reference numerals, and an
explanation thereof is thus omitted.
_10‘ A_roeust—proeeSSing portion 361 generates a robust
bihary object image based on binary object images of N
e.frames supplied- from the blnary -object-image extractlng
- portion 302, and outputs ‘the robust binary’ cbject image tq
‘the time change detector 303. |
15 ' Fig. 42 is a block diagram illustrating the
| configuration of the robust-processing portion 361. A
vrmetioﬁ Compeneefor‘381 compensates for the motion of the
-'blnary object images of N frames based on. the motlon vector
-and the p051tlonal 1nformatlon thereof supplled from the
"20- motlon detector 102, and outputs a motion- compensated blnary
object image'to a sw1tch 382.
VThe mQtiQﬁ cempeneation performed‘by the motion
cempeneatOrVBBIjis discﬁssedbelow with“referenee to_
43.and 44 .

examples shown in Figs. It is now assumed, for

_.25 rexampie(.that the area in frame. #in is to be processedf When




- 138 Inequations (19) and (20), since C, N, and P are known pi xel

val ues, the variable contained in equations (19) and (20) is only the

m xture ratio a. The relationship anong C, N, and P in equations (19) and
(20) is showmn in Fig. 52. C5 is the pixel value of the designated pixel in
frame #n for which the mxture ratio a is calculated. N,g t@gb£2§£g val ue
of the pixel in frame #n+l |ocated at the position spatia y correspondi ng
to the designated pixel. Pis the pixel value of the pixel in franme #n-1

| ocated at the 10 position spatiall y2gorresponding to the designated.

- pixel. Accordingly, since one variable is contained in each of equations

-(19) and (20) the mxture ratio a is calculated by. utilizing the pixels
for vi ng ,the correct mxture ratio

t'h Th i
anby go V|§§’ atlo&gafgsgoggl I§£?§%511 §§mﬁbﬁpow§ndlﬁrﬁﬁ8 fhége obj ect.
h t h d ; th
T rage shram, 2‘?%"?3%3%2‘3&%% o R 8 S TP B
obj ect dom %k%@a@$T %ﬂ% Ebt% V%Eue%e %6 %b ecﬁgg%%cutlgﬁdglxels

posi tioned at the boundary of t e i mg corres ﬁg to the
movi ng relak@CHHAN Ahdl Ree BQh%Q&OBQQeQQl%&bgefQ% %Qgggr#nti pLxels being two

times the anount of novenent Vv, nist orm dlscuésea above, the

- miba@ ur enddtiaeed By the Bikupbie baLOACIERIFiG . the, cayeLad, HaEgground area is
cal cul ated by - .25 equation (21), and the mxture ratio a of the pi xel s 22
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cal cul at ed by

' supplles the motion~ compensated blnary object images to the
‘switch 382.
| The switch 382 outpnts the motion-compensated binary

' ;0 object rmage-of‘the first frame to a frame memory 383-1, and
outputs the motionfcompensated‘binary object image of. the
second‘frame‘to a. frame memory 383-2. Similarly, the sw1tch~'
382 outputs the motlon compensated binary object images of
 the thmrd through (N 1)-th frame to frame memorles 383~3‘

15 through7383-(N—1), and.outputs the motion—cOmpensated hinary
object image of the N-th frame to a frame memory 3é3—N
The frame memory 383 1 stores the motion- compensated
blnary object 1mage of ‘the. flrst frame, and outputs the
stored blnary object 1mage ‘to a weighting portion 384- 1-,

-‘20 .The frame memory 383 2 stores the motion- compensated blnary
object 1mage of the second frame,'and outputs the stored
blnary object 1mage to a welghtlng portlon 384- 2-“'“
| Similarly, the- frame memorles 383-3 through 383- (N—l)

. stores the motlon compensated blnary object lmages of the

25  third through (N—l}—th frames; and outputs the stored~b1nary




equation (22). a(GN/ (P-N(21) a =(CGP)/(NP)(22) Fig. 53 is a block
diagramillustrating the -configuration of the estimated-m xture-ratio
processor 401. A frame menory 421 stores an input image in the units of.
frames, and supplies the frane subsequent to the franme which is input as

the input image to a frane nenory 422 and 10 m xture- rﬁg& rggér%ésat or 423
A, frame nenory 422 stores an input image in the units of Frames

supplies the frame subsequent to the frame supplied fromthe frarre rrermry
421 to the mixture-ratio cal culator 423..15 Accordingly, when frane #n+l is
input into the mxture- ratio calculator 423 as the input inmage, the frame
menory - 421 supplies frame #n to the mxture-ratio cal cul ator 423, and the

frame me 422 supplies: frame #n-1 to the mixture- ratio-cal cul ator 423.
20 The ﬁgpFﬁFelFﬁ?Pg EQI el Sb b N9 2RO E BT @R ad @43 Hehreuagh @@ &d(Mikture ratio
Cof “?hgﬁée%?é‘%?%%mé?&e?% 81 Fhiesnts 1S b ST dvmpaRe db o Rbw xol in
e ResBRa e e ch e@%'%'&%ﬁ‘eﬁ%q@%@é’dt{‘%% o Sept enber 2005
'aeif‘gnatgg‘a%#ig?ﬁ@ Ra st uPE e R SR A sthealm Xture ratio, For
- exampl e, whefhd he RARKHL WS tion 384-1 multiplies the pixel value . : -
- of the‘motion4compensated binary object imege of phe‘first'
frame supplied from the frame memory 383~1 by a
predetermined weight wl, and supplies a weighted binary
| ' object image te an accumulator 385. The weighting portion
10 384—2 multiplies the pixel value of the motionmcompensated
blnary object 1mage of the second frame supplied from the
frame memory 383-2 by a predetermined welght w2, . and
supplles the welghted binary object 1maqe to the accumulator
S 385, |
15 Likewise',, the weighting portions 384-3 through 3-84—(N— |
1) multiply the pixel.values of the‘motion—compeosated
‘binary object imeg“es of the third through (N-1)-th frames
supplled from" the frame memorles 383~-3 through 383 (N 1) by .l.'
predetermlned welghts w3 through wi{N-1}, and supplles;the '
e 20 weighted blnary‘ob}ect images to the aCcumulator'ééS ' The
'welghtlng portlon 384-N- multlplles the plxel value of the
- motion- compensated blnary object 1mage of the N th frame
supplled from the frame memory 383 -N by a predetermlned
' welght wN “and supplles the weighted binary. object 1mage to

.25 . the accumulator 385.




is stationary, the m xture-ratio cal cul ator 423 cal cul ates the estinmated
m xture ratio of the designated pixel based on the pixel value C of the
desi gnated pixel in frane #n, the :pixel value N of the pixel in frame #n+l
located at the same position as the designated pixel, and the pixel value

P of the pixel in frane #n-1 |ocated at the same positj,Qn as, i hE.s10
desi gnated pixel, and outputs the cal cul ated esti nated mxture ratio. In

this manner, the estimted-m xture-ratio calculator 401 cal cul ates the
estimted mxture ratio based on thé3Pnput. inmage,. and supplies it to the-
m xture-ratio 15 determ ning portion 403. The estinmated-m xture-ratio
calcul ator 401 calculates the estinated: mxture ratio of the designated

pixel by sohipg-8EUALESR é@é)acéﬂﬁu9Q€é§ttH§ §1x§f9%§féég“8§“¥ne

m xture-ratio. calculator 402 is simlar-tot

- est i naed-iFnxiceidenahicedC Bl aulrgt 6h5461, 1ﬁé§@Btmth£ ibg? b
estimated-m xture-ratio cal cul ator “402 cal ¢ul ates a di er%nt estlnated

nlXtur@elgatBOWQfth&b&gde&Ngﬁﬁt@ﬂepEX@Ethh§@h§hnﬂ equUALL QRS (22) 4
estimated-m xture-ratio 25 Fig. Thus, an explanation of the cal cul at or 402

is om tbepars4 thbusttam3$aaédepaﬁat8valuéhﬁlﬁﬁttHEtﬁﬂe@é%ébMEhéi Septenber
2005 - 141 ratio calculated by the estimated-m xture-rati o processor 401.
Thé5esthﬁﬁﬁé@ldlkh@;etharebysgemaranlﬁggthe5E1n8ryh@bject image.
.AS'discussed'above},the_robust—processing portion 361
.geherates a robust binery object image from N binary object
images, and supplies it to the time-change'deteotor 303,
Accordingly, the area epecifying unit 103 configured as
-tio, shown in Fig. 41 is able to-specify the area ﬁore precisely
" than that,ehown in Fig. 29 even if noise is contained in the
‘ﬂioput imege. |
The area spec1fy1ng processing performed by the area
Spec1fylng unit 103 conflgured as shown in Flg 41 is
15 described below‘w1th reference to the flowchart of Fig. 45.
The processings of step S341 through etep‘S343 are similar
to those of step S301 through step S303 dlscussed w1th
reference to the’ flowchart of Fig. 39, and an explanatlon
“thereof is thus omltted.- | | -
ZQ : In step‘8344: the ‘robust- proce351ng portlon 361
performs the robust proce551ng -
In step. 3345 the tlme change detector 303 performs the
‘larea determlnlng proce851ng,.and the proce581ng is oompleted.:
Dete;ls of the processing of Step_S345 are similar to the.-

25 'proceseing’d15cuesed_with reference to.the:flowchart_of Fig.




" result represented by ane |ine when the anpbunt of novenent v of the
f oreground object nmobving with constant velocity is 11. 5 It is seen, as
~shown in Fig. 48, that the estimated. m xture ratio changes al nost I|nearly
in the mxed area. Referring back to Fig. 47, the m xture-ratio
determ ning portion 403 sets the mxture ratio a based BRenkRBer3h
information supplied fromthe area specifying unit 10 103 and |nd|cat|ng to
_mhlch of the foreground. area, the background area, the covered background
area, or the uncovered background aregy the pixel for which the mxture
~ratio a is to be calculated bel ongs. The m xture-ratio determ ning portion
403 sets the mixture ratio a to 0 when 15 the correspondi ng pi xel belongs

to the fﬁregrgund area, and sets the mxture ratio a to 1 when the
cor r espdiidi A pPReF*BERBRELOR oLRRESBECkGr BIiHE alehtedhen t he cor r espondi ng

pi xel bel on to the covered background area, the mxture- ratio
det ef mi ni ng%;eoi?alll]osn 041'cc)§h§’et1”501{‘-h°e‘? SRGRSS 1R | PR T IT e testhheat ed

m Xt ure atlo sqg # ed- m xture-ratio processor 4:01.

When th% ST T ekponat ny- P ?EléggoﬁStlnggtﬂeeuﬂt%%%r%% Loy ckbdund ar ea.
~ from [“h%é?%%@%é{%?e“f?ﬁt fﬁ Sob e TEHR SRS iyt Tt o supol ed
R M s P e S RO ROl SR e 2070
‘an ‘input blnary object image based on the motion Vector and :
the p051tlonal 1nformatlon thereof supplled from the motlon
detector 102. In step $362, one of the frame memories 383-1
| through'383fN'stores the'corresponding motion-compensated -
16 binary object.imagejsupplied via the switch 382.
In step S363, the robust—processing portion 361
determlnes whether N binary object 1mages are stored. If it
is determined that N blnary object 1mages are not stored
the process returns to step 8361 ~and the proce551ng for

15 ‘compensatlng for the motlon of the blnary object 1mage and
the processing for storing the blnary-object image are
repeated | |

L If it 1s determlned in step S$363 that N blnary object
'1mages are stored, the process proceeds to step 5364 in-

20 'whlch welghtlng is performed. - In step 8364, the welghtlng
portions 384-1 through 384—N-multiply7the correspondinng'~
blnary object lmages by the weights wil through wN |

In step S365 the accumulator 385 accumulates the N
weighted binary object 1mages. f |

25 ' In step S366, the.accumulator 385 generates.a binary




the-area information. Fig. 55 is a block diagramillustrating another
configuration of the mxture-ratio calculator 104- A 5 selector 441
supplies a pixel belonging to the covered background area and the
correspondi ng pixels in the previous and subsequent franmes to an
estimated-m xture-ratio processor 442 based on the ares dnf0R0B,LHHN
supplied from the area specifying unit 103. The selector 441 supplies a 10
pi xel- bel onging to the uncovered background area and the corresponding

pi xel s in-the previous and subsequent3dranes to an estinmated-m xture-ratio
processor 443 based on the area information supplied fromthe area

speci fying unit 103. The estimted-m xture-rati o processor 442 cal cul ates

15 the @sjdamt geh i X MLe 1l I&&LTIIC%Q&%M@%?%&)Q@K beegaoﬁ ng to the

covered background area by ‘the ca ation. i N equati‘on (21)

based afbrigier g ethe/ a8l AWy SNt L8, ind supplies the
cal cul ate _esti%aled m xture ratio toV2ﬁ32ﬁ£§%%$ﬂﬂ§%ﬁmﬁﬂéﬂ?he -

est i matatkdBhd 1 ecH B! | P IEL IRV A3 it L3l @igSredp estimted nixture
rati o of the designated pixel  belonging. to the uncovered background area

by the -cal el atiisomsexpr epoed, i Rhequati0Rpeed)sRasednqep 158 pi xel 25 val ues
- input fromthe selector 441, and supplies the "calculated estimated m xture
ratbo tanfisnssldaorshbih 122 FSept erbars 200% -tol4dnBaged s0Rat he area
information supplied fromthe area specifying unit 103, the selector 444
_seLect§ﬂﬁﬂ¥M§nmna&@¢éd,qn_the robust‘binary object image. ' :
| .As is seeﬁ from the feregoing description, the area
specifying unit 103 is able to géneraté-afea.informati@n‘
indicating to which of the moving area, the 5tationary area,
3 10 the uncovered background area, or fhe covered background
area each pixel contained in‘a f:ame beloﬁgs;
Fig. 47-is‘§'block diaQram illustrating an exaﬁple of
the configuration of the mixturé—ratio cal;ulator 104. An
."estimated—mixture—ratio-processdr 40i'cal¢ulétés an
i5 estimated.ﬁixture fatio3for each pixel by éalculating a
quel-of a'covéred,backgfouhdlarea‘based dn.the iﬁput image,
and‘supplies-the célculated'estimatéd ﬁiXtﬁré-ratio'to a
‘mixture-ratio determiming portion-403;;
| An estimated—mixture?ratio procéssof 402 calculaﬁés én
29 ‘estimated miXtﬁfé ratio fofﬂeach pixel by calculating a
model of an Uncoveréd baék@round area.béséd on the input -
image,land suppligs the galculatéd estimated mixture ratio
. to the ﬁixture—ratio;detérminiﬂg-portién_403. 
Since it can be’assumed_that.the objéct corresponding

25 to the foreground.is moving with constant velocity within




. discussed above,” the mxture-ra

.mxture-ratio 25 cal cul ator 104 obtains area I n

m xture ratio 0 and sets it as. the mixture ratio a when the desi gnated

pi xel belongs to the foreground area, and selects the estimated mxture
ratio 1 and sets it as the mxture ratio a when the designated pixel

~belongs to the background area. \Wen the designated plxel bel ongs to the
~covered background area, the selector 444 selects the eg EB E%ézggxture

ratio supplied fromthe estimted-m xture-ratio 10 process and sets
it as the mxture ratio a. Wien the designated pixel belongs to the

~uncover ed background area, the sel ect68 444 sel ects the estimated nixture

ratio supplied fromthe estinmated-ni xture-ratio processor 443 and sets it

-as the mxture ratio a. The selector 444 then 15 outputs the mxture ratio

a “h'Chtﬂ%ssﬁ%%@e%ekﬁhhedtﬁgdmlgturbaﬁguﬁg?gih%o%he28hgé %fgéigg'sﬁimn in

Fig. SSnesomllingl eocal pulateathe ogLxbute LALI 93,105 cach pixel contained

in the i mage, O outputs t

~ cal cul athag @t@%@%%h&g forphpe; ol xgyee Lfgr the .
Mixture-ratio cal culator 1%§Ecé%].§§§eﬁaﬁkhge raE? & Eﬁneﬂ¥l

shown I’ n"Fi ¥s di scussed-

bel ow wehhrgekenensedt agt s theoﬁﬁgﬁtioﬁhl':bﬂangg?ﬁgl p%.;]t upﬁfgéd ]E?gm—the

22 SEptEﬁbEheZ@GEl&ﬂénaar@Baﬁ@@CiﬁYtHQ pnib13035 &Hesafﬁe§§93nalhe
estimated- mixture-ratjo processor- 401 executes. the processing tor

est i mat changheini xhareixahie hytﬂ@l@gcannBQekeﬁﬁéééﬁﬁéﬂdlﬁﬂea£Pya covered
background area, and supplies the estimted
: It‘the p051tlonal change in the plxels is two-~dimensional, a
change in the mixture ratio a can he—represented on a plane.
Since the‘period_of one frame‘ls short, it can be |
rlQ' assumed that the object corresponding to the foreground isla
rigid body moving‘wlth constant veloclty.

The~gradient of‘the,mixture ratio a is inversely
proportional to the amount 5f movement v within the shutter
tlme of the foreground )

15 | An example of the ldeal mixture ratlo o ls shOWn in Fig.
48. The gradient l of the 1deal‘m1xture ratio o in the
Emixed‘area can be-represented.by the reclprooal ofrthe
"amount of movement v. |
| As . shown 1n Flg 48 the ideal nlxture ratlo o has the
_20 value of 1 1n the background ared, the value of 0 in the
foreground area, and the value of greater than 0 and smaller
'-than 1 in the mlxed area. |
In the example shown in Flg 49, the plxel value CO06 of -

the seventh- plxel from the left in. frame #n can be 1nd1cated

25 by equatlon {(8) by u51ng the plxel value POG of the seventh




.5 mxture ratio to the mxture-ratio determ ning portion 403. Details of

- the processing for. estimating the m xture ratio are dlscussed -bel ow with
‘reference to the flowhart of Fig. 57. In step S403, the. :

estimated-m xture-rati o processor 402 10 executes the processing for

- estimating the mxture ratio by using a nodel correspondigngetOur 285
~uncover ed background area, and supplies the estimated m xture ratio to the

m xture ratio determning portion 403. In step 5404, the mixture-ratio
calcul ator 10.4 15 determi nes whethéf4the mi xture ratios have been
~estimated for the whole frame. If it is determined that the mixture
“ratios have not yet been .estimated for the whole frane, the process

returnpikelstrepmS463; 1amd ghef@e@eeeatng for. estimating the m xture ratio
for. the. subsequent pixel is 20 executed. If it .is determned in step 5404

“that the mixture ratios have been estimated for the whole frane, . the

-process p@%:ee%é 94%t e%c)%4}35v @‘Oit/eQr §49§2 he m xture-ratio

- determ ni.ng portion xture rati 0 based on the 25 area

‘informati-on suppted Vf**ré’ﬂﬁthe’ a'réﬁls/be'cr*fwa‘\g{ unit 103. 228Bept enber 2005
145 and indicating to which of the foreground area, the background area,
t he covered bacmground%nieaﬁzwu.rhe uncover ed. background area the pixel
for which the mxture ratioi=a is to be calcul ated bel ongs. The - :

Wnlxture ratio 5 deternlnlng portion 403 sets the m xture ratio a to.0 when
In equatlon (8 ) the plxel value C06 is 1nd1cated by a

‘5_ plxel value M of the plxel in the mixed area, while the
plxel value P06 is 1nd1cated by a pixel value B of the plxel
in the background'area That is, the pixel value M of the-
pixel in the. mlxed area and the pixel value B of the plxel
in the background area can be represented by equatlons (2)

.10 and. (10}, respectlvely
M = C06 - o | A‘ ' . (9)
B = po6 o : ' T (10)
In equatieu.(B),lzfv corresponds to the mikture ratio al,
Since the,amountlof?mevemeﬁt v is 4, the mixture ratio a of
15 the seventhlpixel from the left in frame #n is 0.5.
‘As dlscussed above, the plxel value C in the deSLgnated
frame #n is con51dered as the pixel value in the mlxed area,"
wahlle the pixel value P of frame #n-1 prlor to frame #n is -
con51dered as the plxel value in the background area.. |
20 Accordlngly, equatlon (3)71nd1cat1ng the mixture;ratioja.cau
 be represented_ﬂy equation (11}: |
Cc=aemer (11)

g where_f,in,equation (11) indicates the sum of the.foreground




t he correspondi ng pi-xel belongs to the foreground, area, and sets t he
mxture ratio a to 1 when the correspondi ng pi xel belongs to the

" background area. \Wen the corresponding pixel belongs to the covered

~ background area, the mixture 10 ratio determ ning portion 403 sets the
estimated m xture ratio supplied fromthe estimated-m xture-ratio
processor 401. as the mixture ratio a. Wien the correspF8Pdrtagqi2is

bel ongs to the uncovered background area, the .m xture-ratio determning
portion 403 sets the estimted m xtursgsratio 15 supplied fromthe
estimated-m xture-rati o processor 402 as. the mixture ratio a., The
processing is then conpleted As di scussed above, the m xture- ratlo

calcula 4 e to calcu ate e mxture ratio a, which |nd|cates
a feat u(r%l %]78%% S|’tszyIlEa 5&’&1 sdgmabipgsad xed t hdhe20 ar ea

|nfor fro the are ec |ng unit 103, and the input =
gf%gr%%;sés? gcg cjeﬂ‘ cut Laatqtjrfg‘ Mm%%r'ﬁ"? a‘tﬁ‘ﬂiod-’szpelr frmed by t hef

-n1mur%ﬁ@qék sul 0 yred. as. s \MllnFI 55 is simlar to -

‘that di scussed&\;ﬁ\;th a?;(%{eroge‘n%e&q{%% the ¥ I 'gie HEH e B0 qﬂ“b 56, and an '

- explanatd b tdipreof is 22 Septenber 2005 - 146 A description is now-given

of,.with réference to the flowhart of Fig. 57, the mxture-ratio

estsnatlng shus 1awitt ed. nBrege | .corres ondlng to the -
covered backgr.ound grea Fnaggegggggngﬁ B§'@9p§859q§nl§tgg Sg € the -

m Xt ur edinadd o A ltgid @1&%1421%1@@53'1@15 whiil@, @H&e'am\o@ntte o% %fovtegt%n%em gnat ed

B plxel in-frame #n from

is 4 and the number of virtual divided portlons-ls 4 in an
' uncovered background area is shown in Fig. 50.
:Rs in the representation of the covered background area,

'iO in the uncovered'baokground area, the'piXel vaiue C ofrthe

designatedlframe'#n is considered as the oixellualue in‘the

- mixed area, while the plxel value N of frame #n+1 subsequent
to frame #n is con51dered as the background area.
Accordlngly, equation_(St indicatingrthe mixture ratio a can:

fiS; be represented.by equation (12).

C = a - N+f | 7,rl' B o (12)

The embodiment‘hae_been.described, aesuming that the
baokground object.is”etationary.‘ Howerer, equatlons (8}
‘through (12) can be. applled to the case in Wthh the :'

20 tbackground object 15 mov1ng by using the plxel value of a -
:plxel located correspondlng to the amount of movement v of
1the background. It 15 now assumed for example; in Flg 49
Vthat the amount of movement v of the object correspondlng.tor

the’ background is 2 and the number of v1rtual lelded

25 portlons ;suz. In thls case, when the object correspondlng




the frane nenDry 421 In step S422, the mixture-ratio cal cul ator 423
obtains .10 fromthe frame menory 422 the pixel value P of the pixel in
.franme #n 1 corresponding to the designated pixel contained in the input
image. In step 5423, the m xture-ratio cal cul ator 423 obtains the pixel
value N of the-pixel in frame #n+l corresponding 15 to hhe dasgl g ed.
_pixel contained in the input inmage. |In step S424, the M xture-ratio
calcul ator 423 calculates .the estimated nixture ratio based on the pixel

- value Cof the designated pixel im fid®ne #n,, the pixel value P of the

“pixel in frame #n-1, and the pixel value N of the' 20 pixel in frame #ntl.
In step S425, the nlxture ratio cal cul ator 423 25 deternlnes whet her the

.-_-prOCeSStidlg:Hé)fbétadcﬁ;lHLﬁl{d NG i RSt alRd MHigHursg, rat 4f9(s5 i shed for the
of r ca _

whole frame. if. it is determ ned that the processi | cul ati ng.

. the .estixgt el fMd i@ INGh find $hedd r@un@%f@%m frame, 22
"~ Septenber 2005 - 147 the process returns to  step 42 e proceSS|ng f or

cal cul atduwg: itdre (@i At edPrdswne ddaliyo of @i xdle vaubseqeant  pi xel -
repeated. If it is determned in step 3425 that the proceSS|ng for

calculat|ngSuheeeSQuaHnedsnuxumrendauna)feachheoﬁeghg tLéane is finished,
the proceSS|ng is conpl eted. ‘
varlables, the mixture ratio « cannot be determined without
'modlfy;ng the eqUatiQns. Generally, an image has,a strong
:spatial.eoirelatiop;-end accordingly, pixels located in
close prbximity'with each-ofher have almost the same‘pixel
values. |
.10 | ‘Sihce the foreg;ound.components heve a spatially strong
Correlatiqn, the equation'ie modified so that the semrf of’
the-fqregrguna components can be deduced from the previous
or'subsequenﬁ frame, thereby determining the mixture ratio o.
The plxel value Mc of the seventh pixel from the left
.15 “in frame #n in’ Flg 51 can be expressed by equation (13).

Mc = — - BO6 + }:_Fi /v | \ (13)

fyll
The*firet-term'é/v_of the ;ightreide ih equetien (iBf
eerreSpends to‘the-mikture raﬁiO'a.. The second term ef‘the

| eright side‘iﬁ equation'(13) ‘can be. expressed by equatlon |

) ZQ"(14) by utlllzlng the plxel value in the subsequent frame
-#n+1,' | |

o ) 10 } - ' .
ZFl/v:B-ZFi_/v, S (14)

i=11

It is now assumed that equation (15) holds trué by




" As discussed above, the estlnated m xture-rati o processor 401 is able to

. calculate the estimated mixture ‘ratio based on the input image. 10 The"
‘mixture-ratio estimating processing perfornmed by using. a nodel :
corresponding-to the uncovered background area in step 5403 of Fig., 56 is

-simlar to the processing indicated by the flowhart of, fh@mnabeper formed
by using a nodel correspondlng to the uncovered background area, and an 15

- explanation thereof 'is thus omtted. The estimted-m xture-ratio processor

442 and the estimated-m xture-rati-ojprocessor 443 shown in Fig. 55

- corresponding to t

'kj,the background, and perforns processing in

calculate the estimated nmixture ratios by performing processing simlar
to. that of the flomchart of Fig. 57, and 20 an explanation thereof is thus

.omi tt ed.;+hhe as been descri be ssumi ng that the object
ue RPN %b%gréuﬁarrs g éPPoﬂ% §% Hewevepunghe

- above- deﬁﬁrcg%gtproce55|ng for determining . the mxture ratio a can be
' applled even if the image 25 correspondlng to the background area contains

f'}notlon For E2F§§QF§QB§672Q@§_ §€ if th nage corresponding to
t he background area is uniftor! novrng, b esti Jed-mi xture-ratio R

 processqud@loshifiuy the BuchahlrigBOELD agagrgsw‘-?%m;h the notion of

manner %¥Iar to the case’

i n- whi chttilézabgeetuaeisgspondi ng to-the background is stationary. If the.
-1’ mage co&respondlng‘to'the background area contains locally different .

o rmtlonsthg/v _ v""F'
: i=11 -~ ’
' o {16)

- As a result, B can be expressed by ‘equation (17).
B=2/4 o - (17)
b If it is assumed. that the foreground components in . ‘the
-iq-:mixed area are'equal, as indicated by equation (15},
équation (la)ﬂcan hold trué for all the piiéis in the nixed
.igfoa becausé of tho internal fatio. |
LRSS - as)
It equation -(18) holdetrue, equéf;iqﬁ (11) can be

'15_"developed into equatlon {19).
. C=a-P+f '

]H—V 1

-a'-P+(1,—a). Zm/v : | (1Y)

o - P-ra_— a)
‘Similarly, if eqﬁation (18) holds true,:equation-(12);'

can be deveioped 1nto equatlon (20)
C_é o - N-Ff
' Y+V-1

—_.,:.a-_fo,l.—a> ZFl/v o en

f ‘T‘_a‘N.*‘(l'_—'Ot)- .




estimated-m xture-ratio processor 401 sel ects the pixels corresponding to

the notions as the corresponding pixels 10 bel onging to the m xed area, and

execut es the above- described processing. The estimted-m Xture ratio

cal cul ator 104 may execute only the m xture-ratio estimating. proceSS|ng

for all the pixels by using a nodel corresponding to thgzg e&ed(%g

background area so as to output the cal cul ated estinmate Gt &%ati o as.
the m xture ratio a. In this case, Qg mxture ratio a indicates the ratio

~of the. background conponents for tﬁe gcRground conponents of the pixels

bel onging to the covered background area, and indicates the 20 ratio. of

t he foreground conponents for the pixels belonging to the uncovered

background afeacqFeticme plXelsndelddp) nginte thempnﬁ@aepegr@aﬁﬁa&ﬁund .
area, the absolute value of the difference between the m xture ratio a and
1 is caPifPt ¥aluasd the vartabde edonbadhetieinakyaatsonset (@)t BRgm xture 25
rati o a. _Then, the signal processing apparatus is able.to 22 Septenber 2005
- 149 d%?érﬁ?n@nlheth?xmhﬁeuretret90|@dlcahengeﬁbelbashmpoémbhg backgr ound
conponept s f%r t he pixels belo g to the uncovered background area.
Similarly, 2thef mikt adeaFhend €h turRd of 22D41 sayhewrciberionl §2t hec

nlxtyre raf%o eStlﬂB %ﬂ@ processing for all the glxels by using a nodel

cor respondrng ¥o%t Dyt edhe HekbyRakead apbue solastraneuputor he

cal cul ate gsélnated mxture ratjo as_the mixture ratio a. Arnother

__proce55|ng pertoredthye LR 4 uhe- ?%&?Q#atEd—. N is the pixel -

value of the plxel in frame #n+1 located at the p051tlon
spatlally correspondlnq to the designated pixel. P is the
pixel value of the pixel 1n framé #n-1 located at the
10 position spatially correspondlng to the deSLgnated plxel
Accordlngly, 51nce one*varlable 1s.conta1ned in each of
.equations {19) and (20), the- mlxture ratio o is- calculated .
by utlllzlng the plxels in the three frames. _The condition
| _for_solv1ng the correct mrxture ratlo,a by soléingbequatiohs
15 {19} and (20) is'aa.follows. In the 1mage object hav1ng the
Same - foreground components in the mixed area, i.e., in the |
.d_lmage object of the.foreground Which'ié.capturedlwhen the
foreground-objeCt'is Stationary, the plxel valuee of ther‘
v'consecutlve plxels p031tloned at the boundary of the 1mage
20 .object correspondlng to the mov1ng dlrectlon of - the
foreground object, the number of plxels belng two tlmes.the |
'iamount of movement v, must be unlform.
As dlscussed above, the - mlxture ratlo o of the plxels
belonglng to the covered background area is calculated by

j‘..25__equatlon (21), and the mlxture ratlo o of the plxels‘




"10.calculator 104 is drscussed bel ow. The m xture ratio a linearly changes

in accordance with. a change in the p05|t|on of the pixels because the

. object corresponding to-the foreground is noving with constant velocity. By

utilizing this characteristic, an equation in 15 which the m xture ratio a
and the sumf of the foreground conponents are appr oxi natRgheinbertigs spati al

direction can hold true. By utilizing a plurality of.sets of the pixel

val ues of the pixels belonging to the m xed area and the pixel values of

the pixels belonging. to the backgrou#d -area, 20 the equations in.which the
o mxture ratio a and the sumf of the foreground conmponents are approxi nmated
~are solved, thereby calculating the mixture ratio a: Wen a change in the

ntxtureberahgongatbst@@puggér@gégib§b§ £ ntxtur ratro a can
be -expressed by as 25 equation (23) 2§&§g%%2 }éygﬁb gﬁﬁft B +p (23)

,'.In.equaeqoat(QﬁS)zzr,rndrcates the spatial index when the posrtton of the
"designated pi xel isset to 0, 1 designates the gradient of the straight

| i ne of the(nr%tuU{NyﬁmH4m}a 5 and p-designates thejjntercept of'the

' strarght line .of the mixture ratio a and al so |nd|cates the mxture ratio

a of ‘the desi gnataed)pinelr) In equation (23), the (pgex i is known, and the

-~ gradient 1 and the intercept p. ‘are unknown. The relatlonshlp anong t he
' "'I ndéx i, thé'l(ﬂ adiferits B bdodk dlagram illustrating the

conflguratlon of the estlmated mixture-ratio processor 401.
A frame memory 421 stores-an lnput image in the units of
frames;,ahd supplies‘the frame subsequent to the frame whieh

- 1s 1nput as the 1nput image to a frame memory 422 and a.

.10 mixture-ratio calculator 423

A frame memory 422 stores an input 1mage in the unlts
of frames,'and supplies the frame subsequent to the frame
supplled from the frame memory 421 to the mixture- ratlol
calculator 423

15 AcCordingly, when frame #n+1 is'input into the mirture“
‘ratio calculator-423 as the‘imput image, the frame memorg |
421 supplles frame #n to the mlxture ratio calculator 423,
and the frame memory 422 supplles frame #n- l to the mlxture—
ratio calculator 423 -

_20. ‘ The mlxture “ratioc calculator 423 calculates the
estlmated mlxture ratlo of the de31gnated plxel by solving -
equatlon (21} based on the pixel value C of the de51gnated
plxel in frame #n, the pixel value N of the plxel in frame

.#n+1 located at the posrtlon correspondlng to the pOSlthH"

_’25 of the de51gnated plxel _and the pixel value P of the pixel




©10 the intercept p is shown in Fig. 58. By. approximating the mxture ratio
u as equation (23), a plurality of different mxture ratios a for a
~plurality of pixels can be expressed by two variables. In the exanple
shown in Fig. 58, the five mxture ratios for. five pixels 15 are

~expressed. by the two variables,. i.e., the gradient 1ard,.Lh& 2hdH ercept
p. Wien the mxture ratio-a is apprOX|nated in the plane shown'in Fig. 59,

equation (23) is expanded into the Iane by consi dering the novenent v

-~ corresponding to the two 20 dlrecflg t he horizontal direction and
‘the vertical direction, of. the i mge, and the m xture ratio a can be ‘

"expressed by equation (24) a7’/m + kg +p (24). In equation (24), j is the

~.index ifm-tihd chertiezonttalthdi peettedn2boardkpbsdihg theﬁel?ogbelgﬁrtlca
direction when the 22 Septenber 2005 - 151 position of the deS|gnated

pi xel: iof Ghe mlesqgabiten p24p1, mndesiigpates thbe chorihzgagal gradient of the.
 mxture ratio ain the plane, and q indicates the vertical gradient of the
i xt ur €stdmages mixthgepraheo. | Foequatimpie( 24henpthadbsakgsobnd he
- intercept- of the mixture ratio a in the plane. For exanple, in frame #n
shown. ﬁnSﬁqlemgrqu@eelmmstUFesyathooughc@?itocamzhotﬂlemusté@r 5
~through C07, respectively. Q05 = a05B05/v+f05 .(25) 10 Q06 = a06B06/ v+f 06
2 é? é@? es§em8@¢ﬁvm#§?u(27yatlo of the de51gnated pixel based on - :

the‘p;xel value C of the de51ghated-p1xel in frame #n, the
:piXe; value N of:the pixel in frame #n+lrlocated at the same
_positidn as the_deSighated pixel, and the pixel value P of
the_pikel in frame #n-1 located at the seme_position as the
10 designated pixei, and oﬁtbﬁts the calculated estimated
‘mixture retie.
-'In this manner, the.estlmated—mlxture ratio calcuiator
401 calculates the estimated mlxture ratio based on the:
_;hput.lmagef_ahd supplles_lt to the mixture—ratio
;15-_determihing_§qrtion 403.
'The estiﬁatedemixture—ratio calculator 401 calculates
, the-estimeted;miXture fatio of the designated pixel by .
solv1ng equatlon (21) The operatlon of the estimated-
mlxture ~ratio. calculator 402 is similar to that of the
'25':est;mated—mlxtqre—ratlo calculator 401, except that the
*-:estimated;ﬁixtﬁre;ratie calthiatof 402 calculates‘a
different estlmated mlxture ratlo of the deslgnated plxel by.}er‘
solv1ng equatlon (22) Thus, an explanatlon of the "
t_estlmated—mlxture ratlo calculator 402 is omltted

25 o Flg 54 1llustrates an example of the estimated mlxture




. Assunmi.ng that the foreground conponents positiOned in close proximty with
each other are equal to each other, i. that FO1 t hrough FO3 are. equal,
equation (28) holds 15 true by repIaC|ng FO1 through FO3 by fc. f(x)
(1-a(x)) Fc .(28) In equation (28), x indicates the position in the spatlal
direction. Wen a(x) is replaced by equation (24), equakispehBdloos 20 can
‘be expressed by equation (29). f(x) _ (1-.(jmtkg+p)j. Fc

j.(-nFc)+k(=qFc) +((1-p)Fc). js+kt+u (29) 1n equation (29), (-nFc),

(-qFc), and (1-p).Fc are 25 repl acedgias expressed by equati ous. (30)
‘through (32), respectively. s =-nFc (30) t =q Fc (31) u = (1-p)Fc
(32). SlIn equation (29), j is the index in the horizontal direction and k.

i's the jndex L dir i_Qn when .t he posi.tion of the designated
: " < (ﬁd¥%ﬁ§a' %he ES%S%'% df“%ﬁﬁuﬁg §§§&ﬁe&r9ﬁ§§spﬁe ob?ect

pixel is 0. As scusse above, “since

cor r espandi ngrio ésﬁnfa(tr]e?iglin(l%%%r;es e kB Sa0s ERea i n ol bse

the shutter tine, and oregroun conpon &d in close

prOXIrnﬁééuMﬂfrepﬁeﬁaﬁt%Hh%& Bhe . ﬁ@h@o%ﬁb FZégbgLﬁkg% %ﬁ%eﬁegguye ratIO

conponents .can be approxi mated by equatlon n
| s approaxitrad eth tiyyraosid @tﬁ@ct movrng with constant velocity is 11.

a
-‘5 ,.'-It ls-seen, as shown rn Fig. 48, that the-estimated,
mixture ratiorchanges almost linearly'in the mised area. .
| Referring back to Fig. 47, the mixture-ratio
_determining portion 403 sets the nixture ratio-a'based ou
the area information supplied‘from-the area specifying-unit
10‘ 103 -and 1nd1cat1ng to which of the foreground area, the
'background area, the covered background area, or the
.uncovered background area the pixel for whlch the mixture
ratio a is to be calculated belongs- The.mlxturewratlo
'rdetermiuing portion 403 sets the mixture‘rstioaa to 0 when
iS- the corresponding pixel'belongs to the foreground area,. and
sets the mixture ratio o to 1 when. the corresponding pixel
‘tbelongs*to the background area. When the correspondiug
-“plxel belongs to the covered background area, ‘the mlxture—-
. ratlo determlnlng portlon 403 sets the mlxture ratio « to
20_.the estlmated mixture ratlo supplled From the estlmated—
. mixture- ratlo processor 401 When the correspondlng pixel.
f-belongs to the uncovered background area, the mlxture ratio
determlnlng portlon 403 sets the mlxture ratlo o to the
festlmated mlxture ratlo supplled from the est1mated—m1xture~

- 25 .ratlo processor 402 The - mlxture ratlo,determlnlng portlon




15 line, the sumof the foreground conponents can be expressed. by
equation (33) f (x) = is +u . (33) By replacing the mixture ratio a and"
the sum of the ‘foreground conmponents in equation (13) by using equations
20 (24) and (29), the pixel value M can be expressed by equation (34).. M=
 (j mtkg+p) B+j s+kt +u. j BmtkBq+Bp+j s+kt+u. (34) In equathgnkﬁmﬁﬂ&gommknomn
vari ables are six factors, 25 such as, the horizontal, gradient mof the,
m xture ratio a.in - 153 the plane the vertical gradient g of the
" mxture ratio a in -the plane, and tH@ imtercepts of the mxture ratio a in
the plane, p, s, t, and u. The pixel value Mand the pixel value B are set
in equation (34) in.accordance with the pi xel s close to the designated

~pixel, 4%l dbgta fHaimalititOfr AGUAT QS dhD Nl %@ehh%e@ Kgkeyabye Mand
-t he plxel value B are set ‘are solved by the nethod of |east squares,

"t her ebytlemlandaatimiprtataomi.xt ure ratio a. 10 It is now assuned, for

- exanple,. that the horizontal index j of the designated pixel is set to O,
~and the veftigcaPbSinder klotktieagdesi ghatedrptkey asomedrto 0. In this
case, when the pixel value-Mor the pixel value Bis set in the norna

B equat i &Pf@ﬁm@ﬁé@mpf«am Mo t(134) rhdriolbalx8lptsel sokocaged in the

'prOX|n1ty w t-h. t he desi gnat ed.
5 selector 441 supp ies a pixel belonging to- the covered

background area and the correspondlng pixels in the prev1ous
and subsequent frames to an estimated-mixture- ratlo
processor 442_based on the area.lnformation supplied from
the area specifying unit 1C3. The selector 441 supplies a
10- pixel belonglng fo the uncovered background area and the
cor:espondingApixels ln the previous and‘subsequent frames
ko-an estimated-mixkure—ratio pkocessor 443 based on the
akea‘information supplied-from fhe area specifying unit 103ﬂ
The estlmated—mlxture ratlo processor 442 calculates
15 the estlmated mlxture ratlo of the de51gnated pixel
-belonglng to the covered background area by the calculatlon
'expressed in equatlon {21) based on the plxel values 1nput
from the selector 441, and supplles the calculated estlmated
mlxture ratlo to a selector 444, |
20 ‘l The estimated;mixture—ratio,pfocessor 443 calculates
the'eStimatedlmiXturenratio of‘the‘designated pixel
‘belonglng to the uncovered background area by the
--calculatlon expressed 1n equatlon (22) based on. the plxel
values 1nput from the selector 44l_ and supplles the

25 Calculated'estimated mixture ratio to the seléctor 444,




" pixel, equations (35) through (43) are obtained. Mis i = ( 1) B.1 _1m(-1)

;-B 1 -iq+%—1,-i'p+g-1gs+(-1).t+u (35) M, -1 =(0) Bo _i.m(-1) _

" Bo, - 1g+Bo, - 1' p+(0) s+(-1) -t+u (36) 20 N%l 1 (+1) B+1, - 1mt(-1)

B+l,-1'q+B+1 -1, p+(+1) .s+(-1) .t+u Mi =(-1) ;B-1,0mt(0). ML
-7B 1, _ogtB 1,0p+(-1) s+(0)t+u- (O)Bo 0 nw(O)Bo 0q+Bo 0 pzx§gﬂé%th%pg+u o]

o (+l)B+1 onw(O) B+1, 0. q+B+1 Op+(+l)s+(0).t+u M1,+1 (1) B_ 1, +1' m+(+1)
u‘B 1 +1*1g+B-r, +1' p+(-1) s+(+i) t+u - 154 (43) Since the hori zont al i ndex

"] Tof the designated pixel is Mi,+ ¥4p+1) )
':LB+11+1 me(+1) B+i, +1, q+B+i, +1' p+(+1) s+(+1) t+u (41).. M, +1 = (0)
-Bo, +i' nw(+1) Bo, +,,q+Bo +i -p+(0) s+(+1) t+u (42) the mixture ratio a of

“the d t X e n yertical index k of the
dosi gnat o0 prrer oo RV aHEL WRERAPLS SR R Wit (24).

Cile., thpedisgiugeunati 908, I%h@qy,@he&eokh@u“&s&gs% Pubrestumtiop (2. 10

o i
' Accordlngly based on the nine equations, i1.e., . equall oug
- (43), t mextoriezastab gradiepbtinict B8 t’ﬁétfa?_ ﬁﬁéagé{?gé dgo‘?’ﬁ%ga%}f e'squar os

.u'ggée{ﬁgg;;ngh62§ﬁ ;bngdbgngagsagjlggéagfgéggeiﬁéiépbé- é&ﬁ séﬁé@FCIflc
process for calculating the mxture ratio a o
5 . the estimated mlxture ratio 1 and sets: 1t as the mixture

ratlo o when the de51gnated pixel belongs ‘to the background
:area. When the de51gnated pixel be;ongs to the covered
background area, thehseleCtor 444 selects the estimated
mixture ratio supplied from the estimated mixture-ratio

10 processor 442 and sets it as the mlxture ratlo o. When the

de51gnated plxel belongs to the uncovered background area,
the selector 444 selects the estlmated mlxture ratio-
supplled from the estlmated ~mixture- ratlo procéssor 443 and
sets it as the mlxture ratio ao. The selector 444 then

15 outputs the mixture: ratlo o which has been selected and set

based on the area information.

As discussed above, the mlxture~ratlo calculator 104
conflgured as shown in Flg 55 is able to calculate the

_lexture ratlo o for ‘each plxel contalned ‘in the 1mage, and
201 outputs the calculated mlxture ratlo . |

The calculatlon proce581ng for ‘the mlxture ratlo o
nerformed by the mlxture“ratlo calculator 104 conflgured as’
.shown in Flg 47 is dlscussed below w1th reference to the -

“flowchart of Flg 56. In step 8401 the. mlxture ratlo

25-._calculator 104 obtalns area 1nformatlon supplled -from the




by applying the nethod .of |east squares is as follows. Wen the-index i and
the index k are expressed by a single index x, the relationship anmong the -
index i, the index k, .and the index x can be expressed by equation. (44). 20
X = (j+l)3+(k+l) 25 (44) It is now assuned that the horizontal gradient in,
the "vertical gradient g,: and the intercepts p, s, t, ZubptemdsrooeXpressed
by variables wo, W, w2, w3, w4; and wh, respectively, and jB, kB; B, j, k

and 1 are expressed byaO al, az; a3, a4, .and a5, respectively. In

consi deration of 22 Septenber 2005-—4f55 the.error ex, equations (35)

t hrough (43) can be nodified into equation (45). 5 M ay - wy+ex 0 (45)
In equation (45), x is any one. of the integers fromO to 8. Equatlon (46)

‘can be: ammdsm@rﬁse:qmammrt U8, . B stk S4Qay-they doAfijmaty<d Since the
~method of | east squares is applled the ~square sumE of the error is.

def i ned™ ekt Y 1Mt 0 atsroce@;ﬁ% tﬁ;xeesquasta d:me( 4recdds iy e

estlmatlng the mlxture ratio by u51ng a model correspondlng
to‘a covered background area, and,supplles the estlmated
5 mixture ratio to-the mixtufevratio determihing portion 403.
‘Detalls of the proces51ng for estlmatlng the mlxture ratlo
are discussed below w1th reference to the flowchart of Fiqg.
57, | |
In step 5403, the estimated-mixture-ratio processor 402
10 .eXecutes'the processing for ebtimating the mixture ratio by
us1ng a model correspondlng to. _an uncovered background area,
and supplles the estlmated mlxture ratlo to the mixture-
ratlo determining portlon 403. |
AIn step 8404, the mlxturefratio calcuiatof 104
15 determinesrwhether the'mixture fatios have been estimatedrr
tor the whole frame; If‘it'is:dete;ﬁihed that the mixture
ratios have hot yet been:estiﬁated for the whole fraﬁe, the
procesé tetufns to etepIS4Of- and the proce551ng for
estlmatlng the mlxture ratlo for the subsequent plxel is-
20 executed. '
_ If lt is- determlned in step 8404 that the mlxture :
”ratlos have been estlmated Ffor the whole frame, the process
proceeds to step 8405. In step 5405 the mlxture ratio |
determlnlng_portlon 403 sets'the.mlxture ratio based on the: 

25 area informationrSupplied‘from;the‘area»apecifying unit 103 .




x=0 15. :(47) In order to mininmZe the error, the partial differential

val ue of the variable W with respect to the square sumE of the error’
should be 0. v is any one of the integers fromO to 5. Thus, w is -
determ ned so that equation (48) is satisfied. aE O Tex oW =2-Yex. X=0
N 2. Eex -. = 0 equation (49) is obtained. (48) By;@ug ghgggbag '
equation .(46) |nto equation (48)., x=0 g 5 e Y (av - Z ) _I: av - M
(49) - 156 elimnation) is applled to the nornal equatlons consi sting For
exanpl e, the sweep-out nethod (Gaussl!¥ordan of. six equations obtained by
substituting one of the integers fromO to 5 into v in equation (49),
thereby 5. obtaining wy. As stated above,. wO is the horizontal gradient m
W is thadventicatiggadbenhigh Y8 tﬁeth@regpggﬁgegfe%, wWiss, wist,
and ws is u. As discussed above, by applying the nefhod of | east. squares

~to the bqohgronsdlarm; Chhéh@o@ei(@d N@&k@r%ﬁ@dafsg@ or the

uncovered bacquound area the plxel for which the mlxture
ratlo a is to be calculated belongs. ‘The mixture-ratio
577 determlnlng portlon 403 sets the mlxture ratio a-to‘O*wheh‘-
the correspondlng pixel belongs to the foreground area, and
sets the mlxture ratlo o to 1 when the correspondlng plxel
belongs to the background area. When the correspondlng |
pixel belongs to the covered background area, the mlxture—
IQ ratlo determrnlng portion 403 sets the estlmated mlxture
ratlo supplied from the estlmated mlxture -~ratio processor
401 as the mixture ratio o. " When the correspondlng plxel
-belongs to the uncovered background area, the mlxture ratlo
determlnlng portlon 403 sets the'estlmated mlxture ratlo
15 supplied from the estlmated—mlxture ratlo processor 402 as.
the mixture ratlo o. The proce551ng is then completed.
As dlscussed above, the mixture-ratio calculator 104 is -
able to calculate the mlxture ratio o, whlch 1nd1cates a
'feature quantlty correspondlng to each plxel based on the -
20h area 1nformatlon supplled from the area spec1fy1ng unlt 103
‘and the 1nput 1mage |
" The proce551ng for- calculatlng the mlxture ratlo o ;
'.performed by the mlxture ratlo calculator 104 conflgured as
7shown in Flg 55 is 51mllar to that dlscussed with reference7

25 to the flowchart of Fig. 56 ~and an- explanatloh thereof is




10 pixel .value B are set, the horizontal gradient m the vertical gradient
q, and the intercepts p, s, t; and u can be determ ned. Since the .
intercept p is positioned at the.point when the i ndexes i and k are 0,
i.e., theemxture ratio a at the 15 central. position, it is output. A
descrlptlon has been given with reference to equati ona(S3eembditeasgh (43),
by assum ng that the pixel value of the pixel contained in the m xed area
- is M and the 20 plxel val.ue B. is for each of contained.in the
~ _covered background area, or t he.. de5|gnated ~pi xel is contained in the
* -uncovered background area. of the pi xel contained in the background area is
case, it -is necessary to set. nor mal ‘equations the cases where the
desi gn&bed priéleds For exanple, if the nmixture ratio a of the pixel 25
. contai-ned inthe covered background area in frame #n showmn - 157 in Fig.
49 s deter%1%%@Cf{nﬂlthrb@gmpwxﬁﬂtﬁntmé,pwxhhsrefeiemneeﬁbt&huithe pi xe
Val ues _P04 through PO8 of the pixels in frame #n-1 are set in the normal
equat i 6h8WChpTEh@tnfkgur &7y athe. Blgturperprxel sstémetingd in the 5
. uncovered background area-in frame #n shown in. Fig. 50 is determ ned, C28

t hr ougRT 888581 P hBY pliRéng ?nmfﬁéhecghraﬁﬂon@hegpFQeth$a¢@e%r$m8 through N32

(ﬁ §heb8E§8£§ﬁ£3 ;ngﬁlﬁ step 5402 of Flg 56.
V'In-atep S421‘-the mixture- ratlo calculator 423 obtalns
the plxel value C of: the de51gnated plxel in frame #n from
‘the frame memory 421. | -
ln step 8422 the mlxture ratio calculator 423 obtalns
: mlO' from the frame memory 422 the plxel value P of the plxel in
:frame #n-1 correspondlng'to the‘desighated pixel contained
in the input image.
In stepmS4235 the mixture—ratietcalculater'423 obtalns
the pixel value N of the plxel in frame #n+1 correspondlng
15 to the deSLgnated plxel contalned in the input lmage
In step 5424, the mlxture ratlo calculator 423
| calculates the eetlmatedrmlxture ratlo based on the pixel
‘value C of the deslgnated pixel . in. frame #n, the plxel valhe
P of the plxel in frame #n -1, and the plxel value N of the
720 pixel in frame #n+1 | | | |
In Step 8425 the mlxture ratlo calculator 423
-determlnes whether the processlng for calculatlng the
festlmated mlxture ratlo is flnlshed for the whole frame If

‘-1t is- determlned that the proce551ng for calculatlng the-

25‘_est1mated mlxture ratio is not flnlshed for the whole frame,




are set in the normal equations. Mreover, if, for exanple, the mixture
ratio a of the 10 pixel contained in the covered background area shown in
Fig. 60 is calculated, the follow ng equations (50) through (58) are set.

The pi xel value of the pixel for. which the m xture. ratio a is cal cul ated
is Mc5. Ml = (-1)Bctm(-1)Bcl g+Bcl - p+(-1) s+(- 1)t+u (5@b8e&§mN§%mm
(0)Bc2mt(-1) Bc2g+Bc2p+(0. )-s+(.-1).-t+u (51) M3 =

(+l)Bc3mk. (-1)Bc3g+Bc3p+(+l)s+(-1)t+u (52) M4 =

(-1)Bc4m+(-. 0) Bc4g+gc4p+(-1)s+(0)t+u {%3)- M5 =
(0)BcSnw(0)BcS'q+BcSp+(0)s+(0)t+u (54) M6 =

- (+1) Bc6m+(.0) Bc6gq+Bcbp+(+1)' s+(0)t+u (55) 20 M7
(- 1) Bc7aé +3yBedgsBedpitnl) 64 (4ddpt 3142( 56 |

(0)Bc8nw(+r§8c8q+8csp+( %§s§?+lé%gug§2i kﬂﬁwggoceSSlng for | :

(+1)- Bcamr(:ttlaBﬁQ@ﬁ&%éﬁﬂﬂéﬁédlﬂliiﬁuré@:awsnfbpetﬁ%X&%S j&tio a of the

pi xel. contained.in the covered background area in-frame #n dgfculated

the pixeixe) Gs-répeated.. _ -he background. area 22 Septenber 2005 - 158 -

" in frame #n-1 in equations :(50) through (58), respectively, corresponding
“to the pixell it firamettmnedsed.stdy $0rs exaplihe g HxtWe ratio a of

t he pixel ~contained in the uncovered background area shown in°Fig. 60 5

i s fal cthateal culwet frof | v r@@q&m&&@m:ﬁﬁ%eth&@mhﬁl@?ﬁh@r@ﬁg a The pixel

val ue of the pixel for which the nixture ratio ais calculated |s Mu5. NUI

=(-1 ) Buffréfﬁhﬁ{ Jlfj ﬁjqul-IEBLﬁCbﬂtme) AP As completed.

As dlscussed above,'the estlmated mlxture ratlo

processor 401 is able to calculate the estlmated mixture
- ratio based on the inputnimage.
beO.A'J The mixture- ratlo estlmatlng proce531ng performed by
u51ng a model correspondlng to the uncovered background area
in step S403 of Fig. 56 1s 51mllar .to the processrng
1nd1cated by the flowchart of Fig. 57T performed by u51ng a
‘model correspondlng to the uncovered background area, - and an
15: explanatlon thereof is thus omltted
The estlmated—mlxture ~ratio processor 442 and the
K estlmated mlxture ratlo processor 443 shown in Flg 55
calculate the estlmated nixture ratlos by performlng
.proce581ng 31mllar.toAthatlof_therflowchart of Fig. 57,'and :7
- 20 an‘explanation-thereof is thus omitted
- The embodlment has been descrlbed ‘assumlnd that the
object correspondlng to the background is statlonary
'LHowever, the above descrlbed proce551ng for determlnlng the
mixture ratlo d can be applled even 1f the -image

_25.Acorrespondlng to the background area contalns motlon- - For




h.NUg —(O)Bu2nw(-l)Bu2q+Bu2p+(O)s+(-I) 't +u(60) 10Mu3 —(+I) Bu3nw( 1)

Bu3qg+Bu3p+(+l )s+(-1)t+u(61) Mi4 =(-1)Budm+(0) Budg+Budp+( - 1)s+(0)t+u(62) ‘M5
=(0) Bu5mt(0) Bu5q+Bu5. p+(0)s+(0)t+u(6.3) M6

=(+l ) Buémt( 0) Bu6q+Bubp+(+1) s+( Ot +u(64) Mi7 = : '

(- 1) Bu7mt(+1) Bu7q+Bu7p+(-1)s+(+1)t+u(65) 15Mu8 2 September 2005

-=(0) Bu8i n+(+1) Bu8qg+Bu8p+( 0)s+(+1)t +u(66) Mg =

(+1)Bu9nw(+|)Bu9q+Bu9p+(+1)s+(+1) -t %6[) Wien the mixture ratio a of the

“pi xel contained in the uncovered background area in frame #n is cal cul at ed,

the pixel values Bul through Bu9 of. the pixels of the background 20 area
inframe #n+l in equations (59) through.(67), respectively, corresponding

to the PidmR ke i i f rve inpas eqmpde@n%ro ithea il odnagaasy
illustrating the. configuration. of the estimted-m xture-ratio processor_

~ 401. 2515Aﬁlqlrﬁégféﬂhh§ftﬁvmﬁro e esdtimadtest-miistueeraatico ppbeessser - 159
401 |Sd§§£ ed to a-.del ay portion 501 and an adder 502.- A delay CIrCUIt
I

221 de elQﬁﬁﬁ@#%nim%%§ ﬂPa@@Coéﬁdn§@pph¢esthhemonmge to the .

'_adder 5 n frane #n is supplied as the input inmage to the adder 502,
taerv%

|$q3QE?P39hmﬂqqe?eFﬁgﬁﬂs#ﬁrPcﬁéSﬂﬁd adder m5oRer - The adder 502

the del%
to. the pixel for which the

- sets t |er vaI e of. the: p| ace ‘
nlxturgﬁpgtlo a |s¥§hf@ﬁl P@dw 8 g %@FtvéPﬁéeépoﬂﬁaﬂﬁ B@-then the
“normal r t he _adder 502 sets the pixel values 10 Ml | .

;througﬁg%%g& gdtﬁ% 6%Xelongtﬁes. ? ggﬁroﬁﬁﬁe ABFREFPEREARY ofd B%%ed on -

"eqqat‘93§kg§ghnhh Qgghcontalns locally different motions, the :

‘estlmated mlxture ratlo processor 401 selects the plxels

_correspondlng to the motions as the correspondlng pixels

.10 belonglng to_the mixed area, and executes the'aboveu

described proceSSing.'

The.estiuatedfuixturelratio calculator-104nmay-execute‘
.ohiy the miXturerratio estimating.processihg for all the
pixela'by.usiug~a model corresponding~to the covered'

15 backgrouud‘area so-as-to output the calculatedjestimated-
‘mixture ratio aetthe mixture ratio‘d. In this case, the
mixture ratio'dlihdicates the ratio of the background
-components for the background components of .the plxels

: belonglng to the covered background -area, and 1nd1cates the

20_ ratio of the foreground components for the plxels belonglng .

r to the uncovered background area. For'the plxels belonglng‘
_to the uncovered background area, the absolute value of the
;dlfference between the mlxture ratlo o ‘and 1 is calculatedr,
and the calculated absolute value is set as the mixture

25 cratlo o .Ihen, the 51gnal_processlng apparatus is. able to ‘




respectively. The adder 502 supplies the normal Bc9 in the (58), equations
i n which the pixel values are set to a cal culator 503. The cal cul ator 503
determ nes the estimated m xture. 15 ratio by solving the normal equations
supplied fromthe adder,502 by,. for exanple, a sweep-out nethod, and

outputs the determned estimated mixture. ratio. In this:¥@ g r&%g ,
estimated-m xture-rati o processor 401 is. able to calcu it ”Pﬁ timated

m xture.ratio based 20 on the input inmage, ‘and supplies. it to the
m xture-ratio deternlnlng portion 40849The estimated-m xture-ratio
processor 402 is configured-simlar to the estimated-m xture-ratio
processor 401, and an explanation. thereof is thus omtted. 215 Fig. 62

i llustratesrannexanpl g e L |t e enber 2005 - 160
ratio cal cul at ed by théggg%?nggﬁ%b2?x?§9gh§%#58 %%8 6? cfpkheThe -

esti mat bdchRyxbuhe Eahbe éﬂ@%“fbﬂ Eh@ bge “' resented by one
| ine and obt ai ned by Ee?fornlng the %a% iongyﬁ %%rgﬁ?ng equatlons in

units ofinZaverpidxehchhoskidvhesat he nnvenent v of .the foreground
correspondi ng to the obj.ect 'noving with constant velocity is 11. The

~ estimted nmisimilerati ccrdangas Al metid i neasl Yaidy 1de i r?)(fcdif? 4 as
shown in Fig. 48. 10 The nixture-ratioc determning portio se S t he
5‘ only the mlxture ratlo estlmatlng proce551ng For all the
plxels by u31ng a model correspondlng to the uncovered
background area so as to output the calculated estlmated
-mixture ratlo as the mlxture ratlo .
Another prOCESSlng performed by the mixture- ratlo
10 calculator 104 is dlscussed below.r |
| The mlxture ratlo o linearly changes 1n accordance Wlth
a change in the p051tlon of the plxels because the object
corresponding to the foreground is’ moving w1th ‘constant
veloc1ty- By utlllzlng thlS characterlstlc, an equatlon in
E lS which the mlxture ratlo o and the sum f of the foreground
components are apprOleated 1n the spatlal direction can |
~hold true By utlllzlng a plurallty of sets of the plxel
values of the plxels belonglng to the mlxed area and the
pPixel values of the plxels belonglng ‘to the background area,
20 the equatlons 1n whlch the mlxture ratlo a and the sum £ of
lthe foreground components are approx1mated are solved
.thereby calculatlng the mlxture ratlo ol
When a- change in the mlxture ratlo a is approx1mated as:
a stralght llne, the mlxture ratlo o can be expressed by

‘25-;equat1on (23) .




m xture ratio based on the area information supplied from the area
specifying unit 101 and indicating to. which of the foreground area, the
background area, the covered background area, or the uncovered background
area the pixel for which 15 the nmixture ratio a is to be. calculated
bel ongs. The m xture-ratio, determ ning portion 403 sq&%kgpgmqj égre ratio
.to 0 when the correspondi ng pi xel belongs to the foregrour 4r'ea, and
sets the mxture ratio to 1 when th ﬁorresponding' . pi xel bel.ongs to the
background area. Wen the 20 corresg_ ding pixel -belongs to the.covered
background area, the m xture-ratio determning portion 403 sets the

m xture. ratio to the estimated m xture ratio supplied fromthe

esti mat ed- nftixEuié-+api 0. processor 401. Wien the corrgspondi ng pi xel

" belongs to the uncovered background area, 25 the mixture-ratio determning

porti oAN4GIVUGELONt HE 3, xudedica®es rthie cpaditdie ieskeknahed fhxture ratio-
supplied fromthe estinmated-m xture-ratio processor 402. The mixture-ratio
det er nPAPAGLPBr Pifothg0desiigpatsdt rd xeilx tigr s etattioo OwhilcHebagnheen set based
on the _area inforpation, The cal cul'ation processing for the mxture ratio
per f or hBE BY2ehenti Rfukber atraightcdiacopfitRewméntue ratio o, '
esggnateg—niéiure-ratio grocessor 401 is configured as shown in Fig. 61 is
di stus88d BePGRAPEheF eFaF ehREeE6ePhe oIt toRc HarRightFil§ne6df thestep 5501,

t he niﬁ&%Egirati .10\calgu1gtor_102 obtains area information supplied from
the area sp%cf?g?ﬂQQUﬁP, 161° tRAiFepess6be phetesei hafed- cnPkture-ratio

procesgRt 404; §X8ELLSS: L0P PTPSeE3h00:08" (23), the index i is

known, and the gradient 1 and the intércept‘p,are unkﬁowﬁ,
The relationship among the index-i, the gradient 1, and
:10 - the intercept p is shown ‘in- Fig. 58. | | |
By.approximating the mixfﬂre ratio:a as equation k23)t
a plurality indifferent mixtufe‘ratioé,a for a'plﬁrality af
pixels can be expresséd-by two variables¥ In the example
shown in-Fig-:SB,'the fivé;miXtufe ratibs-fonlfivé piiels-
15 are expfessediby the two variables,_;.e., the gradient 1 and
the intércépt D. | | | | | |
_Whéﬁ‘thglmixture ratio_avis épﬁroximated in the_éiéne
: shown in Fig: 59,1eqpatidn:t23)'is expéndedintdlthé plane.
by consideﬁiﬁg thermovemept v éérrésponding ﬁé the two
20 .direétiqﬁs, i.e;;'the hofiZontal direction.and thé vefﬁical
diFECtion‘ofjtheAimage} and éhe'mixture réfio a céﬁ-bel
.expressgd by equafion (?4); - | o
a = Jm. + kq + p"‘, \ ""  _ ) (24}'.

In equation (24), F is the index in the horizontal direction

25 and k Is the index in the Veﬁtical difection-when'the




estimating the m xture ratio by using a nodel corresponding to .a covered
background area, and supplies the estimated 15 mixture ratio to the '
m xture-ratio determ ning portion 403. Details of the processing for
estimating the mixture. ratio are.discussed below with reference to the
flowchart of Fig. 64. In step S503, -the estinated- m Xt b&eftahbd 2ps0cessor, -
402 20 executes the processing for estimating the mxture ratio by using a
model corresponding to an uncovered -background area, and supplies the
estimated mixture ratio to the m xturel Tatio deternmining portion 403. In
step 5504; the m xture-ratio calculator 102 25 determ nes whet her the

m xture ratios have been estimated 22 Septenber 2005 - 162 for the whole-
frane;'pésitibs,détEﬁéﬁdﬁﬁﬁ@ﬁﬁﬂe&fﬁiﬂ@%ti&6%;réﬁﬂ(gﬁﬁgﬁﬁ%dﬂJ et been '

estimated for the whole frame, the process returns to step 2, "and the

pr ocess@iagiguateesthetio nizdritea i gtad Beriatd © 1 ofhe gubsequent, pixel is 5

executed. If it is deternmined in step 5504 that the m xture Tatios have
been -estihee®bané orandiey vitrodiecf treamethd hee i 0661S Syr JAIRGREGE P St ep. 5505. In
step S505,. the mixture-ratio determ ning.portion 403 sets the mxture ratio
based oML-¥HEere 1rGkea iinf drivmtn lomeuppld edpfatomd hearep speGichyieag unit
101_ and i-ndi cating to which of the foreground area, the background area,
t he Scoveted WaIRIumE e migitunee ratio « in the plarne. ' '

For .example, in frame #n shown in Fig. 49,.equatioﬂs‘ a

(25) through (27) can hold true for CO5 through CO7,

:espectiQely.
| CO05 = a05-B0O5/v+F05 R (25)
10 C06 = 06-BO6/v+E06 - - (26
CO7 = 07-BO7/v+£07 | (27)

‘Assuming that the'foregréund-components positioned in
close proximity with eacH‘other are équal to each othér,
i.e.," that FOl'through_FOE are.equai, équationh(ZB) holds

iSf true by replacing FO01 through EOj Ey fc.
(%) = (1-a(x)) Fc | (28)
‘_In'equation,(zé), X ipdicates the position in.fhe épatiéi
di;ectipn.l | .
Whgp'a(x) is replaced by équatidn (24), equatidnf(28y

;20 -.can be expréssed by equation (29). 7

£(x) = (1-(jmt+kq+p) ) -Fc

= 37 (-meFe)+k- (<q-Fe)+{(1-p) - Fe)
= jstktn o (29
-1In eqﬁatiop (29), (—m;Fcf,'(—Q‘FC}, and {1;p)th arér

25 ' replaced, é; expressed by equatiods,(BO) through (32}, -




uncover.ed background area the pixel for which the m xture ratio is to be
cal cul at ed bel ongs. The nixture-ratio 15 deterni-ning portion 403 sets the
m xture ratio to O when the correspondi ng pi xel belongs to the foreground
area, and sets the mxture ratio to 1 when the corresponding pixel belongs
to the background area. Wien the corresponding pixel belap@sndrSode
covered background area, the m xture-ratio 20 determ-ning portion 403 sets.
the estimated m xture ratio -suppLi?g fromthe estimted-m xture-ratio

processor 401 as the mixture ratio: ﬁhén t he correspondi ng pi xel .bel ongs

to the uncovered. background area, the mixture-ratio determning portion
403, sets the estimated nmixture ratio. supplied from25 the . : -
est i matre€gPEicktiyedyr.ati o processor 402: as the mixture - 163 ratio. The
processing is then conpleted. As di scussed above, the m xture-ratio

- cal cul ator &bFe RoFeal culate tthe mixture ratio a, {3 ch-indicates a-

feature quantity corresponding to each pixel, baséd on the area :

'infornationtsﬁpbﬂigﬂ fromthe area specifying unit3101, and the, input
~image. By usiggéihe m xture ratio a, it is possible to separate the .

foreground Conpoheht s¥and t he -background conmponent32)contai ned in the pixel

valyue whil e maintaj ni ng 0 the infornption of the notion blur contained in

théyfnage %%r?%%% Heft nbf o thet ToA gt 3bfect? the therizmeerls synt hesized
based, AR I AHAS A1 Bttt SPPRR' BLSChF SELSCEIAEES o
fai thf yhbypd: L eLLeSES iDL €A YPLL Y1 kel ié‘Q; I
As discussed'above, since it can be aésuméd tﬁatltﬁe
'iject Corresponding'torthe-féreground.is moving with':
10 constant veloéity within the shutter:timé; énd that'éhe
foreground componénté poSifioﬁed in close ptoximitjlwitﬁ
. each other are uniform, the-suﬁ of the foregfounA-éomponents-
.can be approximated by equatibn {29} . |
When the mixture ratio_a is apprdximated 6& a straight .
15 ~line, the sum of the'foreground components can be expressed
by'equétion (33). | | | |
£(x) = is + u. L e
By replacing the mixtufe ratio &rand.the sum of the

1'foregrqund COmponents in equation (13) byrﬁéing equationé

- 20 _(24) and (29); the pixel value M can be expressed.by-

'equatiqn (34);-
M= (jm+kquf;B+js+kt+ui. _
= jB-ﬁ+kB=q+B-p+j-s+k;t+u"_'.7' ' (34f.1'
Iﬁ equation (34),:unknowﬁ:Variables afé six factors}

25 . such as the hbrizontal_gradiéﬁt_m of the mixturéiratioia:in,’




A description is now given .of, mjth'reference to the flowchart of Fig. b4,.
the m xture-ratio estinmating' ' processing by using a nodel corresponding :

to the covered background area in step S5020f Fig. 63. 20 In step 5521,

the adder 502 sets the pixel value contained in the input inmage and the

pi xel value contained in the imge supplied fromthe a2l RYtembdrGhdd 221 in
‘a normal equation corresponding to a nodel of the covered background area.

25 In step 5522, the estimted-nm xture-ratio processor 401 22 Septenber -
2005 164 deternines whet her the settdhg-of the target pixels is f|n|shede
If it is determined that the. setting of the target pixels is not. - '

finished, the process returns to step = S521, and the processing for: settlng

t he plXEheVﬁlMﬁé | thé hee PO AR gaMatien LS t i.s determined-in
step S522 that the setting for ?he t ar ge %fx %lﬁg&Fure'ﬂ% 0tc"né'”process |

proceedsh¢ cpbimp, Hx2Xhd NistER-E523. oA Ga G ALY 173 { afgu' e ! he
estimated mxture rati o based on the normal equations in t he-

pi xel s MRS s 6s,set,, amdl wut puts -the cal culated mixture ratlo As.
di scussed above; the estimated-m xture-ratio processor 401 is able to

calcul ate tH&cestixedt oo lniexMinad Nl pikagseeraQmet e 2i-BPUL: fBRYE. 15 The
m xture-ratio estimating processing by using a nodel corresponding to the

unceveriafdekyrGifid iar edardstrep V8138 e figee163 divsel ol #het 0 the

processj ng i ndiccated by
designated pixel, and then,-a plurallty of equations in’

which the pixel value M and the pixel value B are set are .
solved by the method of. least squares, thereby calculatlng
the mixture ratio o.
1Q' It is now assumed, fér,exaﬁple,'that the horizontal
index j of the designated pixel is set to 0, and the
vertical,index k of the‘desighated pixei is set to 0. In
_thlS case, when the pixel valueeM or the pixel value B 1e .
set in the normal equatlon expressed by equatlon (34) for-
:15 3x3 p;xels loeated in the prox1mlty with the designated
'pixel,'equations‘(BS)‘through {43) are obtained.
¥>L~1 = t~1)foL;l-m+(—l}-B;L_1}q+B-L_1jp+f—1)-s+(~l)-t+u
L o . - (35)

- Mg,-1 = (O) B0~1 o (-1) - Bo -1 q+Bo—1 P+ (0) *s+ (-1) - t+u - (36)

.20 .M41rﬁ = (+1) - +1,-1 "o (~1) B+1p1quB+L—1'P+(+1)'S+f—1)-t¥ui
. ) . . - " 7l‘ | 571
M—LP = (—1)'B_i0'm+(0} B’lO q+B 1,0 Pt (-1)- s+(o) cttu (38f.

B A,Md!'b = {0) - 13.0 o m+(0) Bo,o q+130 o p+(0) (0)--t+u ' -(3‘9')
M+L0_= (fi Bi1, 6 m+fo?'B+Lo“q+B%Lo'P+(+1)'5*(0)*t+u (46i

22 Mg = (1B gyemd(+1) “Bp 41 @By g PH (1) ss+(+1) - thu




the flowchart of Fig. 64 by using the nornal equations corresponding to a
. model of the uncovered background area, 20 and an explanation thereof i's
thus omtted. The enbodi ment has been described, assum ng that the object
corresponding to the background is stationary. However, the .
above-described m xture-ratio cal cul ati on processing c e, appl even i f
~the image corresponding to 25 the background area con?%ﬁ%?mﬁﬁgzgﬁg For .
‘exanpl'e, if the 22 September 2005 - 165 inmage corresponding to the
background area is uniformy nnvrhd«‘%he estimated-m xture-ratio processoh
401 shifts the overall image in-accordance with this notion, and perforns.
~processing in.a nmanner simlar to the case in which the 5 object
- corresponding to the background is stationary. If the inmage qqﬁrespondlng
.. to the background area contains |locally different notions; the '
~.-esti mat ¥ mxt (e~BAL | qu+ ProcaRsSey- i, §ﬁl§ﬁt@)t@|.p|l]?(}e.|tﬁ_l‘p0r r(slszgondl ng to
the notions as the pixels belonging to’'the m xed. area, and 10 eéxecutes the
above- d¥scii bed+groGessing+ (+ TheBf ot eoaeBnd/, baskgr oung saparator. 105 is.
di scussed below. Fig. 65 is. a block diagramillustrating an exanple of
the configuration of the foreground/ background separator 105. 4§me i.hput
.i'mage supplied to the foreground/ background 15 separator ‘105 is supplied to

~a s@parati nF PG ithe -b0rizantal todes0d, odndha seistgha68d. pThel  asea

inforneﬁlon(iupplled fromthe area specifying unit 103 and indicating the
i nf or mat i A Of e’ Thigiadd instergroeid thce slemrignaitedupdaper éd Obackgr ound

area is squ ied to the separating paortion 601.
Cure ratio o of the designated pixel is equal to the

value when j is 0 and k is 0 in equatlon {(24), i.e., the-
mixture ratio o is equal to the intercept p in equation'(24};
10 Accordingly, based on the nine equations, i.e., - |
equations (35} through (435, the_horizontal gradient m, tne
vertical gradient q; and the intercepts p,‘s; t, and:u are
calculated by the method of least squares, and the 1ntercept _
P 1s output as the mlxture ratlo . )
15 : A,spec1f1c process for calculating the mixture ratio «
 -by applying the methed_qf least squares is as follqws;
When the:index i and the index k:are expreSsedrby a
single 1ndex x; the relatlonshlp among the 1ndex i, the
| index k, and the 1ndex X can be expressed by equatlon (44) .
20 - x = (3+1) 3+(k+1y D (44 |
It is now assumed that the horazontal gradient m, ‘the
‘.vertlcal gradlent q, and the 1ntercepts P, s, t, and u-are
.1-expressed by varlables wO, wl, 2, w3,‘w4, and w5; | -
respeCtively, and—jBi kB;~B; 9, k and 1 are expressed bY;aO# .

25 al, a2z, a3; a4, and aS{ respectively. In-consideratien of




20 The area information indicating the foreground.area is supplied to the
swtch 602. The area information indicating the background area supplied
to the switch 604. The mxture ratio a supplied fromthe m xture-ratio
calculator 104 is supplied to the separating portion 601. 25 The separating
portion 601 separates the.foreground 22 Septenber 2005sglRfne0mpONENt S
fromthe input image based on the area information indicating the covered -
background area, the area information indicating the uncovered background
area, and the mxture ratio a, and Boappties the separated foreground
conponents to a synthesizer 603. The separating portion also separates the
background conmponents fromthe, input 601 image, and supplies the separated:
backgr ound eeppengRt s t { Z SW t 602 i s -c] osed when a
pi xel corresponglﬁg t%&g%é1§%Q %?Lg?%ﬁn% T?gbu?a% %dmﬁﬁj%ﬁﬁlarea
informaihed eifidteshi pgsfhe foreground area, and supplies only the plxels
corresponding to the foreground contained in the input inmage to the :
synt hesij zer 3: The switch 604 is closed when a pixel corresponding to

15- . t heM¥atk Guhd W¥s+i@put based on the area informat{os indicating the
background af@a, and supplies only the pixels corresponding to. the
background contained in the input image. to the synthesizer 605.. The

synt hesIIZet?qu@t)Bosymi’ﬂ)e,snzess afror egreowi ﬂ@m}[‘@'&ers from 0 to 8.

5 : Equatlon (46) can be found from equatlon (45)
. 5 - : ’
ex = Mx - ) ay - wy o o (46)
) - y=0 . .

Since the method of least squares is applied the
Square sum E of the error 15 deflned as follows, as

expreéssed by equatlon (47) .
10 E= Ze‘xz . | (47
: =0 ’ ‘ - :

In 0rder Eo minimize the'errof,_thé_partiéi
differential value of the variaﬁie Wv with respect to the
square sum E of,the‘error should be 0. v is any one of the

'ihtegers from 0 EO’S.‘ Thus, Wy 15 determlned so that

15 equation (48) is satisfied.
OE 2 dex '
MV 2-:22&n<-an

: - (48)

By substltutlng equatlon'(46) intb equation {438),
_equatlon (49) 15 obtalned . a
8 5 ' ‘ . ' - -
. Z {av - Z ay - Wy) :Z av -‘Mx . , (49)
- =0 . ‘ )

x=0 . y=0




20 i mage based on the foreground. conponents supplied froemthe separating .
portion 601 and the . pixels corresponding to . the. foreground supplied
fromthe switch 602, and outputs the synthesized foreground conponent

i mge. Since the foreground area and the m xed area do not overlap, the 25
synt hesi zer 603 applies, for exanple, logicz 22 Septenbeey2Rfs 2005167
foreground conponents and the foreground pixels, thereby synthesizing the
f oreground conponent imge. In the |n|t|aI|2|ng processing executed at the
start of the synthesizing processi &Gfor the f oreground conponent val ues -

“are_all. O in a built-in franme nenory. Then, ‘in the synthesizing proce55|ng

for the .foreground conponent image, the synthesizer 603 stores the

f oreground conpenenilienagie Gevepwbitescthedprewueds jheage by the
foreground conponent image, the synthesizer 603 stores an i mage ‘whose pixel
101 rrag’e])lmlll\i:ibmrdl nigl yaprQ iiesl stoortdek inw rindad Rigelts oger t@&@@@(ﬁlllﬁg to the
background area in the foreground. conponéent inmage output fromthe .
synt hest& efi6 081U tTinn s yithdsiereby 6105 tsymithiesi oes arbadkgr ound conponent

- image based on the background conponents supplied fromthe 15 separating -
" porti ontTERYes fuem B kel $ dotoeypondiengattd onhd 49ac kgheuatysuppl i ed from

604, and outputs the synthesized. background conponent i mage.

t he smh%gp
Si nde t Iﬁﬁﬁﬁbﬂﬁhndﬁéré§a§ﬁé apﬁeew1%@d1§réée dorpspnbudr| ap; the
, logical ORto the 20 background

syntheS|z 5 applies, for exanp
- conponétt %ﬁﬁ% eaﬂaéﬁgﬁaﬁnaeﬁFkéﬁé GFH ieB§ 4 w2 is the

1utercept-p, w3 is s, w4 is t, and w5 is u.
As discussed above, by applying the method of least'
squares to the equatious in which the piiel value M and the
lO_ pixel value B are set, the hotiiontal gradient m;,the- S
vertical gradient g, and the interceots o, s, k, and‘u-cen
be detetmiued. - | | |
Since the intercept p is‘positioned at the.point wuenr
the:indexee i and k are 0, i.e., the mixture ratio o at the
15 centrat.position, it is output. -
A description has been given with-reference to
equations (35) through (43), by assumlng that the plxel
value of the pixel contalned in the mlxed area 15 M and the

- pixel value of the plxel contalned in the background area is

' _20‘ B. In thls case, 1t is necessary to set normal equations

for each of the cases where the . de31gnated plxel 15
contalned in the covered background area, or the de31gnated
pixel is Contalned in the uncovered background area.

For example, if the mlxture ratlo o« oF the plxel

25 contalned 1n the covered background area in frame #n shown




synt hesi zi ng the background conponent image. 25 In the. initializing
processi ng executed at the start of the. synthesizing processing for the
background conponent image, the. synthesizer 605 stores an i nrage whose -
pi xel values are all O in a built-in frame nenory. Then, in the 168
- synt hesi zi ng processing for the background conponent inage, the
~.synthesizer 605 stores the background conponent inage.zegﬁgﬁﬂw??@? t he

" previous imge by the background conponent inmage). Accordingly, O is
stored in the pixels correspondi ng-tb57the foreground area in the
background conponent inage output fromthe synthesizer 605. Figs. 66A and

~ 66B illustrate the input inmage input into the foreground/ background
separ at g, }9%5 _apd the d popent. i mage “and the, background
conponent ingge outpu?gg%gﬂ§$%§1t%gQnggé?%ﬁngﬁga%ggF G EehbarsR or 105,
- Fig. 66Aramcasschgratie giagy fe2nphiege Lo be, di splayed . and Fig. 66B"
. 4s-a nmodel in which pixe?sggofg%%%egl?%e co%égggJ%]Jﬁ?ﬁ%ﬁék&?ﬁ%ﬁbe shown

. in Fig. ia6Arand #ﬂnlaéﬁéngeﬁif§|@h@@ﬁ&ﬂﬂ&fge%%§tﬂﬁﬁ9nging to the.background
.the m xed area are expanded to the foregrou area, pixels area, and -

pi xel s bel onbf nighd auistthddherdt it oigreation : A Showr i B g5, (§6A and 66B,

the background conponent image output.fromthe foreground%%éck&round-

sepdr at oncg@8red background area in frame #n shown-in Fig. 50 is
determined, €28 through C32 of the piXels.in frémg #n and
the pixel values N28 through N32 of thé;piXels in fiaﬁe'#n+1.
are set in the normal egquations. . 7 |
Moreover, if, for example, the mixtﬁre ratio o of the
10  pixel contained in the covered background area éhown ih Fig.
60 is calculated, the following equations (50)'t£rough'(58l
are set. The pixel value of the pixel for which the ﬁixture
ratio o is calculated is Mc5. o
Mcl = (élj-Bc;-m+(—1)-Bcloq+Bc1~p+(415}s+(e1)-E+u - (50)
15 Mc2 = (O)chZ-m+(~1)-Bc2-q+Bc2-p+(0)+S%L-if;t+u ,(51}

MC3 = (+1) -Be3 m+(-1) -Bc3-q+Be3-pt (+1) -5+ (1) -thu (52}

Mcd = (-1) -Bcd-m+ (0) -Bod-q+Bcd -pt (1) *s+(0) -t+u  (53)
McS = (0)-Bc5-m+(0) -Bc5-q+BcS p+(0) s+ (0) - t+un (54)
Mcé = (fl)'BCG-m+(0J-Bc6-q+Bc6jp+(+l)~é+(0}at+u L (55f‘

20 Mc7 = (-1)-Bc?-m+f+l)-Bcﬁ-q+Bc7-p+{—1)(é+(¥i)tt+u _{56)
VMCS = 10)-Bc8-m+(+1)-Bc8-q+Bc8-p+(0)‘S+f%l)'t+u 1'-t57)
T McY = (+l)-B¢9-ﬁ+(+1)-Bc9-q+Bc9-p+(+1)-s+(fi)-t+u (58)
When the mixturé_ratiorarof thepixellcontaiﬁéd-in the
coveredibackground area in frame #n is caiéuiated, the pixel

25A values‘Bcl through Bc9 of the pixels of the’background.area




"consists of the pixelsf belonging to the background area and 20" .the

background conponents contained in the pixels of the. mxed area.. As.shown

in Figs. 66A and 66B, the foreground conponent.. inage output.fromthe
foreground/ background separator.105 consists. of the pixel. belonging. to

the foreground area and. 25 the foreground conponents contained in the

pi xel s of the 22 September 2005 - 169 nixed area. The $FiSERE™HI20¥S of the
pi xels in the m xed area are separi d into the background conponents andn
t he foreground conponents by the fo é%round/background separator 105. The
separ at ed background conponents form the background conponent i nmage
together with the pixels belonging to the background area.. The separatedr
foregr thcfltf-@Trﬁ)dthrit sirf grgmattilvesf orS@gr dumd ednpase nt rb%@@t&@@@yher wth
the pixels belonging to the foreground area. 10 As discussed above, in the
f or egr GifHG-e tiomdde, pisded spiixelfnagleudn ofret heepi.xel s. corresponding
to the back round area are.set to 0, and. significant pixel values are set
in the pixet '05PFe§§éﬁHﬂﬁg thet Réxturegratnd ared thadpihel pi xel s

'correspondln to the mxed area. Simlarly, 1.5 in the background conponent

i mage, qﬂﬁgﬁ& LﬁaﬁﬁésU@F°Wﬁ§3dpPﬁékgf@@ﬂﬂeép@ﬁd5hgwn01nhélgoréground area
ar e, set, to and SI% ific glxel values are set in the pixels

correspon §u€3tﬁﬁé §P &HHl FeS94Ad1oRE éﬁ?élEhﬁéﬁﬁbspéﬁhlmgeto the
~ m xed %r%a %geA des ion is, |ven b?|OMIOf t he EFOCESSIng execut ed .
= e pixe be"or el e pixe he mlxture

for which

ratio d is calculated is MuS5.

Mul = t—1J-Bui-m+(—1)-Bul-q+su1op+{—1)-5+(—1)»t+u (59)
| “Mu2 = (0) -Bu2-m+{-1) -Bu2-g+Bu2-p+ (0) - s+ (~1) - t+u (60)
10 Mu3 = (+1)*Bg3-m+(—l)aBu3-q+Bu3-p+(+1)-s+(4l)-t+u (61)
Mud = (~1) -Bud -m+ (0) -Bud- q+Bud-p+ (=1} -5+ (0) - t+u (62)
Mu5 = (oy-Bu5-m+(0)-Bus-q+355§p+(0)-s+(01-t+u (63)
Mu6 = (+1)-Bub-m+(0) -Bu6-q+Bub6 p+ (+1) -s+(0) - t+u (64)

VMﬁj = (—i)-Bu7gm+(+1;-Bu7rq+Bu7-p+(—1)-s+(+1)-E+u (65)

7'15‘ Mu8g =,(O)'BuB-m+(+l)?Bu8-§+Bu8-p+(O)-s+(+let+u (66f
Mu9 = (+1j-Bu9°m+(+1)?Bﬁ9'q+Bu9-p+(+1)-s+(+1)-t+u (67)

Whgn-the mixtqrelratid'a of the pixel contained in the

_uncovered'background'areé in-framerﬁn'is caiculated, the
pixel values Bul tﬁrough'BHB éf_thefpixels of the background

1 éO‘_a;ea‘in'fréme.#n;l-inTeQuations:(59}.thfough.(67),
irespectively, chrésponding to-thelpixels'in fféme #n are-
used.. .1 | | |

Fig.'Gl_iS‘a block diagram'i;lustrating thé

_ éonfiguration.of‘the eéti@ated—ﬁixﬁure—fatip processor 401.

'25, An_image inputfinto the estimated-mixture-ratio processor




by the separatingportion 601 for separating the foreground conponentsand .
the background conponents fromthe pixels belonging to t he m xed: area.

_Fig. 67 illustrates a nodel of an image indicating LJ.: iuregrouna conpon
- 22 Septenber 2005 background conponents and belong to t he background ar ea.
frame #n, the second through fourth pixels fromthe Ieﬁpsmggmbﬁunmghe
' background conponents and the foreground In frame #n, the |eftnost pixel
and the.fourteenth through eighteenth pixels from the | eft consist of only
the virtual divided portions is 4t right in Fig. 67. In the nodel of
the i mage: shown in Fig. 67, the anount of novenent v is 4, and the nunber
of - 170 franes including a foreground object noving fromthe left to .10.

* conponend s, i @nsuyhiel g e 4 hﬁlw%&rﬁd;rbé?digra%aq%xf LSfter 9515 frame #n,

the. eleventh through thirteenth pixels fromthe eft contaln backgroundl

conponent s andidiaegseund tCoMROARNhYs tARdiRBLENGnkGet Re CaNEred background
area. In frame #n, the fifth through tenth: pixels fromthe left consist

of onl yErtde, fmcegg@md,escmnmriamgﬁ tandHeelore it Gohe fmkadreund area. In
~frame #n+l,the first through fifth pixels from the ...left and the -

. ei ght edint mqolsqmmflreo:mashezﬂeefmmsmtgeoftoomhyé Taﬂ@ieli'a(&’)logl’ ognd components,
and belong to the background area. |I'n frame #n+l, the sixth through elghth
pi xél s d9len tdHer quafty 22208U¢mﬁu&ﬁnfbamkg#@uadtoomp@neﬂﬁsraﬁdzforeground

conponents, and.
The adder 502 sets the plxel value of the plxel

- adjacent to the pixel for which the'mlxture ratio o 15
oalculated, and the pixel value of frame #n—l in'the-norﬁal:
_ equation. For example, the adder 502 sets the plxel valuos
10 Mcl through Mc9 and the pixel values Bcl through Bc9 in the '
normal equations based on equatlons (50) through {58);7 |
respectively; The adder 502 supplles the normal equatlons-'
-in which the pixel values are set to a calculator 503.
The calculator 503 determines the estimated mlxture
15 ratlo by solV1ng the normal equatlons supplled from the
adder 502 by,,for example, a sweep—-out method, and outputs
'the“détermined esrimated mixture'ratio. | |
In this mahnér, the eStimated~mixturo-rétio orOCessor
401 is. able to célculate the estimated miéture.rétio'oased
_20-‘ on the input imagé,.and supplies_it:to.thé mixture-ratio
--determioinglportion 403.
The estimated—miﬁture—rétio proceésor 402‘13 configured"'
‘similar to the estlmated mlxture ratlo processor 401, éﬁd an: -
-explanatlon thereof is thus omltted- -

25 Flg.-ﬁz,lllustrates an'example of the estimated mixture




bel ong to the uncovered background area. In: frame #n+l, the fifteenth.

t hrough seventeenth pixels.; fromthe |eft contain background conponent s
and to the covered background foreground conponents, and belong area.. In
frame #n+l, the ninth fromthe left consist of only the - 171 foreground

_conponents fromthe pixels belonging to the covered b rPuF %§ In
Fig. 68, al through al8 foreground conponents, and bel dig t§" fié Ebreground

area. Fig. 68 illustrates the procii% ng for separating the indicate .

m xture rati 0os of the individual s of frame |In Fig. 68, the fifteenth

t hrough seventeenth pixels from the left belong to the covered background

~ area. The pixel value A5 of the fifteenth pixel fromthe left in frame #n
“can be Bxpresydd s teylidty drhg 68t inkd e ix B QY piboBksesk67/v . '

al 5Bl 5+F09/ v+F08/ v+F07/v al5PlI 5+F09/ v+F08/ v+F07/v (68) where al5 indicates

the mxiUre e edfindted irfitdenteh m@pitdel sHavomirh@ilgef t62i nsf tase #n, and

P15 desrgnates t he pixel 15 value of the fifteenth pixel fromthe Ieft in

frame #AESBltriertagantsd by waef disgr el ddmioeshby pertthemifif t eent h

pi xel fronrthe left, in frame #n can be expressed 20 by equation (69) based
-On‘equétﬁbﬁa culation by’ generatlng equations in units of Tx7-

'-S pixel blocks when the movement, v of the foreground
cotrespondlng'to‘the object moving with constant yelocity is
11. | | | .

The estimated_mixture ratio changes almost:linearlyrin
the mixed area, as shown in Fig. 48.

10 The mixture-ratio determining portion 403 sets the
‘mixture ratio based on the area information supplied from
the area specifying unit 101 and indiCating to which of-the

_foreground area,_the‘background area, the couered backgtound-
area, or the uncovered background area the pixel for'which
- 15 the mixture tatio,a is to'be.calcuiated belongs. The
_ lexture ratio determlnlng portion 403 séts the mixture ratlo
-to 0 when the correspondlng plxel belongs to the foreground‘ :
-area, and sets the mixture ratlo to 1 when the correspondlng'
pixel belongs to the background area. When the

2@' correspondlng plxel belongs - to the covered background area,-
-the mlxture ratlo determlnlng portlon 403 sets the mlxture

:ratlo to the estlmated mlxture ratio supplled from the
estlmated—mlxture ratlo processor 401 When the
‘corresponding plxel belongs to the uncovered backgtound'atea}f

25 the.mixture—ratio-determining:portion 403_sets the mixture-




| v+F08/ v+F07/v C15- (x| 5P1S {69) S|n1larly,, t he. sgn1f|6.of.the -
;éfegrgggd conponent s of the(S|xteenth pi xel fromthe.left in franed#n can
be expressed by equation (70), and the sumf17 of the f u oregro n .
conponents of the seventeenth pixel 25, in franme #n can be expressep17
by. equation (71) 22 Septenber 2005 f16 = Cl16-al6- P16 jﬂégtemgézm@gY

i ' ' he covered - 172
In this manner, the conponents (70) (71) fc containedt
foreground in.the pixel value C of t he-pi xel belonging to .5 background area .
can be expressed by equation fc = € aPlwhere P designates the pixel value_

pi xel in-the previous frane. (72) o (72)
ratio to the estimated misture ratio supplied fro@‘the
estimated—mikture—ratio processor 402. The mixture-ratio
determining portioh 403 outputs the mixture ratrofwhich'has
" been set based on the area information.

S'lh The calculation processing for the mixture ratio
performed by the mlxture ratio calculator 102 when the
estlmated—mlxture ratlo processor 401 is conflgured as shown
in Fig. 61 is dlSCUSSEd below with reference to the ‘
flowchart of Fig. 63. 1In step 5501, the mixture—ratio

10 calcolator:loz obtaiﬁs area information supplied from the
area specifying unit'lOl. In steb 8502 the estlmated—
mlxture ratio processor 401 executes Che proce351ng for
restlmatlng the mixture ratio by using a model correspondlng
to a. covered background area, and supplles the estlmated

,-15 ‘mixture ratio to the mixture-ratio determlnlng portlon 403.
Details of the proce881ng for estlmatlng the mlxture ratlo
aretdlscussed below with reference to the flowchart of Fig.o
64. : | |
In step'8503 the estlmated -mixture- ratlo processor 402

20 executes the proce531ng for estlmatlng the mlxture ratlo by
u31ng a model correspondlng to an uncovered background area,

rand supplles the estlmated mlxture ratlo to the mlxture~ |
. ratio determlnrng portlon 403. |
In step $504, the_ﬁixture—ratio calcuiator 102H

25 determines whether the mixture ratios have been estimated




of the corresponding Fig. 69 illustrates the processing for separating the
10 foreground conponents fromthe pixels belonging to the uncovered
background area. In Fig, 69,,.al through.al8 indicate m xture ratios
o.f.the individual pixels of frane.#n. In Fig. 69, the second.through

fourth pixel's fromthe left belong to the uncover ed baekgrqaunskras®a.. 15 The
..pi xel value CO2 of the second i I f th xe |l ft inprome e frame #n can

be expressed by. equation (73): CO 02/ v+B02/ v+B02/ v+FOLl/v a2, BO2+FQ /v
= a2N02+F01/v. (73). 20 where a2 |nd6 ates the mixture ratio of..the second
pixel. fromthe left in frame #n, and NO2. desi.gnates the pixel ‘value of
the second pixel fromthe eft..in frame #n+1l. The sum f02 of the foreground
conpondifts. e twhe Isedomthe .pi Al iftr am et drafitned nHaramree# iiganre eXpr essed
by equation .25 (74)' based on equation '( 73) . 22 Septenber 2005 - 173

f02 :|mywkpqﬂ@ﬂ@xzmm2y@t4peen estimated for the whole frame, the

process returns to step S$502, and therproce551ng for -
'estimating the miXture ratio for the suhsequent piXel is
5 executed. | | |
If 1t is determlned in step 5504 that the mlxture o
ratlos have been estlmated for the whole frame, the process.
proceeds to step 5505. 1In step $S505, the mrxturemratro
determining portion 403 sets the,mixturerratio based on the
10 area information supplied from the area specifying'unit i01
and ihdicating to which of the foreground-area, the .
background area, the covered backgroond area, or the
uncovered'hackground area the pixel_for which the mixture
gratio is to be calculated belongs. Thesmixtﬁre—ratio
15 determining portion 403.sets the migture ratio to O-When‘the
corresponding pixel belongs to the foregroundtarea, and:sets*'
the mixture ratio to 1 when'the corresponding pixel belongs
to the backgrounddarea ' When the correspondlng plxel
belongs to the covered background area, the mixture- ratlo
: 20 .determlnlng portlon 403 sets.the estimated mixture‘ratio'
_supplled from the estlmatedﬂmlxture ratio processor 401 as'
the mlxture ratlo When the correspondlng pixel belongs to
‘the uncovered background area, the mlxture ratlo determlnlng
portion 403.sets the estimated mixture ratro.supplied erm

25 . the estimated-mixture-ratio processor 402. as the mixture .




Sinilafly, the sumf03 of the foregroundrconpohents]of the third pixel

“fromthe left in frame #n can be expressed 5, by equation (75), and the sum

f04 of the foreground conponents of the fourth pixel fromthe left in

~frame #n can be expressed by equation (76). f03 = C03-a3N03 (75) f04 =

Q04-a.4-N04 (76) 10 In this manner, the foreground conpomepbsbd-dogont ai ned
in the pixel value C of the pixel belonglng to the uncovered background..

“area can be expressed by equation (77) fu CaN where N designates 15 plxel
~in the the pixel value of the subsequent-frame. (77) corresponding As

di scussed above, the separating portion 601 is able, to. separate the
foreground conponents from. the. pixels belonging to the m xed area and

the background P nging to the mxed area - = -~
. based on the ZO%ﬁ%Pgrng%?gﬁLé ggca g ?ﬂ%l%gvgred background area and the

nformall on Ao 81400 N ANEONSIE Sk U arcq, Sontgped 1 the

'area |nformat|on emxturer 10 a
- bl ock diBgeambi Elayx%ﬁié‘ﬁéngh@nmu@t‘_(@ggl Faffo 2R, LR GOl gHL AL on, of the .

separatlng portion 1601 for
feature quantity correspondlng to each plxel ‘based on the

5 area information supplled from the area spec1fy1ng unit 101,
“and the input image.

By using the'mixture ratio o, it is poéSible to
separate the foreground components and'the'béckgroﬁnd
components contained in the pixel value while maintaining

10 the information of the motion blur contained in the imége
corresponding to the moving objéct.

If the image is syntheéized based on tﬂe mixture ratio
a; it is possible to create an image confaining.ﬁotion—blur
that matches the speed of the moving objec£'th¢h faithfullf

15 reflects the real world. | | | |

A descriptipn.is now given of, with refererice td the
flowchart of Fig 64, the mixture-ratio estimating
-proce351ng by u51ng a model correspondlng to the covered

. 'background area in step S502 of Fig. 63, |
20 1-"'-In.step SS21,lthé adder 502 sets-the.pixel'value
"contained'in the ihput‘image‘and the pikel valﬁe‘contaihed
in thg image sﬁpplied from the delay circuitjézi in a ﬁormal
.Vequation COrrespgnding to a model-of_the éévered Eackgroﬁnd.
area. | o o

25 - In step 5522,'the estimated"mixture—ratio-proéeSéor 401




22 Septenber 2005 174 executing the above-described processing. An inmage
input into the separating portion 601 is supplied to a frame nmenory 621,
~and the area infornmation indicating the covered background. area and the-
uncover ed background area supplied fromthe m xture-ratio cal culator 104 .
and the mxture ratio a are supplied to a separation pzrz%ﬁ@,%bg}gggy ock 622.
‘The: frame nmenory 621 stores the input inmages in units of franmes. Wen a
‘frame to be processed is frane #n, the frame nenory 621 stores frame #n-1,

~..which is the frame one 10 franme bef Pe Trane #n, frame #n, and frame #n+1

which is the frame one frane. after, frane #n.. The frame menory 621
supplies 15 in frame #n-1, frane #n, and frame processing bl ock 622.. the
corr espohdimgnepi weeshe#nthet sethengepar ahé obaphoOcessidps bt ock 622 applies
the cal cul ations discussed . with reference to Figs: 68. and 69 to the
pixel LeEhiekedf thE itcbsrespermingdpthetstha feantndnofd,thérane #n, and
frame. #n+l. supplied fromthe. frame nenory 621 The separation based on
“the ar%%lr‘ﬂwﬁd?ml%nmlm@tcﬁmh@h@@e theepeoc?ds bavkgiouns. stegea and. t he

uncovered background area and the mxture ratio. a so as to separate the
“foregr 'C%@% @@@tgroce551ng for settlng the pixel wvalues in the

S normal equatlon is repeated
If it is determlnea in step 3522'that the settino fot
the target pixels is;finished,rthe process proceeds to step
. 8523, In step S523, a calculator 173 calculates the |
estimated mixture ratio oaSed on the normal equations in
.. 10- - which the pixels values are set, and outputs. the calculated-
mixture ratio. H |
As discuésed above;lthe estimated¥mixture-ratio
processor 401 is able to calculate the estimated mlxture
ratlo ‘based on the 1nput image. h
15 "~ The mlxturefratlo estlmat;ng oroceasing by using a
model corfespondinglto the uncovered backoround area iﬁ etep
5153 of Fig 63 1is. 51mllar to the proce551ng 1ndlcated by
the flowchart of Flg 64-by using the normal equatlons‘
cortespondlng-to a model of-the oncoverea backgtoood aiéa,'
.20 i.and an_exblanatioﬁ thereof is thus omitted.
The embodimeot'has been'descrioed assumihg that the-
.object correspondlng to the background is statlonary. 5
However, the above descrlbed mlxture ratio calculatlon‘
_ptocessing can,be'applled evenrlf the image cor:esponding-to

/25 the background drea contains motion. For example, if the




and t he background conponents fromthe pixels belonging.to the nmixed area. .
in. frame #n, and suppliées themto a frame nenory 623. 25 The. separation
processing block 622 is forned of an 22 Septenber 2005 - 175 uncovered-
area processor 631, a covered area processor 632, a synthesizer 633, and a

synt hesi zer 634. A multiplier 641 of the uncovered ar ea,Ry, EE%Q@m@31
multiplies the pixel value of the pixel in frame #n+l supplie romthe
franme nmenory 621 by the m xture ratio a, and outputs the resulting pixel
value to a switch,642. The swi tch-63485is closed when the pixel of frame #n
(corresponding to the. pixel in frame #n+l1) supplied fromthe frame nenory
621 bel ongs to the uncovered background area, 10, and supplies the pixel

vai ue muhbighl tegrbypbhg; AXEYT nEabLad: SRRl hed Tromthe mul tiplier 641 to

-a calculator 643 and the synthesizer

-~ by-nul t mpk¥hgg the eptxghr¥al h X n_frame #n+l. the m xture
ratio a outgut froﬁ1the g%?t%ﬁxggﬁélgagghlég? Fs?on§ﬂg B%%Eé?o ° 15 .

conponeaveraf it hfag®i xel a¥abt@aRfet PELROLL ESPR P frame #n. The
cal cul ator- 643. subtracts. the bgckground con%g%gﬁfsgégp%? g%n??on1the '

- swi tch ga@céssimpy hin ph xehnvat ueiRf 15 hecdi ek LRsLr ae#n. supplied from the
frame menory 621 so as 20 ' to obtain the foreground conponents The

cal dul apll e 3cesuppipeEsdime foreg duckgampanent. Ss@iti&?arpyxe'lf n frame

~belonging to the uncovered background area to the :

- the ‘image correspondlng to the background area contalns
locally dlfferent motlons, the estlmated—mlxture ratlo
processor 401 selects: the plxels correspondlng to the

| motions as the pixels belonglng to the mixed area, and

10 exXxecutes the'above~de5cribed'processing’

‘The foreground/background separator 105 is dlscussed
below Fig. 65 is.a block dlagram 1llustrat1ng an example
'of the conflguratlon of the foreground/background separator
:105. The- 1nput lmage supplled to the foreground/background

i5' separator 105 is Supplled to a separatlng portlon 601, a
switch 602,. and a sw1tch 604. The area 1nformatlon supplled
from the area spec1fylng unlt 103 and 1nd1cat1ng the
1nformatlon of the covered background area and the uncoveredr

‘1background area is supplled to the separatlnq portion 601.

20" The area 1nformatlon 1nd1cat1ng the foreground .area is
.esupplled to .theé sw1tch 602. The area 1nformatlon 1ndlcat1ng"
‘the background area supplled to the sw1tch 604.

' The mlxture ratio o supplled from the mlxture ratlo

calculator 104 is supplied to the separatlng portion 601.

'_25 The separat;ng portron 601 separateScthe.foreground




synthe5|zer 633. 25 A nultlpller 651 of the covered area processor 632

mul tiplies the pixel value of the pixel in frame #n-1 - 176 supplied from
the frame nenory 621 by the mi xture ratio a, and outputs the resulting"

pi xel value to a switch 652. The switch 652 is closed when the pixel of -
frame #n (corresponding to the pixel in frame 4n-1) suppldeg@dmb&ppd he
frame menory 621 belongs to the covered background area, and supplies the
pi xel value multiplied by the mxture ratio a supplied fromthe multiplier
651 to a calculator 653 and the syhéfiesizer 634. The val ue obtained by

nul tiplying the pixel value of the pixel in frame #n-1 by the mixture
.ratio 10 a output fromthe swtch 652 is equivalent to the background.

Conponeahéoﬁéntéhﬁrghxﬁhevﬁh ﬁtOim%ggebQQEEeggogﬂengﬁgaxel in frame #n.

.The cal cul at or 653 subtracts: the ckground corponents supplied fromthe

SmﬂtChlﬁﬁgrmégﬁoﬁhfn@iégtlﬂﬁoﬁﬁeocoggﬁed aekgfouh ££§§E #ﬁ Sygplied from

the frane nmenory 621 so as obtain the foregroun conponen

cal cul 8h66rH58i oS UPREi €St 1he £RE egreuRdr £QNRREAL i in fra”E #n
~bel onging, to the covered bgckground arEa to thg guﬁéhég?%gré%EB 20 The

- synt heshe eni 683r€ ordi 16 So | hendl 05 egp DUEE @1@@9%@@%&@ Of o +d&\er ﬂ&ﬁ
bel onging to the uncovered background area an suppl i ed from

calscul eempoBAS wi ttdr & hejrmttlegsmmﬂ o@xrponehﬂé SS@gﬁaiE&@lrﬂy X;%fs‘cﬂg{ ofwi Ng to the
covered backgr ound.
also separates the background components from the 1nput
1mage, and supplles the separated background components to a ..
'synthe81zer 605 | .
The sw1tch 602 is closed when a plxel correspondlng to |
”10_ the foreground is 1nput based on the area lnformatlon'

h 1nd1cat1ng the foreground area,‘and supplles only the plxeis
.correspondlng to the foreground contalned rn the- 1nput 1mageh'
to the synthesrzer 603 | |

The sw1tch 604 is closed when a plxei correspondlng to
15 - the: background is 1nput based on the area 1nformatlon

’ 1nd1cat1ng the background area, and supplles only the plxels
tcorrespondlng to the background contalned 1n the 1nput 1mage1
to the synthe51zer 605 | |

The synthe51zer 603 synthe51zes a foreground component
20‘,1mage based on the foreground components supplled from the

'separatlng portlon 601 and the plxels correspondlng to. the

-Tforeground supplled from the sw1tch 602, and.outputs the
synthe51zed foreground component 1mage. Sincedthe o

' foreground area and the mlxed area do not overlap, the .

- 25 synthesrzer 603 applles, for example, loglcal OR to the g




J
!

25 area and supplied fromthe , calculator. 653, and supplies the

synt hesi zed foreground conponents to the frane nenory 623. 22 Septenber
2005 177 The synthesi zer 634 conbi nes the background conponents of the .
pi xel s bel onging to the uncovered background area and supplied fromthe
switch 642 wth the background conmponents. of the pixeRsSepemongdetg to the
covered background area and supplied fromthe switch: 652,. and supplies
t he synt hesi zed background conponents to the frane nenory 623. The frame
menory 623 stores the foreground conpgients = and the background conponents
of the pixels in the m xed area of franme #n supplied fromthe separation
processing- -10 block 622. The frame nmenory: 623 outputs the stored

foregro nd conponents of the pixels in the mxed area in frane #n-and the
st or ed E' ERET NG ‘6%%%%%% ofdtHae pfeeperowndheineked thaessbyn frame #n.
15 By re ratio a, which.indicates.the feature:

' th
-quantlt%'/ﬂnlltlﬁésn o%%g g% VHPONTHL SSOBRRRMe 1@k gr ound component s

contained infhs, |ﬁ$§léﬁalues can be conpletely separated. The synthesi zer

603 conbi nes 't he ef of eground- n@or?prc?r?eerﬁssm GRS Upe Ftkdihe istariteofi xed area

bel onging to the . tore

I rrage :Lm% SYHHJ'%%}H-@{esEi%rC% %er%rtepse (_Blaclﬁg Ounqlose pixel

values are all 0 1n a bUllt in frame memory Then, 1n the

¢ t 601 with th | . E
o, | T anhd L AR H‘P%] oundéga‘cir)fa}{a(fl fonrgatsl'&f 0]gl i T Wéqmgif@u)r(lg iorrponent

synthe5121ng proce531ng for the foreground component 1mage,
'the synthesizer 603 stores the foreground component lmage
"(overwrltes the prev1ous.1mage by the foreground component
10 1mage) ’ Accordlngly, O is stored in the plxels |
correspondlng to the background area in the foreground
. component 1mage output from the synthe31zer 603- |
‘The synthesrzer 605 synthe31zes a background component
n 1mage based on the background components Supplled from ‘the
15 separatlng portlon 601 and the plxels correspondlng to the
-background supplled from the sw1tch 604 and outputs the
‘fsyntheSLZed background component 1mage .Slnce the |
7"background area and the mlxed area do not overlap, the
-synthe81zer 605 applles, for example, loglcal OR to’ theril
20:_background components and the background plxels, thereby
--sznthe5121ng the background component lmage
In the 1n1t1allzlng proce351ng executed at therstart of
' the synthe5121ng proce551ng for the background component

1mage, the synthe51zer 605, stores an 1mage whose pixel

o 25- values are all O 1n a bu1lt ~in- frame memory Then, in the-A‘




conponents of the pixels inthe mixed area. in frame #n 25. out put from t he

- separating portion 601 with the pixels belonging to the background area so

as to generate a background conmponent inmage. Fig. 71A is.a diagram
illustrating an exanple of the foreground conponent inmage corresponding to
frame #n in Fig. 67. The leftnmost pixel and the fourtegiicheRbeood rom the

~left consist of only the background conponents before the foreground and .

t he. background. are separated, and thus, the pixel values are set to.0. .
The second and fourth pixels.fromthesl eft belong to 10 the uncovered -
background. area before the foreground and the background are separated..

‘Accordingly, the background conponents are set to O, and the foreground

he el th thirteenth Is f the
compong iy SEAASL: el pNEnL nayh LhLrteenth puel s from the

| ef't bel'ong €0 cover ackgrou

E h t hr ough h s
rom L has S D R B B SR B SHEr LhFBing and ¢ he

dbaCkgrQ@ﬂ@rw%&Qe%eEﬁEaEQQV1oﬁ@Cngggghg thgnhéf §§OLBES é@ﬁgge grponents, .

whi ch are thus maintained

t consist of conponents are

1S.a agr am OUI’] corrponent

image image) . Accordingly, 0.is stored in the pixels
7j5: corresponding to'the foreground area in'the hackground"
component image output from the synthesrzer 605
Figs. 66A and 66B 1llustrate the input 1mage 1nput 1nto
the foreground/background separator 105 and the foreground
component 1mage and the background component image output
‘10 - from the foreground/background separator 105 |
_ Flg 66A is-a schematlc dlagram of an lmage to be k
f.dlsplayed, and Flg. 668 1s a model in whlch plxels for onelgh'-
' llne correspondlng to the lmage shown in Flg 66A and B
“contalnlng plxels belonglng to the foreground area, plxels
15 belonglng to the background area, and plxels belonglng to
:the mlxed area are expanded in the tlme dlrectlon |
As shown in Flgs 66A and GGB the background component
lmage output from the foreground/background separator 105

consists of ‘the plxels belonglng to. the background area and

f: 20‘_the background components contalned 1n ‘the plxels of the

’mlxed area.

‘ .As shoWn:inh?igs 66A and 665 the foreground component
'hlmage output from the foreground/background separator 105
"cons1sts of the- plxel belonglng to the foreground area and

f25':the foreground components contalned 1n the plxels of the -




the background conponents are naint

.. processi ng

illustrating an exanple of the corresponding to franme #n in Fig. .67. The -
| eft nost pixel .and .the fourteenth pixel from the left consist of
only.the- background conponents before the foreground and the background are
separ ated, and thus, the background conponents. are maintained. 22 :
Sept enber 2005 179 The second t-hrough fourth pixels fromsptbandrebds belong
to the uncovered background area before the foreground and the background
are separated. Accordingly, the foreground- conponents. are set to. 0, and
i-aed. The el eventh through thirteenth
pixels fromthe | eft belong to the covered background area before , the.
foreground and the background are separated. Accordingly, the fOregrouhd.
conponents ‘are set to 0, and the background conponents are maintai ned.

The fi fEFhAdiEgh tenth pixels 10 fromthe left consist of only the

f oreground gﬁnponenﬁs nd thus, the pixel values. are set to 0. The
P B&psralf Befh%ffB?%ngﬁﬁdsah@ the. mived kareurmrexecut ed by

t he for%gagggd/backgrggnd separator.. 105.is described below with reference
tG the fFowEHart B §ag grPHngtEBmPO§@65§aPPﬁgtb@rf®ongr¢mede #n. for

which %QRﬁhﬁkﬁﬂstBQEkﬁe foreground/background separator 105. The.
_§'Lseparated background components form the background
'.component 1mage together with the plxels belonglng to the
background area.i The separated foreground components form
the foreground component lmage together w1th the pixels :
belonglng to the foreground area
107. . As dlscussed above, in the foreground component image,
_the plxel values of the plxels correspondlng to the
::background area are set to 0, and 51gn1f1cant plxel values'
._h'are set 1n the’ plxels correspondlng to the foreground area:
| ,and the plxels correspondlng to the mlxed area. Slmllarly,
‘lS:hln the background component 1mage,,the plxel values of the
pixels correspondlng to- the foreground area are set to O
.-and SLgnlflcant plxel values are set in the plxels - ﬂ- .
'correspondlng to the background area: and the plXelS--
rcorrespondlng to the mlxed area._:'h o
20‘f.,.1,A descrlptlon is glven below of the proceselng executed '
;by the separatlng portlon 601 for separatlng the foreground
'components and the background components from the plxels
‘ fbelonglng to the mlxed area. | |

Flg 67 1llustrates a. model of an- 1mage 1nd1cat1ng

“.:25:‘foreground components and background components in. two




5601, the franme nmenory 621.of the. 601 obtains an input inmage, and stores’
the foreground. and the background are with the previous frane #n- 1 ,and
t he subsequent franme #n+l'. 20 Instep 5602, the separation. processing. bIock
622 of the separating portion 601 obtalns area information supplied from

the, m xture-ratio calculator 104. In step 5603,, the gggarghbggo&{oce55|ng
‘bl ock 622. of the separating portion 601 obtains the m xture ratio a,
supplied fromthe mxture 25 ratio cal cul ator 104. 22 Septenber 2005 - 180
In step 5604, the uncovered area prbé@ssor 631 extracts the background
conponents from the pixel values of the pixels belonging to the uncovered
background area supplied fromthe frame menmory 621 based on-the area

i nfor matbmas ande budheg M XESFEGFSLhE 8bibBt %8\915&0}? gngoyered ar ea
‘processor 631 extracts the foreground conponents from.the pixel Vval ues of

the ptkel siyetongi PPyt o6t he mmcowergdibackgronnd; rea spppligd fromthe
- frame nmenory 621 based on the area information and .Tn step S606, the.

cover eBligr e protesmosutiS o extdaatendOvt he o) Xind erkath@ni&r o45 the
. background conponent's .fromthe pixel values of the pixels belonging to the
e covere@lbb@kgr@mwmﬂedennrﬂmnnsemb 4romthe franme menor y 621 . based on the
area informati on: and the mxture ratio a'. - ,
In frame #n, the leftmost plxel and the fourteenth '
through elghteenth plxels from the left con51st of only the ;
Vbackground components .and belong to the background area. In
- frame #nt_the_second through fourth‘prxels from‘the leftl |
L?contain the*background'components and the foreground;
' ,lO}tcomponents} and7belong to the uncovered background area. InL'-
| © frame #n, the eleventh through thlrteenth plxels from the';?
_left contaln background components and foreground components,.'
and belong to the covered background area. In frame #n, the
~fifth through tenth plxels from the left conSLSt of only the
.flS foreground components, and belong to the foreground area.ﬂ'
In frame #n+l the flrst through flfth plxels from the i:
,-_left and the elghteenth plxel from the left cons1st of only
the background components, and belong to the background area
In frame #n+1 the srxth through elghth plxels from the left
fzéf:contaln background components and foreground components,'and
.belong to the uncovered background aréea. In; frame #n+1 thej'
.flfteenth,through seventeenth plxels from the left contaln
background components and foreground components, and belong

"to the covered background area. _In frame #n+1 the nlnth

525v=thr0ugh fourteenth plxels from the left con31st of only the -




step 5
- pixels belo kng uncovered background area extracted i.n the.
68, %f%%hﬁaﬁffhg

In step 5607, the covered area processor 632 extracts foreground
conponents. fromthe pixel values of the pixels belonging to the covered

~fromthe frane nenory 621 based the background area supplied on the area

information the mxture ratio a. In step 5608, the synthesizer. 633 conbi nes

~the foreground conponents of the pixels. belonging to tdrsep@mberzaskgr ound

area extracted in-the processing of wth the foreground conponents of the

. pixels 22 Septenber 2005 - 181 processing of step S607. The synt hesi zed
foreground conponents are suppliedtg the synthesizer 603. The synthesizer

603 further conbines the pixels belonging to the foreground area suppl.ied

“via the switch 602 with the .foreground conponents supplied. fromthe

separ a ortion 601 so _as to generate a foreground conponent i mage. I'n
ggg% Ound;EPWQQP?8F563$n§oﬁﬁ#ﬁ@§'Kﬁeth@aébgeemndndoapeaents of the

processi ng o 10 St fﬁepﬁaﬁﬁﬁtbﬁﬂdf%en@ehen&elmm the pixel s

bel ongi ackgr ou area -acted_in the. processing of
step Sg%%eb$hghgy%?ﬁ§éﬁggg §3R8r5gﬁdpl§8 oR&hPRIARE §Qppheed to the.

Synthe@b%@&eéoéaciagouﬁxngpgglZeln695 fur%he %ﬁgghggsalhe p|xels

‘bel onging to

5_ 1nd1cate mlxture ratlos of the 1nd1v1dual plxels of frame #n
In Fig. 68, the flfteenth through seventeenth plxels from
the left belong to the covered background area.

" ThHe plxel value C15 of the flfteenth plxel from the -

ﬁ”left in frame ¥n can be expressed by equatlon (68):

'_lo o C15 BlS/v+FO9/v+F08/V+FO7/v

I

alS B15+F09/V+F08/V+F07/V7

]

| a15 P15+F09/V+F08/V+FO7/V (68
where a15 1nd1cates the mlxture ratlo of the flfteenth-plxet
- from the left in frame #n, and P15 de81gnates the plxel |
15 value of the flfteenth plxel from the left in frame #n 1.
: The sum f15 of the foreground components of the' |
flfteenth plxel from the left ‘in frame #n can be expressed
by equatlon (69) based on equatlon (68) S

f15 : FO9/v+F08/v+F07/v

- 20 - = Cl5-als- P15 T (69)

, Slmllarly, the sum - f16 of the foreground components of
_ the s;xteenth plxel from the left in frame #n can be |
expressed by equatlon (70), and the sum f17 of the

‘ foreground components of the seventeenth plxel from the left

._25p ln frame #n can be expressed by equatlon (71) .




- 15 background area supplied. via the switch 604 with the background

conponents supplied fromthe separating portion.. 601 so as.to generate a

background conmponent inmage. In step S610, the synthesizer 603. out puts the

foreground conponent inmage. I'n step 5611, the. synthesizer 20 605 outputs

t he background conponent image.- The processing is then SRlrb&§DooS

- di scussed above, the foreground/ background separator 105 is able to

‘separate-the foreground conponents and the background conponents fromthe
input 25 information and the mixtur&ratio a, inmge based on the area and

-~ outputs the - 182 . foreground conponent image consisting of only the

.. foreground. conponents and the background conponent ‘i nage consi sting of
~only-the bag&geoun%sygmpqqehts Fig. 73 is a block dlggéfn1illustrating t he

configuration of the notion-blur adjusting unit 106 at-portion
~extractingfui t= 8Q% -gxtr.agt:s, fromthe foreground con?ﬁpent i mage supplied
from the foreground/ background separator 105 based on e area information

supplied fromiie acedcsnedieyimg dipiduntdBorbolnld & PALELIRLN Whi ch the
of adj.acent pixels change anount by whi.ch: the pixel values is small. The

 flat portiten metelactsidie by5E the: fdiate DU Iy g HAstig didr 801 consists

-of . pi xel s havi ng equal -pi xel" val ues. The .flat” portion.is
-5 background area can be expressed by equation (72):

fc = C-q-P - ' - (72)
where P desrgnates the pixel value of the correspondlng
'plxel in the prevrous frame
Flg. 69 1llustrates the processing‘for separating the
510;_ foreground components from the plxels belonglng to the
'i_uncovered background area. In Flg 69, ol through a18
1ndlcate mlxture ratlos of‘the 1nd1v1dual plxels of frame #n
: In Flg 639, the- second through fourth plxels from the left
”._belong to the uncovered background area ’
15 - .: The plxel value coz of the second plxel from-the left

_1n Erame #n can be expressed by equation (73)

S C02 = BO2/v+B02/v+BO2/v+F01/v N

-

q2,502+F01/v |
= aQ;Noé+Foi)v="'fn,; . 7::” . {73l
20 :Where“GQ 1ndlcates the mlxture ratlo of‘the second plxel
.'."from-the left 1n frame #n, and N02 de51gnates the plxel
- value of the second plxel from the left in frame #n+1
| The sum f02 of the foreground components of the second
tplxel from the left in"- frame #n can be expressed by equatlon

.25_:(74) based on” equatlon (73)




“also referred to as the "equal portion". 15 For exanple,. the flat-portion
extracting unit 801 extracts, fromthe foreground conponent inage supplied
from the foreground/ background separator 105 based on the. area
information supplied fromthe area specifying unit 103,. a flat portlon in
* which the anpunt by which the pixel values 20 of adjaceﬂj&gh%ﬁtsﬂﬁgange is
'smal ler than a prestored threshold Thf. The flat-portion extracting unit -
801 -al so extracts, for. exanple,. a flat portion in which the. anount by
~which the pixel: values of adjacentlpgxels of the foreground conponent
25 image change is within 1% The ratio of the anount by which 22
‘Septenber 2005 - 183 The flat-portion extracting unit 801 also extracts a
flat portlonfdf mh%& the standard devi ation of the pixel a flat portion,
may be set to a deS| ed value t he pi xel val ues.change, which is a |
reference for extraes ues of adj acent pixels of the foreground
- conponent i nmage |s sna Ier t han the prestored threshola4th Mor eover, the
~flat-portio tor n it 8 xt far exanple based on the
- regression Insllﬁae(llc%?l esgcoﬂr#dlstng téoofhe}Er aﬁ%ﬁ?el RORSb P agendiss off  val ues |
* of - adj.agieat I t r Iat t|on iFn which the sum
6 IRl X P 1 O P%fltdl ndi Vl%ﬂh%|§ ‘5(59‘? @ expressed o

- of the the regression Tine and t
5 by equatlon (75), and the sum £04 of the foreground

components of the fourth plxel from the left in frame #n can

: be expressed by equatlon (76) .

£03 = CO3‘-—oc3-NOA3 o o : (7'5)
" f04 ='C04—d4-N041 o S -.' ,‘-‘ o (76)
10 '_ ‘ In thls manner, the foreground components fu contalned

in- the plxel value C of the plxel belonglng to the . uncovered'
e'background area can be expressed by equatlon (77) |
| _‘fUFCOLN B (77),
'where N de51gnates the plxel value of the correspondlng
15 plxel 1n the subsequent frame.‘ar
' As dlscussed above, the separatlng portlon 6017l8 able
to separate the foreground components from the plxels ‘
.‘belonglng to the mlxed area’ and the background components
from the plxels belonglng to the mlxed area based on the
20: 1nformatlon 1nd1cat1ng the covered background area and the‘
: lnformatlon 1nd1cat1ng the uncovered background area
- contalned 1n the area 1nformatlon, and the mlxture ratlo d:f
. for each plxel | - |
Flg 70 1s a block dlagram 1llustrat1ng-an example of

_ 2§I_the conflguratlon of the separatlng portlon 601 for




values is smaller than the prestored threshold Thf. The reference, val ue
for extracting the flat portions,. 15 such as the threshold Thfor the ratio
of the anpbunt by which pixel values change, nay be set to a desired val ue,
and the present invention i-s not restricted by the reference value for
~extracting the . flat portions. The reference value for trac% g the fl at
““portions may adaptively be changed. Concerning the pix eﬁ%l %S‘ﬁb to the
extracted flat 20:. portions, the flat-portion extracting unit 801 sets a
flat- portion flag indicating that @74 plxel belongs. to a flat portion

and supplies the foreground conponent inage and the flat-portion flag to a
uni t - of - processing determning unit 802.. The flat-portion extracting unit
801 aIso erates a 25.. flat-portion inmge consisting of. only the pixels
belong?ﬁﬁ %%pt%ﬁﬁﬁ?oﬁﬁﬂﬁfSC@ih@@rPf@%@sﬁhﬁgron%n HRISUPpPYes it to a
not i on; blg ellnlnatln unit_803. %Pe uni t-of - processing. determning unit
802 genera R FeP Rﬁ%ﬁ%%%l% %ﬁl%%PP%l%%l%Pléuﬁfﬁﬂﬁng the pixels 5

f th d t thout the flat t based th
?oregﬁgunﬁéﬁ%ﬁneﬁ G i e PHACE o PE et et Wl SR ISete 9 om the
flat t d f
he' APRACKOR G 1800 Mo s, S o o SR SR SlbhR o T
Pracessidig i thg k0t ANy tuabﬁaamaewgam“éh Sehonel hgqjiﬁag',[th the

flat- portion flag. The nmotion urelimnating unit “cal’ es the
o are supplied to a separatlon proce351ng block 622

The: frame Memory . 621 stores the 1nput images in unlts
of frames. When a frame to be processed is frame #n, the
'r'frame memory.621‘stores frame #n- ,_whlch 1s the frame,one
10 frame,beforenframe #n; frame #n, and frame #n+l whichlis
the frame one frame after frame #n | - |
| The frame memory 621 supplles the correspondlng plxels
in frame #n- ; frame #n, and frame #n+1 to the separatlon
. _processrng block 622 _ _ A
15 _ " The separatlon process1ng block 622 applles the
lcalculatlons dlscussed Wlth reference to Flgs 68 and 69 to
the plxel values of the correspondrng plxels 1n frame #n—l,
‘.frame #n,jand frame #n+1 supplled from the frame memory 621':
- based on the .area’ 1nformatlon 1ndlcat1ng the covered |
'Azﬁ, background area and the uncovered background area and the
.mlxture ratlo o $0. as to separate the foreground components
and the background.components from the plxels belonglng to '-'.
the mlxed area. 1n frame #n, and supplles them to a frame .

,memory 623

L2585 The;separation:proceSSing‘block’622-is formed of-an




f oreground conponents contained in the pixels belonging to the flat
portions. fromthe foreground conponent. inmage. .15 supplied fromthe

f or egr ound/ backgr ound separator 105 based on the.flat-portion flag
supplied fromthe unit-of- ..processing determning. unit 802. The.

not i on- bl ur ellnlnatlng unlt 803 elimnates the fOFEgFQﬂQﬁp@ﬁBQQ@@ﬁtS
corresponding to the flat portions fromthe foreground conponent inmage.
~suppli-ed fromthe foreground/ background separator 105 based on the area
informati'on ,the unit of deternminihdssupplied fromthe. area specifying
unit 103 and processing supplied fromthe unit-of-processing unit 802. The
notion-blur elimnating unit 803 cal cul ates t he remmi ni ng foreground

conpon9@é§ EPRG al t er, 82, .1 he lxels ch are
~specified by the ﬂ%?t %%%ﬁs@ﬂig, %%g%lde%n THe R %elh‘? i on

suppl |@d5g‘;ﬂgm§b@e]ar@§\3 S%Igyéﬁgt&lég_{ZQPB d the unit of processing
~ supplied from the unit-of-processing deternlnlng unit -802. The noti on- bl ur

~elininating: uiiltci$03 GOMAINGT. Whe Rit@lverathiGhALe generat edbased on the
cal cul ated foreground conponents. contained in the piXels specified by -

_ the - umulmfpjp_r_mease o el ddeiPioel hofpihe f{atspadi i1 i mage suppli ed -
fromthe.flat-portion extracting unit 8&1 10 thereby ‘generating a
o f oﬁegr&mnﬂmmmmtthmmﬁd mmﬂn;cfﬁzmthprtl{& Ut[:.;hﬁn&i e i ed. '
and outputs the resultlng plxel value to a sw1tch 642 The

sw1tch 642 is closed when the plxel of frame #n
f(correspondlng to the. plxel in frame #n+1) supplled from the
i frame memory 621 belongs to the uncovered background area,
lOf-_and supplles the plxel value multlplled by the mlxture ratlo
oL supplled from the multlpller 641 to a calculator 643 ‘and
'the synthesrzer 634 . The value obtalned by multlplylng the
'plxel value of the plxel in frame #n+1 by the mixture- ratlo
_fa output from the sw1tch 642 1s equlvalent to the background
15 .components of the plxel value of the correspondlng plxel in
v-fframe #n ) S
The calculator 643" subtracts the background componentsl; :
Nsupplled from the sw1tch 642 from the plxel value of the -
) 'plxel in- frame #n supplled from the’ frame memory 621 so as
120 fto obtaln the’ foreground.components The calculator 643
_‘supplles the foreground components of the plxel 1n frame #n
‘f belonglng to the uncovered background area to the
.l"synthe51zer 633 | |
'Q A multlpller 651 of the covered area processor 632

25”‘mult1plles the plxel value of the plxel in frame #n—'




The nmotion-blur elimnating unit 803 supplies the foreground conponent

i mage without notion blur to a notion= blur adder 804 and a. selector 805.
15 Fig. 74 is. a block diagramillustrating the configuration of the
motion-blur elimnating unit 803. The. foreground conmponent inage supplied
fromthe foreground/ background separator 105, the uni totfepRh86&e964 NY
supplied fromthe unit-of-processing determning unit 802, 20 and.the
mot i on vector and the positional information thereof_supplled fromthe
nmotion. detector. 102 are supplied 40 ée nDdeL-forning porti-on 821.. The
nodel - f or m ng portlon 821 perfornms nodel . form ng based, on the amount. of
novenent v.and the unit of processing. 25 Mre speC|f|caIIy the
nmodel -fornmi.ng . por 22 Septenber 2005 - 186 the number of divided portions
‘of the Sﬁ%?élle\‘i’alfﬂf@@ thet Reame perdinedd lompartthe e xtureeraofi of er,eground =~
conponent %ach pixel based on the.anount of novenment v and the unit of
proces§?ﬁ§ ULRg &eﬁ@PaF§§uétﬁﬁdePlM@LMﬁdﬂﬂﬂIﬁ@ corsmaltati @52 .betleen the

pi xel I, the fore nd conponents i s de3|gnated The nodel - form ng
pOFtIOﬁ% %f%ngggséFeE -0§¢ nﬂgep &ber 8dysddiofy fremehdnamount of novenent v

and th [ QCess anong a plurality of prestored nodels. The
chg&%sto?? kﬂguﬁbtﬁgs |

nodel - f6rm ng Fén"82 1Phé rg@ferardd fygellipd from the

'5.. frame memory 621 belongs ‘to the covered background area, and
supplles the plxel value multlplled by the mlxture ratlola
supplled from the multlpller 651 to a calculator 653. and ‘the
synthesrzer 634 The value obtained by multlplylng the

plxel value of the plxel in’ frame #n-1 by the mixture ratio

10 -output from the sw1tch 652 lS equlvalent to. the background

".components of the plxel value of the correspondlng plxel in
kframe #n | - | |
- The calculator7653 subtracts the background components
_supplled from the sw1tch 652 from the plxel value of the :_.;
‘15 -plxel in frame #n. supplled from the frame memory 621 so as’
‘to obtaln the foreground components The calculator 653"
;supplles the foreground components of the pixel in frame #n
._fbelonglng to the covered background area to the synthe51zer :
}‘533; o : _
édtr ‘ The synthe51zer 633 comblnes”the foreground components
" of the plxels belonglng to the uncovered background area and.
supplled from the calculator 643 With the foreground |
,lcomponents of the plxels belonglng to the covered backgroundu'

area- and supplled from the calculator 653 and supplles the o

‘*25_‘sYnthe31zed foreground components to the frame memory 623.




10 equati on generator 822 together conponent |nage The. equatlon

generator portion- 821, and supplies the. generated equation to an adder 823

“together. 822 with the foreground an generates an equation based on the

nodel supplied fromthe nodel-formng 15 with the foreground conponent

i mage. The adder 823. adds the equation. -supplied from jhGBadAdheN

generator 822 to the equations of the nethod of ‘| east. squares. .The adder

- .823 supplies the resulting normal equation to-a calculator 824.. The

- pixels specified. by the 20 unit of1pfocessi ng do not contain the pi xel s

. corresponding to. the flat portions. The.calculator 82.4 solves the -
~-equation i nwhich the. pixel values are set by the adder 823 so as to-

cal cul ate theef OrerOUNL CUMPNERSn e ¢ 'éélﬁﬁggu%§§h ﬁg%gates the. 25

pi xel s., from whi ch notion | ni nat e rresp

Septenbertﬁeoﬁlxei§7be18§gﬂﬂgtt@ftﬂéoﬁﬁéébgﬂedaﬁgg §98 ge'§U'§&ed

"foreground conponents, and outputs the generate S correspondlng to

the unstipplipdocessi et owarsynshesiizes 828 bJBﬁg:.SM ﬁeeébzﬁﬁénéﬁés ge“erat es
the f oreground conponent
of the plxels belonglng to the covered background area and '

5 suppTled from the switch 652, and?supplies‘the synthesizedr
background COmponents to the frame memory 623
The frame memory 623 stores the foreground components
and the background components of the plxels in the mlxed |
. area of frame #n supplled from the separatlon proce551ng
10 block 622. |
' The frame memory 623 outputs the etored foreground
‘components of the plxels in the mlxed area ln frame #n and
the stored background components of the plxels in. the mlxedhu‘
area in frame #n. ‘ | )

'_TS L _By utiiiZing the mixture-ratio dg which indicates the:
feature quantlty, the foreground components and the
background components contalned ‘in - the plxel values can be

'f.completely separated | |
| The synthe51zer 603 comblnes the foreground components‘
?Q.'Of the’ plxels 1n the mlxed area in frame #n. output from the.
separatlng portlon 601 w1th the plxels belonglng to the ‘l
foreground area so as to generate a- foreground component 1"
1magehf The synthe51zer 605 comblnes the background B

omponents of the plxels 1n the mlxed area ln frame #nf o

25. output from the separatlng portlon 601 w1th the plxels




i mage from which motion bl ur s el'i mi nated based on the pi xel s

corresponding to the unit -of processing suppl i ed fromthe cal cul ator 824
and the pixels of the flat-portion inmage supplied fromthe flat-portion

“extracting unit 801, and outputs the .generated foreground conponent inage.

10 The operation of the notion-blur adjusting unit 106jj%egg%§ Ebgfd bel ow "

~with reference to Figs. 75. through 80. Fig. 75. illustrat

obt ai ned by expanding in the tine direction the pixel values of the.

‘pixels on a straight line correspondigng to the notion vector of the 15

f oreground conponent. i nage out put fromthe foreground/ background
separator.. 105 and |nput |nto the flat portion extracting unit -801. COl'

'through 9? i-ndi_cat i xel .- val ues of the individual pixels of the

f or egr GUnd " EWodive IERREG GEEG th T difpGIRImrdtieage consi sts 20 25
-only tQ&ZIg;ngound co onents "The flat-portion extracting unit . 801

extracts Nt Fﬁgpﬁ' S Eﬁﬁfhlned i nthe. foreground conponent inmage of.
~supplied frg th ot egroynd/ back separator 105 based on the
P oL o LR U R aREERE b0 darenoine Bimel val ues

't hreshol d Thf  consecu

ive pr

change ros sl ar cHigBathe Lirgshald, - 18, Th Thf , B heshol ¢, The e;jsb;

- sufficiently smal

t hes f | 807~ porrhicone rexbsaChi Rg1URkL 801 ter than the amount of
novermrent v of the foregr%und obj ect mn?ﬁ?%t%%gg T S LEgFom ﬁ ,

- left consrst of only- the background components before the
foreground and the background are separated and thus, the
‘plxel values are set to O-‘r‘ )
The second and fourth plxels from the left belong to
-IQ the uncovered background area before the foreground and the
Vbackground are separated Accordlngly, the background
‘components are set to O and the foreground components are |
:.pmalntarned The eleventh through thlrteenth plxels from the
-left belong to the covered background area before the
15 foreground and the background are separated Accordlngly,
the background components are set to O and the foreground
,components are malntalned : The flfth through tenth plxels_
from . the left con51st of only the foreground components,i
‘.Wthh are thus malntalned )
20 Fig. 7lB 1s a dlagram 1llustrat1ng'an example of the
background component 1mage correspondlng to frame #n in Flg
]l67. -The- leftmost plxel and. the fourteenth plxel from the
'left con51st of only the background components before theAh

foreground and the background are separated and thus;'the .

'.{25 'background components are malntalned




5 exanple, if the amount of novenent v of the foreground -object is 5.

wi thin one franme, the flat-portion extracting "unit 801.. extracts five or
nmore consecutive pixels in which there is. alnpst no change in the pixel
values i.e, a flat portion. 10 For exanple, in the exanple shown in Fig.
76, when equation (78) holds true, the foreground conponents FO06/v through
F14/,v are found to be equal fromthe relationships of BqRETBH 9%9)

t hrough equation (83).. dO =di' = Cl2' = C13 = Cl14' (78) 15 C10'" =~
FO6/ v+F07/ v+FO8/ v+FOR/ v+Fl O v’ (797 11+ =, FO7/ v+F08/ v+FQ09/ v+F10/ v+Fi | / v
(80) Cl12' = F08/v+F09/ v+F10. [v+F 1/ v+F12/ v (81) (13" =

FO9/ v+FI O v+FI | / v+F12/ v+FI 3/v (82) Cl4' = F1C¥v+FII/v+F12/v+F13/v+FI4/v‘

(83). 20 Thade igacdhe tiBlALO e pf 9t O FO6/ v
t hrough F14/63|ndicated by quz?%on 6%%?§h%ﬁfs trggg ﬁ%ﬁ?@ﬂ%g%?% FO8/ v

FO9/ v eoFﬂ@éVunc&ﬂéerﬁégéN gy ar§34b¥f6§é)tﬁ@CQBPEEEoﬂndiQndthe“

subsequent processing for: cal cul ating the fore"ground. conponents, as
~ shown. tmé Pbarckdddund %é%ﬁi@tﬁe&ooﬁtccéﬁglngl i stRB! Yo REGESSRRY tO

cal cul ate the foreground conponents FO01/v through FO5/v and the foregfound'
corrporrsmzsorl-‘éﬂiw aztdnrsmglthIIE/ Vared- renetma@k@h@uﬁ@r@a&pm@mre@ent s F06/v
"5 maintained. The eleventh through thlrteenth plxels from the
left belong to—the covered background area before;the
foreground and the background are separated Accordingly;
. the foreground -components are set to 0, and the bachground
components are malntalned The fifth through tenth pixels
, 1u"from the left consrst of only the foreground components, and
thus, the plxel values are set to 0.
The proce331ng for separatlng the foreground and thelh
“background executed by the foreground/background separator
_".105 is descrlbed below w1th reference to the flowchart of
15  Fig:. 72, Ih step SGOl the frame memory 621 of - the
| separatlng portlon 601 obtalns an 1nput 1mage, and stores
frame #n- for whlch the foreground and the background are
'.separated together wrth the prev10us frame #n 1 and thei
:'subsequent frame #n+l | |
'rQOf'tl In step 8602 the separatron proce581ng block 622‘of
‘dthe separatlng portlon 601 obtalns area 1nformatlon supplled '
from: the mrxture ratlo calculator 104 In step 5603 the -
f'separatlon processrng block 622 of the separatlng portlon'j

-601 obtalns the mlxture ratlo a supplled from the mlxture—n:

25 ratlo calculator 104




t hrough F14/v. The flat-portion extracting unit 801 extracts a flat
portion having. equal pixel values required for the above descri bed
processi ng, generates a flat-portion flag indicating whether the pixel
belongs to a flat portion according to the extraction of the flat portion;

and 10 supplies the flag to the unit-of-processing deteb&LaLRgk Yt - 802.
The flat-portion extracting unit 801 al so supplies the flat- portlonlnage
consisting of only the pixels belonging to. the flat portion to the o
notion-blur elimnating unit 803. _Thggunit-of-processing determning unit -
802 generates 15 the unit of processing,.which is data indicating the

pi xel s obtai ned by elimnating.. the flat portion fromthe pixels on a
straight line.. contained in the foreground conponent inage, and supplies
the unit of IprBteRsPRY? . tBhe HenmeYebRdbRURacPraTRasONGE NI exBESCtDget her
wi-th thﬁ at-portion flag .20 The notion-.blur elimnating unit 803 ,
cal cul &8s ?ﬁ59F8P88r69ﬁ8088ﬁ56n§ﬁ9§ thenParsédvhhueheofi kBEs bel ongi ng to

the fl based e flat-portion flag supplied fromthe .
uni t - o%gﬁgg é??ﬂﬁgaﬁgegﬂi%FﬁguHﬁPYg§8§ b?ﬁegrgﬁﬂﬁggrﬁﬁuﬁuepihedat|ng unit.

803 el a he.foreground 25 conponen contained . in the pixels.
| belongF%éBtgﬁgh fiae et Oﬁ§0g2f hB2pF Pnf%§ﬁ1ﬁﬁ?%hltﬁ%r$¥5}°%o@$¢on is
-reqpvegh@nﬁngtﬁpg Rixelg on the straight line contained in the foreground.
portion fromthe foreground conponent i mage based on the flat portron -

fl 7_319 The nﬁ{'%ﬂjlé’éo§l 'Eﬂé]q{ddtgré%d a810e3a ePoecgeastseor é%als extracts
| the foreground components from the plxel values of the |
plxels belonglng to the-uncovered background area supplied
~ from the frane memory 621 based on the area 1nformat10n and
10 the mixture ratlo . |
In step 8606 the covered area processor 632 extracts -
the background‘components from the plxel values of the .
plxels belonglng to the covered background area supplled
from the frame memory 621 based on the area 1nformatlon and .
=15 .the mlxture ratlo o ‘. o - |
In step 8607 the covered area processor 632 extracts
the foreground components from the pixel values of the
.plxels belonglng to the covered background area supplled
'from the frame memory 621 based on the area 1nformat10n and;y
;20, the mlxture ratlo a | | |
In step 8608 the synthesrzer 633 comblnes the
foreground components of the plxels belonglng to the.'
' ‘uncovered background area extracted in the processrng of
'step .S605 w1th the foreground components of the plxels

. 25 'belonglng to the covered background area extracted in the




on the unit of processing supplied fromthe unit-of- processing deternining

unit 802, an equation for calculating the remaining foreground conponents

fromthe pixel value of conponent image. 10 For exanple, as shown in Fig.
76, anong the 23 pixels on the straight |line of the foreground conponent.

i mge, ' when the tenth through fourteenth pixels frontgﬁemhgtgmh@ﬁpng to
the flat portion, the foreground conponents belonging to the tent through
fourteenth pixels fromthe. left can be renoved 15 fromthe

f oreground. conponent i mage. Accordil®fl y; equations. (85) through (102) are
generated for the remaining . foreground conponents, i.e., the f oreground '

t hrough FO5/v. and the foreground. conmponents 20 25 F19/v. -

e T
SSRGS G 5 PR TR O3y (00
synthesizer 603 further comblnes the plxels belonglng to the :
foreground area supplled'VLa the sw1tch 602 with the
5-Vforeground'cOmponentS'supplied'from'the separating'pOrtion
L601 S0 as to generate a foreground component lmage._
In step S609 the syntheSlzer 634 comblnes the
rbackground components of the plxels belonglng to the
_iuncovered background area extracted in the proce551ng of
l plb step 5604 with the background components of the plxels
'belonglng to- the covered background.area extracted in the
‘proce551ng of ' step 8606 . The synthesized background
'components are supplled to the synthesrzer 605. The
'synthesrzer 605 further comblnes the plxels belonglng to the
- .15'.background area supplled v1a the sw1tch 604 w1th the '
*background components supplled from the separatlng portlon
601 S0 as. to generate a background component 1mage.r -
| In step 8610 the synthe51zer 603 outputs the
foreground component 1mage | In step 8611 thegsynthesiser'
.2Q 605 outputs the background component 1mage. .The.processingr"
is then completed | | - o |
) As dlscussed above, the foreground/background separator L
| 105 is able to separate the foreground components and the |
background components from the 1nput 1mage based on the area

7'25f 1nformatlon and the mlxture ratlo a, and outputs the




" Cl6" = F15/v+F16/v Q07"

- C19"Fl

5/ V+FI 6/ v+Fl 7/ V+FI 8/ V+FI1 9/ v C20"= F16/v+F17/v+F18/ v+F19/ v

C21F17/ v+F18/ v+F19/v C22"= F18/ V+F19/v- C23F19/v By applying the
“above-descri bed (91) (92) (93) (94) (95 (96) (97) (98) (99

(101)

(102) method. of |east squares to equations (85)22 September 2005

= F03/v+F04/ v+F05/v Cl18"= F15/ v+F16/ v+F17/ v+F18/v

'(100)

through. (102), "equations (103) and. (104) 15 are found. 5432;1FCHCDl "+ .
Q02' + C03' + C04' + Q05" 45.432F02C02' +C03' +C04 +C054 C06" 4543F03CCB" + CI)4 +
C05' + C06' + Q07" .23454F04C04' +CO5 1€06-+COT+ COB" 1.234. 5FG6C05" + (1)6 +

Q07" +

CoB" + CDY"

7foreground component image cOnsisting of only the foreground.

'7rcomponents and the background component 1mage consmstlng of

10

only the background components

Flg 73 is a block dlagram illustrating the

~conf1guratlon of the motlon bilur adjustlng unlt 106.

A flat- portlon extractlng unit 801 extracts, from the

foreground component image supplled from the .
foreground/background_separator 105 based on the area

vinformation‘supplied from the area specifyingdunit 103

flat portion’ in whlch the amount by which the plxel values

.of adjacent plxels change is small The flat portlon

h‘extracted by the flatwportlon extractlng unit 801 consrsts

r'lhOf Plxels hav1ng equal plxel Values The flat portlon 1575_

- also referred to as the "equal portlon“‘

15

Y

For example,_the flat~portlon extractlng unlt 801

‘ extracts, from the foreground component 1mage supplled from

‘;: the foreground/background separator 105 based on the area

20

25

lnformatlon supplled from.the area spec1fy1ng unlt 103
flat portlon in whlch the amount by whlch the plxel values
‘jof adjacent plxels change is- smaller than a prestored

;threshold Thf-

. The. flat—portlon extractlng unlt 801 also extracts, for

_example, 2 flat portlon in Wthh the amount by which the

plxel values of adjacent plxels of. the foreground component

1mage change is w1th1n 1°.f The ratlo of the amount_by Wthh_‘




(103) 22 Septenber 2005 - 192 54321 45432 34543 23454 12345 F15 _
Cl5"+Cl16"+C17+C18"+C19 F16 = V Cl6 +Cl T+.Cl18"+Cl19 +C20" F17 C1T+C18 +Cl19
+C20+C21" F18 Cl18+Cl9' +C20" +C21 +C22" F19 Cl19"+C20"+C21 "+C22"=+C23" -
(104) The equation generator 822 of the notion-Dblur elininating unit 803

generates the equations corresponding to the unit of ﬁﬁ%%g,gzo g
‘exanpl e, indicated by equations (103) and (104). The a e P t he
nmotion-blur elimnating unit 803 sets the. pixel values contained in the
.foreground conponent inmage fromwhith the foreground conponents contained
in the pixels belonging: td the flat portion are elimnated in the . .
equations generated by the 10. equation generator 822. The: cal cul ator 824

of thetmdtpoRel bhallie@! iMAma] Neh 140 t1 803 £ateplatessshe, %‘%f‘g‘gﬁyﬁdth -

conponents contained in the for egr ound conmponent. 1 nmage ot
f or egr OUNLl EOFPONEN 5 KAPtISE NSk | ¥ theapi xebs Pelgnging to the flat portion

- by applying a solution, such 15 as the Chol esky deconposition to the
f:equatlonslﬂheMﬁMﬂt4ﬁurtﬂ@ﬁ“ﬁxﬁﬁﬂdﬁ&hgammfﬁHSO1 also extracts a '
- flat portion in which the standard dev1atlon of the plxel--
5 values‘of adjacent pixelsrof the foreground conponent image
is smaller than the prestored'threshold ThE. -
Moreover, the flat—portion ertracting unitiéol extractsr"
for example,'hased on the regression llnehcorresponding to |
‘the pixel values*of'adjacent'pixels.oflthe foreground
llOI component image, -a flat portlon 1n whlch the sum of the
errors of the regre531on llne and the 1nd1v1dual plxel
values is smaller than the prestored threshold Thf . . .o
‘ The reference value for extractlng the flat portlons,”.
fsuch as the threshold Thf or the ratlo of the amount by
}15 _whlch plxel values change, may be set to a desrred value,
and the present 1nventlon is not restrlcted by the reference;:
value for extractlng the flat portlons ' The reference valuec
‘for extractlng the - flat portlons may. adaptlvely be changed
_ Concernlnq the plxels belonglng to the extracted flat
:goi,portlons,‘the flat portlon extractlng unlt 801 sets a flat~
.l[ portlon flag lndlcatlng ‘that a plxel belongs to a flat
-ff_portlon, and supplles the foreground component 1mage and the
flat~portlon flag to a unlt of- processrng determlnlng unlt

802. The flat—portlon extractlng unlt 801 also generates a .

25_lflat~portlon 1mage con51st1ng of . only the plxels belonglng




- The cal cul ator 824 generates a foreground, conponent inmage w thout notion

blur, as shown in the exanple of Fig. 78,, consisting of the pixel value

Fi from which notion blur 22 Septenber 2005 - 193 is elimnated. In the

f oreground conponent inmage fromwhich nmotion blur is elimnated as shown

in Fig. 78, FA through FO5 are set in Q04" and COS", %@%eﬁ%ﬁb&@%ﬁ¥gh F19
e

are set in C18" and Cl19". The reason for this is not to change t
position of the foreground conponent image with respect to the screen.
The foreground conponent i nmage naybe8§eg in desired positions,. The
~cal cul ator 824 generates pixels coriresponding to :10 the foreground
conponents, which have. been elimnated. by the unit of processing,. based
on the flat-portion inage supplied fromthe flat-portion extracting unit
801; af@ ddni megtihes. gendr steplpierelis wot b. mothenf-biegr ound conponent .
i-mage wit.hout notion blur shown in Fig. 78,. thereby generating a .15
foregr@&ﬁ&lééﬁﬂdﬁeﬁﬂanﬁéé- such.. as that shown in Fig. 79. The
nmotion-blur_elinmnpating unit- 803 nay generate the. glxels corresponding to
‘the flat poT]P?ohnb'és%ﬁ"%ho‘t:%%sHﬁ%r‘é@?%ﬁlﬁdné%grp‘élhbﬁt OFoBFnendirarugh F14/ v
calcul bed b¥§ uation (84). 20 The notion-blur adder 804 is able to -
adj ust “the“dfoufit BF°RBE 6ﬂgbIUP169 aadgﬁgatHEdaﬁéﬁthvth%yPMh¢%ﬁ noti on
bl uy $ afLu d, which is. dif erent Ho no of npvenent v,
for exgnp? & ?h%eggﬁﬁﬁ tc9mp89e tﬂaﬁﬁtWB Ertﬁé gg?ﬁs?%%ﬁlQ%ﬁch is one
hal f tﬂgsedaoﬂetﬂe EQFeSQQH d 8omponent 1mage and the flat- portlon
'flag supplled from the flat portlon extractlng unlt 801 and
the area 1nformatlon supplled from the area specifying unlt
. 103, and supplles the generated unlt'of proce551ng to the
'th‘-motlon blur ellmlnatlng unlt 803 together w1th the flat—
| portlon flag
The motlon blur ellmlnatlng unlt 803 calculates the
-_‘foreground components contalned in the pixels belonglng to
the flat portlons from the foreground component 1mage
'.15'ﬂsupplled from the foreground/background separator 105 based :
on the flat~portlon flag supplled from the unlt of—
”proce551ng determlnlng unlt 802 .
'7 The.motlon~blur ellmlnatlng unit 803'eliminates the
"foreground components correspondlng to the flat portlons
"..ZQ‘ from the foreground component 1mage supplled from the
foreground/background separator 105 based on the area
'1nformat10n Supplled from the area spec1fy1ng unlt 103 and R
_‘the unlt of proce551ng supplled from the unlt of- proce831ng

';determlnlng unlt 802. The motlon blur ellmlnatlng unlt 803

.:; 25 calculates the remalnlng foreground components contalned 1n;




". sel ector

2.5 nmovenent v, or the amount v' by which notion blur.is 22 Septenber 2005
- 194 adjusted, which is irrelevant to the anount of novenent v. For
exanple, as shown in Fig. 80, the notion-blur adder 804 divides the
foreground pixel value Fi wthout motion blur by the anount v' by which
nmotion blur is-adjusted so as to. 5 obtain the foreground conponent Fi/v'.
The notion-blur adder 804 then cal cul ates the sum of PR&HEPEYEMINd
conponents Fi/v', thereby generating the pixel value in which the anpunt

of notion blur is adjusted. For examgse; - when the anpbunt v' by which.
notion blur is adjusted is -3, 10 the pixel value C02" is set to (FOLl)/v',
the_pixel value C3" is set to (FOL+F02)/v', the pixel value C04" is set'to

(IEG amf ngb?%is@ldgu&t“e ook Sop P ebevo"@%eeg@%ifﬁéo lsoroac%ra& et 1 Er;‘é,’ev.'n
805.. T
e 6§§%@ n$hg aP@ﬁ'CH#£%¢gt%é§eéﬁ%%§t%9 b8 K %ﬁ%%%e MAthoutenoti0n1

eCts” one
qur e I M nt image
i o R MR i@f%s eo@gsﬁ%ﬁil%ﬁf”%%%%mthe |
ot | onegal Win AEd9F - 804-hasady ofk 98 XAk £ B L) ection . signal |
reflecting a user's selection, and outputs t%e sel ect ed foreground

cogponent . mu@getlewﬂinﬁueaqmeae\ieg 1A tMRli0RAbYheadiyst i Ng. unit 106 25
is.able to adjust the anmount of notion.blur based on the 22 Septenber 2005

pixels, whlch are. generated based on. the calculated
foreground components contalned in the plxels spec1f1ed by
- the unlt of- processrng and the plxels of the flat portlon
.1mage supplled from the flat—portlon extractlng unit 801
10 fthereby generatlng a foreground component 1mage from whlch
'motlon blur lS ellmlnated o
The motlon—blur ellmlnatlng unlt éO3 supplles theu
foreground component 1mage w1thout motlon blur to a motlone R
: iblur adder 804 and a selector 805._" | |
B 15 - Flg 74 is a block’ dlagram 1llustrat1ng the
| 'conflguratlon of the motlon blur ellmlnatlng unlt 803 The .
foreground component 1mage supplled from the - | |
':foreground/background separator 105 the unlt of proceselng f':
-supplled from the unlt of—proce531ng determlnlng unlt 802
~520: and the motlon vector and the p051tlonal 1nformatlon thereof
supplled from,the motlon detector 102 are supplled to a h
model formlng portlon 821 L |
- The model formlng portlon 821 performs model formlng
based on’ the amount of movement v and the unlt of proce531ng.

25_ More speo;floally, the model formlng portlon 821 determlnes L




- 195 selection signal and the anmount v' by which notion blur is.
~adj.usted. The notion-blur adjusting unit 106 may obtain the background
conmponent i mage fromthe foreground/ background separator 105 so as to
~ "adj ust the background conponents corresponding to the pixels belonging to
- the mxed area. Fig. 8l illustrates the processing forzggg&gg&hggnghe
background conponents performed by the motion-blur adjusting unit 106.
- ~Among the pixels contained in the background 10 conmponent image, concerning
t he pixels belonging to the m xed aégg before being. separated,:the
_foreground conponents are elinnat by t he: foreground/ background.
separator 105. The notion-blur adjusting unit 106 makes the foll owi ng
correction based on the area information and the anount of. 15 novenent v.
Anpbng thHe pitkdles ednddividedi potrhéobackdr tbrdpigeipoagntsi bageheconcer ni ng
t he pi xel s belonging. to the mixed area, the corresponding background
_conponéifle gigegdden. andreheenumbie, ofih&nrebeophretonmpbnentd®2dt’ cont ai ns

© four, 20 background conponents B02/v, the-notion-blur -adjusting unit 106

adds of@BabRgedukasesnpenehe a@B@QﬁV?f gevemsatevvahdeths whitbatkground
conponent B02/v) to the pixel value..C2 '" '' Wen the pixel value C02111
contalﬁ§°FﬁFéénHacRB?OHﬁHeKEEﬁﬁoﬁeﬂ?geB 0B/ vhichethet forrelatianj usti ng
unit 106, adds two_background c one (BO3/.V)! (the.sane value as the
22 Bep 3%33?“2%3% Pl¥gg gi%ﬁ@r%%%npﬁﬁngﬁﬁ%ﬁfoﬁﬂﬁl99mP%n?%%5pl&el value
Coslllde51gnated The model- formlng portlon 821 may select a ' ' -
model corresponding to the amount of movement v and the unlt TL
_rof proceSSLng among a plurallty of prestored models The
S model formlng portlon 821 supplles the generated model to an
"le eqnatlon generator 822 together w1th the foreground
. component 1mage |
The equatlon generator 822 generates an equatlon based
on the model supplled from the model formlng portlon 821
' and supplles the generated equatlon to an adder 823 together
15¥ w1th the foreground component 1mage | | |
The adder 823 adds the equatlon supplled from the .-"7.
-.equatlon generator 822 to the equatlons of the method of
_least.squares : The adder 823 supplles the resultlng normal
equatlon to -a calculator 824. The plxels spec1f1ed by the
go:lunlt of processlng do not contaln the plxels correspondlng
- to. the flat portlons | | |
The calculator 824 solves the'equatlon in- whlch-the
:plxel values are set by the adder 823 so as -to calculate the

-foreground components The calculator 824 generates the

25 plXElS from whlch motlon blur is, ellmlnated correspondlng to S




When the pixel value C23 'T' contains three background conponents B23/v,
the notion-blur adjusting unit 106 adds two background conponents (B23/v)'
(the sane value as the background conmponent B23/v) to the pixel value
C23'"'. When the pixel value C24111 contains four background conponents
~B24/v, the notion-blur adjusting unit 106 adds one background conponent
(B24/v)' (the sane value as the background conponent B2&kpipmbér@otthe pi xe
~value C241''. 10. A description is given below of an exanple of the result
of ~adjusting Fig. the processing.pggforned by the notion-blur unit 106 . .
~.having the configuration shown:in Fig:-82 illustrates an i nage obtai ned by
capturing: stationary black quadrilaterals. 15 illustrates an

- quadri)aterals 20 In contrast, 'Fig. 83. 73. inage obtained by capturlng
 the nmovRfgUiBthcRE @ﬁ%%swmlaasse Omnthﬂecahﬁ@ba%%mﬁpnwm@d 83, the

~ black q?adrllaterals interfere wth each other %%nntlon bl ur. An exanpl e

“the motTBRCRERTS of ARR e EEFE Eﬁet%%n%F%EégsPhﬁe rQQﬁ¥ﬁﬁPQEﬂ%RHLwtlng
IVQth'18§ QﬁglEgithgfcéggéé%gf%é(¥5 a synthe51zer 825.
The Syntheslzer 825.generates the‘foreground component
5 image'from which motion-hiur is‘eiininated based on-the
plxels correspondlng to the unit of proce551ng supplled from
‘the calculator 824 and the pixels of the flat- portlon image
‘-supplled from the flatwportlon extracting unit 801, and
outputs the.oenerated foreground'component-image. |
.lO - The operatlon of the motlon blur adjustlng unlt 106 is
‘descrlbed below with. reference to Flgs 75 through 80.
Flg 75 1llustrates a model obtalned by expandlng ln
Athe tlme dlrectlon the plxel values of the plxels on a
stralght Tine. correspondlng to the motlon vector of the
15 roreground component_;mage output from_the,
'7:.ﬁoregrounﬁ/background separatort105 and.innutlinto the flat—
"-.portionrentracting unit 801.- €o1" throuohlcé3' 1ndlcate the
‘plxel values of ‘the lnd1v1dual plxels of the foreground
Qomponent_1nage.:_The_foreground oomponent.rmage'conslsts of
‘i20 ‘only-the'foreoround oomnonents; - -
| ‘ . The. flat-portlon extractlng unlt 801 extracts, among
vthe plxels contalned 1n the foreground component 1mage |
"supplled from the foreground/background separator 105 based

on the threshold Thf, consecutlve plxels whose amount by

225 whlch the plxel values change is smaller than the threshold .




shown in Fig. 73 on the. pixels. on the straight Iine_indtcated by the

~ broken line in Fig. 83 is shown in Fig. 84. In Fig. .84,-the solid line

- flat (equal), the notion-blur adju

~indicates the pixel values obtained by perform ng the processing by.the
noti on-blur 25 adjusting unit 106 having the. configuration shown in Fig.
73, - 197 the broken line indicates the pixel values on the straight
line shown in Fig. 83, and the one-dot-chain line indi CAERFRE 2i%el

val ues on the straight line shown in Fig..82. In the broken Iine in Fig.

-84, since the pixel values 5 Iocateg gt both ends in Fig. 84 are al nost
i ng unit 106 renoves the pixel val ues

by assum ng that they are flat portions, and perforns the. = above-descri bed
.- processing on the remaining pixel values. The result shown in Fig. 84 shows
‘that tBefrot Tha- bhuesiOlddiust iagausilf £106egther ahasl t haelpe xel Thal ues that

- are alnost equal to the pixel values of:. the stationary black - '

. quadr ptmberapg tpnﬂe@heLVﬁEQQXhés|ﬁgtrhobedeby pheeflaatpesticiue to
'_|nterference caused by noving the black quadrilaterals. 15 The result :
shown' HEFREGEIBE. unit obP hi nedt bheapprytay Ehen pileeerrowmvention to an i mage

.ccaptured by linear relationship between the anount of the pixel values,
. though™PKemfRagE P5 Hbe gpffﬂf%hﬂdh%Qﬂhﬁt %}thh%|®%%tftﬁﬁht arer

5 example,-;f the=amount of movement v of the foreground
object‘is 5 within‘one frame;hthe flat~portion‘extrecting
‘unlt 801. extracts flve or more consecutive plXelS 1n whlch
there 1s almost no change in the plxel values,,l.e., a-flat
_port;on.

- tO,' - For example, in the.eXample shoWnrin Fig 76, when

equétioh‘(?Bt hoids true, the foreground components F06/v

through Fl4/v are found to be equal from the relatlonshlps

‘ of equatlon (79} through equatlon (83%.

. c1ot ~c1lv = c120 = €13f =cidr o T(78)

hts'-- - 010!';'ro6/v+Fo7/v%F08/v+Foéfv+Fto/v“ 79y
: :thl‘ éqF07/v+Fo8/v+Fo9/v+F10/v+F11/v. {80)3 '
él?'A=_F08/v+F09/V+F10/v+Fll/v+F12/v | t81)-'

€131 = F09/v+F10/v+F11/v+F12/v+F13/v:hft (82)

= FlO/v+F11/V+F12/V+F13/V+F14/vt -J'.(SB):

: Cl4'
tﬁ20:.'That~is; the relatlonshlp of the foreground components FO6/v ,
- through F14/v 1nd1cated by equatlon (84) holds true o
FOG/V:T FG?/V,= FOB[V ={F09/v7= FlO/v‘=;Fll/v =_F12[V =.;
FiB/v'= F14/v-f"'f ',';,_]r : :'t.:f o taéi‘ |
.Accordlngly, 1n the subsequent proce551ng for

25-_calculat1ng the foreground components,'as shown 1n Flg 77 o




subjected to gamma correction. Simlarly, the effectiveness of.the present.
20 invention for: an inage. subjected to,ganma correction has . been
proved by an experinment. The processing for. adjusting the anDunt of . nDtlon
blur performed by the .notion-blur adjusting unit 106 having the
configuration shown in Fig. 73 is described be|OM/MAth2é§ egncgo&p t he

. flowchart.of Fig. 85. 22 Septenber 2005 - 198 1In step o1 ??1 , o
-flat-portion extracting unit 801 ,extracts, fromthe. foreground component
i mage supplied from the foreground/dmmckground separator 105, a flat
portion in which the pixel values of adjacent pixels are equal. The
flat-portion extracting. unit 801 then supplies a. flat- portion flag -
correspongdin t t the unit-of- cessing -
deter mpﬁlﬁég %}lilf %%%eseg(a%‘?a C“Hs%%lp % ék% ?ll-eqrop it |Co°r%“F|’° rgtCOI’lSI sting

~of onlyoipe tﬂdfcggsﬁﬂﬂpgéﬂkﬂ tggeotﬂ?r%]&%urp&r%é@‘oﬁe%éé‘% ®L on-blur 10

elinminating unit n step uni t processi ng ‘determ ni-ng unit.

802 genesdi s, ARGl Wl | dle PO AGoddidiid fe Y 0Cessi ng

indi cating e positions of the adjacent piXxels “on the stralght l'ine

';contmﬂyxbmghtﬂmxﬁaweground conponent. 15 i nmage ot her than the pi xel s.

- belonging to the flat portion, and supplies.. the unit elimnating un|t
- 803. 20 of mreocfeesl—pgrtteohhexmtaberinl@;l Whit 801 extracts a flat

portlon havrng equal pixel values‘requlred for the-abovef‘
descrlbed processrng, generates a flat—portionrflag
~indicating whether the pixel belongs to a flat’ portlon :5'
i accordlng tO-the extraction of the flat,portlon, and
10 euppliee'the flag to-the’unit¥of~processing determlning unit
| 802. The flat- portlon extractlng unlt 801 also supplles the
flat-portlon 1mage consmstlng of only the plxels belonglng
" Lo the flat portlon to the motlon blur e11m1nat1ng unlt 803
| The unit- of processrng determlnlng unit 802 generatesi
'lS ‘the unit of proce551ng, whlch is data lndlcatlng the plxels
—,:obtalned by ellmlnatlng the flat portlon from the plxels on b
a stralght llne contalned 1n the foreground component 1mage,.
and supplies the unlt of proce551ng to the motlon blur S
.ellmlnatlng unlt 803 together w1th the flat portlon flag-
..20‘f . The motlon blur ellmlnatlng unlt 803 calculates the
.foreground components contalned in- the plxels belonglng to
the flat portlon based on the flat~portlon flag supplled
--from the unlt of processrng determlnlng unlt 802 The
'motlon blur ellmlnatlng unlt 803 ellmlnates the’ foreground

_25' components contalned in. the plxels belonglng to the flat m'




it is

In step 5803, the notion-blur elimnating unit 803 calculates the
- foreground conponents corresponding. to the pixels of the flat . portion
based on the foreground conmponent inmage supplied fromthe - o
foreground/ background separator 105 and the -unit. of processing supplied
"from.the unit-of- processing determning unit 802, and al so cal cul ates the
f oreground conponents corresponding to the unit of '252pSedestsira¢P5 t her eby
“elimnating, “notion blur fromthe 22 Septenber 2005 - 199 foreground -
conponents. The notion-bl ur eLininaﬁggg_unit 803 out puts the foreground
conponents w thout notion blur to.the notion-blur adder 804 and.the
sel ector 805. Details of the processing for elimnating. notion blur in _
step S803 ‘are described below with reference to-the flowhart of Fig. 86.
1n. st eposdaLen hevmbheoRobraFoBBfluseRRgNEntt i8AGe Hasedndnethahet her the.
processing has heen finished for the entire foreground conponent inage. |f
&g@gfﬁpﬁééophéﬂaﬂhe processi ng has not been finished for the. entire

10 foregrougg ponﬁoneaélina e, ' the process returns to step and the -
“not i on- bl ur *BF i AP ha?T g PF o My O tHe cdiporEsier Prvedsttvfif it 15
has th%n the unit of processing supplied from the.ﬁnit*of; 1 -
5 processing detefmining uﬁit 802, an éqﬁatiﬁn for"célculating
~ the remaining foreground componeﬁts from the pixé; Vélue,of
thé pixel from which the flat portion is ﬁémbved amoﬁg'thér_
pixels on the straiqht line contaihed in tﬁé foreéround |
Componeﬁt imége; |
10 - For example,-és‘shoﬁn in Fié..?G( among‘the:QB piﬁéls_‘
on the straight line of the foregréuﬁd:comﬁonentjimége;-whéh :
| the”tehth'through fqurfeeﬁth biéeié_from:ﬁhéileft;beidhé_to-5-‘
the'flat portioﬁ, the fdrégroqhd componénts;beioﬁging.to éhé
Lfeﬁth‘ﬁhfoﬂgh‘fourteénﬁh,piXels fromft£é left 6§n7§§ removéd -
'., 15 from the ﬁotég;ound.compoﬁént.iﬁage; 'AcCofdinQiy, éqﬁétibﬁ§ ;'.-
'{85) through‘{l02),ére generated‘far the reméiﬁingf.‘: ‘
.foregrouqd qomppﬁenté,'i.e;,-the.fofegrodnd cqﬁpoheﬁfé FOl/v -

through EOS/vzand the fbréground.Components E157v'throu§h' .

F19/v. |
'[_go' - cor =-E01/§ ’ S f_--_":j? yfsgy.
| co2" = FOL/viEO2/v . R o (sey
-co3"~=,F¢1/§4Eoz/v+F03/v o ;:' N (8T
coan :'Fdi/va02/v+F03/§+f¢4/v o } ey
éﬁB".=EOi/VfFéQ/ﬁ+FO3/VfFC4/fo05}v'- E (89)

25  CO6" = F02/v+F03/v+F04/v+FOS/v - - - . (90)




-nmotion-blur. adder. 8-04-and. the selector 8.05 of the notion blur adjusting
uni-t 1.06 cal cul ate the background conponent i-nage in which.the anmount of
motion blur is. adjusted, select .20 the foreground conponent inage from
‘which notion blur is ."elimnated or the foreground conponent inage to

whi ch notion, blur is added, and output the selected |?§%§ 500 R
‘processing is then conpleted As di scussed above, the no ETH gdjusting
unit 106 25 is able to. adjust the amount of notion blur of.the inpUt B

5803, foregrouhd correspondi ng ta tje subsequent unit of is repeated. .is
determined in -step .S804 that -the processing ‘been finished for the entire
f oreground conponent i mage, process proceeds. to step S805.. In step 5805,

the 22 Septenber 2005 - 200 fareground conponent - A description is
‘gi ven bel ol wi FhEpéVgﬁgﬁééWﬁ§Q@@§ flowchart of F|g gé of the processing

in step 58 Qf Fi ‘ r ‘elimnating notion blur of the foreground -
%ﬁﬁa /8?%@ g?%b performed by the

-conponent " |ng .to. the unit of proces
- notion- qurO%hlnl Qg unit 803. In step S821, the ngggl form ng portlon
- 821 of the " notio ur ellnlnatlng unit 803 generate nodel . ,

chrrespondbqg"tg %q%/@nnunt of novenent v and the unitgpf

.5 . cle" = F15/v+F16/v o B :('9'5'_) |
c17" = F15/V+F16/V+Fl7/v R - ("9';6')7'
cLg" _=: F15/V+F16/V+Fl7/v+F18‘_/v;__' e
c19" = F’ilS/_v+F16/'XT+F17/v¥lF18/v+F19/'_v S (98)
'czo_"'q—f Fl-6/v+Fl7/I‘V+.FV‘18/v—'!-F179/-v IR (99)
10 . co1v = F.1_§)v+'Flé/v{919_/v | . D (100)
| co2n =_  FIS/v+F19‘/v' o o g (-Loi) '
Coedtewsse L aen

By applylng the above descrlbed method of least squares‘ o .
to equatlons (85 through (102),'equat10ns (103) and‘(104}7

15 are found.

[543 21 [FO1 .-'(301 C02 O3k 004 cos”“-'

14543 2||Fo2|T7" | corvcozscoarcoscos |
{34543\ Fo3] | CO3%COL+COS+CO6%CO7"|
12345 4||Fo4| | CO4+COSHCO6+COT7+CO8” |

11 2 3 4 5]lFos] 005’4006’4007’4008 (309”,
E o T g | (103)




| 0 processing. In step S822,
equati ons based on the generated
t he. pi xel
f or eground
t he generated equati ons.
t he pi xel values of all
have been set. If it

In step

val ues of the foreground conmponent
conponents corresponding to the flat portion are renoved in 15
et her

essing
is determ ned that.

nodel . In step

5824, the adde

the pixels corresponding to the an
t he pi xel s have not been set

t he equati-on generator 822 generates
823 sets

3823, the adder
mage from which the

r 823 q5ter

Brengraolt

' ellmlnatlng unlt 803 sets the plxel values contalned 1n the ‘

foreground component 1mage from whlch the foreground _

'_components contalned ln the plxels belonglng to the flat

portlon are ellmlnated in the equatlons generated by the =

10{ equatlon generator 822

The calculator 824 of the motlon— ;

blur ellmlnatlng unlt 803 calculates the foreground

'components contalned in the foreground component 1mage other‘

than the foreground components contalned 1n the plxels

: belonglng to the flat portlon by applylng a solutlon, such

15

plxel values are . set

as the Cholesky decomp051tlon to the equatlons in whlch the f'

The calculator 824 generates a foreground component -

: 1mage w1thout motlon blur,

78,

as shown rn-the_example of-Frg.".

con51strng_of the plxel value-El:from Which motion blur .

in

the process returpg to step 5823, and the 20 processing.

all the equati ons,
for setting. the pixel values in. the equations is repeated. ' 25 If it is
~determned in step 5824 that the. pixels have not been set in all the
equat i . o] ceeds tQ o ,Jhe -cal,cul atoy . 824
cal cul ﬁs"ig %rxil \£Ip . of é?%r’%d'hﬁﬂﬁzut@ﬂﬂ (B]Qr”tased
on thefequatigns, - 1__1in wnrvh1 xel valyes are set supplied frlomthe
adder fab. 91 i Do Eloif cal ol 656 6 EAmGIS e TR G0Y" 4
i mge § pIie t ‘ t-lportiop extracti nit 5 801 with the pidels.in
whi ch xg 4%.%’ sF tlhe forb é f&ﬂ-@d,‘?@h@%}’f}c@’zﬁ?} edin
t he prpces e 8825 are set tuere generating the, foregrornd.
, corrpona%t .§rr£ 4 Lﬁ]rfﬁti on bl irC'F8 Qé@s—ﬁ@@-ﬂﬂ-(ﬂgd q-o@;l’gf . 10
In thIS nagnei the otion-tbl ur efim nat;j é%lﬂﬂt 803 o ;
SILFI9] C]9 C21 C22 C23
'(10'4)
The equation generator 8227of the motlonfblur'
eliminating unit 803'generates*the equations correspOndingr
 to the unit of processing} for example, indiCated by
‘5_ equations (103j and“(104) The adder 823 of the motlon blur




~ablle to elimnate. notion blur fromthe foreground conponent inmage.
. containing notion blur based on the anpbunt- of novenent v and the, unit of
~ processing. As described above, 15 havi.ng.the configuration the anmunt -of
~notion the notion-blur adjusting unit 106 shown in Fig_ 73 is able to -

adj ust blur contained in the input' foreground .conponent inmage. A known
. technique for. partially elininating notion qur suc 22 @eptambir @0

filter,. is effective when being used in the 20 |deal state, but is not
sufficient for an actual i mage quanij zed and contai ning noise. In-
contrast, it is. proved that the notion-blur adjusting unit 106 confi gured
.as shown in Fig. 73. is sufficiently effective for an actual inage '
quanti zed and containing noise. It is thus possible to 25 elimnate notion
bl ur  vii% PTG Yreti si on. 22 Sept enber 2005 - 202 I\/breover the flat

" portion is._re ve fromthe foreground conpanent nd the foreground
conponent s T8 & @a%86P§FBHnﬁoF°Pﬁ8%F |hm§ﬁf il & lﬂ CHPgFHBIy t he :

|nflu ce aof gaantlzmgih ‘ se ‘can b| -and %, noti on-blur = -
o 5 RGP e b, ol WE N P
gbjt :‘?%eac“ I TRGE W 1L WG o, hendarﬂ@tthq;odég oy bl ur sesc %‘%‘J 5tged ""'at he , .

hi gher™ preC|S|on
5 -and ciem. The reason for thlS is: not to change the p051tlon'

"of the foreground component 1mage w1th respect to the screen.
The foreground;component 1mage.may.be-set in des;red
-positions |
The calculator 8214 generates plxels correspondlng to
=;Q, the foreground components, whlch have been ellmlnated by the
unit of proce551ng,tbased on’ the.flat—portlon 1mage supplled
-from the flat portlon extractlng unlt 801, and comblnes the
vgenerated plxels w1th the foreground component 1mage Wlthout
motlon blur shown-ln Flg 785 thereby generating a
”:15‘Hforegr0und component 1mage, such as that shown ln Fig -79
The motlon~blur ellmlnatlng unlt 803 may generate the
-plxels correspondlng to the flat portlon based on the
foreground components F06/v through F14/v calculated by
| .;equatlon (84) .. ' C ’ .
20 The motlon—blur adder 804 is able to adjust the amount-“”7
.of motlon blur by addlng the amount v’ by Wthh motlon blurx‘
is adjusted, whlch lS dlfferent from the amount of movement;
ﬁ, for example, the amount v by whlch motlon blur 1s'
adjusted, ‘which is one half the value of the amount of

"25' movement'u;_or the amount=vf_by-uhlch motion blur;is




Fig. 87 is a block diagramillustrating another  configuration of the
function of the signal processing 10 apparatus. The elenents simlar to’

t hose shown in Fig. 2 are designated with |ike reference nunerals, and_an
explanation thereof is thus. omtted. The area specifying unit 103
supplies area' information 15 to the m xture-ratio Qabgggqto§ égﬁ%and a
synthesizer 1001. The.nixture-ratio cal cul ator 104 suppFreg th xt ur e
-ratio a to the foreground/ background separat-or 105 and the. synthesizer ,
1001.. The. foreground/background_sgggrgtor 105 supplies the 20 foreground
conponent image-to the synthesizer 1. The synthesizer 1001 conbines a
certain background image with the foreground conponent iinage.supplied from
the foreground/ background separator 105 based on the mixture ratio a
suppl i edinpbadt hehhikt Useirneieveatcubatbe aBduandof5udhenantavi nf ormati-on

supplied fromthe area specifying unit - 203 103, and outputs background
i mage FesnbraBElet hes symewesizeblynage, | Bhehnehioheblbert adder a®h@dt he :
foreground. conponent inage are Fig. 88 illustrates the configuration.of.

the sHhVheEsFzERe 1009e920pad Kt vehdvabapohbntl gemet aretian2alyeneydtes a
“background_conponent inmage based on the nixture ratio a and a certain
'backgrBﬁﬁda?ﬂggE,Vahﬁy§ﬂbb¢@e%o?%@9‘blurfls adjusted so as to

5 obtaiq the fgregrgund ébmponent Fi/ﬁ;.i The'motion—blur
._;adder 804 thenwéalculates fhé sumjdf the férégrduga |
éomponents Fi/v', thereby géheraﬁing thé §12§1_value.in'
:5'whiéh the amopﬁt.of motion blur-is;adjustedgl,For eiamplé}
when the amount v'. by which motionfblpf'ié é&justéd is'3,1
lQ‘l-the é;xél value QQZ"'is_Set tOf(EOii/vf,athégpixel-value,c3" L
| is_éet'to (FQl+F02)/v'; the §ixél“vélue'é04ﬁ‘is-set.td o
,:(FOI}FO2+fOéffv',.aﬁd thefbi#él_véiue‘CD5" ;s.éet_ﬁb
m(§02+go3+ﬁo4)/v*; | BT S
| -_The;motioanlﬁ; éddéf:804;5upplies the\fdr%gréﬁhd
_151 gompongnf iméqe.ih.WhiCh the;aﬁoﬁﬁt of mationiblurmié
_adjusted to a selector 805.. | | |
V‘The se;égtqrEOS ée;eéts oné‘of ﬁhe férégroﬁnd.
'1Com§6nen£ iﬁqge'Withoﬁ£ ﬁbtioﬁ,blﬁr-suppiied from:the
CélcqiétofIQOSfahq'the fofegroﬁﬁd_qémpéﬁént iﬁage iﬁ.théhf
20: the'ampunt bf motiqn_bluf‘ié édjﬁétéd'suppiiedjfrqm_the~fa
. motion-blur Addéﬁ 804'based'dﬁgffof”examﬁle{ a éeleétioﬁ:_:
‘jSigﬁalAfgﬁleétihgta usér‘s sélé?tioﬁ, ahd'qﬁtéﬁts tH;7 f'
'éélectéd foregféﬁnd-cdmbdnén#.imégé;; o
A5 discussed -above, the motion-blur adjusting unit 106

25 1is able tQ a&just:theaamoﬁht:0f métion-bluf based on the .




background component inmage to a m xed-area-i nage synthesizing portion 1022.
10 The m xed-area-i mage synt hesi zi ng portion 1022 conbines .the background
conmponent i mage supplied fromthe background conponent. generator 1021 with
the. foreground conponent image so as to generate a m xed-area synthesized
image, and supplies the generated m xture-area. synthea&ggql%aggq to an 15
i mage synthesi zing portion 1023. The i mge synt hesi zi ng po??lon %23 :
conbi nes foreground conponent inmage, the m xed-area synthesized inmage
supplied from the m xed-area-i mage synt hesi zing portion 1022;. and the
certai n background i nage based on the area 20. information so, as to
- generate a synthesized image, and outputs it..As discussed above; the
~synthesizer: 1001 is . able. to conbine the foreground conponent i nmage
. with asebe¢hion balckyrlownd i Heganourps TThéoy iyiecto e ed By diebi ni ng a
foreground conponent 22 Septenber 2005 - 204 inage with 'a certain
‘backgrdin@stefhige based on the mixture ratio a, which is the feature
quantity, appears nore natural conpared to an inmage obtainéd by sinply
“conbi ni ng h%éﬂ?ﬁ%ﬁpgblgé‘ﬁgﬂgsﬁﬂéakU&ﬂégﬁ&ﬁnmaWu§%¢§ﬂmn§h§tiLr,another
“configuration-of the functLon,ofﬂ%he Si pparatus for
s

| nfic X Jun | tgnagcériprocc-%flssi/fng a
- adj ustTHy THe P QﬁnqnﬁWQQ?, Tt e LY ﬁﬁgﬁﬁ%ﬁﬁﬁﬂf”&bparatus_
190 {0 fLfto? MUY (AL, Vi AL Shespecl a0 2nd,
corresponding to the-pixels belonging to.the mixég'areé. - '
Fig. 81 illustratés thg‘proceSsing fér corrécfing'the
'backgrpund ﬁompdnents éerformed by thé motign—biur édﬁﬁséing,
unit 106. RBmong fhe_pixels contained in the baékgroﬁﬁd |
'le -éd@pdnént image,'cqncefning the pixelé'bélénging to théf
‘mixed area before being.separaféd,;thé.foﬁegfoﬁgd éomepénts -
are éliﬁinatea bY thefférggréﬁnd/baékgroun& sépérétd£ idS; |
The motioh—blur‘édjﬁgting uﬁit‘loé:makes:tﬁe_féilowihg.f
@orrection baséd'on-thé a#éa informationVand £ﬁé.améunt;§f3r
iS‘;moﬁeméﬁt v._ Amdng'the'pikelé-éohtaiﬁéd,iﬁ‘thé-béckgrouﬂd :'
-component'image,-C§nce;nin§ £he piXéls beloﬁginéxﬁolthe:u
mixed a#ea;ffhé.éq;requndingrbackgroundlcqmpdnentsraﬁelr-
 added. [ o e
.Forrekamplé;'whenithe‘pixel‘véiUe C02'ﬁ‘:con£&ins¥fo@£ 
'-_20-AbacquOUndCompoﬁgnts_BOZ/ﬁ):ﬁhe.motion—biur-adjustiﬂé'uﬁiﬁ
iOé,add#-one backgf6ﬁnd cbmﬁoneﬁtifBOZ/V)r (the éaméfvélué ”
;asrthe background ¢§mponeﬁﬁ,B02/v) to the pikeljﬁaiﬁe_cbé;{';
Whén'theApixgllvalue-CQZ{" contains three backgrownd .
'.'rcbmponents BOSZV,fthé'mqtion—?iur*adjuétiﬁgVﬁnitti06radasd 

25 . two background'compoﬁehts fBO3/V)?L(thé same vélueAas;thef




10 apparatus shown in Fig. 89 sinmultaneously perfornms. the area specifying
~operation and the calculation for the m xture ratio a. The functional
elements simlar to those in the'. block diagramof Fig. 2 are designated
-with like reference. 15 nunerals, and an explanation thereofis thus
omtted.. An input image is supplled to a mixture-rati gﬁ% | 3dogr 1101,

a. foreground/ background separator 1102, the .area speC| ying unit, 103, and
the,  object extracting unit 10.1. The nixture rati o cal cul ator 1101
cal cul ates, based on. 20 the input iggge, the estimated m-xture ratio when
it is assumed that each pixel contalined in the input inmage belongs to the
covered background area, and the estimated m xture ratio when it is
assume that each pixel contained in the input inage bel ongs to t he
‘uncover&f grB&&?gF@@ﬁ&“&P@aBoéﬁH} 55 §hppPil&slt Helust CAAf &Y-mi xture rati os,
cal cul at ed ﬁg éOS des ri bed above to the foregqr und/background separ at or
1102. Fi g. Vedni shg Bt%% ﬁ?e@?aﬁ?§l[us??%tth@5 ex amptlggiund he '

o e RRn g BT, hibouk Eiﬂgz%@iﬁ%\aﬁuﬁﬁﬁgéunlgot@6tfwéd%ane as the.
_esti Fi g

-._2:::2:%@% ghé#ﬁ%guﬁét'gm %ggg ?ng% shg§ﬁ I%aﬁ?gvaéﬁel%gthgesane as the
estd mabads BESLHACLLAbLARE 0BRSSO £02:R00M0. LD § boue ¢ I8 e xture

estimated-m xture-ratio processor 1 cal esti

_‘_ratlo fae ﬁﬂﬁ@lpbéﬁheb¥2hhe'CQQHHE?EEOPOGQrﬁgéﬁgpguH@ céhponents

824/v, ‘the motlon blur adjustlng unlt 106 adds one

backgtound component (B24/v}' (the same value es the
background'component B24/v) to the pixel value C24''".

id;,‘ -f A description-is'given below of an-exampleiof the.
result of the” proce551ng performed by the motion- blur
adjustlng unlt 106 hav1ng the conflguratlon shOWn in Flg 773

Flg 82 1llustrates an. 1mage obtalned by capturlng
:-} statlonary black quadrllaterals In contrast Flg 83_
SlS 1llustrates an 1mage obtalned by'capturlng the mov1ng hlack “
__quadrllaterals shown in Fig. 82f In the lmage-shown in Flg.
the black quadrllaterals lnterfere with each other by
"motlon biur |
An example of the result of the proce551ng perforned by
20:_the motlon“blur adjustlnq unlt 106 hav1ng the conflguratlon

.'k_shown 1n Fig. 73 on the plxels on- the stralght llne - |

“1ndlcated by the broken llne 1n Flg 83 is shown in thl_Bé;
In Flg .84 the solld llne lndlcates the plxel values
'obtalned by performlng the proce551ng by the MDthD blur‘f

'.‘ 25.7ad]ustlng unlt 106 hav1ng the conflguratlon shown 1n Flg. 73,;



-~ background. area based on the cal culated estlnated m xture a nodel of the,'
‘covered input. inmage, and outputs the. ratio. The

estimated-m xture-rati o. processor 402.cal cul ates 15 the estlnated mi xt ur e
‘ratio for each pixel by the conputation corresponding to a nodel of the

-uncovered background area based on the input inage, 22 t %pgé t he
cal cul ated estimated m xture ratio.. The foreground/ba &F% %hrator

- 1102 generates the. 20 foreground conponent image fromthe input inmge.
- based on the estimated m xture. rati®’ cal cul ated when it is assuned .that
t he pixel belongs to the covered, back ground area supplied fromthe :
m xture-ratio calculator 1101, the estimated mixture ratio calculated when
i, xel | ongs he uncoyver ed. background area

| h h k
,suppllggsugeﬁt%ﬂgilt ot dl%?&?irggra??%e%aYc%Fgﬁo?nlibﬁ S%ﬁﬁl?ﬁ ar ea
|nforg? %Qnsﬁgﬁgl L gdp fronéghe &ﬂe@hégfﬁef b@g %? & f@%lég plies the

- gener foreground cH nponen i mage jUS fng unit 106

and the,g e}.afgéerv&og Fig 194 dsrdi %actlﬁéag amlllﬁafi algsg an examie of

the con ration The f or egr ound ground separ 2. The el enents

similar to 1 NOSe 9foikdie 1 e aor eundl hagka aund aepggalor dushown in Fig.

_65 are 10 indicated by like reference nuneral s, and "an explanatlon
5 located at both ends in Fig. 84 are almost flat (equal), the

motion— blur adjustlng unit 106 removes the plxel values by
'assumlng that they are flat portlons, and performs the
above- descrlbed processing on the remalnlng plxel values
"The result shown in Flg. 84 shows that the’ motlon blur
.th ladjustlng unlt 106 generates the plxel values that are
almost equal to the plxel values of the statlonary black
':;quadrllaterals from the 1mage hav1ng 1ncorrect plxel values
o due to 1nterference caused by mov1ng the black
'quadrllaterals _ 3 )
lb_lS ~ ‘The result shown rn Flg 84 . 1s obtalned by applylng the.
present invention to an lmage captured by a.CCD and hav1ng a:
llnear relatlonshlp between ‘the amount of 1nc1dent llght and
‘_the pixel values,“though thenlmage is not subjected to gamma'
scorrection ' Slmllarly, the effectlveness of the present |
20 1nventlon7for an 1mage Subjected to gamma correctlonlhas
'abeen proved by an experlment S
The. proce331ng for adjustlng the.amount of motlon blur '
“performed by the motlon—blur adjustlng unlt 106 hav1ng the.:

conflguratlon shown 1n Flg 73 1s descrlbed below w1th

,: 25f reference toAthe-ﬁlowchart_oflblg. 85.




m xture-ratio cal cul ator when it is. assunmed that the pixel background
area supplied fromthe .1101, and supplies the selected estinmated m xture
ratio to mixture ratio a. as the. The separating' portion 601 extracts the
f oreground conponents and the background conponents fromthe. pixel thereof
Is thus omtted: A selector 1121 selects, based :on supglSestdmber@neg he
estimated m xture 15.. the pixel belongs fromthe the. area information
area specifying unit 103 either..the.ratio calculated when it is assuned
~that. to the covered background areé9§upplied. m xture-ratio cal cul ator
-~1101 or the estimated mixture ratio calculated belongs to the uncovered 25
val ués of the pixels belonging to the m xed area based on h i t e m

- In step 5801, the flat- portlon extracting unit 801
.extracts, from the. foreground component image supplled from
the foreground/background separator 105, a flat portlon in
which the plxel values of adjacent plxels are equal The

-5 flat portlon extractlng unlt 801 then supplles a, flat—
portlon flag correspondlng to the extracted flat portlon to
the unlt'of proceeslng,determlnlng unit 802, and also
supplies:the-flatnportion’imagerconsisting'of only the
pixels belonging totthe flat pdrtlonrto the motion"blur

10 eliminating unit 803. |
In atep 8802 the unlt of proce831ng determlnlng unit
' 802 generates, based On- the flat portlon flag, the unlt of
‘-proce551ng 1nd1cat1ng the p031t10ns of the adjacent plxels
B on.-the stralght line- contalned 1n the foreground component_
15"1mage other” than the plxels belonglng to the flat portlon,
-and supplles the unlt of proce551ng to the motlon blur
‘ ellmlnatlng unlt 803 | |
' .In‘step 8803 the motlon—blur ellmlnatlng-unlt 803
| calculates the foreground components correspondlng to the
20.jplxels of the flat portlon based on the foreground componentf'
1mage supplled from the foreground/background separator ‘105
.and the unlt of proce551ng supplled from the unlt of- |
' proce351ng determlnlng unlt 802 and also calculates‘the
foreground components correspondlnq to the unlt of” |

-25 _proce531ng,_thereby‘ellmlnat;ng_motlon blur from the d




xture 22, Septenber. 2005 - 207 area information, and supplies the
extracted foreground conponents to the synthesizer 603 and al so supplies
~the background conponents to the synthesizer 605. The separating portion
601 can be configured similarly 5 to the counterpart shown in Fig. 70. The:
synt hesi zer 603 synt hesi zes the foreground conponent i uts it.
The synthesizer 605 synthesizes the background conpongggswgﬁggagﬁg out put's
it. The notion-blur adjusting unit 106 shown in Fig. 89 can. 10 be
configured simlarly to the counterjgat-shown in Fig. 2. The notion-blur

adj usting unit -, 106. adjusts the -amount of notion blur contained in the
foreground conponent inage supplied fromthe foreground/ background -

separa%g&g&%%&ngased on the afeaﬁ#péorngi%on n%%&gh notion v (££;t|22d

out put’s or ST Tonpohe g

bl 9
‘foreglgu@ghg%hg%%eﬁgg ‘%@ﬁiﬁﬁdggﬁfﬁ%gwwﬁ¢ﬁhJ§gtﬁ%t%ﬁﬁ’qb %kéggﬁhd :
- separ %81‘_1&&*19&9%&5% é{?ﬁf U&Feled QIRONETY s | MBYs Abj] o adj us e ampunt

of nmotion blur 1s uste ron1the notion ing unit

106 based-08s104 @ela@lem?atselge%erb@lme Hefdegd IfhA 5 ser” s .
~ selection, and outputs the selected foreground component. |nage 25 As -
- di scusss@lcﬁh@y@ bd 1« SN2l e eassd % aﬁ{@rﬁﬁdi&:t?e&ts%ﬁ anier g3005
In step 5804, the motlon-blur adjustlng unlt 806 |
'determlnes whether the process1ng has ‘been flnlshed for ‘the
_ entlre foreground componentvlmage;i If lt is determlned thatg‘
the prQCessing has not‘been:finished for the'entire |
: flO _ foreground'component image,’the process returns to'step'8803
.and the. motlonublur ellmlnatlng proce851ng on the foreground
»components correspondlng to the subsequent unit . of B
'lproce851ng 1s repeated
" If 1t 1s determlned in step 5804 that the proce551ng
15 has been’ flnlshed For- the entlre foreground component 1mage,r_*'
the process proceeds to step 8805 In’ step 8805 the |
motlon—blur adder 804 and the selector 805 of ‘the motlon—
g-blur adjustlng unlt 106 calculate the background component |
-1mage in - whlch the amount of motlon blur is adjusted select ];'"
:..20 the foreground component 1mage from Wthh motlon blur is
.-ellmlnated or the foreground component 1mage to Wthh motlon
“blur is added, and output the selected 1mage. Ihe_r
._pproce551ng is then completed ' : o
 As dlscussed.above,=the motion;hlur adjusting unlt.lﬁé'

25 is able to.adjust the amount of motion blur of the input




- 208 shown in Fig. 89 is able. to adj ust the amount of notion bl ur
~contained in an inage corresponding to a foreground obj ect of the i nput
i mge, and outputs the resulting foreground object image. As in the first
enbodi mrent, the signal processing apparatus shown in Fig.. 89 is able to
~calculate the mxture ratio a, which is enbedded.inforggt% meég outputs
the. calculated mxture ratio cc.- Fig.. 92 is a block diagramillustrating
~-another configuration of the function of the signal processing 10
appar atus for conbining.a foregrougg onponent inmage with a certain
~ background. image. The signal proc ng apparatus shown. in Fig. 87.
"serially perforns the area-specifying.. operation,and the calculation for
the mxture ratio a.. In contrast, the signal processing apparatus shown in-
Fi-g. 9Zoré§rpenfiocompihenar éaagpeci fyi ng operation and the calculation for
1the m xture ratio a in a-parallel mariner. The functional elenents simlar
-those ihdiesateibtion tie dlook wéldig wBd wefeiadicaiedy |ike

_reference nunmeral s, and an expl anation thereof is thus onmitted. 20 The

m xturﬁlqa‘a@hertadJﬁuFagor%,ll@ﬁ shewprone £ gng 92n saépu@d®sof biased on the
Cinput ima the estimated m xture ratio when it is assumed that each

pi xel %%ng%Fnehlmkpetmﬁqlmeuiomhbberb@foh@e foredieowny er@updramkgr ound ar ea,

“and the estimted mixture ratio when it is.assuned that each 25. contained
i n %t hel MEAPUEC T RRZRHEH M gEO. t B¢ el tineb\R¥ e 92118 R aiRrmed 0% - 1209 '
backorgund area; and PSR lds Er?lé”saé:?d mxture rat _' 08 o
In.step'SBZI, the model formlng portlon 821 of the
" motion-blur eliminatlng‘unlt-803 generatesja,model
correspondingeto,the-amount of‘motement vland'the unit of’
h 1@' prdéeSsing;"In step 5822, the equatlon generator 822 |
_generates equatlons based on the generated model |
| . In step 8823 the adder 823 sets the plxel values of
the foreground component 1mage from whlch the foreground
' _components correspondlng to the flat portlon are removed in
‘_'l5 the generated equatlons In step 8824 the adder 823
'determlnes whether the plxel values of all the plxels'w
‘ correspondlng to the uniit of . proces51ng have been set If
1t 1s determlned that the plxels have not been set in all
:the equatlons, the process returns to step 8823 ‘and the
| 20 proce551ng for settlng the plxel values 1n the equatlons ls'[.'”
repeated _ | A | ' ‘ .
If 1t 1s determlned in step 8824 that the plxels have
not been set in all the equatlons, the process proceeds to -

Al step 8825 ; The calculator 824 calculates the plxel values

25 of the foreground w1thout motlon blur based on . the equatlons




- The foreground/ background separator 1102 shown in Fig. separator 1102 and a
synt hesi zer 1201.  cal cul ated as descri bed above to the ' o

f or egr ound/ background 5 92 generates the foreground conponent inage from

t he i nput inmage based on the estimated m xture ratio calculated when it is

“assumed that the pixel. belongs to the covered backgrounhd area supplied
fromthe mixture-ratio calculator. 1101, the estlnated2%§ﬁWﬁF@”?%%

cal cul.ated when it is 10 assuned that.. the pixel belongs .to the uncovered
background area supplied fromthe_ nyégure ratio cal cul ator 1101, and the_
area infornmation supplied fromthe area specifying unit 103, and supplies
the generated foreground conponent inage to the synt hesi zer. 1201. 15 The

= syntheslzeg 1201 conbines a_certain.. background image with the,

 foregr dinHPERpERENP IR AhgEAUBSI PER FRENSUBPEEHMEred APt aRderatio
foregrgggd/baekground separator 1102 based on the estimated . mixture ratio

cal cul ated when-it is assuned that the pixel “belongs to t he covered
ratio, calcul ator 1101, the

tgglcléglrgtjgg et E?Séj%pésé Ss{f{ﬁ?g&% %T%%%%%ﬂ%%fo‘?onﬁ’dles t%]eatarea area‘
aﬁfz'feﬁeee%% R R A R
h.S - 801 with the plxels in Wthh the plxel values of the | '
foreground without motlon blur calculated in the . proce551ng
'of step 8825 are set, thereby‘generatlng the foreground
component 1mage w1thout motlon blur. The-proce551ng.1s theﬁ‘f-
'completed. | | - |
: ro . o In this manner;_the motlon blur ellmlnatlng unlt 803 151 '
able to ellmlnate motlon blur from the foreground component .
'1mage contalnlng motlon blur based.on the amount of movement
v and the unlt of proce551ng
As descrlbed above, the motlon blur adjusthng unlt 106
;15':'hav1ng the conflguratlon shown in- Flg 73 is- able to. adjust
the amount of. motlon blur contalned in the 1nput foreground
.component 1mage | | -
A known technlque for partlally ellmlnatlng motlon blur,g,;?
© such as. a Wlener fllter, is effectlve when belng used in the
"20.‘?1deal state, but is- not suff1CLent for an actual lmage
-:-'quantlzed and contalnlng n01se._ In contrast 1t is proved
that the motlon~blur adjustlng unlt 106 c0nf1gured as shown
1n Flg 73 1s suff1c1ently effectlve for an actual lmage
-quantlzed and contalnlng n01se.' It is thus p0551ble to

25_' ellmlnate motlon blur w1th hlgh prec181on




i nformation supplied fromthe the outputs.th,e synthesized i nage and. the

- foreground conponent inmmge are conbined. Fig. 93 illustrates the" '
configuration of the synthesizer 1201. The functional elenments simlar to
those of the block diagramof Fig. 88 are designated with [ike. reference

- nuneral s, and expl anation thereof is thus. omtted. A selector 1221 .

~ selects, based on the area information supplied from t ¥ Sgpteabes38@a fyi ng
unit 103, either the estimated mixture ratio. calculated when it is assuned
that the pixel belongs to the covermk -background area -supplied 10 from
the m xture-ratio calculator 1101 or the estimated m xture ratio

cal cul ated: when it is belongs to t he uncovered background assuned that the

 Phe ) sel eotie PR mdtsn Thak B8 TR 9 6 THEBEACIOGAE conponent 15
- J021 chobedTand céﬂ%s@%%élli ea“a"% 1 St %k%énl%%é‘ngn %mgﬁc”hagﬁeéﬁt "the
e s sl Henlie sEt ALt B ha backorond
m xed- ﬁlﬁﬁlé‘r{@@%ﬁy@}ﬂﬁﬁgir{@ &}Prﬂdﬁb éfggzoe inhibited, and the '
'5'_nmtlon blur adjustlng unlt 106 hav1ng the conflquratlon
'shown in: Flg 73 is able to obtaln an image in whlch the
;.amount of motlon blur is adjusted with. hlgher prec151on
Flg 87 is a block dlagram 1llustrat1ng another
1‘confi§uration of the'function of the signal processing
.lQ 'apparatus | |
| - The elements SlMllar to those shown in Flg- 2 are
-.de31gnated w1th llke reference numerals, and an”explanation .
: -thereof 1s thus omltted- . | | | |
| The area spec1fy1ng unlt 103 supplles area 1nformatlon"
'fo .to the mlxture ratlo calculator 104 and a: syntheSLZer 1001
The mlxture ratlo calculator 104 supplles the mlxture
ratio a to the foreground/background separator 105 and the
synthe31zer 1001._- L - |
.The foreground/background Separator 105 supplles the
20 ;foreground component 1mage to the synthe51zer 1001 ‘
The synthesrzer 1001 comblnes a certaln backgrouno
-:lmage w1th the foreground component lmage supplled from the:
foreground/background separator 105 based on the mlxture

‘ratlo a supplled from the mlxture ratlo calculator 104 and u'

25 'the area lnformatlon supplled from the area spe01fy1ng unlt




The m xed- ar ea-i magesynt hesi zi ng portion. 1022 show in .Fig. 93 conbines:

t he background conponent inmage supplied fromthe background conponent

generator 1021 with the .25 foreground: conponent inmage so as to gener at e,

-~ a mxed-area - 211 synthesized i mage, and supplies the- generated

m xed- area . synthesized image to the imge Synthe5|2|n% %ortl &QQS The

- image synthesizing portion 2023 conbines the foregrou 4 8% Bﬂé i mage,

- the m xed-area synthesized inage 5 supplied fromthe nixed-area-i nage-
.synt hesi zing. portion 1022, " and ;hg background i mage based on the area |
information .so as to generate a syn %esized i mage and outputs it. In this’
manner, the synthesizer 1201 is. able to conbine the foreground conponent
image with a certain background 10 image. Fig. 94 is a block diagram -

i1 Lust F8Bingndt phFpahoet hbe sypbhéegiradi omagef inhehsclynihe precessnng
apparatus. The el ements simlar to those shown in Fig. 2 are indicated by
like rEﬁekeﬁeenﬁummesandnahanfelxe@awa@ciionomneneneremaiqe saxdius omitted.

“The ‘i-nput_i'nmage supplied to the signal processing apparatus is suppl i ed to

~ the obF@@Pléﬁgracting unit 101, the area specifying unit 103, a
flat-portion extracting unit 1501, a separating/blur-elimnating unit 1503,
;and a _20 %V% h%%l%%%U%Eﬁﬁfesﬂﬁ??ﬂﬁQﬂﬁ1§9d%§ﬁﬁqrﬂflﬁhq 101 extracts a

he. -f d. obj d.
S SR T T R R S e B S .“En

dEtECtSr lggteThe Obéﬁgéoex ré%%pé‘eﬁt"{déﬁe based on the mlxture

ratlo o-and a certaln background 1mage, and- supplles the
'-lbackground component 1mage to a mlxed area-image
synthesrzrng portlon 1022.

'-j 16 _ . The mlxed -area- lmage synthe5121ng portlon 1022 comblnes.h
;the background component image supplled from the background
component generator 1021 with the. - foreground component 1mage
so as to generate a mlxed area synthesrzed 1mage,‘and o
'supplles the generated mlxture area synthe51zed 1mage to an

15o,1mage synthe5121ng portlon 1023. | |

. The 1mage synthe5121ng portlon 1023 comblnes the ;
foreground-component 1mage, the m1xed~area synthe51zedjimagerf
Aisupplled from the mlxed—area 1mage synthe5121ng portlon 1022,,
.and the certaln background 1mage based on the area .
:ZQ. 1nformatlon so as to generate a synthe51zed 1mage, and
'}outputs 1t | : 1
As dlscussed above, the 5ynthesizer'lbol is. abieitoi
_comblne the foreground component 1mage wrth a certaln |
:background 1mage o e |

25 ph ,Theﬁlmage;obtained by éﬁmbihihg a foréground component



.25 extracts, a rough inmage object corresponding to .the 22 Septenber 2005 -
212 background object contained-in the input imge, and supplies the
extracted i mage object to the notion detector 102. The notion detector 102
cal cul ates the notion vector of the rough i mage object corresponding to
the foreground object, and supplies the calcul ated ”Dbh%% temgt%ognd t he
positional information of the notion vector to the area BeC| yi'ng unit
103, the flat-portion extracting unit 105, -the unit-of-processing
determ ning unit 1502, and the sepa%%?lng/blur elimnating unit 1503. 10
The area specifying unit 103 specifies each pixel of the input inmage to
- one of the foreground area, the background area, or the m xed area, and
_suppliEmageewinmoanaeftnunrmﬁckgrémmaolmhgehbaéeah@nf@h@gnﬂﬂﬂ@r@rea t he
background area, or the mxed area each pixel belongs 15 (hereinafter
- referredtio as. wmrmh"larthe|féatmm¢|gmaatiby1hapﬁéarsp@@reonaedraBCtlng
~unit 1501, the unit-of-processing determning.unit 1502,. and the
_ 'synthe%@@E¢IQ®OWD athelnid gt -qiuira i e exy r et hy mmmblmﬁnglpnxehwt i mage, the
nmot i on-vector 1501extracts, based and the. positional 20 information -
. thereof suppld-ed® S Aemat Ivd orpdt m@%@tﬂedtldmmtlng‘leswlda spdtidyi ng and the

~area infornation supplled fromunit 1.03,
configuration of the functlon of the 51gnal proce331ng

apparatus for adjustlng'the amount of ‘motion blur. The
h 51gnal processrng apparatus shown in Flg 2 sequentlally
—performs the area- spec1fy1ng operatlon and the calculatlon
for ‘the mixture ratio «o. In contrast the srgnal proce351ng
10 'apparatus shown in Fig. 89 51multaneously performs the area-
spec1fy1ng operatlon and the calculatlon for the mlxture
ratlo o. | | | |
| The functlonal elements 51mllar to those ln the block
:dlagram of Flg 2 are de51gnated w1th llke reference |
lh :numerals, and an explanatlon thereof 1s thus omltted.__

An lnput 1mage lS supplled to a mlxture ratlo
,calculator 1101 a foreground/background separator 1102 the
.area spec1fy1ng unlt 103,‘and the object extractlng unlt 101.

The mlxture ratlo calculator 1101 calculates, based on.

:120. the lnput 1mage, the estlmated mlxture ratlo when 1t 15 f
_assumed that each plxel contalned in the 1nput 1mage belongs‘
to the covered background area, and the estlmated mlxture :‘h

"ratlo when 1t is assumed that each plxel contalned 1n the ;
_1nput lmage belongs to the uncovered background area, andr'h”

- 25 supplles the estlmated mlxture ratlos calculated as q




25~ a flat portion,in which.the anount pixel values of .area changes is
arranged in the by which the adjacent pixels belonging to the foreground
smal | sel ected anong the consecutive pixels noving direction fromthe pixel
bel ongi ng to 22 Septenber 2005 - 213 the uncovered background area to the
pi xel belonging to the covered background area. The flat ggfﬂg&ﬁextracted
by the flat-portion extracting unit 1501 consists of pixels aV|ng equal
pi xel val ues. For exanple, the flat-portion extracting unit 1501 extracts,
based on the input i mage, the notiopgyector and the positional information
thereof supplied fromthe notion detector 102, and the area information
. supplied fromthe area specifying unit 103, a flat portion in which the
amount = 10 by which the pi xel values of  adjacent pixels belonging to the
_foregr%%%ﬂr%P%% @%0%%a#¢e¢h@h%arsgbseaeébéekgﬁ@eaﬁoﬁapanah@rs 1%2ted anong
t he consecuy |veﬁplxels arranged in the noving direction fromthe pixel

bel ongi ng. dﬁthéPéd‘lﬂ%ﬂ&ﬁ%ﬂnﬁﬂ%ﬁ%ﬁ?%?ﬁnqrﬁprﬁdﬁﬂpheﬁdhglng to the
covere 15 b r ound ar The at-portion e ctlng t. 1501 al so
extracts é%ﬁﬁt?n P %ﬁelﬁaéh?cﬁai F%Hn%fﬁg whi ch the
pi xel v_aI u%\.sn fsta}_gtla%c%ntmlgt)uq:les rcgctl,tohepl.lcoocree&roorunfol 5 oovernltn Fig.
5 .90 .is the same as the estlmated mlxture ratlo processor 401
shown 1n-Flg. 47. An-estlmatedmmlxture—ratlo brocessor 402
‘shown in Fig,'90his thedsame as thetestimated—mixture—ratio
d_proCeSSOr 402 shown-in Fig' 47,g | | |
The estlmated mlxture—ratlo processor 401 calculates
10 . the estlmated mlxture ratlo for each plxel by the
| 'computatlon correspondlng to a-model-of the‘covered
' background area based on’ the 1nput 1mage, and outputs thejﬁ
calculated estlmated mlxture ratlo | |
‘ | The-estlmated mlxture ratlo processor 402 calculates_
‘15 the estlmated mlxture ratlo for each plxel by the
7 computatlon correspondlng to a model of the uncovered
background area based on the 1nput 1mage, and outputs the‘
' calculated estlmated mlxture ratlo | )
The foreground/background-separator 1102'generates the
20 'foreground component 1mage from the 1nput 1mage based on ther
estimated mlxture ratlo calculated when 1t ds assumed that a
-hthe plxel belongs to the covered background area supplled
from the mlxture ratlo calculator 1101 the estlmated
-mlxture ratlo calculated when 1t 1s assumed that the plxell

25 'belongs_to the_uncovered background area supplled from the-




~ fl.at porti-ons, .such as the threshold Thfl or the ratio o

~which pirel jedl fiesh chianger e aypdei seingouni des08edaNal Yepp1eangnthe -
present. invention is not restricted by the reference ?

- the fI%@n®©@t$@néord¢m0mmdemempenamtusmagertextnacﬁbﬂgoﬁh@lﬁfat portions
~can ‘be adaptively changed. The flat-portion extracting.unit 1501 generates.

i mmge change is within 1 The ratio of the armount by which 20. the pixel
val ues change, which is a reference value for extracting a flat portion,
maybe set to a desired value. The flat portion.extracting unit: 1501 al so
extracts-a flat portion in which the standard deviation of the. pixel

~val ues of adjacent pixels of the foreground conponent: image 25 is smal | er
than.the prestored threshold Thfl 22 -Sept enber 2005 -22FeRtemReyr?E®xer, t he

~flat-portion extracting unit 1501 extracts, for exanple, based on t he

regression line corresponding to- t h&6prxel values of adjacent pixels of
the foreground conponent image, a flat portion.in which the: sum of the

~errors.of the regression line and the individual pixel, values is snaller

t han thExbﬂEé%ﬁaEﬂot@iB@ﬁthOFhiiOlThgnﬂetﬁéeﬁﬁéavﬁhggrhgtlgﬁtraCthg Lhe
e anount by

ue for extracting
the - feAByvolmd-dnil -pos tamn Posisébaatorniofmation, which is the 15

'igfornatlon i ndi cating the position of the extracted flat portion, ~and
su

plies tHeIedrdted fdcagr slimdiamtildorstimtingpaesi td:emglld rffor mation to

“the u it - ofIProceSS|ng determ.ning unit .1502. -The unit-of-processing
~determ

qraﬁygpcﬂﬁeﬁhﬁrﬁggeground/background separator
- 1102.

TheFelements simllar to;thoserof the
'-Hforeground/background separator 105 shown in Flg 65 are
!IQ, rndlcated by llke reference numerals, and an. explanatlon;
thereof is thus omltted-‘ ‘
| A selector 1121 selects,.based on the area’ 1nformatlon-._
:_supplled from the area spec1fy1ng unlt 103 elther the |

: estlmated mlxture ratlo calculated when 1t is assumed that

15~"the plxel belongs to the covered background area suppl1ed

from the mlxture ratlo calculator 1101 or the estlmated
'mlxture ratlo calculated when 1t 1s assumed that the plxel
: belongs to ‘the uncovered background area supplled from the a

"_mlxture ratlo calculator 1101 and supplles the selected

;201' estlmated_mlxture ratlo to the separatlng portlon 601 as the -

'mlxture ratio .
The separatlng portlon 601 extracts.the foreground"-
V'components and the background components from the plxel
values of the plxels belonglng to the mlxed area based on -

:257i the mlxture ratio o SUpplled from the selector 1121 and the |




- 20 the unit of processing indicating at |east one pixel .belonging to the
foreground area or the m xed area based. on the foreground-flat-portion =
positional information supplied fromtheflat=portion extractlng unit 1501,
_the notion vector and the positional information thereof supplied from25
‘the notion vector 102,, and the area infornmation supplied 22 Septenber
2005 - 215 fromthe area specifying unit 103.. The uni €28¢ptgnteca®si ng .
‘determning unit 1502 supplies the generated unit of processing to the
separatlng/blur based on the unit q ,PFOCESSIng supplied fromthe unit- of-
processing deternining unit. 1502, thd the notion vector and the '
- positional information thereof supplled fromthe motion elininating unit
1503. The. separating/blur-elimnating unit 1503 generates, detector 102,
the foaegaoimbo coapbment andegeppl tdout hadéx bracd€d bf sire ginsiiidne separated
- background conponent inmage fromthe pixels speC|f|ed by the unit of
- processngoemhy thetipe xeysthedide ¢ MPpuand nabes . sappll seppthes t he
.gener ated foreground conponent image. and the -background conponent inage to .
‘the shatkesourd amonamtaier Gyntdwstlresias046@ynt hesi zes, based on the
~area information supplied fromthe area specifying unit 103, an image ‘from
- whi ch not | dRtebISaPaeT ke mré&p@urﬁ&lob]aébtbq sord] ligvinegt és'dmllfarrdm t he ,
'-foregrounq} onent inmage w t hout nDtlon blur, the separated background -
componEnt © INLYIRATHSRME FThthd i nHye supplled fromthe .

. separ at i-ng/ bl ur
P %/ synthe51zer 603 synthesizes the foreground

component image and outpubs 1t. ‘The synthesizer 605
'syntheSizes the background component.image'and outputs it;
'The motion—biur adjusting=unit_166fshown in-Fig; 89 can . -
10 Dbe configured Sfmilarly'tO'the connterpart.shown‘fanigr 2.
The mo-tion—blur ad'just.i'n-g -un‘i't’-‘ioé. adjns.-ts the amount of
'motlon blur contalned in the foreground component 1mage ‘
.supplled from the foreground/background separator 1102 based"
on the'area 1nformatron_and theemotlongvector, and outputs:‘r
15‘ thesforeoround'componentzimage_in whicn the emount,ofgmotion.‘
- blur_fs'adjusted;_ | " R o |
.'ThenselectorVlO?eshOWn‘in ffge 89 seiects-tne '
foreground component 1mage supplled from the
foreground/background separator 1102 or the foreground
-'féOn component 1mage in whlch the amount of motlon blur 1s
f_adjusted supplled from the motlon blur adjustlng unlt 106 :
.,based on, for example, a selectlon 51gnal reflectlng a
'_user 5 selectlon, and outputs the selected foreground
component 1mage | J "

‘f25 . As dlscussed above, the sxgnal proceSSLng apparatus




25. elimnating unit 1503, and outputs the synthesized i mage w thout -
notion blur. Fig. 95. is a block diagramillustrating the. configuration
of the' separating/blur-elimnating. unit 1503.: The notion vector and-the
positional information thereof 22 Septenber 2005 - 216 supplied fromthe
notion detector 102 and the unit of processing supplied fro

uni t - of - processing determining unit. 1502 are supplied:ﬁdsgiﬁbﬁgﬁx?ornlng
portion 1521. The nodel -form ng portion 1521 generates a nodel based "on
the notion vector and the p05|t|onahngnfornat|on t hereof supplied fron1the
noti on detector 102, and the unit-of processing supplied.fromthe

-‘uni t - of - processi ng deternlnlng unit +1502, and supplies the generated nodel
to.an equation enerator 1522.-10 The unit. of processing and a nodel

cor r esPORER nit t BL¥ hed uhﬁtakﬁept%c%%%tﬁb Ghe #BSeRt el Mol vl W ref er ence

"to Figs..96.throu gh 99 Flg 96 illustrates an_exanpl e of pixels when the
. occurr%ﬂ%@ab?eﬂut o bR %ﬁ&ﬁﬁ%&% %yt%u?fﬁ%F%ﬁE?¥ﬂ ‘OQIﬁthreaS|ng

. the shy%t oS eed of a senso% through F2£ are na e conponents _
~.correspondi ng t%P%.*%ﬁ%%ﬂcﬁﬁl b %% ?ﬁ& tl%%l esponding to .

}gse;?dﬁﬁ%gobjec g%ﬁiﬁl dét%gg%?;éﬁﬁ ue CD Cq%%ﬁf thggnéotohfhe
_f0@69fﬁ%ﬁE&é&&ﬁﬁ“aéﬁeéaths @ﬁﬁhﬂptﬁﬁﬁrlg. 89 is able to calculate
the mixture.ratio‘a, which is emhedded 1nformatlon,rand |
ioutputs the calculated mlxture ratlo .
Flg 92 is a block dlagram lllustratlng another
.fconflguratlon of the functlon of the 51gnal processlng
10 apparatus for comblnlng a foreground component lmage with- a_
‘hcertaln background 1mage The 51gnal processing apparatus
.'shown in Flg 87 serlally performs the area spec1fy1ng :
'~-operatlon and the calculatlon for the mlxture ratlo a. In
contrast the srgnal processrng apparatus shown in Flg 925
'::15 performs the area spec1fy1ng operatlon and the calculatlon -
?for the mlxture ratio o 1n a- parallel manner.
: The functlonal elements 31mllar to those 1nd1cated by o
'-the block of Flg. 89 .are 1ndlcated by llke reference
'.numerals, and an explanatlon thereof is thus omltted
_20_ ) The mlxture ratlo calculator 1101 shown 1n Flg 92
fcalculates, based on the 1nput 1mage, the estlmated mlxture
:ratlo when' it is assumed that each plxel contalned in the‘f‘
. glnput 1mage belongs to the covered background area, and thet
estlmated mlxture ratlo when 1t is assumed that each plxel

a;-25; contalned in the 1nput 1mage belongs to the uncovered




val ue consi sts.of.a conponent of an inage, corresponding to the foreground
object. Simlarly, the pixel values CO7 through C23 correspond to F04
through F20, respectively. In. the exanple shown in Fig..9.6, since the-
backgroeund 25 object is stationary, notion blur does not occur in the -_ 217

- background. The pixel value COl corresponding to the ba %gqougdzogpject is.
$01, the pixel value Q02 corresponding to the backgroun pBject s B02,

and the pixel .value Q03 corresponding to the background object is BO3.
Simlarly, the, pixel value C24 cerzespending to the background object .is
B24, the pixel value C25 corresponding to the background ~ object is B25, _
and the pixel -value' C26 corresponding to the background object is B26. 10
Fig. 9 t I ned expanding t he i xel-_yalues in-the
gabk PShha §§e§ HQQS Bﬁgéfi g tB¥ esEﬁmaﬁggeméﬁBu sﬁ%ﬁho?n Fig. 97,

time dIFEC%IOH whén occurs.

the a v 5 d.the, fo L und is.nmoying from -
. the l2??9%895t§ﬁe§$?g%?c¥1b§d &bg@@ Eé ?%L ESQ aﬂp? P% ?Hn |gg 97, the
* secondsépresebr {165 hapixe! $,4£08L] bey! ghhibel ong to the mixed area, and-

In t

the .twenty-second through twenty-fifth pixels fromthe left belong to the

m xed ar ea. THehef S e ot i g MRIHY -dd g St a i X ©f 5y rsq{?“}fﬂr ash a2

bel ong.to.the foreground area.” Based on th.e prestore ﬁ%f'ThfI the

', 1 &t - pa2 t geme rexe s aehé Ngo B toLEd L-@XEEREH S, 1RABAOF LN CANSALMLE Ve pl Xe' S
arranged in the noving direction to the pixel belonging to : _

1mage based on the estlmated mlxture ratio calculated when
it 1s assumed that the plxel belongs to the covered |
background area supplied from the mlxture—ratio calculator.i
iio1, the estlmated mlxture ratlo calculated when it is
10 .assumed that the plxel belongs to the uncovered background
-area-supplled-from the mlxture—ratlo calculator 1101, and
rthe area 1nformatlon supplled from the area spec1fy1ng unlt__
'103; and supplles the generated foreground component 1mage |
to the synthe51zer 1201 | o
15 ,L' The synthe51zer 1201 comblnes 3 certaln background
image Wlth the foreground component lmage supplled from the _:
foreground/background separator 1102 based on the’ estlmated:

'mlxture ratlo calculated when it is, assumed that the plxel

'v‘belongs to the covered background area supplled from the

20 -mlxture ratlo calculator llOl, the estimated’ mlxture ratio

calculated when 1t 1s assumed that the plxel belongs to theff
.uncovered background area supplled -from the mixture- ratlo |
calculator 1101 and the area 1nformatlon supplled from the
. area spec1fy1ng unlt 103 and outputs the synthe51zed lmage'

i25';1n whlch the background lmage and the foreground component




t he covered background area, the consecutive pixels 25 . belonging-to. the
foreground area. and whose anmpunt of change - 2.18 -. is snmaller than the -
threshold Thfl. The threshold Thfl is a nunber of consecutive pixels
“extracting unit 1501 nmust be novenent v of the-foreground sufficiently'

~extracted. by greater than object. For small value. T%g e 3 portion.
t he amount of exanple, when the amount of noverent. v Pﬁ?ﬁ Eﬁ@ %lane i s

5, the flat-portion extracting unit 1501 extracts-five or nore pixels. in
~whi-ch there is alnost no change inpihe-pixel values; i.e., a flat portion.
10 For exanpl e, in the exanple. shown in Fig. 98, when equation (105) holds
true, the foreground. conponents FO6/v .through F14/v are equal.from

the rel ationship of equations. dI = ClZ = Cl13 = Cl4

(106.) throu% (11m£
C15. (1B8F° $5°CEQMBiRed/ v+FO7/ Vi+FOB/ v+FOR/ V+F10./ v (106) C12

P07 FOB1 VAQOI 457 0 VAFLLLY (AR08, EOBLYERSREL IO Vol L veri2l v

synthesizer 1201. The functlonal elements 51mllar to those
--of.the blockrdiagram of Flg 88 are de51gnated w1th llke.
.'S reference numerals, and explanatlon thereof 1s thus omltted
A selector 1221 selects, based on the area 1nformatlon
supplled from the area spec1fy;ngrun1t 103 elther the
-estimated mlxture‘ratlo:calculated Qhéﬁ it is aSsumed that
the pixel belongs to the coveredcbackground areaisupplied
10 from the mlxture ratlo calculator 1101 or the estlmated o
mlxture ratlo calculated when 1t is assumed that the- plxel o
belongs to the uncovered_background:area supplled from the
mixture~ratio calculator lldl;'and-sunplies;theiselected
estlmated mlxture ratlo to. the background component |
l5_-generator 1021 as the mlxture ratlo d-
The background component generator 1021 shonn.ln Fig.
b93 generates a background component 1mage based on; the"“
mlxture ratlo o supplled from the selector 1221 and a
-certaln background 1mage,'and supplles the background-
7_20‘7component 1mage to the mlxed area 1mage syntheSLZlng portlon
| '1022 - |
The mlxed-area -image- synthes121ng portlon 1022 shown 1n
Fig 93 comblnes the background component 1mage supplled
- from the background component generator 1021 w1th the |

.25 Vforeground component lmage so ‘as to generate a mlxed—area




Cl4 =. FO9/ v+F10/ v+Fl | / v+F12/ v+F13/v (109) C15 = | o
FI O v+F11/ v+Fl 2/ v+F13/ v+Fl 4/ b (110) .20 That is, the relationship of the :
- foreground. - conponents FO. 6/v through F14/vi ndi cat ed by equatlon (111) can

hold true. FO6/.v = EO7/v = FO8/v,= F09/v = F10/v = F1l 1v =, F12/v =F13/. v

= F14/v (111) 25 Accordingly, in the subsequent processing for cal cul ating-
t he foreground conponents and the background 22 Sept erf3&ep200S 200D
“conponents, as shown in Fig. 99, is only necessary to calculate the
f oreground conponents ‘FO1/v throughzfQSLv and the foreground conponents:
"F15/v through F20/v and the background conponents B02/v through B05/v and
t he background 5 conponents B22/v through B25/v other than the. foreground
conponenti FO6/v .t hrough F14/v. ? HE as. shown in Fig. 98, anong
the 24°$PXBFSLZefl ERadEhale SHEPLARS g { ABRETR FRR AL PP eAEST r om t he | ef t
in Fig h stralgﬂ? # whi ch a Consecutlvely 10. arranged in -
t he no%ygéhgﬁtéc 6%3??0 %ethQPQbEVBhg?ﬁgzt%g PREC1AR oV 2d background
area to- th ﬁﬁ ? i é? cover £% ackgr.ound area, if the c
el event h throug i lﬂ& él)lxﬁ gpcfrom %f‘t r[g)elt a flat portion, .
the fogggk yggngog@ﬂggg St ARt é”eghé”mEQ e venth hrou h 15 fifteenth
pi xel s, canebe renmoved. %ccoﬂg Yy, . S éf in ¥QEP f%ns (112)
'thﬁpugguﬁﬁgﬂedafﬁoﬂeﬁﬁéaﬁ@ﬁeﬁoérbaelmage synthesizing . portlon 1022
" and the background-lmage based‘on the area lnformatlon 50 as
~to generate-a synthesized‘image and outputs it..
In thie manner, the'synthesizer 1201 is able to combine_
the foreground component image_With-a'certain background
-10 image. |
'Figi 94'is:aeblock_diagram illustrating-still another
'rconfigurationfof‘tne eignal'processing apparatu51
'Thé elenents‘simiiarntd those.shown in Fig :2 are
1ndlcated by llke reference numerals, and an explanatlon
_ 15 ’thereof is thus omltted
The 1nput 1mage supplled to the 51gnal proce551ng
apparatus ‘is supplled to ‘the object extractlng unlt 101, the-.?'h
area spec1fy1ng unlt 103 a flat portlon extractlng unlt “
A11501 -a separatlng/blur ellmlnatlng unlt 1503 and a
.20_'synthe51zer 1504. R | |
: The object extractlng unlt 101 extracts a rough 1mage
_object correspondlng to the foreground object Contalned 1n
. the 1nput 1mage, and supplles ‘the extracted 1mage object to

Ca motlon detector 102 : The object extractlng unlt 101

25 extracts a: rough 1mage object correspondlng to the




f oreground. coi ttponents and the background conponents: - corresponding to,the.
remai ni ng consecutive pixels, i.e., the, foreground conponents FOLl/v

t hrough FO5/v and t he background 20 conponents B02/v through B05/v. C02"=
4xB2/ v+FOL/ v(112) C03' = 3xB03/v+F01/ v+FQ2/v(113) C04' '

=. 2XBO4/ V+FO:|._/ V+F@/ V+F03/ V( 114) C05' 25 Ca; 2 September 2005
BO5/ v+FOL/ v+FQ2/ v+FO3/ v+FO4/ v+FOB/ v . (115) FOL/ v+F02/ \/+F 3/ v+FO4/ v+F05/ v
(116) - 220 - QO7' = F02/v+F03/v+F04/v+F05/v(117) CD8'-

FO3/ v+F04/ v+F05/ v(118) C09' = FO4/v+F0b/v(119) C10 F05/v(120) There are c
nine variablds, i.e., the foreground conponents FC&/V t hrough FO5/v and.the
background conmponents B02/v.through B0O5/v, for the ni-ne equations (112)

' h h th
For o0r BN CORBaraa S FOTT - bt Ahgh" g Lt RSty bRk B Bomponent <

- foregroun

Y Ut S oot el (0 (AL

the  backgrndROMPNER S 032 2/0h tdyl%ﬂ&%t%%yt‘ﬁe n?o5cl %G'Ve_ct'é]rr’/ ‘4121)

1 the rough 1mage object correspondlng to the - foreground

_ 5'_object, and supplles the calculated motron ‘vector and ther
: positional information of the motion vector to'the area

epecifying-unit 103, the flat- portlon extractlng unlt 105,

'the unit- of—processrng determining unit 1502 and'the '
3-separat1ng/blur ellmlnatlng unit 1503 |

‘101 t The area speleylng unlt 103 spec1f1es each plxel of

the 1nput 1mage to one of the foreground area, the
:background area, or the mlxed area, and supplles the"
‘1nformatlon 1ndlcat1ng to which of the foreground area, the
background area, or the mlxed area each plxel belongs;

-15'_ {herelnafter referred to as, the "area lnformatlon") to.the'j:'
| ‘flat-portion extractlng unlt 1501 the unlt of- proce831ng |
determlnlng unlt 1502 and the synthesrzer 1504 |
:": The flat—portlon extractlng unit - 1501 extracts, based. '
fon the 1nput 1mage, the motlon vector and the. p051t1onal .

: 20. 1nformatlon thereof Supplled from the motlon detector 102
-and the area 1nformatlon supplled from the area spec1fy1ng
‘unlt 103 a flat portlon in whlch the amount by whlch the

h-plxel values of adjacent plxels belonglng to the foreground‘e.
',area changes 1s small selected among the consecutlve plxels _

.'25: arranged in the mov1ng dlrectlon from the plxel belonglng to




 CL7' = F15./v+Fl 6/v(122) 018 = F15/v+F16/ v+Fl 7/v. (123) .
C19' F125/ v+F16/ v+F17/ v+F18/ v(124) C20° F15/v+F16/v+F17/v+F18/v+F19/v(125)

. C21' F16/ v+Fl 7/ v+F18/ v+F19/ v+F20/ v(126) C22' =
F17/ v+F18/ v+Fl 9/ v+F20/ v+F22/ v(127) C23' _ F18/v+F19/ v+F20/ v+2xB23/ v(128)

C24' F19/ v+F20/ v+3xB24/v(129) .C25' = F20/v+4x825/v(130)23@ gﬁ%ﬁﬁmmten
““variables, i.e., the foreground 25 conponents F15/v throug _ and the
. background conponents 22 Septenber 2005 - 221 B22/v through B25/v, for the
ten equations (121) through (130).,Agcardingly, by solving equations (121)
‘through (.130), the foreground conmponents F15/v through F20/v and the ,
_:background conponents B22/v. through B25/v can be obtained, 5 Referring
" back t t he nodel -f.orm ng portion 1522 determ nes the nunber of
~di vi de %PFaﬁsrae PREKFIrRERd #&FaesOi fheneitiedebgilpaoinantot hbe nunber -of .

'foreground %ogp %ents of each-pixel, and the. nunber of background :
conpongﬁpgrg AERIPPRBA Bhged oﬁh?helﬁﬁtPSﬁtvéétQﬁtaﬁétﬁﬁebiotb@srt|onaI
detector. 102 and the unit of

~infor t| n, reof s t tion

.proceggrng éggﬁPBdefggﬁr%ﬁBg At Eg EDS8B§%§FS BétEFﬁ?thﬁaHth 1502.. The
nodel - E&EH&” 9055& n.1522 then forns. a nodel. for

gener at'i'ng. eguatrons ﬁ cal cul ati ng the above-descri bed foreground

Component s sl B.ies ack” P BSPLRONCEL - B0Fh s BRI 1o gonerated

nodel
extracts, based,on the 1nput 1mage, the motion vector and

the positional information thereof-suppliedrfrom'the motion
.detector 102, and the area information sunplied from the
‘area specifying unit:lQB, a-flat portion in which the amount
.}:lQ by whichﬁthe»pixel values of-adjacent pixels:helonglng.to
| - the foreground area lS smaller than a prestored threshold
Tfhl selected among the consecutlve plxels arranged in the f,
_mOV1ng dlrectlon from the plxel belonglng to the uncovered |
"background area to the plxel belonglng to the covered j_;f"
':IS-,background area. - e
' The flat portlon extractlng unit 1501 also extracts,
for example,_a flat portlon in Wthh the amount by whlch the
gplxel values of adjacent plxels of the foreground component
image change is wathln l° The ratio of the amount by whlch
;20..the plxel values change, Wthh is a reference value for
'-extractlng a flat portlon, may be.set to a. desrred value
The flat portlon extractlng unlt 1501 also extracts a.
_"flat portlon in whlch the standard dev1atlon of the plxel
':values of- adjacent plXelS of the foreground component 1mage

25 is smaller than the prestored threshold Thfl-_l”




t0 the equation generator 1522. The equation generator 1522generates.

"~ equations based on the nodel supplied from the nodel-form ng portion
-152.1. The equation generator 1522. sets the pixel values belonging 20 to
‘thée correspondi ng foreground or the background in the. generated

equations,. and supplies the equations in which the pi re set
~to the cal culator 1523. The cal cul ator. 1523 sol ves th§§%8%ﬁg |§%§?supplled

fromthe equation generator 1522 so as to calculate the = ground conponents
and. the background coi - 222 Far -gxanpl e, when the equations
.corresponding to equations (112) through (120) are supplied, the cal cul ator
1523 determines the inverse matrix of the matrix of the left side of the -
equation expressed by equation (131), and calcul ates the foreground

conponent s MEFBAF &thr didih RS POdtd th &b A6 i dndénpSAént s 100004000,
-110000300 .11100 20 111100001 11111.0000 01111000.0 00111. 0000

000110888 26601 mhaiRth Bos/Re Frressionodane Fo21y | CcB:

correspondlng to the plxel values of adjacent pixels of the
foreground component image, a flat portion in which the sum
5 ef the errors of the regression Line and the indiv;duaif
pixel‘values_is smailer'than-the prestored thresheld'Thfi.
The reference;value for:extracting the flat_bortions,
. such as the‘thteshold Thfl or the ratio of the amount byry
B which pixel values change, may be set to a desired value,
.iO and the”present_ihtehtion is ot testricted by the-refetence_'
| -value:fdr,exttactihg the'flat portions. The reference value'
for extractlng the flat portlons can be adaptlvely changed
The flat portlon extractlng unlt 1501 generates the'
' foreground—flat—portlon p051t10nal 1nformatlon, whlch is- theh
15 ‘anformatlon 1nd1cat1ng the p051t10n of the extracted flat
‘portlon, and.supplles the generated foreground—flat—portloh
: pOSLtlonal 1nformat10n to the unlt of- proce551ng determlnlngh
unit 1502 | | .
| : The unlt of proce551ng determlnlng unit 1502 determlnes.- 3
‘"<20'7the unlt of proce551ng 1nd1cat1ng at least one plxel
':belonglng to the foreground area or the mlxed area - based oh
ﬁthe foreground—flat portlon p051tlonal 1nformatlon supplled
'_from the flat portlon extractlng unit 1501, the motlonf;r‘ -
‘vector and the posxtlonal 1nformatlon thereof Supplled from

25 the motlon vector 102, and the area 1nformatlon supplled




FO31v- '. C04'  F041 v CO6' FO51v C06' - B0O21v ‘CO7' 1B031v C08' . BO041lv
09" BO51v C10' (131) Also, when the. equations corresponding to
equations:.' (121) through (13.0) are supplied, the calculator. 1523 10
- determ nes the inverse. matrix of the matrix of the left side of the
equation expressed by equation (132), and . cal cul ates sbRgptember 2005
foreground. . conponents. F15/v through, F20/v and the background conponents
‘B22/ v through B2'5/v.. 223 - 1000000000F151v 1100000000F161 v
1110000000F171v. 1111000000F4 - 81v 4121300000F191v. 01111100. 0. 0: F201v
00111.110. 00B221 v 0001110200B23/v 000. 0 110030824/v 000001000O0

4B251v -Cl6' C17' C18'
- from the'area specifying unit'lOB.

The unit—of—processing-determining unit 1502-suppliee
the generated unit of proceesing to therseparating/blure
‘eliminating unit 1503. | |

:5 ) 'The_separating/blur—eriminating‘unit-lSOﬁjgenerates,
based on the unit of‘processing aupplied from the. unit?of—
' processing determining-unit 1502 and the motlon vector andi_rd_
the posrtlonal 1nformatlon thereof supplled from the motlonrr
' detector-lOZ the foreground component rmage without motlon‘
.',iO-'blur and the separated background component 1mage from the
pixels specrfled by the unlt of processrng among the plxels-
-o_of the lnput 1mage,:and supplles the generated foreground
component lmage and the background component 1mage to the
-synthesrzer 1504 . | | b
'fIS-, -_ The synthesrzer 1504 sfnthe51zes, based on.the area
1nformat10n supplled from ‘the area spec1fy1ng unlt 103, an
rmage from whlch motlon blur of the foreground object is. l
ellmlnated from the foreground component 1mage w1thout
motlon blur, the separated background component 1mage,'and
pZG'Jthe lnput 1mage supplled from the separatlng/blur—
| ellmlnatlng unlt 1503, and outputs the synthesrzed 1mage
. w1thout motlon blur o | |
| 'Flg 95 15 a’ block dlagram 1llustrat1ng the o
conflguratlon of the’ separatrng/blur ellmlnatlng unlt 1503

l25_ The motlon vector and the p051tlonal 1nformatlon thereof




Cl19" . C0' 1' (22 (23" (24" (C25' (132) The cal cul ator 1523.
generates, a foreground conponent "~ image fromwhich notion blur is
elimnated and a separated background conponent i nmage based. on the
foreground 5 conmponents and the background conponents, and outputs t he
foreground conponent i mage w thout notion blur and the ara gackground
conponent i mage... For exanpl e, when solving the equatl m ne
- the foreground conponents. FO1/v through FO5/v.and the 10 background _
conponents BO2/v through BO5/v;. anglhig the foreground conponents F15/v
“through F20./v and the background. conponents.B22/v.through B25/v, -as
shown in Fig. 100 the calculator 1523 nmultiplies.the foreground

‘ t hr augh F05/ K d ts BO2/v, the 15
backor SUREL Lombrtft R oo et BeBRE DS R oren S R 57 ¢ hr ough F20. /v,
- the b : B24/ d th 2 Sept enber - 2005 - - 224 background
coﬁpoﬁg§?£%§§?n§Qg%ﬁﬁﬁﬂ%%oﬁn A & vpg CEES T AF TRA Rt R A %e plgelul

val ues,F04 1&59u EQ%%%ffﬁiptgf% mg@éfef£@ inthe |er %ﬂéye BO3, -the

- pixel values F15 t e pi Xel plxel val ue -
- B25, " The model- formlng portion 1521 generates a model based:

-5_-on=the motlon vector and the posrtlonaltlnformatlon thereof
supplled from the motion detector 102, and the unlt of
processrng supplled from the unit~of- processrng determlnlng
unit 1502 -and supplles the generated model to an equatlon
generator 1522

10 B | The unlt of proce551ng and a model correspondlng to the
.unlt of processrng are descrlbed below wrth reference to-

'.Flgs 96 through 99 | | .
Flg 96 1llustrates an example of plxels when the
, ,Aoccurrence of motlon blur is suppressed by suff1c1ently
.':lS 'lncrea51ng the shutter speed of a sensor FOl through FZO‘J
are 1mage components correspondlng to a foreground object
' The plxel value CO4 correspondlng to the foreground

-,;object is F01 the. plxel value Co5 correspondlng to the '

: .foreground object 1s FO02Z, and the plxel value CDG o

lf,Zd ;correspondlng to the foreground object lS F03 ' Each plxel_

| value consrsts of .a component of an 1mage correspondlng to:i

| the foreground object Slmllarly, the plxel values C07 a
r'h:through C23 correspond to F04 through F20 -respectlvely
In the example shown in. Flg 96 -31nce the background

25 object is- statlonary, motlon blur does not occur ln the




" area. The r

respectively. The cal culator 1523 generates, for exanple, a foreground
conponent inmage without notion blur, which .consists. of the pixel values-
FO1 through FO5 and the pixel val ues F15 through F20, and a separat ed
background conmponent 10 i nage consisting of the pixel value B02, the plxel
val ue 803, the pixel value B24, and the pixel value BZ%zs An e g&%le of .
the result of actual.processing performed by the cptember
-~ separating/blur-elimnating. unit 1503 i's described bel ow with reference to
.Figs. 101.and..102. 15 Fig. 101 |ng trates an exanple of an input inage in
-mhichla,foreground obj ect and a background object are m xed. The image on
- the top right of Fig. 101 corresponds to the background object, and the
~ 1 mage on the bottomleft. in Fig. 101. corresponds to the foreground .
obj ect? bagkgrpyndgr ound 20 object i's noving fromthe left to the right. The
band-1i ke - portion between the top left and the bottomleft is the mxed -
g@%ﬂ Rimdt af mede &%é@%ﬁ@s@ﬁn@m prxetlse byaqgleg @ ng -t he
above-d scr | bed 8n the central line in Fig., 101 is 25 shown in Fig.. 102.
~ The fifg? EPnBYEn ERg. P15 V?hﬂ?cﬁ?%sc?ﬁéeﬁpgéﬁlvﬁlE@stb¢ the input
“image., T dot i xel val ues of the

. [ ou i 0 |nd|c es_the
foregr%ﬁﬁ 58?g§t0??%% ftﬁngﬂgtlbhd ﬁ? P418 Yﬁeu%nggéot chain line
_ gn ues of . the ackgr.oun ject. W out t he ‘
: fo?%grgéﬁge%ggngl%g G Ak ?Fo?ngF? %%Zlﬁdéﬁgnat%§ml b xel val ues .
o the plxel value C24 correspondlng to the background object

" is B24 the plxel value €25 correspondlng Lo the background
l~.object'1s,B25 and the plxel value- C26 correspondlng to the
.'» background object is ‘B26. | 7 |
flO T Flg 97 lllustrates a model obtalned by expandlng the
"plxel values in- the time dlrectlon when motlon blur occurs
In the example shown 1n Flg 97; the amount of . movement
v 1s 5, and the foreground object 15 mov1ng from the left to
. | the rlght in Flg.‘97. o :
,‘15-. - . In the example shown,ln.Flg 97, the second through
| :flfth plxels from the left belong to the mlxed area, and ther
B _twenty second through twenty flfth plxels from the left '
belong to the mrxed area _ - |
o The srxth through twentyhflrst plxelsAfrom the left
Zqi”belong to the foreground area. : _ | , |
' ‘Based on the prestored threshold Thfl “the flat portlon'
extractlng unlt 1501 extracts, among the consecutlve plxels'-
| :arranged in the movrng dlrectlon to the plxel belonglng to

the covered background area, the consecutlve plxels

_ 25'.belong1ng to the foreground area and whose amount of change



of the foreground conponent image from which nmotion blur is elininated and _
the separated background conponent inmage after performng the

above-descri bed processing on the.input 10 inmage. As is.seen fromthe
above- descri bed result the 15 informati on processing-apparatus having

t he. confi guration shomn in Fig. 94:is able to outputzgg $§§Eo%alues

- close to the pixel values.of the, foreground object free39r0n1n6{|on bl ur
and the pixel values.of, the background object wthout. containing the
foreground object. The processing.ﬁgm elimnating notion blur performed by
the signal processing apparatus having the configuration. .shown in _
Fig..94 is described below with reference to the 20. flowchart of Fi g. 103:

In step 51 ar e, specifying unit 103 executes area specifying
pr ocessi %ﬁb%&qﬁ} Vi #%put i mage; area information

-1 ndi cati ng,,, to_,whi f f.oregro d area;. the hackground area, the
coveredbagQﬁrggﬁﬁsgpég'TbE% ﬂﬁeauﬁ AP Yc Bgeddnd 2a€a . FhSeach pi xel

Coni ¢ 8 supa.?&t ec‘ﬂgt;‘lﬂ e N
eXt'r'a(‘et}gtt}%dtrll 14y SLER Sljbsglg;(/ qahcea e'%}airﬁotttl on ext ragl ng unit 1501

extracts;, -anpn pl xe S consecu ocC rection from

- the. ph?é@rlen@%ltorx'fg'o&g th tf*&%el&}%%\ﬁ%f %%gretgg&.kgr%%%xaﬁpﬁ%.,t (arhelne dRixel

~ belonging. to the covered backgroun

amount of movement.v w1th1n one'frame is 5, the flat—portion
_extractlng unit 1501 extracts flve or more pixels in whlch
.there is almost no change in the plxel values, i.e. . a flat
-portlon
10 f, For example, in the- example shown 1n Fig. 98, when
: equatlon {105) holds true, the foreground components F06/v h
h,through F14/v are equal from the relatlonshlp of equatlons.‘
_'_.(106) through (110) ' |

Cll = cl2 = i3 = ci4 = C15- - c T (1esy

15 f - .c11 =,F06/v+FO?/V%FOS/V+FO9/V+F10/Vw- ' _ ‘.(lOGi
C12:= FO7/V+FO8/V+FO9/V+F10/V+F11/V o : , -(167)
..¢137=lF08/v+FO9/v+F10/v+F11/v+F12/V-J - - ) (108)
uc14'5:F09/v+F10/v+F11/v+F12/v+F13/v\ . ;{169):
. C15 =;F10/v+Fll/v+F12/v+F13/v+F14/v '.”“' - '-(xib)

"sz, That-is, the relatlonshlp of the foreground components F06/v
fthrough Fl4/v 1nd1cated by equatlon (111) can hold true. |
--FOGLV FO7/V = F08/v FO9/v =" FlO/v_= Fil/v ; F12/v —F13/v -fi.
=R e o
; Accordlngly, in the subsequent processrng for

25 calculatlng the foreground components and the background




the pixel values change is smaller 10 notion vector and a flat portion in-
whi ch t he anount by which of pixels belonging to the foreground area than
the threshold Thfl, based on the the positional infortation.thereof, and
the area information: The flat-portion extracting unit 1501 generates the
foreground-flat-portion positional information indicating the position of
the extracted fl at portlon and supplies the generate@2SﬂMmmwfﬂm5 '
foregrotnd-flat-portion." p@itional 15 information to the -

uni t - of - processi ng deternlnlng unit_1502. In step 51003, the 7
uni t - of --processi ng det erm ni ng uni t 219502 determines the unit of processing
indicating at |east one pixel contained in the object corresponding to the
foreground based on the notion vector and the positional 20 information
t her eotompdnehésar ea shbanmahi g .and, supphee&nuben@&bbsgr ptgcessing

. to.the separatinglblur-elinnating. unit 1503:. In step 51004, the

- separatkhgiibbte- ehenfnatyngundi tohpbRepesf GOy bﬁ&@dgﬁnFOShe gagt. of
“.processing supplied from 25 the unit.-of-processing determning unit 1502
and t héhenfprearopnsSepoepbeent0Bls/227hrveghoF2and the phsi ti onal
information thereof supplied from the notion detector 102, sinultaneous

_procesBPAGIFBENdseprParens t Be2f vr egroual aﬁa/vhenbatkgrbmomgandnﬁor_']

ehgﬂ nating notion _blur . on the glxels sge0|f|ed by the unit-
components BZZ/V through 25/v other than the foreground

components FOG/V through Fl14/v.
Eor‘example,.asdshown in Fig. 98, amongAthe 24 pixels,.
"i.e., the Second-through twenty¥fifth pikelshfrom'the leftr
.'in'Fig 98 on the straight llne, whlch are consecutlvely ;
;10d'arranged in’ the movrng dlrectlon from the plxel belonglng torl
the uncovered background area to the plxel belonglng to the :':
1,covered background area,rlf the eleventh through flfteenth |
- plxels from the left belong to a flat portlon, the
-foreground components contalned in the eleventh through
;SI-Aflfteenth plxels can be removed Accordlngly, as.shownrln ;“.-
 Flg. 99 equatlons {112) through (120) are generated for ther
foreground components and the background components ‘ |
'correspondlng to the remalnlng consecutlve plxels, i. e., théf
- ,foreground components FOl/v through F05/v and’ the background
20 components BOZ/V through BOS/v '

4xBO2/v+FOl/v fs '., : R 'f112)

S cozt =

co3' = 3xBOB/v+FOl/v+FO2/V‘ e (113)
oo4-f= 2xBo4/v+F01/v+F02/v+Fo3/v R (114)
05t = A

BOS[V+F01/V+F02/v+FO3/VfFO4fv+F05/v (115)

25 1 .CO6" = FOL/v+F02/v+FO3/v+F04/v+FO5/v - (116)




- of processing anong the pixels of the input inmage, thereby cal culating the
" foreground conponents and the background conponents corresponding to the
pi xel s -specified by the unit of processing. Details of the sinultaneous
processing for separating the foreground and the background and for 10
- elimnating notion blur are described bel ow with. refergg & %&ﬁ
flowchart of Fig. 104. . In step.S1005, the separating/? ﬁﬁeﬁvv Yat i ng
uni t- 1503 cal cul ates the foreground conponents of the flat portion. 15.
In step 51006.,, the separating/ bl ur>®ldimnating unit, 1503 cal cul ates
the. pixel "values of the foreground conmponent image free fromnotion blur
and the- pi xel val ues of the background conponent inmage based on the

foreground  cqnponent s and t he_ backgr.ound conponents cal culated in the 20
processingC@% ste§n§f6ﬁ103éﬁﬁEpﬁév'g?%ﬁqbund conponentstof the flat

~portion ca l,ate n the pro s ng- of step 51005. The
: ;separatingf%% Oﬁfﬂaﬁ%ﬁdvﬁﬁ%% Y503 supplies the fh?@ﬁnound conponent

i mge free nonr ti,0 and the' background copponent i mage to the.
, synthesizer %§§/ Qﬁgéygb S1007, the signal proce&gﬁﬂg apparatus 22
Sept enber 5 - %%% determ nes mhether t he processrn@é%ﬂr the been
finished. |t s éternlned that the entire screen not been finished,

't‘ engire Scr?ﬁ@r@aéretR@n@rgﬁ%ﬁﬁb@gstor €., the foreground

components FOl/V through FO5/v and the background components

B02/v through BOS/v, for the nine equations (112} through -

7(120}. Accordlngly, hy soluing equations (112) through‘..

| (120) , the foreground cOnponéﬁts F01/v through FO5/v and the

._r10_-background compOnente-B02/urthrough BOS/vﬁcan be ohtained‘
Similarly, equatlons (121) through (130) are generated

'_for ‘the. foreground components FlS/v through F20/v and the -

background components BZZ/V through BZS/V

| 'g‘c16' s.FlS/v o e
';15!' €17 = F15/V+F16/v '~:;'-_, a2z
‘ore' = Fls/v+rl6/v+?i7/vh o | '.(123)’
ci9" ;5FiB/%fFlG/?fFl?/yfFlé/v‘ } o (124)
c20° ﬁ_E15/r+Fié/v+F17/o+F18/v+F1§/v--j"  (125)
_gzi'.; ﬁl6/v+F17/v+Flé}v+rl9/v¥F20/o e '(1261j
‘200 c22t - Fl?/v+F18/v+Fl9/V+F20/V+F22/v-  e
'923?3=‘F18/v+F19/v+on/v+2x323/v'_ ; (128
) czé'_sfFls/v+F20/v+3sz4/v'..Q_‘ ‘fi 129y
':C25‘ - 320/v+4x325/v S 71:- - : {iBO)V

There are teh variables,. i.e., the foreground. .

25 components'FlS/V‘tthUgh F20/v and the background_conponents -




“blur contained in the foreground. _
_separating the foreground and the -background and for . ellnlnatlng noti on .

the process returns to step S1004, and the processing for separating the 5
foreground and the background and for elimnating nmotion "blur is repeated.
If it is deternmined in step S1007 that the processing .for the entire
screen has been finished, the process proceeds to step S1008 in which the
synt hesi zer 1504 10 conbines t he background, the foreground conponent i nmage
free fromnmotion blur, and the background conmponent i n&Edgepteher fDcessi ng

is - then conpleted., As discussed above, the signal processing apparatus

separates the foreground. and the ba%é round to as to 15 elininate notion
€ S|nultaneous processing for

bl ur erfdrned by -t he separating/ bl ur-. ellnlnatlng uni.t 1503, “i's

descr i B¢ /BelBWaMdth B287 &y efios et renf leowettdmnsof (191g. t20-aufdd. I n step -
51201, }EF nodel - fornlng porti-on 1521 fornms -a nodel based on.the:unit of
proces§| & suﬁﬁqQQ§lPB Hr t RE SQﬁWﬂR@TEﬂN@@é@@SngldéIemMnmugm unit 1502

and. q§3§ﬁt|% ctor and the: positional information thereof supplied from
i ng por'ti’on /2 éﬁBEPHEQOSOMP22§n§§pﬁﬂﬁé§'ﬁﬁeog@heﬁﬁﬁéd'mmdemhho t he

“equat i enerator 1522 , . the equati-on generator 1522
-‘generag)%c!i EﬁtPE%ZE

ﬁHPFaﬁggﬁgnﬁa c5PF8§HBn§?ﬁéVt§aph@er@hmﬂmwmhlp

5 Referrlng back . -to Flg 95, the model formlng portlon
1522 determlnes the number of d1v1ded portlons of the plxel
values in the tlme dlrectlon,~the number of foreground
components of each pixel, .and the number of background
components of each plxel based on the motlon vector and the'

.lb ‘p031tlonal 1nformatlon thereof supplled from the motlon
detector 102 and the unlt of processrng supplled from the -
unltmof proce551ng determlnlng unlt 1502. The model formlngh

~fportlon 1522 then forms a model for generatlng equatlons for

calculatlng the above descrlbed foreground components and

hu15 the background components, and supplles the generated model

_ to the equatlon generator 1522.
| The equatlon generator 1522 generates equatlons based
'1ion the model supplled from. the model formlng portlon 1521.
'The equatlon generator 1522 sets the plxel values belonglng
?20,;to the correspondlng foreground or the background in the |
“generated equatlons,'and supplles the equatlons in whlch the:i'
_plxel values are set to the calculator 1523 | | e
The calculator 1523 solves the equatlons supplled from 7
the equatlon generator 1522 so as to calculate the

25 -foreground components and the background components. o B




among the pi xel values, the foreground: conponents, and the. background
conponents based on the nodel supplied fromthe nodel -formng portion 1521,
In step 51023, the equation generator 1522 sets the pixel values
corresponding to the input image in the generated S|nultaneous equatlons
10 I'n step S1024, the equation generator 1522 deternineg %her all the
pi xel val ues have been set in the simultaneous equati offsePIEFPP2OPY-
deternmined that all the  -pixel values have not been. set, the process
returns to step 51023, and the processing for setting the pixel values is
15 repeated. If it :is determned in step 510.24that all the pixel ‘values
- have been set, the equation generator 1522 supplies the sinultaneous '
- equations inpdy i v C l.at or 1523; and
t he cal cul at or 1523%%u@e§s%%@%h@%%ta%&%@ eq(%la (#lotﬁs in which the
pi xel vghHesoAke ($€) SAra8fighO @gb@uh@geshgglfgaeg%ggngaggggggggts and the
backgr ound. conponents The processing is then conplete I'scussed:.
above, 16h8. dsepanahbsgthbuinebiBbnaktRexUBIFt tha0Rk$igbLe tR.0¢0¢Late the
- foreground conponent inmage free fromnotion blur and the.. separated
backgr siidd cﬁnpbeeGQuatﬂanSeppesbséd2695equ88@onlWﬁgﬁ)baﬁﬁg on the .
‘cal cul ated foreground conponents and the background conponents. Fig. 105 i's
a 51ocRaH¢eba@ﬁ$|tm©sfme¢gngu3d|tbmpnnehEB Fommﬁ1gur@hgﬁnFoB/ﬁhgnglgnal '

proceSS|ng3apparatus The
ackground components BOZ/V through BO5/V

1000040007[FoIv] [CO2°]
110000300/ Fo2iv| | o3|
111000020 Fo3v|_|coa’|
(111100001 Foav|™]| cos’| (131
111110000\ F051| | Co6 |
1011110000)|Bo2iv| |cCO7|
001110000(B03v| |cC08|
|000110000)||Bo4v| |cCoo|
looooroooollBosv] Lcrol -

| Also, when ‘the. equatlons correspondlng to equatlons
| g (121) through (130) are. supplled the calculator 1523
'~f10 determlnes the 1nverse matrlx of the matrlx of the left slde
| of the equatlon expressed by equatlon (132},_and calculates.
h the foreground components FlS/v through F20/v and the Aetf"

background components B22/v through BZS/v .




elenments simlar to those in Fig. 94 are indicated by like reference
-numeral s, and an explanation thereof is,thus omtted. A unit-of-processing
determ ning/classifying unit 1601 generates the uni.t of processing based on
the notion vector 10 and the positional information thereof supplied from
the. notion detector. 102, the area information. supplledzfrqg%(ﬂﬁom@rea
specifying unit 103, and the foreground-flat-portion p05| 'ona

i nformation supplied fromthe flat-portion extracting unit 1,501. The

uni t - of - processi ng 15 detern1n|ng/c£§§3|fy|ng unit 1601 also classifies the

pixels. .of the..input inmage, and supplies, the classified pixels to one
... of the separatlng/blur-el|n1nat|ng unit 1503, a,motion- . blur elimnating
- unit. 16Q2, o] eqtr ¢ r gpr odcj unjt 1603, and a
backgr pun cgjrrpgegztvol Qr ?gpﬁla Fg$/ uni t} 28 2b .The - - - ‘

E): Qelts Z-%O vaywafﬁ r@eg [}2/ h angdlup tC r(r);n?\hgspl )a(t(rarlnng the.
Egbg?g rlgackgroun agZa eg% g?grogﬂz on i PG RT

OF]@?$ tpn.ne E@J? eggglnggnebsfheﬂ

lassifying unit 1601

Sept e grdPOQS 237 ohef I(thpc@t

foregr area. The unit essi ng. dgter
supplifed the Jpi kelf @e@ngr@ t@ hFjipfgd area \I\Ihl ch the foreground
ent s correspondl ' flja - ) .

[0 719000 |[Faorv | | cor’
001 1 1.1 1000]||B2iv| |C22|
0001110200(B23v| |C23|
0000110030(|B24iv| |C2¢4°|
000001000 41LB25W ] "_.Czs.’_'

The calculator 1523 generates a foreground component -

1mage from whlch motlon blur is ellmlnated and a separated;n
-7background component 1mage based on the foreground :

5 components and the background components, and outputs the.
foreground component 1mage wlthout motlon blur and the
separated background component image..

‘ For example, when solv1ng the equatlons to determlne

} the foreground components FOl/v through FOS/V and the' ;.:f

10 background components Boz/v through BOS/v, and the |

:foreground components FlS/v through F20/v and the background
-components B22/v through BZS/V, as shown 1n Flg. 160, .the

.;calculator 1523 multlplles the foreground components FOl/v

- through FOS/v,\the background components BOZ/V, the

'w15'~background component BO3/v, the foreground components FlS/vl;_

- through F20/v, the background;component B24/v,_and the




. portion of the foreground area are renpoved, and the pixels  belonging to
"the foreground area to the separating/bIUr' elimnating unit 1503 toget her

with the correspondlng unit ‘of processing. The uni t - of - processing

determ ning/classifying unit 10 1601 supplies the flat- portion inmage of the

foreground. area to the foreground-conponent-inage reprgg% nl_glgeuun t 1603.
The .uni t-of - processi ng determ ning/classifying unit %1I€S t he
pi xel s belonging to the foreground area. and sandw ched by the fl at
portions, fromwhicji the  for egr_ogg{il conmponents corresponding: to the flat
portion are renoved, to the notion ur elimnating unit 1602 together with
t he. correspondi ng unit of proceSS|ng The -uni t:- of - pr ocessi ng

deternini ng/classifying unit - 1601: supplies. the pixels belonging to the
backgrAfeI e e tfa?c-fk/gf duin d-fe ek - ¢ Fregevesgnoduciangauni t 1604,
The separating/ bl ur-elininating unit 1503 .generates the foreground
"'corrporﬁéhth e ddve rRirﬁ%t‘fagﬁlelﬂ W01 iH eIl oFd s pari ek he pi xel s’

beIongr ﬁ%the f oreground area .and..the pjxels beIong}n ,10 the m xed
ar ea, 6?2181 rpgheg é’c?lbjé‘cl?dt%uﬁd‘%dhﬁéﬁ’fﬂen‘fa}r% Jhghher

simil 2 Sept nber 20 32 the processing di scussed W|th reference
to thg‘:rzfqt vt%’r? %%Zfl g/ e f4 i nating unit 1503

Qp|l%% Q%if 1 round conponent i mage free from not.i on qur to the
for egr our‘?& conporent - i mage ‘

- The calculator 1523'generates, for example, a
foreground component image w1thout motlon blur,_whlch
con51sts of the plxel values FOl through F05 and the plxel

- values F15 through F20 and a separated background component
‘ lO 1mage con31stlng of the plxel value B02 the plxel value B03
the plxel value B24, and the plxel value B25
~An example of the result of actual proce551ng performed'
by the separatlng/blur ellmlnatlng unit 1503 1s descrlbed -
J‘_below w1th reference to Flgs. lOl and 102. : -
'l5-_‘7' Flg 101 1llustrates an example of an 1nput lmage 1n
whlch a foreground object and a background object are. mlxedQ
The 1mage on the top rlght of Flg 101 corresponds to the :
background ob]ect and the 1mage on the bottom left 1n Flg
-101 corresponds to the foreground object. The foreground
'f.v201'object is mov1ng from the left to the right. - The band—llke'nie
| e'portlon between the top left and the bottom left is the )
mlxed area ' |
| The result obtalned by performlng the above descrlbed
;proce831ng on the plxels on the central llne in qu lOl 1sr

' 25 fshown 1n_F1gﬂ_102. The flne*dot llne 1n Flg 102g1ndlcates'




and the separated background conponent background- conponent -i nage
reproduci ng reproducing unit 1603 image to the unit 1604.. .The notion-bl ur
elimnating unit 1602 cal cul ates the foreground conponents correspondi ng
‘to the pixels belonging to the foreground area and sandwi ched by the flat

portions 10 based on the unit of processing supplied EE%Eh&nﬁwE&%t of
processi ng deternlnlng/cIaSS|fy|ng unit 1601 so as to generate a
foreground-conponent inage free fromnotion blur corresponding to the
- cal cul ated foreground conponents, 55 notion-blur elimnating unit 1602
suppl i es the .generated 15 foregroun %onponent i mge to the.
f or eground- conponent -i nage: reproducing unit 1603. . Fig.. 106.is a bIock
~diagramillustrating the configuration of the notion- qur el imnating unit
1602_ Fhe mokednvaeéueer oanthehénposi tinagal inforrmation 20. thereof supplied
“fromthe notion detector 102 and the unit of. processing supplled fromthe
uni t - of - profﬁ]e%slrviggh'déwlerlnmﬁ ngft cFassi 92 nppndicdtds GfHe griecesuppl ied to a
- nodel 25 form ng gortlon 1621. The nodel =form ng portion 1621 generates a
nodel Badeds oént ﬁefoﬁﬁgreﬁn@e@bmecbnﬁrvﬁefpoe|mobnam bhios ratd on t her eof
.22 Septenber 2005. - 233 supplied fromthe notion detector 102 and the unit
'of : he one—dot~chain llne de51gnates the pixel values of the
5 background object w1th0ut the foreground object.
The solld llne 1n Flg ‘102 de51gnates the plxel values
of . the foreground component 1mage from whlch motion blur is
'ellmlnated and the separated background component 1mage -
Vafter performlng the above descrlbed proce351ng on the 1nput | .
10 image. : |
As 1s seen from the above descrlbed result, the
r-;lnformatlon proce551ng apparatus hav1ng the conflguratlon
.shown in Flg 94 1s able to output the plxel values close to
the plxel values of the foreground object free from motlon '
.15 blur and the plxel values of the background object w1thout
'contalnlng the foreground object | |
The proce551ng for ellmlnatlng motlon blur performed by
. the sagnal proce331ng apparatus hav1ng the conflguratlon '
_ .shown in F1g 94 1s descrlbed below w1th reference to the;:
'KY'ZO, flowchart of Flg 103 In step 81001 the area specrfylng
unit 103 executes area speclfylng proceSSLng by generatlng,
;'based on an 1nput lmage, area 1nformatlon 1nd1cat1ng to 3;
‘which. of the foreground area, the background area, therr

_'covered background area, or. the uncovered background area -

_.25' each plxel of the 1nput 1mage belongs ‘The area spec1fy1ngx




processing supplied formthe unit-of-processing. determ ning/classifying
unit 1601, and supplies the generated nodel to an equation generator 1622.
The nmodel supplied to the equation generator 1622 is - described bel ow wi.th
reference to Figs..107 and 108. Fig. 107 illustrates a nDdeI obt ai ned by

expandi ng the "pixel values of.the pixels belonging to et ér 3 nd area
in the time direction. 10 The unit-of-processing-deter gr" %%ﬁ atlng -
portion 601 renoves the foreground conponentS'correspondlng toa flat
portion fromthe pixels belonging tgthe foreground. .area in a manner
~simlar to the. processing,discussed.wth reference to Flg 98. 15 For
exanple |n the exanpl e shown in.Fig: 107, when equation (133). holds.
“true, Se seen that the foreground . conponents F106/v through
F114/ v%{r‘L aPUPPoORTS ChReIpRPER FOfhshFpaointametome 91843 through
(138).\@ grdlgg % as shown 20, F1Q6/v through F114/v in: Fig. 108, the
f or egr SURACBRPOARNL 8XEEREE L R%OVRHE £ 13 t he pixels . belonging to the
f or egr ound 0.= Cl11 =.C112 C 13 = 33) C110
F106/ v+F10 v+‘%ﬁﬁ3/ 900/ Vi G T Pt ing unit 1501 .
F107/v g%é %@é v$ O, Vv+Flll /v Cl12
= Fl 08 VF E% %‘? T VSEES &(‘i P%‘ia‘é%%tje‘hb%‘?ez‘ﬁfb‘sm9234 113 =
F1G9/ vaFldOt vak! Héﬁ{*ﬁ%ézél +é:1 ]t%i/orgg]lsr?% to ‘the uncovered :
background'area to the plxel belonglng to the covered'
background area,- a flat portlon in whlch the amount by whlch
'the plxel values of pixels belonglng to the. foreground area
change is smaller than the threshold Thfl based on-the‘
© 10 motlon vector and the posmtlonal 1nformatlon thereof and
the area lnformatlon The flat portlon extractlng unlt 1501
generates the foreground flat portlon p051t10nal 1nformat10n
‘1nd1cat1ng the’ posrtlon of the extracted flat portlon, and
_supplles the generated foreground flat~port10n p051tlonal
.15‘ 1nformatlon to the unit- of proce551ng determlnlng unit 1502
In. step 81003 "the- unlt of proce551ng determlnlng unlt
1502 determlnes the unlt of proce831ng lndlcatlng at least
one plxel contalned ln the object correspondlng to. the
- Vforeground based on the motlon vector and the p051tlonal
.20 1nformat10n thereof and the area lnformatlon, and supplles
the unlt of proce551ng to the separatlng/blur ellmlnatlng
funlt 1503 | | " |
In step 31004 the separatlng/blur—ellmlnatlng unlt

';1503 performs, based on. the unlt of proce351ng Supplled from

25 ;the unlt of—proceSSLng determlnlng unlt 1502 and thegmotlon'




Cl14 = F110/v+FI 11 /v+F112/v+F113/v+F114/v (13& Simlarly, the foreground
conponent F096/v through F100/v and the foreground conponents F120/v

t hrough F124/v. corresponding to another flat portion are renoved fromthe
pi xel s belonging to the foreground area. In this manner,. the pixels

bel onging to the foreground area and sandw ched by fl from
‘whi.ch the foreground conponents corresponding to the f?%fﬂg%&kggﬁgsare 10.
~renoved, are supplied fromthe-unit-of- processlng_ det erm ni ng/ cl assi fying
unit 1601 to the notion-blur eliningE unit 1602 together with the
correspondi ngunit of processing. Th del'forning‘portion.1621: of the
nmotion-blur 15 elimnating unit 1602 forns, based on the unit of
processing, a nodel for.generating equations corresponding to the

rel ati gsshiop batwebe pbheipixekd belfomgiangono thetherf enpgl osadrranea and
sandwi ched by the flat portions, fromwhich the foreground conponents
corresﬁbﬁdmﬁglpe tieéefltar pORti shmudten2Ousr provedsinagdishe

- remai ni ng' f oregroundconponents. The nodel -form ng portion 1621 supplies

. the; géRBRAREANInBHEl fpsepheunduanilofihgeheritopudd22nd Ther equat i on.
generator 1622 generates, based on the nodel supplied. fromthe

nmodel - ForﬁrﬁﬁtbﬁgtW6ﬁ1962@1U250@qE§€|§h§eé§rSespeﬁdeﬁgbytbhehenIEIatlonshlp

- betmeen the 22 Segtenber 2005 - 235 pixels belonging to the foreground
rea and BARGRFEHBE BYOREhEDE| REXPOFt PEnEhef tBRhiBd0e hetioralgy ound

nen rr ndi_n he fl rtion rer \ n h
conpo 8 lculaglngsggedfogeggoung‘cogpo gntsoagdatﬁe gggké?tugdd the

components correspondlng'to the plxels spec1f1ed by the unlt
of processrng Detalls of the SLmultaneous proce351ng for
separatlng the foreground and the background and for
lQ ellmlnatlng motlon blur are descrlbed below w1th reference
to the flowchart of- Flg 104.
) In step 81005 the separatlng/blur ellmlnatlng unlt.
1503 calculates the foreground components of the flat
' portlon ' | ’
" 15 lIn step SlOOG the separatlng/blur ellmlnatlng unlt
=;1503 calculates the plxel values of the . foreground component
- image free from motlon blur and the pixel values of the
background component 1mage based,on the foreground
' components and the background components calculated 1n the
éd :proce331ng of step 81004 and the foreground components of
:ithe flat portlon calculated 1n the proce551ng of step 81005
The separatlng/blurmel1m1nat1ng unlt 1503 supplles the
1‘foreground component 1mage free from motlon blur and the

_background component 1mage to the syntheSlzer 1504

25 In step 81007 the 51gnal processrng apparatus




remai ni ng foreground conponents. For exanple, the rel ationships betmeen the
foreground conponents F101/v through F105/v and the pixel values are -

. i ndi cated by equations (139) t hrough (147). C101'= F101/v(139) Cl102'=
F101/v+F102/v(140) 10C103' = F101/v+F102/ v+F103/v(141) Cl04' = :
FlOl/v+F102/v+F103/v+F104/v(142) ‘C105' = F101/ v+F102/ v+E : +Fl05/v
(143) C106' = F102/v+Fl 03/ v+F104/ v+F105/ v(144) C107"= ;%Q%é%mﬁégﬁéy
F103/ v+F104/ v+FI 05/ v(145) 15C108' = F104/v+F105/v(146) C109' = F105/v(147)

- The rel ati onshi ps between the. foregpognd conponehts F101/v through F105/v
and. I t he. pi xel values are indicated by Cl115' =.F115/'v C116' = N

:-F115/v+F116 /v C117' = FII5/v+F11. 6/ v+F1: 17/V C118'. = ' .
F115/v+F%%? +F117 V+ 118 v Cl19 F115/v+F116/v+F|17/v+F118/v+F|19/V'

(152) equatong®( Y48y ?ﬁr %@hé%%é%§5153 Ez5othe entire screen has =
Lo e ézze R RS 3 e B Do 10
' - _.the entire screen has not been flnlshed the process returns '
‘to step S1004, and the prOCESSlng‘fOI separating the |
f5-r:foreground and the background'and for.eliminating motion
blur is.repeated : | : o |
If it is determlned in step 81007 that the proce551ng
hfor the entire screen has been flnlshed the process |
proceeds to step 81008 1n which the synthe51zer 1504
lldl comblnes the background, the foreground component 1mage free '
- from motlon blur, and the background component 1mage. The o
f proce851ng 1s then completed . - ”
o As dlscussed above,Athe 31gnal proceselng apparatus
separates ‘the. foreground and the background S0 as to
15 ;ellmlnate motlon blur contalned in the foreground
The 81multaneous proce551ng for separatlng the 5
;foreground and the background and for ellmlnatlng motlon
N blur performed by the separatlng/blur ellmlnatlng unlt 1503,‘
:_1s descrlbed below w1th.reference to the flowchart of Flg A
20 ° 104, | | |
In step'-31201 the 'model~forming p.o-rtio'n "1'5'2'1 f‘orﬁs a
:umodel based on. the unlt of proce831ng supplled from the |
unltmof proce351ng determlnlng unlt 1502 and the motlon
cvector and the p051tlonal 1nformatlon thereof supplled from'-rdfs

© 25  the motion detector 102 , The model formlng portlon 1521 _




The equation generator 1622 sol ves equations (139) through (147) and .
equations. (148) through (156) in which  pixel values are set according to
the method of |east squares so as to obtain normal equations, equations
(157) and (158). 5 43 2 1 FO1 45.432 F102 34:.5.43 F103 213.4 54 F104 :

.1234.5 F105 54321 45432 3.4543 23.45.4 123.45 Fl1 F118
I19‘for exanpl e, the C101 +0102 +0103 +C104' +C105' %5 E$%?%§§é%b4 .

+C105+0106 C103+0104 +0105 +0106 +Cl07' C 10 4 '+ C 10 5"+ C 106'+ C 10
7"+ C10 8 C 05 + C106' + C1074008,4009", (157) 0115+0116 :+0117 +Cl 18
+0119° - g - = o
-supplies the generated model to the equation generator 1522l:
In step S1022, the equation generator 1522 generates |
simultaneous equationshcorresponding to the relationShip
among the_pigel values, the_foreground:components,_and the
5 background components'hased'onrthe model supplied fromhthe
;Vmodel+forming portion 1521. |
In step 81023, the equation,generator 1522 sets the
pixel values corresponding to'the‘input lmage‘in'the“ |
"generated_simultaneous'eguatiohs |
‘~lb o In step'81024 -the equatlon generator 1522 determlnes
I_whether all the plxel values have been set in the
.51multaneous equatlons ' If lt is determlned that all the i-.-fn
jplxel values have not been set, the process returns to step
81023 and . the processrng for settlng the plxel values is
lS_:repeated. o | | |
7 - If it.is determlned 1n step 81024 that all the plxel
.values have been set, the equatlon generator 1522 supplles
the srmultaneous equatlons in Wthh the plxel values are seti }.'
hto the. calculator 1523, and the calculator 1523 calculates -
Tlgq _the 51multaneous equatlons in whlch the plxel values are set;-
S0 as to calculate the foreground components and the' A
hbackground,components The processrng 1s then completed
As dlscussed above, the separatlng/blur ellmlnatlng
: punlt 1503 is able to generate the foreground component lmage'

- 25 free from motron blur and the separated background componentﬁ




-0 116'+ C 117 +. C 118 '+ C 119 '+ 012 0 ' 01740181+019' +020' 0121°

C118' +C119' +0120' +0° 121 +el22' d 19 -f-0120'+0121 +0122+0123" (158) The
equat i on generator 1622 generates equations based on the nodel supplied.
fromthe nodel -form ng portion 1621,, and supplies the.. -gener~t~d.
equations. to an adder .16.23 22 Septenber 2005 - 237 bgbggg&ﬂg,y%5the f1at
portions by applying a. solution, such than the foreground conponents -
contained in the pixels equation generator 1622 to the normal equations
obt ai ned by "the nethod of |east -squares. The adder 1623 supplies the’
“resul ting normal equations to a calculator 1624. The cal cul ator 1624

cal cul'ates the foreground .conponents contained in the foreground

dder et e il G IR ey gd component, Lage. . The
‘decomapis Ryl dgdepl caualions uoh tho pixel values aro set. The
outpute ?SFB&‘ S%ﬁ?%”“g riogdet PRty PRoke TR #?ﬂﬁbﬁmlw”%@@%? t Zxararije |
: mhen conflguratlon of the signal processing apparatus The
5 | elements slmllar to those in qu 94 are indicated byrlike
-reference,numerals, and an explanation thereof ie;thus |
omitted. | | o
A unit—of—orocesaihg-determining/claSsifying:uhit 1661
-‘generates the uhitiof'processihg based on the'motion-Vectorf
flOd “and the p051tronal 1nformatlon thereof supplled from the |
| motlon detector 102, the area 1nformatlon supplled from the
'.area spec1fy1ng unlt 103 and the foreground flat—portlon
p051t10na1 1nformatlon supplled from the flat portlon
extractlng unit 1501.° The unlt of processrng )
15 determ1n1ng/cla551fylng unlt 1601 also cla851fles the plaels'
-0f. the. 1nput 1mage, and supplles the classlfled plxels to
‘_one of the separatlng/blur ellmlnatlng unit 1503 a. mot10n~'.
"blur ellmlnatlng unlt 1602 A foreground~component 1mage |
':reproduc1ng unit 1603 and a. background—component~blur |
- 20 _reproduc1ng unlt lo04.
The unlt of proce581ng determlnlng/cla551fylng unlt :;
‘1601 removes,'among the plxels consecutlvely arranged in the:
'mov1ng dlrectlon from the plxel belonglng to the uncovered |

'h background area to the plxel belonglng to the covered

25 background area, the foreground components correspondlng to




. through F105/v and the the foreground conmponents F101/ v f or egr ound

- conponents. F115/v.through the calculator.1624.nult:iplies the F119/v are
~determ ned, 20 foreground conponents Flol/v foreground conponents. F115./v
‘novenment v, as shown in Fig. pixel through F1.05/v and the through F119/v

by the anmount of 109,. thereby calculating the val ues F105
- and the pixel values F115 through F119, respectively.. ;5$%ém&9r98 ator .
. 1624generates a.foreground conponent  inmage w thout notion blur consisting
- of,;~for exanple, the 25 pixel valLugg, F101 through F105-and the piXel
val ues. F115 22 Septenber 2005 - 238 %hrough F119. The processing for
elimnating notion blur performed by flowhart of Fig. 110 The processing
of step 51101 through step 51103 is the signal processi ng -apparatus having.
t he corfiPgditati BartsrewirPm Fhg. pd4eils Bedeonubed bel the irhgrefiedence to

the simlar to that of and an explanati-on In step 51104,
area. The unit-of-processing determlnlng/cla851fylng unit
1601 supplies the pixels belonging to the mixed area from .
whieh-the foreground componentSVCOrresponding to the flath
5t portion of.the foreground:area are removed,;and the pixels
belonging to the foreground area to the eeparatrng/blur—‘ |
.ellmlnatlng unit 1503 together w1th the correspondlng unlt
‘ of processing. o o
The unlt of-processing determlnlng/cla551fy1ng unlt
10_ 1601 supplles the flat- portlon 1mage of ‘the foreground area
to the foreground component 1mage reproducrng unlt 1603 -
The unlt of proce531ng determlnlng/claSSLfylng unlt
_1601 supplles the plxels belonglng to the foreground area
",and sandwiched by the flat portlons, from Wthh the
15 1gforeground components correspondlng to the flat portlon are
removed, to the motlon-blur ellmlnatlng unlt 1602 together
;w1th the . correspondlng unlt of proce531ng -
- The unlt of proce351ng determlnlng/cla551fy1ng unlt
:1601 supplles the plxels belonglng to the background area. to
2@-'the background—component 1mage reproduc1ng unlt 1604 ‘
The separat1ng/blur—ellm1nat1ng unlt 1503 generates the
"foreground component 1mage free from motlon blur, whlch B
3ncorresponds to the plxels belonglng to. the foreground area
and the plxels belonglng to the mlxed area, and the

25 :separated background component 1mage 1n & manner 51m11ar to R




rsfep_81001 through step 51003 in Fig. 103, thereof is thus onmtted. the

unit-of -processing. 10 determ ning/classifying unit 1,601 classifies the

pi xel s of an input imge based on the notion vector and the positional.
information thereof supplied fromthe notion detector 102, the area
information supplied fromthe area specifying unit 10.3, B@Qb&@ﬁ
foreground-flat-portion positional informtion 15 supplle§ rom-t
flat-portion extracting unit 1501, and. supplies the classified plxets. to

~one of the 2.0 separating/blur-elimyating unit. 1503,.. the noti-on-blur

elimnating unit.1602,.the foreground-conponent-inmage reproducing R
uni t. 1603, and t he. background conponent -i nage reproducing unit 1604. In

'step 51105, the separating/blur-elimnating unit 1503 perforns.

si nul t %@%%%%Je%% HSFeFsedpatE i TRECTHECE oy dgreouiidvarid ithe fhackgr ound -

' and.faﬁkell ating nmotion _Dblur on the pjxels.- belonging to the m xed area
from “th ?oﬁ%&ﬁEﬁﬁ&PQﬁﬁﬁRﬁmﬁﬁ%@lQﬁﬁ#ﬂﬁnﬂﬂﬂﬁrk§QQo the..fl at

; portloqf gg Septenb 2005 - 239 of the foreground area are renoved and

 The piRBEIYE ot T (T e FOPRAIH it SelSeoi s A ne pixels
‘conseqgut in dlrectlon fromthe i.xel belonglng to
“the u%@d&erediggcﬁg dﬁﬁdNQFQ 99#§9ﬁ§9t8 ithd e@sver ed

bagkgrawnd sar e, Retiald %aoékgéou%ao %9&% %fma%tee %%05 's simlar to .

‘those pf the

background—component lmage reproduc1ng unlt 1604,

The motlon blur ellmlnatlng unit 1602 calculates the
foreground components correspondlng to- the plxels belonglng
to the foreground area and-’ sandw1ched by the flat portlons

ﬁlOf,based on the unit of proce551ng supplled from the unit- of—
‘proceSSLng determlnlng/cla831fylng unlt 1601 so as to_
_-generate a foreground component 1mage free from motion blur‘ﬁ
'correspondlng to the calculated foreground components Thel

E motlon—blur ellmlnatlng unlt 1602 supplles the generated

'115' foreground component 1mage to the foreground component 1mage

‘-reproduc1ng unlt 1603
uFlg 106.1is a block dlagram 1llustrat1ng the
'conflguratlon of the motlon—blur ellmlnatlng unlt 1602l'5”.

The motlon vector and the p031tlonal 1nformatlon -

" 20 . thereof supplled from the motlon detector 102 and the unlt

"-of proce551ng supplled from the unlt of~proce551ng
i determlnlng/cla551fylng unlt 1601 are supplled to a model—n
'h formlng portlon 1621. o
" The model formlng portlon 1621 generates:a model based h

-2@ fOn the motlon vector and the pOSltlonal lnformatlon thereof




processi ng of step 51004 of Fig. 103, and an explanation thereof is thus'
omtted. In step S1106, the separating/blur-elimnating unit 10 1503 -
cal cul ates the pixel values of the foreground. conmponent inmage wthout .
noti on blur and the pixel...values. of the background conponent i mage based

- .on the cal cul at ed. foreground conponent s. and t he ‘back nents..
. The. separating/blur-elimnating unit 15.03 supplies t%%%%@ ?d%gg@gund
conponent image w thout notion blur. to the, foreground-conponent-i mge
reproducing unit 1603, and. al so suppbkgs_the background conponent inmage
. to.the background component-inmage reproducing unit 1604. In step 51107, the
- signal processing apparatus 20 determ nes whether .the processing for -the
~m xed area_and the, foreground area has _been finished. 1f it is determined
t hat . FH@pﬁﬁSQef§§Pﬂ§hﬁoW0FﬁéﬁlQ@GSF@Sr éﬁ&"ﬁﬁé theeypbtingfarea has not

~been finished, the gcess returBs to p 51105, and the processing for .
‘separaPFﬁgeFﬁénﬁoﬁggp 359 LekEr. EBENHNL HfFBFoéﬁﬁﬁFﬁgtlng fotion blur is.

L mber 2005 240 d d 51107 that -
LR e EORTIRSLARRBE Gl Mhe neReoRLEPDuAS shEaThel been

{11 Shedncbhechr sss pogeeds.Lo: sl epeaLioh ) pestep S110S. the

not i on Irmnpating unit per ng for 5 elimnating

o b arakerndle ashe,bel@nao Loyt oy ERSEONE AL 1 Lhlt e
flat  described below with’ reference to Figs. 107 and 108.
| | Fig. 107 1llustrates a model obtalned by expandlng the
pixel values of the plxels belonglng to the foreground ‘area
rnAthe ‘Lime dlrectlon.‘
"Elfo - The unit- ofmproceSSLng determlnlng/separatlng portlon.f
, 601 removes the foreground components correspondlng to a .
. flat portlon from the plxels belonglng to the foreground
,arealln a manner 51m11ar to the processrng dlscussed w1th
reference to Flg 98 - v
'"!15-' For example, in the exampie shounrln Flg 10777§héﬁ3g
| eqUatlon (133) holds true, lt can be seen that the
-gforeground components F106/v through F114/v are equal fron
“the relatlonshlp of equatlons (134) through (138) -
| Accordlngly, as shown 1n Flg 108, the foreground comnonents'
l.ZQV'F106/v through F114/v are removed from the plxels belonglng

to the foreground area

c111 %,C112-=°c113 = c114 ST 33)

c110 =
Cllé‘% FlO6/V+FlO?/v+F108/v+F109/V+F110/v (1341
. e = FlO?/V+F108/v+F109/V+F110/v+F111/v a3
25 :c11212 39

F108/V+F109/V+F110/V+F111/V+F112/v‘ (136)




T step 81108

. portion selected anong the pixels consecutively arranged in the noving
direction. Details of. the notion-blur the flowhart. of ,Fig. ill ibed

- below with reference to In.step .S1109, the notion-blur. elimnating unit
1602 cal cul ates the pix€el val ues. of the foreground conponent inmage mnthout

notion blur based on-the calcul ated foreground 15 conpoReRLSner bHE _
motion-blur elimnating unit 1602 supplies the foreground conponent image

wi.t hout notion blur to the . ..foreground-conponent-inmage reproducing unit
- 1603. In step 51110, the signal pr ocessi ng apparatus determ nes whet her
the processing for -the:, foreground area 20 has been finished. If it.is
det ernmi ned t hat the processing of the foreground area has not returns'to
repeat ed. i ni shed; the.p.rocess.

“the. . moti ofF ¢ﬁ gﬁﬁﬁgﬂ%tFkll W?Flhﬁﬁ%ﬁﬁﬁ ¥ i h18¥Ep 51110 that the
i “asen MR Rl e,
© S1105 throgin 9“&% ' fhe SRR B R h Y G mage
LSRR Uk, MORSEES R L TR, | e
fun5t (Hoﬂ¥égﬁﬁﬁﬂﬂﬂh to another flat portlon are removed from the
plxels belonglng to the foreground area.
In thls manner,. the pixels belonglng to the foreground
-area and sandwiched by flat portlons, from which the |
-;foreground components correspondlng to. the flat portlons are -
'_10 _ removed are - supplled from the unlt of proceSSLng
"determlnlng/cla551fy1ng unlt 1601 to the motlon-blur'd
.ellmlnatlng unlt 1602 together w1th the correspondlng unlt '
of. proceSSLng. |
The. model formlng portlon 1621 of the motlon blur
AulS ellmlnatlng unlt 1602 forms,‘based on- the- unlt of proce551ng,zr
| a model for generatlng equatlons correspondlng to the -
B relatlonshlp between the plxels belonglng to the foreground
area and sandw1ched by the flat portlons, from whlch the.
_foreground components correspondlng to the flat portlons are
3‘f20fﬁremoved, and the remalnlng foreground components
The model formlng portlon 1621 supplles the generated
model to . the equatlon generator 1622 l |
The equatlon generator 1622 generates,Abaeed on: the‘

:'model supplled from the model formlng ‘portion 1621

*_525 }equatlons correspondlng to the relatlonshlp between the




determ ning/classifying unit 1601, the foreground conponent 10 inage
-~ without notion blur supplied fromthe separating/blur elimnating unit
1503, and the foreground conponent image without notion blur supplied from
the notion-blur elimnating unit 1602. The background-conponent-i mge
reproducing unit 1604 reproduces the overal I background, é@ ongnt i nmage
- based.on the background area inage supplied fromthe un|t o -processing -
- determning/classifying unit 1601. and.t he. backgr oundconponent i nage.
separated fromthe separating/blur, gglnlnatlng unit 1503. The proceSS|ng
is then conpleted. 20 As described @bove.,. the . information. processing
_appar at us' having the configuration shown in Fig. 105 is able to elimnate
. motion blur fromthe foreground object. The processing for elimnating
not i onprﬁllSo]P@iLﬁ@‘J%@ge*@@ otnel Eorperennd| page, 2 chndeickepopds to.the
uni t 2% 8roce55|ng, performed by the notion-blur elimnating -unit. 22
' Septe Bf 5p85 PO?HQOH&ﬁO@f?% “Rbph 51198 0F S#F@UNd 100TRBORIBE? | bed bel ow

~reference.to H mgr art of - Flg 111. In step 51121, the .
nDdeI FOF hFRECPIIE? oh 2t HROThbPRONn2 bF UF SRR nat RRgERMI t 1602 forns_

a nDdeLemafgrres Ondl(%g%? t he anougt of novenment v and the unit of
processrt ng. S e ??Ep%%%% Fon generator 1622 generates equations

- based on -t d eI t the dde 1623 sefs the =~ -
p|§§l _valﬁgngq$&%§ﬁg for% ﬁgﬁﬁ' é%ﬁ%o ent fﬁaﬁnﬁﬂﬁ “f oreground
10 COW&)@Qrﬁf@PﬂPQM&&tﬁog}@ta @rthgrﬁu@f va%ﬂ?e\zlgdall'en -

1nd1cated by equatlons (139), through (147).

Cc101" = FlOl/v o S | '(13§Jf

s croz = F101/v+F102/v - . (140)
10 - c1o3 =-F101/v+F102/v+F103/vj "'; | (141)
c104" = FlOl/v+F102/V+F103/V+F104/V o h(i42)

c105' = F101/v+F102/v+F103/v+F104/v+F105/v-(143)1.

C106" ?}Fl02/V+Fl03/v+F104/V+F105/v T (144
| fC107"¥hF103/v+F104/v+F105/v :7. | - _'_(145).
15 . clo8* = F104/V+F105/v S {i4éi‘
| -‘Ac109':= FlOS/V o . - ‘_',' ' 11471l

. The relatlonshlps between the foreground components
FlOl/v through F105/v and the plxel values are 1nd1cated by

requatlons (148) through (156}

féﬁ S c115{ = F115/v' ' '”?': . .ffe.'  i o '(1481
o ocliE = F115/V+F116/v .' g“',_ L (e
| Cl17" = F115/V+F116/V+F117/v o "h'ﬁ'eA (iso)
*; cris’ = Fl15/V+F116/V+F117/V+F118/v - -{151y'-

€119 = EllS/v+Fll6/v+F117/va118/v+F119/v(152)

i

25 . © . C120" = Fl16/v+F117/v+F118/v+F119/v .. .  (153)




- the generated equations. ,in step S1124, the adder 1123 . determ nes whet her
t he pi xel values of all the pixels corresponding to the unit of processing
have been set If it is determ ned that the pixel values have not been set
in 15 all the equations, the process returns to step SL123, arid the
processing for setting. the pixel values in the equati IS re ted. If
it is determined in.step.S1124.that all.the. pixel valuégg?mﬁavﬁgg een set
in all the equations, the process 20 proceeds to step 51125: In
step..S1125,the calculator: 1624 - cdaw ates the pi xel values of the

. foreground without motion blur based on the equations.in.which the pixel

~values-are set supplied fromthe adder 1623. .As.discussed above,

the ot onchLyn o LIISLLAG WL 294802, L able Lo elit nale moti on bl ur
has been dratassSa ag804 By 120k  ng component | age. coREal ni ng ot on bl u

Pnvention H22 beon 4 oLlase above by setting the M GTVe ratio :(x to the

~ratio of t he<DagkgEund sLATROREA! iezﬁogbgb%d eflati8nsPlcgh) val ues.

~ However, the mxture rafio a the novin i rection eground obj ect

t 05 t he hdhoi@dt 1R 7)18nkr @Butahe Jref t(1ta®)t he gt - (1HMever ik TRy ng

- direction is-not restricted to the above-described direction.
' ‘pixel values are set according to the method of least
‘équares so ds to obtain normal equations;‘for-example/

équations'(157)rand (158 .-

[543 2 IFION_ [CIOI+CI02+C103+Cl04+C105 |

{454 32| F102|7 " | cro+cro3+croa+crosecros |
|34543||F103| | CL03%4CI04+C105'+C106'+C107' |
1234 54||Fi04| | C104+CI05%+C106'+C107'+C108" |
L1234 51lF105] © LC105+CI06'+C107+C108'+C109'|
I PP - oasn
I8 43 2 1 F115 -v -"'CI_IS,’+C‘If67+C117’+'0113’+_C11’9/ o
45432 Fli6| CH6+CUT+CUS+CIIY+CI20" |
|34543||F117) | CUT+CH+CII+CI204+C121" |
(234 54||F18| | CHS+CIY+CI20+CI21'+C122" |

b 23 4sllrnel - Lenysenorcnricnzicny |
RO Sl . o158

. The eguatiaﬁ-generato#;ﬁZQ'ge@eréﬁes eépatiéﬁS'baséd -
Onthe modelsupp]__}_ed fr(S_Iﬁ th_e‘ model__formlng _pori_:j_on ‘1-62-.1."1 '

ks - and suppliesjthe.génératéd équations.to an éddef 1623!




A non-m xed area fornmed of a foreground areaconsisting of foreground
obj ect components which forma foreground object of inmage data and a
background area consisting of 15. background obj ect conponents which, form
a background object 20 .processing  foreground of the image data, or, a
m xed area in which the foreground object._conponentszggdtthe @%kground :
obj ect conponents area mixed.is'specified.. Based on i ai ned by
speci fying the. area, processing .for separating. the foreground object
components and the background objec§37conponents fromthe pixel data of the
- mxed area;.and for elimnating notionblur.fromthe separated object
“-conmponents are simultaneously performed: In this. case, 2.5. be. .
ellnln%ted 244 ~An_ equal portion consisting of adjacent -pixel data of
the fo 88?55ﬁ6 Wikl Rhéséofﬁgﬁésngr€O§BB§?§ﬁt#@ﬁﬁv .equal to each ot her

he. 1 or eor olid TPt KbApoHEht SRR HEL B0y EP L RpERRRL She 1 om t he_pi el
oL ks TR et ot on Bl 190, e
- the method of least squares. The adder 1623 supplies the =
5 resultlng normal equatlons to a calculator 1624
.The calculator 1624 calculates the foreground
- ;components contalned in the foreground component lmage other
"than the foreground components contalned in- the plxels
_belonglng to the flat portlons by applylng a solutlon, such
,_t10‘ as the Cholesky decomp051tlon to the normal equatlons 1nAp.
whlch the plxel values are set The calculator 1624
. generates the foreground component 1mage wrthout motlon blur-
"based on the calculated foreground components, and outputs |
| 'the foreground component image . w1thout motlon hlur- H
-:15= . For example, when the foreground components FlOl/u ,:
through F105/v and the foreground components F115/v through
AF119/V are’ determlned the calculator 1624 multlplles the '
foreground components FlOl/v through F105/v and the
:foreground components F115/v through F119/v by the amount of'
20. movement v, as shown in Fig. lb9 thereby calculatlng the
Aplxel values FlOl through F105 and the plxel values F115
through F119 respectlvely
; The calculator 1624 generates a. foreground component
' dlmage w1thout motlon blur consrstlng of, for example, the

: 25:.p1xel values FlOl through F105 and the plxel values FllS




S|nultaneously per f or med based on the: detected equaI portion and the result
obt ai ned by specifying the area, 10 A unit of processing consisting of a
plurality of foreground object conponents and the background object the
conponents is. determ ned based on a position of.the.equal portion. The
‘processing for separating the foreground 15 object co ents. a he
background obj ect. conponents and the processing fornnghﬁﬁgF?%gm%Dtlon

bl ur fromthe separated foreground object conponents can be sinultaneously
performed for each unit of processifgg IThe unit of processing corresponding
to . the pixel data belonging to the. mixed area or. the foreground area
.which. is 20 located on-one straight Iine and which is other than the

pi xel data of i@g equal portion can be determ ned. The equal portion can
"be detREPRE LY rrpar ing a. difference of..the pixel data with a

threshold he e por on consj sting of the adjacent 25. having the
nunber of pi elsr p'ﬁl%le]da‘tlana?% ey iy U etz Supt enber

2005 - |xels corres o dlng%to an -anount of novenent of the

| V'foregroundsd@yec E%ﬁ?%ka?ﬁﬂ%ﬁﬁ%%ﬁt BsEPAgCPRE LepaF R ng t he
for egr&ﬂﬂ?ﬂ Oﬂielg}.g C§)4Tp0§1€ egssc%. rh Povgktg hmge grgx(t:ct:e cggrpolglent s and the
5 flowchart of Flg 11 - - - | |
The proce551ng of-step Siidl through Step 51103 is
_51mllar to that of step SlOOl through step 81003 in Flg 103,
. and- an explanatlon thereof 1s thus omitted.
In step 81104 the unit- of processtng
10 _determlnlng/claSSLfylng unlt 1601 cla551f1esnthe prxels of
an 1nput 1mage based on the motlon vector and the p051tlonal
1nformatlon thereof supplled from the motlon detector 102,7“
the area lnformatlon supplled from the area spec1fy1ng unlt
B ”103, and the foreground flat~portlon p081t10nal 1nformat10n
15; Supplled from the flat portlon extractlng unlt 1501 and.
| asupplles the cla551f1ed.plxels to one of the '
separatlng/blurvellmlnatlng unLt 1503 the motlon—blur
..ellmlnatlng unlt 1602, the foreground component lmage‘;:
| reprodu01ng unlt 1603 and the background-component 1mage
'i:ZoﬁAreprodu01ng unlt 1604 _ | |
In step SllO5 the separatlng/blur—el1mlnattng unlt
1503 performs 51multaneous proce851ng for separatlng the
;foreground and the background and . for ellmlnatlng motlon
blur on the plxels belonglng to the mlxed area from whlch

.25h the foreground components correspondlng to the flat portlons




5 processing for elimnating nmotion blur fromthe separated foreground
obj ect . conponents can be sinultaneously performed by applying a.
cal cul ation corresponding to a notion vector. A nodel corresponding to the
uni.t of processing and a notion vector is acquired. Based on the acquired
.nodel , an 10 equation corresponding to.a reIatronshrpZQ% &E%Ra%ﬂﬁspiXEI

dat a- of the. unitof processing and the foreground object ~conponents and the
- - background object conponents. contained in. the, unit of processing is

- generated. The foreground object conponents and the background object

- conponents contained in 15 the}unTtgg processing can be cal cul ated based
“on the generated equation. |Inage data : havi ng an obj ect ar ea consrstrng of "
obj ect conponents which form an object is input. Mtion blur occurring

(i n. anokjfecheareadgyoahiinbrakedr by ramsustingahiathe2pi ¥al yese0bngahy of the .
prxel data in the object area. of the inmage, data Input are

" subst artioi ‘d@lhley feqeatrouha tbiks casectedpt bmonhl. Uhecpikaiped in a bl urred
image can be elimnated. The inage data having a foreground area consi sting
of f ocegsegnd igbjlecarcenpedentstivhi mhvingmithecobpactrom 2hebackground
- area consi sting of background object conponents 22 Septenber 2005 - 246
. whi ch Pe%ﬁﬂabﬁi@ﬁgﬂ@anﬁoobhecuncandradnbaeﬁgapeadrarenrth thae foreground
object conponents and the background object  conponents are nmixed is -

i nput. PIKGLi BR1BPALNGCERr FRAgCPYier e brokegpunAdaarea chataklel ofi nated: by
,assunl g t hat val ues of gart of ‘the pixel data in the foreground area of
the,inﬁ £ PregESdard afeSsabsthht?alfystgbbpr to those of the

proce551ng of step S1004 of Flg 103, - and -an explanation
thereof is thus omltted | |
In atep S1106, the separating/blur—eliminating'unit
.10 1503 calculatestthe'pixei galues of~the foreground combonent e
1mage w1thout motlon blur and the plxel values of the
'background component 1mage based o the calculated
foreground components and the background components; :fhe_
separatlng/blur ellmlnatlng unlt 1503 supplles ‘the
'Elbb foreground component 1mage w1thout motlon blur to the
uforeground~component 1mage reproduc1ng unlt 1603 and also
‘supplles the backgrohnd component 1mage to the background—
.ﬁ’component 1mage reproduc1ng unlt 1604.7 |
In step 81107, the 51gnal proce551ng apparatus‘:
'ifaZQA_determlnes whether the proce381ng for the mlxed area and the __»i
_-foreground area has been flnlshed If lt 13 determrned that f»
. the proce551ng for the" mlxed area-and the foreground area g
.'dhas not been flnlshed the process returns to step 81105
land the proce851ng for separatlng the foreground and the -

’1.25 background and for ellmlnatlng motlon blur is repeated




An equal portlon in mhlch the values of the pi xel data in the foreground
area of the image data are. substantially equal is detected. Mtion blur
occurring in the foreground 10 area can be elim nated based on. the
detected equal portion: “A unit of processing consisting of ‘a plurality of
the foreground object .. conponents. is determned baseds@hte@ber2B®Si tion of
the equal portion. Mtion blur of the foreground area. can be elimnated. -
for each unit of 15 precessing. The unit of processing corresponding to
the pixel data belonging to,.the m&ed-area or the foreground area which

~is located on one strai ght line and.which i s other than the pi xel ~data of

the equal portion can be. determ.ned.. 20 The foreground area,. the

~back d fi d Th al t
e R R R

be. det ect ed by conparing fer
The eqgit ﬂ@étm%&ogféétéﬁa Phet 28 -2dA0EN B 'Xe' taéf%jhﬂaivghn the

nunber of pixels greater than or equal

nunbertind ol Ss G S RSRENA NG 1, ahfu@unt Il?f

- foregroundobj ect can be detected.” Mdtion blur occ rrlng |n ?%e foreground

area amtie— }:eluxrnedaﬂneldlam’lra;oﬁhumgl@@%&H@fﬁ@%f&éé%ﬂ?@dﬂ@ to a

notion vector. A nodel correspondlng to the unit o processing and a
5 ellmlnatlng motlon blur for the: plxels belonging to the

foreground area w1thout the foreground components'
correspondlng to flat. portlons and sandwrched by the flat
,portlon selected among the plxels consecutlvely arranged in

the mov1ng dlrectlon Detalls of the motlon blur

"A10 ellmlnatlng proce551ng are’ descrlbed below with reference to

pthe flowchart of Flg 111
| In step 51109 the motlon blur ellmlnatlng unlt 1602
'7 calculates the plxel Values of ‘the foreground component
lmage wrthout motlon blur based on. the calculated foreground'f
15 components The motlon -blur ellmlnatlng unlt 1602 supplles
the foreground component image w1thout motlon blur to the o
,foreground—component 1mage reproduc1ng unlt 1603 |
In step 81110 the 31gnal processrng apparatus
_determlnes whether the processrng for the foreground.area'
:20:rhas been flnlshed . If 1t lS determlned that the proce831ng
‘of the foreground area has not been flnlshed the process
--:returns to step 81108 and the motlon blur ellmlnatlng
‘ proce581ng 1s-repeated . ‘ | -
‘If 1t 1s determlned ln step SlllO that the proce531ng

257-has been flnlshed for the foreground area, the process




motion vector is acquired. Based on the acquired nodel, an equation
corresponding to a relationship between the pixel data- of the unit of
processi ng and the foreground object 10 conponents contained in. the unit
of processing is generated. The foreground object conponents contained in
the unit of . processing can be cal cul ated based on thgzggag%%;gaﬁequation,
Processing for separating the pixel data of the m'xed area into the = .
f oreground obj ect .conponents and the 15 background obj ect conponents _
andprocessing.for elimnating noti blur. fromthe separated foreground
obj ect components  ,can be simnultanéously perfornmed based on area : o
information indicating a non-m xed area consisting of the. foreground area
and t he background. area or the m xed area and based on 20 the equal ‘
‘porti oRIrogegnist tof spepcédditdg consisting of a plurality of the foreground
obj ect conmponents and the background object. conponents i.s determ ned. .
based on a pbsFhPBhdopet heleduahat pbhe| proceThenprotessemgSibpsseparating
--the-forgground125 ObLect_COHEonents and the background object conponents
Cand - 2B§CUGRe ShLdLedsi AFTHOE2BEPHEANL PHGCHEEAONIBhukher BAPERESSBEar at ed
. foregrognd obj%%h %onBonents can_be simultaneously performed for each unit
of pro@&sSitiy. SThE uhProBflpPdeddsing corresponding to the pixel data - =

Delonotno ey eI et area, o Lhe {ocaround args ubich 1 focated on one
can be;dgtenNtARg wile 18659LOHPIaALES chhC,DaRkPT ound ared, jor the mixed
‘ compdnent iﬁége'without motion blﬁr based onAtheIflat; |
V-bOttioﬂ“iﬁage-suppliéd‘froﬁ the unit*of—beCQSSing‘
detgrmining/élasSifyind-unit'1601, the_foreg&dund coﬁponent-'
, lp‘ imége Qithouﬁmdtibn blﬁf supplied from;the_separéting/blqrf
éliﬁiqgtipg-unit i503,1aﬁd the fbrég#OQnd-component'imége
L'Wiﬁhbuﬁ_métion.blquSupp}ied3frbmrthe.mofiénﬁblﬁr
.éiiminating_uﬁi£;l662ji The:backgfoﬁpd—dbmpbnénf—image -
' féprQéﬁ¢ing uﬁit ;604 :ep?bduceé-thé~dvérall'b£ckgr6ﬁnd‘,;i
15 160mponent_iﬁage based,bn tﬂe,backgroundiafea‘imagé sﬁppliéd   '
ffémﬁthe-uhituquﬁyocessing.defetﬁinihg/qlaséifyiﬁg ﬁnit
 1601:ahd.the_bagkgrdupd.éomﬁqnént imége.separatéd from the
Seﬁératinﬁ/blﬁr;eliﬁinating‘uﬁit 1503. Thelprdceééing_isr"
"thén:coﬁpietéd; | . . : ; .
2915 j.;“As dgééribe@jébbye? fhe:infoﬁﬁéﬁiéﬂ.pfocessing
‘7épparaFquhé§in§'fhe ¢onfigUréti§nish§wﬁ'in Fig.'los.ié ébléi
.3_lfo-éli@inaté.ﬁption_biuf;fromﬁtheiforégrédnd.ébject{ |
iThe procéSSing forsglimigéting mgtiéﬁvbluf éf'thef :'
’fQ;egfbﬁndlcémponent imégef,W#i¢h ¢§r£es§onds t§ thé ﬁnif-of\l~l

f25“,P?9¢955ih9r perforﬁed-by-the7motian—blur eliminéting unit.




area can be specified. 10 The equal portion can be detected by conparing.

~difference. of the pixel data with a threshold. The equal portion

‘consi sting: of adjacent pixel data having the.nunber of pixels greater.

than or. equal to the nunber of pixels corresponding. to an 15 the

foreground object anount of novenent of can be detected. The ocessing for

. Separating the foreground object conponents and the bé@ﬁﬁ?ﬁﬂﬁﬂ ject

- conponents and the . processing for elimnating notion..blur_fromthe
separated foreground objectcdnponeﬁks can be- S|nultaneously performed 20-
by applying a calculation corresponding to a notion vector. A nodel

~correspondi ng to:the unit of processi'ng and a . not-i on-vector i's acquired.

Based on the. acquired nodel, an equation corresponding to a relationship

bet weekhP Q%e”bl%sﬂp S119% TofF ke t1 ofdgs Jéi;%fi)rkgélal*vd witéd f or eground -

obj ect_ g ggonents and t he background oh*btt conponents contained in 22

Sept'e 48° (heWHIAT oo privckssitly is generated. The foreground
obj.ect components contained in the

SE{Scofcgrgﬁgggkig%&gaabet &|5§P§ﬁe%°55§8& BRTtHENgéRerapéd tBGuation. A
fsﬂglc'?ﬁ%nﬂ 'E%'El(;%u prﬁt 4 eqnbltfnrégc'u%%'tn%&frf%dr%seramm%e elnurr‘oer int egrat |.ng

.5 correspondlng to the amount of movement v and the unlt of B |

proce351ng_ in step-SllZZ,‘the equatlon generator 1622

‘generates equations hased on the‘generated model;

| In step 81123, thehadder 1623 sets the,piXelrvalnes-of
- the‘foregroundrcomponent'image fromfwhich the'foreground'

}d components correspondlng to the flat portlons are removedrln
-the generated equatlons. In step 81124 the adder 1123 |
_determlnes whether the plxel values of all the. plxels
l-correspondlng to the unlt of proce351ng have been set If
h’lt-ls determlned that the-plxel values have not been'set iﬁ'

;o all the equatlons, the process returns to step 81123 and .

H the proce581ng for settlng the plxel values 1n the equatlonS'
1s-repeated, ,
" TE it is deter‘minedl in step S1124 that all. the plxel
_ ‘ values have been set in all the equatlons, the process
'3'*“'20_ ‘proceeds to step S1125.° In step.51125, the calculator 1624 :
C carculates.the.plxel.values.of.theforeground w1thout motlon.
A blur based on the*equations in which the plxel values are- |
;set supplled from the adder 1623.;.'; | A
| _As dlscussed above, the motlon blur ellminatlng nnlt

'».2S_h1602 is able to ellmlnate motlon blur from the foreground




an of image-capturing device pixels and haying a tinme image data forned of
a predetern ned nunber of pixel data. of a foreground area A non-ni xed area
formed consisting of foreground object a foreground object of the inage .
consi sting of background object 10 conponents which form and a background
area conponents which forma data background object of é@g in@ge data, ‘or a
m xed area i'n which the foreground object conponents afd SEHE™ EQEround

obj ect. conponents area m xed is specified. 15 Based on a result obtained
“by.specifying the area, processing 95 separating the foreground .
‘obj ect -conponents and the background obj ect conponents fromthe pixel data
of the mixed area, and processing for elinminating motion blur fromthe
separ at ed foreground obj ect conponents can be 20 sinultaneously perforned
~I'n thi §oBasaesn nlmﬁﬁgeCﬂnthon@ngnmbtennbbuurcbasbd oaptheednodnt equal -

- portion. consisting of :adjacent pixel data of ,the foreground. area whose
vaIuesogr@°§88§95nflapﬁthQUanltoneﬁéﬁceﬁﬁengls detected At |east the

rocessi ng for 25 separating the foreground object conponents and: the 22
geptenberg %@% 1nven€don hag been dlsébssed above by sgttlng the

_mlxture ratlo o to the ratlo of the background componentS‘
5"conta1ned in the plxel values However, the mlxture'ratlo o
may be set to the ratio of. the foreground components
contalned in the pixel values.
~ The 1nventlon has been,dlscussed abOVe by setting the-
mov1ng direction of the foreground object to the dlrectlon
10 from the left to the rlght However,-the mov1ng dlrectlon
1s not- restrlcted to the above descrlbed direction.
A non~m1xed area formed of a foreground area conslstlngﬂ'
~.of foreground object components whlch form a foreground
object of lmage data and @ background area consrstlng of
.h15, rbackground object components Wthh form a background object‘
“fof the 1mage data, or a mlxed area in whlch the foreground |
object components and the background object components area - f
i -mlxed is- spec1f1ed Based on a result obtalned by
specrfylng the area, proce531ng for separatlng the
"QQ' foreground object components and the background object
components from the plxel data of the mixed- area, and
1processrng for ellmlnatlng motlon blur from the separated i
.fforeground object components are SLmultaneously performed;f
;In thls case, motlon blur contalned in a blurred 1mage cani

-J’Zbr_be ellmlnated.




250 10 backgr ound obj ect conponents fromthe pixel data of the.  m xed
area and the processing for elimnating notion blur fromthe separated
f oreground object conponents can be simnultaneously perfornmed based on the
detected equal portion and the result obtained by specifying the area. A

unit of processing consisting of a plurality of the faqreground ject
components and the background object conponents is deté?%%ﬂ@ﬂgﬂgggg on a

-position of the equal portion.. For each unit of processing, the processing
for separating the foreground objegt, background object conponents and
conponents and the the processing for elimnating. notion blur fromthe
separated foreground obj ect conponents can be S|nultaneously perforned “The
unit of -processing . corresponding: to the pixel data. 15. belonglng to the
‘m xed ar eafor e aragriounmdcarsdstin ¢if iesli dosedt pdxed daga effrai ght |i- ne.
and which is other than the .pixel data of.the equal portion can be

“det er n?hedforq%@e%aar%rwnw CELURS dii e ctes P Woripat iswyad dicf fer ence of
the pixel data.with a. threshold 20 The equal portion consisting of t he-

adj ace%?dpl‘i’("ette]aa%% FeiAHEd he AuRRtt die Ro@@ss igiediodr than or, equal to
the . nunber of £ ﬁgls corre ndi ng to an anmount of noyement of , the S
foregr%?ﬁﬁjr%”b}%t nf%e%ratgtdc Ject components and the

5 ‘background object components from the pixel data of the '
mixed area and the processing for eliminating mot;on blur
from;the_separated‘foreground-object_componentsecan be |

‘simultaneouely performed based on the detected equai éortion
and the-result obtained by specifying the area. | |
‘10 A unlt of proce551ng consisting of a plurallty of the
-foreground object components and the background object |
components is. determlned based on & p051tlon of the equal _
'portlon. The.proce581ng for separatlng the foreground _;:
.object components and the background object components and
fiS the proce551ng for ellmlnatlng motlon blur from the |
separated foreground object components can be SLmultaneously
| performed for each unlt of proce551ng |
" The unlt of proce551ng correspondlng to’ the plxel data
‘belonglng to-the mixed area or.the-foreground area-whlch-ls :
’hszg‘ 1ocated on one. stralght llne and Wthh 1s other than the
plxel data of the equal portlon can be. determlned |
The equal portlon can be detected by comparlng a.
R dlfference of the plxel data w1th a threshold
The equal portlon consrstlng of the. adjacent plxel data.

'.;.25 fhav1ng the number of plxels greater than or equal to the




The processing-for separating the foreground object 25 conponents and the
background object conponents and the. 251 processing for elimnating
motion blur fromthe separated foreground object conponents can be

si nul taneously perforned by applying a cal culation corresponding to a

notion vector. A nodel corresponding to the unit of progegsiRg.306s a
notion vector is acquired. Based on the -acquired nodel, an equation

~-.corresponding to a rel ati-onshi p between the pi xel data of the unit of

"processing and the foreground -objectascenponents and the background obj ect
~conponents-contained in the unit of processing is generated. The '
foreground object 10. Conponents and the background obj ect' conponents

cont ai i S|n n be cal cul ated based on the

genera?e EEUEF? quAS BEE%%S ggcgﬁtﬁpeamBVHE Enﬂ@ge@%BFU?an devi ce
~includ [ u f and having.a tine 15 i ntegrating
‘functlgﬁglgoguggﬁPﬁgng QCE ggﬁabgogggégk%da predeternlned nunber of pixe

data and- haYh@gp%cQQbﬁﬁ% 2520, pafeitha (RO ol ORLGCL GomAneTt s MeCh

" form an object. Mtion bfur.occ rrlng i area i mnated by

'~ assuni BgmpBatnval Uy @Bepsé&kef:oﬁﬂs Qbﬁebtd%ﬁ%bﬂeﬂ@g Qlti’éte&ﬁ 20 area of the

- image, data . are substantially equal In"this an inmag i t hout ot ion
bl & cppRocebeingapbur elimThetiAgoeodaba B@Mrngrémf9ﬁ§9£é§5¥b€g§ﬁ'ConS'St'ng

_'of foreground obj ect - conponent.s whi-ch formthe object,
foreground cbject components can be 51multaneously performed
- by applylng a. calculatlon correspondlng to a motion vector
A model correspondlng to the unit of proce551ng and a
.motlon vector-ls acqulred - Based on the acqulred model an
lO"equatlon correspondlng to.a relatlonshlp between the plxel
data of the unlt of proce351ng and the foreground object
components and - the background object components contalned ln'm‘
_ the unlt of proce851ng 1s generated - The foreground object |
components and the background object components contalned 1n='
15 the unlt of proce551ng can be calculated based on the
| generated equatlon | | |
Image data hav1ng an object arearcon51et1ng of object
'components Wthh form an object 1s 1nput | Motion blur
occurrlng 1n an- object area 1s ellmlnated by assumlng that-
':720;~values of part of the p;xel data 1n the object ‘area.of: the‘t‘
1mage data 1nput are substantlally equal In thls case,-
'-imotlon blur contalned in-a blurred 1mage can be ellmlnated{
The 1mage data havmng a’ foreground area con51st1ng of:'

foreground object components whlch form the object

‘25 background area con51st1ng of background object components;




background area consi sting of background object conponents 25 which forma
background object, and.a nmxed area it the foreground object conponents and
t he background object conponents are mxed is input. Mtion blur occurring
inthe foreground area can be elininated by assuming that values of part
of the pixel data in the foreground area of the input _inage data are
substantially equal. An equal portion in whi ch the val G8§° Fm?ﬁ@mﬁlxel dat a
in the foreground. area.of the image data are substantially” equal is
detected. Mdtion blur occurring in $he foreground area can be elininated
~based on the detected equal portion. 10 A unit of processing consisting of
a plurality of the foreground object components position 15 of the
foreground area processing. The unit of is det er mi ned based on a equal
por t i o1 ERt FOF b UPa@FIxHiend calpl] e BB efRf Aarbded crreackn usiiclvf processi ng
corres ndlng to. the pixel- data mixed area or the foreground area which.

i's | octedtONeHFRIRA (B IRRL . ?ﬁﬁﬁﬁ@?%@st%n@hbhtlP@ﬁ%ﬁﬁp Piechther than
. the pixel data of the gqual. portion. n_be dg{ernlned The foreground
area, . CHPORHURG PR B, Hor TGS i ot 1on bIur occurring in the

foreground area can be ellmlnated by assuming that values of
;5_dpart of the plxel data in the foreground area of the 1nput
'1mage data are substantlally equal .
An equal portlon in Whlch the values of the pixel data
in‘the foreground area of the 1mage data are.substantlally
- equal isrdeteCted' Motion blur occurrlng in the foreground
-‘ldb area can be ellmlnated based on. the detected equal portlon
AA.unlt of proce551ng c0ns13t1ng of a plurallty of the -
':foreground object components lS determlned based on a
'.posltlonjof the equalzport;on. Motlon blur of ther
foreground'area.cahsbe eiiminated‘forfeachrunif of
.15 _proceSSing R | |
o The unlt of proce351ng-correspond1ng to the pixel data
belonglng to, the mlxed area or the foreground area Wthh is -
located ‘On one-. stralght llne and. which is other than the
-fplxel~data of the‘equal portlon can be.determlned.' .
-éo'e'“f The foreground area,. the background area, or the mlxed d
"area can be spec1fled | | | |
' The equal portlon can be detected by comparlng a
' fdlfference of the plxel data w1th a threshold

The equal portlon con51st1ng of the adjacent plxel data

‘bv25 hav1ng the number of plxels greater than or equal to ther




"20. ‘area can be specified.. The equal portion can be detected. by conparing
a difference of 1 the pixel data with a threshold. The equal portion
consisting of the adjacent pixel data having t he. nunber of pixels greater
than or equal to the.. 25 nunber of pixels :corresponding to an anount of
movenent of - 253 the foreground object. can be detecEgg thlg&mblur

occurring in the foreground. area can be elininated by apdﬁ??%ﬁ

. calculation corresponding to a. notion vector. A nodel correspondlng to the
“unit of processing and a notion yegﬁor is acquired. Based on the acquired,
nodel., an equati-on corresponding to 'a relationship between the pixel data

of the .unit of processing and the foreground object. conponents contai ned

in'the unit of processing. is generated. 10 The foreground object

Aconpon@ﬁmbEEOﬁﬁapmedlsncoheeappndohgptocessamgunanoben@aenomet@ﬂ based on

the generated equation. - Processing for separating the. pixel data of the

m xed 5h@af0Fﬁg§Oﬂhé pbi egkognd. bebflecectedponent s. . and t he background

obj ect. onents ~and processi-ng for elimnating 15 notion blur from t he

separ at ed f Uit by Eedr ebipotrenElse  farre Beowidndneanewus lbe

perforned basgd gg area_information _indicating a non-nixed area con5|st|ng
of. thet b?éﬁ? GAdPY arRBL¥HAYt AeCHAERYRBLAR GPEEeTRORMEGY S d ar ea ‘and based

On5th ¥gﬂ Por ion. 20 A unit of processing consisting of a-plurality .
t he oreqgro - obj ect conponent's and the background object conponents.

'5 det erm '}fqﬂd@eﬁedcoornreaspooonsdltr{gorto thehe eR T processing and a

_motlon vector ls'acqulred ' Based -on- the acqulred model, " an
;equatlon correspondlng to a relatlonshlp between the pixel
rdata of the unlt of proceSSLng and the foreground object
klb - components contalned in the unlt of process1ng is generated
The- foreground object components contalned in the unit of
r.proceSSLng can be calculated based on the generated equatlon.
B Process1ng for separatlng the - plxel ‘data of the mlxed
area 1nto the foreground object components and the
' '_iScrbackground object components ‘and: proce581ng for ellmlnatrng
"'_motlon blur. from,the separated foreground object components
'_can be srmultaneously performed based on area 1nformatlon
:rlndlcatlng a non mlxed area conSLStlng of. the foreground
':f area and the background area or the mlxed area and based on
qulthe equal portlon ‘ |
| | A unlt of proce551ng con51st1ng of a.pluralltg of the
"foreground object components and the background object f
_components 1s determlned based.on a p051tlon of the equal-
A"portlon _ The proce851ng for separatlng the foreground

_,'25r object components and the background object components and




. portion. For- each-unit of. proce55|ng, the processing for separatlng t he

'-;foreground obj ect conmponents and the background object. conponents. andrthe

"~ processing for 22 Septenber 2005 - 254 elimnating notion blur fromthe
separated foreground object conponents can. be. sinultaneously perforned
The unit of processing corresponding to the pixel data %elon to the
nmixed area or the foreground area which is |ocated on?d @’@?‘%? t line
~and which is other than the pixel data of the equal portion can be

-determ ned.. The foreground'areaL,zu e background area,.or the m xed area

. can be. specified.” The. equal portion can be detected byrcbnparing a 10.,

~difference of the pixel data with a threshold. The equal portion consisting

- of adj acent: pi xel data having the nunber of pixels greater than or equal to

- the rﬁhﬁaé?rqﬁeqmm S ogoreldgpavidiimg e tHrpraddunt ofomvenent of t he

“foreground obj ect can be detected. 15 The. processing for separating the

- f or egrifRf 2t b dio T aggipyrse S efrtd AR AT slard bbjsdatuldemsoverits and t he
. processing for_elimnating nmotion blur fromthe separated f.oreground

obj ectpecro'%%d}‘?éjn 5 T &7 Pe Vel A LamEOESSP 196k or ned;, by applying a
cal cul ati on correspond a notion vectar. 20 A nodel corre. sponding. to
the.unit of ErBEégsPﬁgpagﬂe§51ﬁﬁtF8ﬁr9§EPBFlP§ aéqﬁpﬁeHlXBéséétén t he

acgU| nodel equatlon corres ndl a re atlonshlp betmeen t he.

plxequ On%ﬁnql%? & gr<S5r 6¢&EsiOhg GFFE oBES J"éorrponents
and tﬁ%cgﬁ%kﬁ % %E%alght line and which 1s other than the '

.plxel data of-the equal,port;on can be determlned.
| The'foreground'area, the.background_area;.or the mixed
L area canfbe specified' | |
;O : The equal portlon can be detected by comparlng a f
r‘dlfference of the plxel data w1th a threshold.
The equal portlon CQn51st1ng of adjacent plxel data
.'hav1ng the number of plxels greater than or. equal to the
number of plxels correspondlng to an amount of movement of
:15' the foreground object can be detected
_ The’ proce331ng for separatlng the foreground object
5.ﬁ'components and the-bacquound object components and-the..
proceSSLng for ellmlnatlng motlon blur from the separated
‘foreground object components can be. 81multaneously performed”
.'_205~by applylng ‘a calculatlon correspondlng to a motlon vector
A model correspondlng to - the unlt of process1ng and a
‘-,motlon vector is acqulred Based on. the acqulred model an-
-[_equatlon correspondlng to a relatlonshlp between the plxel
fdata of the unlt of proce551ng and the foreground object

1'25:”components and the background object components contalned 1n




25 .the unit of processing is, generated. conponents contained in The
foreground object: 22 Septenber 2005 - 255 conponents and. the background
-obj ect conponents contained in the unit of processing can be cal cul ated
based on the generated equation. In the above description;.a real-space.

i mge having a three-dinmensional space and tinme axis u@@@ﬁgﬁ&hgam S
projected onto a.tinme space haV|ng a two-di nensi onal space and tine axis

i nformati on by using a video: canera. However, the present invention is
not restricted to thi's exanple, andzqgan be applied to the follow ng case.
When a greater anount 10 of first information in one-di nensional space is:
projected. onto a snaller anpunt of second information in a two di mensional

space, +fi.s i enerated b rojection. can:.be corrected,. -
S|gn|f|c%n%ﬁikfggngfogﬁsﬁaﬂgbl e???g t d. TﬁenﬁPéegﬁaPB@anJeFﬁagecan be
not estr icted.to a, CCD, and may be

- h .
ot eébﬁﬁgnen%§ and Eﬁg €§C§ﬁ %%ng %??8 sfafgonepﬁﬁgFﬂ@tﬂeV?geln for

anot her ‘type of sénsor, .. SUC

I d
oxamp! e el e cpppl eopnt st 1501 oLy O e SEmLEgnalcl ) | mge sensor,

DeV|ce@enegét@dcgghégh@ﬁge Prlnlng ~Al'so, .the sensor does not have to. be
a sensor ' o ‘ o D
5 . A subject lmage captured by an image—capturing device -

including a predetermlned number of plxels and hav1ng a tlme
1ntegrat1ng functlon is output as 1mage data formed of a
'predetermlned number of plxel data. A non—mlxed-area-formed
of a foreground area con51st1ng of foreground object ' | i
1O.Vcomponents whlch form a foreground ob]ect of the 1mage data
:and a background area con51st1ng of background object
components whlch form a background object of the 1mage data,
b':or a mlxed area in . whlch the foreground object components
‘and the background object components area mlxed is spec1f1ed
..l5 Based on a result obtalned by spe01fy1ng the area,
processlng for separatlng the foreground object components_
-and the background object components from the plxel data of
. the mlxed area, and proce551ng for ellmlnatlng motlon blur
- from the separated foreground object components can be o
' ._20 bsrmultaneously performed In thls case, an rmage'w1thout
motlon blur can be captured o ) | | -
.  An equal portlon con31st1ng of adjacent prrel data of
‘Ehe foreground area whose values are substantlally equal to ‘
"'_‘each other is detected At least the processrng for -

-~ 25 separatlng the foreground object components and the




.whi-ch detection devices are. a .sensor in which detection 25 arranged in a
.matrix; and may be devices are arranged. -in.one line. A recording nmedium
~in which aprogram for performng the signal processing of the present
“invention is recorded nmay be fornmed of a package nediumin which the

- programis 22 September 2005 - 256 recorded, which is distributed for

providing the programto a user separately fromthe conputer, as shown in
"Fig. 1, such as the magnetic disk 51 (including a flexible disk), ".the -
optical disc 52 (CD-ROM (Conpact Di.sgy Read Onl'y Menory) and a DVD (Digital
Versatile Disc)), the magneto-optical disk 53 (including MD (M ni-Disk)),
or the. sem conductor nenory 54. The recordi ng nmedium nmay al so be forned
~of the. ROM 22 or a hard disk contained in the storage unit 28 in which the
. .progr aﬁ%?%grqlﬁlcbr%]% qarRdreseri et ofe b izek atec orfitie  whil e

being. prestored in The steps formng the programrecorded medi um may be :
" execut BtEePr R ggrt s PI&%?@%S%?W@&WW%W%MW%&Q%. have to be

_eXGCUtf§%$f%ﬁEtgég§E§¥é f%g?%ﬂ;gﬂﬁﬁ”gﬁ%eé{“%éﬁggﬁgéﬁg can be N
"simﬁltanéously performed based on the detected équal-pértion
- 5 - and the result-obtainedfby;spécifying'the‘areé;. o
| A unif of proceséin§ coﬂsisting of a pluraligyrof-thér
foreground object components and fhe'background object
components is determined based éﬁ'é poéition of thé equéi
: pqrtion.- For.each unit‘offproéessing) the probéssing'forV-
'_iQ.,separating the foregfound,bbject_éompoﬁéﬁtsfaﬁd Eher |
baékground.05jéct COmponents and thé pfocéséing;for
- eii@ihating‘ﬁotion bluf'from-fhe separated‘f§re§f§uﬁd Sﬁﬁedtl
poﬁp@nentéhCan.Ee'siﬁultahéOusly pérformed. | “
.-*The'uﬁit_of'proceéging c6rréSp§ndipngo‘tﬁ%“ﬁixel'dataf-ﬁ'
.flfg‘beloﬁging fé the mixed aréa or tﬂé fd;édrqund éfea_which is
“lééated}on oné.stréight'line aﬁd.which'ié-qther'fhan-ther:
:pikel data of.thé:eqaal poﬁtion.can be dete:mined:_- -
o The'equal:ppftidn can_be detected 5y compériﬁg{a .
differeﬁce of ﬁﬁe pixél:détaiwifh é,threshold%. |
IZOig .'E‘Tﬁe,équél portioﬁ'cqﬁsiétfng of"thé adjaéenf'pixél’déta' 
having:the'nuﬁbéréf_pixgls.gréatér'Ehéﬁ.érfequélﬁe'fhe “”-
number of pixé;s go:?eépondingtéiéh aﬁount:of‘moVeﬁenf'of,f
].théffdregroﬁhd objedﬁ cah bé”detécted,_' . o
: Thérpracéssing;féf éeﬁaratiﬁg'théfforegfouﬁd ijéét‘

‘25-;components énd the background object cOmponents.éndAthe_' k




in arecording according However, manner, and 15 executed concurrently or
individual ly I.ndustrial Applicability to the. they-do not they may be

.According to the first invention, it is.possible.to. elimnate notion

blur contained in a blurred image.. .20 According to the second invention;

It s.possible.to .elimnate notion blur contained in a %u“re 2&%8
.According to the third invention, it is possible to c&ptife ad ge from
which notion blur is elimnated.. According to the fourth i nvention,
possi-bl e 25. capture an inmage from which notion blur is elimnated, 22
Sept ember. 2005 - 257 10 CLAI MS 1.25An‘inage processi ng apparatus for
perform ng processing on. inmage data which is fornmed of a predeterm ned
- nunber. of  pixel data obtained by an image-capturing device |nclud|ng a .
~ predet @n:mceeem@rrtfen: eﬂlmmeltin@nndta\dmgalmrt i thedsdpatatdanct i on,  said
- i mage processing apparatus conprising: . area specifying neans for :
- 'speci f Yomggaronom:- obgedtabempbnenad @hnakﬂbﬁf@minnaieaneayC@e&ﬁe&ne@ Of
f oreground obj ect ‘ o
' by applying a calculatlon correspondlnq to a motlon vector.
A model correspondlng to the unlt of proceSSLng and a-
S . motion vector is acqulred . Based on the acqulred model, an
‘equation correspondlng to a relatlonshlp between the plxel
data of the unit of . proce551ng and the foreground object
components and the background object components contained in
the unit’ of proce331ng is generated The foreground object
lO.fcomponents and- the background object components contalned 1n
the~un1t of proce551ng can be-calculated based on the
‘fgenerated equation | |
' A subject 1mage captured by an 1mage capturlng devrce
: 1ncludlng a predetermlned number of plxels and hav1ng a. tlme
" 15 1ntegrat1ng functlon 15 output as 1mage data formed of a |
_predetermlned number of plxel data and hav1ng an object areaf
_con51st1ng of object components whlch form an object |
MOthH blur occurrlng in' the object area 1s ellmlnated by
assumlng that values of part of the plxel data 1n the objectn*f
:20-1area of the 1mage data are substantlally equal In thlS
_case, an 1mage w1thout motlon blur can be captured.;'
The 1mage data hav1ng a foreground area con51st1ng of
-'foreground Object components whlch.form the object a

background area con51st1ng of- background object components

- 25 whlch form a background object and,a maxed area in which L




conponents which forma foreground object. of the inmage data and-a

background conponents which area consisting of background object forma

background object of the image data; m xed area in which the foreground.

obj ect. conponents or a and the background object conponents area m xed;

and processing execution. neans for sinmultaneously 152@%gh35g;5&m based on
y

a result obtained by specifying the area by, said area specitfying neans,
processing for separating. the foreground object conponents.,and.the
background obj ect conponents fromt E%plxel data of. the nixed area, and
processing for elimnating notion b from 20 the separated
foreground:- obj ect conponents. 2. 'An image processing apparatus accordlng to
~claim11, further conprising equal -portion detection neans for detecting an
equal - ﬁbﬁtf@ﬁGGQQQththeot eoifperentpi xell thtabatktheuhdr egfeund area
whose val ues are.substantially 25 to each other, wherein sai'd processing "
executF@WPﬁEQHESZQrSe@1%©®elSZD@@ut ZSBotsonublaneoushyrpegfmnnshat | east
the processing for separating the foreground object conponents and the
backgrBﬂﬁﬂgB%P%QtaE%hp%ﬁ%hQ% ¢¥hm1$%€eg|&hladaﬂ@l@g thet whakedsar&a and the
processin gr elimnating notion blur 5 fromthe separated foreground
obj ectP %Bﬁp% ehis Bhged Gt 1 hen deecteteeriand pared ont ahbet epnesul t
PRI NERLBY aSEOLLY DI ALER Pgfle, @ Spect i g means.
An equal portion in which the values'of the pixel data
in the foreground area of the image data are substantlally
‘equal is detected. Motion blur occurrlng 1n the foreground
- area can be ellmlnated based on the detected equal portlon-
‘10 ) A unit of processing consrstlng of a plurallty of the
foreground object components is determlned based on a -
: p051tlon of the equal portlon Motlon blur of the |
foreground area. can be ellmlnated for each unlt of
'proce551ng. | | :
i5. - | The unlt of proce551ng correspondlng to the plxel data
.belonglng to the mlxed area or the foreground ‘area whlch is-
located on one stralght llne and whlch 1s other than the
plxel data of the equal portlon can be determlned
The foreground area, the background area, or'thernixed .
20 :area can -be Speleled o .. .
The equal portlon can be detected by comparlng a
dlfference of the plxel data w1th a threshold
The equal portlon consrstlng of the ad]acent plxel data
hav1ng the. number of plxels greater than or equal to the

25 _number of plxels correspondlng to an amount of movement of"




3. An image processing apparatus according to cl'aim2, © further conprising
- unit-of -processing determ ning neans for 10 deternmining a unit .of
processi ng consisting of a plurality of the foreground object

conmponeht s. and. t he background object conponents based on'a position of the
equal . portion, wherein said processing execution neans, S|nultaneously
performs, for each unit. of processing, the proceSS|ng2?8?pT§“§a%§ratlng
the foreground object background object conponents and conponents and the
the. processing for elimnating motion blur fromthe separated foreground
obj ect conponents. 4_'An image pro¢edsing apparatus according to claim3,
20 wherein said unit-of-processing determ ning means determnes the unit of
processi ng corresponding to the pixel data pixel data of the equal :

portiobhe lBELOgBLRL]tSbY B NEXRULAr gatebtkhRef oreground. area which is
| ocated on one straight  line and which is other. than the 25 5. An inage

processi ng MpPRsatiisir aneitht gy tn Ctive NT22e Fepirabere2008n 258 wherein
sai d equal -portion detection neans detects the equal portion by comparing. .
a diffeléntradbédtbe phpeyidata. caﬂtblattbneebekdspGndAngltaga processing. -
apparatus according to cIa|n12 5 "wherein said equal -portion detection
means detéchsveéheorqual portion conS|st|ng of the adjacent plxel dat a
- havi ng t he S
5 A model correspondlng~to the un;t of.process;ng and a
motion vector is aequired. Based on the acgufredtmodel‘ an’
equatlon correspondlng to a relatlonshlp between the plxel
data of the unit of process1ng and the foreground object
components contalned in the unlt of proce551ng is generated
: 10 The foreground object components contalned in the unit of.
-processrng can be calculated based on the generated equatlon
Proces51ng for separatlng the plxel data of the mlxed
_r.area into the foreground object components and the
rbackground object components and proce551ng for ellmlnatlng’
15 motlon blur from the separated foreground object components.
:can be 51multaneously performed based on area 1nformatlon
Llndlcatlng a non~m1xed area con51st1ng of the foreground.
"~ area- and’ the background area or the mlxed area and based on“
?_rthe equal portlon. | | | |
720l . unlt of processrng con51st1ng of a plurallty of the;.
.foreground object components and the background object .
‘components is determlned based'on a-p051tlon of the‘equaif
3§ortion For each unlt of proce331ng, the proce381ng for“'

separatlng the foreground object components ‘and the

25 background-object.components:and‘the,processrng for -




nunber. of pixels greater than or equal to the nunber of pixels
corresponding to an amount of novenent of the foreground object. 10 7. An
i mage processing apparatus according to claiml1l, wherein said processing
execution neans sinultaneously performs the processing for' separating
the foreground object conponents and the background ' objeghenc@BeNents and
the processing for elimnating notion blur fromthe separated 15 .
~foreground object. conmponents by applying a. calculation corresponding.to.a
notion vector. 8. An inage proce55|m@4apparatus according to claim1,
~wherein said processi ng executi on means conprises: . nodel acqui ring. means
- for acquiring a nodel 20 corresponding. to the unit of processing and a

not i on e n ans fo eperatin ased on the
-ach|r%%yﬁ%%g$ln%ﬁﬂgé%%ﬁr%%ggofgéépg% %paf%£3g g Efghﬁghﬁp betheen the

pixel dabdont e Mite % ggfggﬁééggl?nge£g§¥af8reground obj ect conponents

and t he background obj ec onen Fhed in the unit: of

pr ocessi ng:miandn 32 SPIREl 200%0r 260, 150, f Q! cul ating
~the foreground dﬁ]ect e;corrponsejhts éﬁh (ﬁﬁggﬂérouﬁglo jeéi g%hponents
‘cont aipeIbnding Neo Ud wf x4 0£ESS1 B9 Has el POy L Hina 9ENE! %?Pct?ql}a“ on

An i mage processing nethod for performng processing on | nage.data mhlch

i s5f orimech tofd aorpratet S Fa et nuikeraod wipi el i dat g obtainedhy an

i mage- capturing device including a predet erm ned nunber- of pixels and
havi ng_JJaiet_Jl n:Eiila’ltcetgrtaie Ngyual portion can be determined..

The foreground area, the background area,,or the{mixed‘
-area canlbe.specified. |
Theequal‘portioncan-be detected by comparing a e
|10 difference of the pixel aata with a 'thresho.-ld' -
7 The equal portlon con51st1ng of adjacent plxel data-
'jhavrng the number of plxels greater than or equal to the
_number. of plxels correspondlng to an amount of movement of
thé foreground ob]ect can be- detected N
fS i'ﬁ | - The proce851ng for separatlng the foreground object
-:components and the background object components and the
_proceSSLng for ellmlnatlng motlon blur from the separated
:foreground object components ‘can be 51multaneously performed
by applylng a calculatlon correspondlng to a. motlon vector.:;J
20” p" A model correspondlng to the unlt of proce551ng and a
motlon vector 1s acqulred Based -on the acqulred model
.f equatlon correspondlng to a relatlonshlp between the plxel 5;
. _data of the unlt of proce551ng and the foreground object

'-components and the background object components contalned in

- 25~"the unlt of proce551ng is generated. The foreground object




function, said image processing nethod conprising: an area specifying step
of specifying a non-m xed area 10 forned of a foreground area consisting

of foreground object 15.. conponents which form a oreground. object of the.

i mge data and.a background area consi sting of background obj ect ,

. conponents which forma, background object of the |nagp data, or a m xed
area in which the foreground object ' conponents and tﬁéeHQE?ngﬁhd obj ect
conponents area m xed; and a processing execution. step of sinultaneously ..
perfornm ng,. based on a result obtaj Eed by specifying the area by the
processi ng of said area specifying Step, processing for separating the
f or eground- obj ect conponents 20 and t he background obj ect conponents fronr
t he pi xel data of the m xed area, and processing for elimnating notlon
bl ur CWB%I‘Phessepdr ahedbaokegoooddObbjeeot covpporents coibainndi tmge
processj ng net hod. accordingto claim9;.  further conprising an equal -portion
det ect Fbf unitepfl B¥09%5ﬁe@§cﬁﬁﬁgbancééﬁdﬂaﬁ@ﬂtb@ﬁedonslsheng of adjacent
pi xel data 22 Septenber 2005 - 261 of the foreground area whose val ues
are su%%?%ﬁ??%?l?q%ﬁha?n to each other, wherein, in the processing of said

processing .exequtign ste | east the ocessing for separating the -

~ foreground db 3 etét agj r?gerﬁ?%tdlqrhe Bt %}oiﬁr%c%b}%%‘le FEfsbrents from
t he pi d area.and the ssing.for, elimnating notion

, blﬁr f?%%?%ﬂ%f%%%%%gﬁ o?%g?%% l%%j%% Sﬁ%ﬁ sO%ressrnultaneously

perfc"ﬁ?%ﬁected onto a. tlme space havrng a two dlmen51onal space

and time axis 1nformatlon by using a Vldeorcamera.- However,
_the present inventlon is nothrestrlcted to_this example,'and'
~can be applied to the folloWingicase. lwﬁén a‘greater amount.
210 . of flrst 1nformatlon 1n one- dlmen51onal space 1s prOJected
_onto a smaller amount of second 1nformatlon in a. two-
dlmenslonal space, dlstortlon generated by the progectlon.p
' can be corrected srgnlflcant 1nformatlon can be extracted .
Or a more natural 1mage can be synthe51zed ) |
_'15 i . The sensor lS not - restrlcted to ‘a’, CCD and maj be
another type of sensor, such as a solld—state imaging dev1cefh5
for example, a CMOS (Complementary Mental Ox1de u
.‘h'SemlconductOr) image sensor,_a BBD (Bucket Brlgade Devrce),.
a CID (Charge Injectlon Dev1ce) or a CPD (Charge Prlmlng
.‘20 -Devrce). vAlso, the sensor does not have to be a sensor 1n'r
.whlch detectlon devrces are. arranged in a matrlx, and may be_-”
a sensor in whlch detectlon dev1ces are arranged 1n one' llne.,
A recordlng medlum in Whlch a program for. performlng | |

, the srgnal processrng of the present lnventlon is recorded

1_25' may be formed of a package medlum ln wthh the program 1s .



- having
: di ff f th | dat th
bt =ofhEr  FRante TR Al nler) [hetiquSropererontteshet or m neﬁ

'_13 Andi§ﬁ9§3pf9§§f§dﬂ@gq@éhﬂﬁlﬁfcﬁfgkﬁp tgrctﬁen%émiconductor

based on the detected equal - portion and the result obtained by specifying

“the area by said area specifying step. 10 11.. An image. processing nethod
‘according to claim10, further conprising a unit-of-processing determ ning

step of determining a unit. of processing consisting of a plurality of

t he foreground object conponents and the background o C nts
based on :a position of the equal portion, .'15v\lnereilr?2 ewepﬁggﬁggce55|ng
of said processing execution: step, the processing for separating the _
foreground object conmponents. and thgg background object conponents and the:

processing for elimnating notionblur. fromthe separated foreground

obj ect conponents are simltaneously performed 20 for each-unit of
processing.. 12. An image processing nethod.according to claim 11,
mherelﬁecorﬁﬁd t Heighoéesdingrabusa dfgﬁlPIGlenngethengrodeaerbDnlng st ep;

‘the unit of processing corresponding to the pixel data belonging to the.
by

m xed érééeBrS?HérPEE rbusd DBe apeRUWAFchaksshowat éd Bagené, strai ght i ne
and mhlchhls 2% ept enber 2005 262 14. An i mage rocessi ng met hod
accor dPHG"t 85cF&Fn iQHEt%ﬁe¢EFh Sinl %h%lb¢bﬁés§|ﬁgebibeﬁléléﬁhal portion

det ect | the e ortlon consi sting of _the adjacent pixel data
kﬁﬁe B%ﬁgét %+55?§§|é Griedt ef C?%%%CtoPgéﬁu%Fa@oO% EplerpEy bqual

memory 54. .The recordlng medium may also be formed of the
RQM 22 or a hard disk contaiued in the'storage'uhit 28.iul'dd
which the program is recorded, Such'recording medium'being=
10 provided to the ueerVWhile'being_preetored in the computer.
The steps forming the brograu'recorded ln-a-recordlnd
medium may be executed chronologlcally accordlng to the

orders descrlbed in the spec1f1cat10n However, they do not

: have to be executed in- a tlme serles manner, and they may be":f

. 15 executed concurrently or 1nd1v1dually

Industrial Applicability . -
According to the-first'inventioh, it is. p0551ble to

ellmlnate motlon blur contalned 1n a. blurred lmage

120~ g Accordlng to the second 1nventlon, 1t 1s p0331ble to f:r

_ellmlnate motlon blur contalned in-a blurred lmage
Accordlng to the third invention, 1t is p0531ble to )
'capture an lmage from Wthh motlon blur is ellmlnated

Accordlhg to the fourth 1nventlon, it ;Sjp0331ble to}j.

.25 capture an image from whlch motlon-blur_is;elimiueted}




wherein in the processing of said-equal - portlon detection 10 the nunber of
pi xel s corresponding to an anmount of novenent of the foreground obJect S
detected. to claim9, wherein, in the processing of said processing -

execution step,: 15: An. inage processi ng nmet hod accordi ng the processing

'15. conmponents and processing for .foreground applyin 0 eparatlng
t he foreground object the background obj ect conponentsgﬁgﬁ&fﬂ‘azgﬁ m nating

motion blur.fromthe. separated object conponents are si mul t aneously
performed cal cul ation corresponding,t9 a 16. An image processing met hod
according wherein the , processing. of said processing conprises: a nodel
‘ach|r|ng step notion Vector. to claim9, execution step of acquiring a
.model by. corresponding to the unit of processing and a nDtlon vector; an

equatlon generating step of gener &S based on the

1. ‘An 1mage process1ng apparatus for-: performlng proce551ng
on. image data which is formed of a predetermlned number of
plxel data - obtalned by an lmage capturlng dev1ce 1nclud1ng a
.5 predetermlned number of plxels and hav1ng a tlme lntegratlng
function, said image processrng apparatus comprlslng
area spec1fylng means for specrfylng a non—mlxed area
formed- of a foreground area consrstlng of foreground object
components whlch form a foreground object of the lmage data
10 and a background area consrstlng of background object
components whlch form a background object ol the 1mage data,
‘or a mlxed area in whlch the foreground object components o
: and the background object components area mlxed, and
processrng executlon means for 81multaneously
th performlng, based on a result obtalned by spec1fy1ng.the"
'area by . sald area specrfylng means, processrng for |
separatlng the foreground object components and the
.background object components from the plxel data of the.
:_mlxed area, and proce551ng for ellmlnatlng motlon blur from o
o 20l the separated foreground object components. | |
:.2; An 1mage proce551ng apparatus accordlng to clalm l, ‘
: further comprlslng equal portlon detectlon means for , |
detectlng an equal portlon con81st1ng of adjacent plxel data
'f.of the foreground area whose values are substantlally equal n-

25 _to each other, whereln sald processrng executlon means:r ,




25 acquired nodel, an equation corresponding to a relatioi 22 Septenber
2005 - 263 between the pixel data of the unit of processing and the

f oreground obj ect conponents and the -background object conponents
‘contained in the unit of processing; and a cal culation step of cal cul ating
t he foregroundobject conponents and.the background objedpeepgeoents
.ccontained in the unit of processing based on the generated equation. 17. A

storage. nediumin which a conputer-readabl e programfor performng
processing on i mage data which is for%red of a predeterm ned nunber of

pi xel data obtained by an image 10 capturing device including a
predet erm ned nunber of pixels and having a tineintegrating function is

- storedsigai anEONPLY 65 cEEHRD! £ PO BM KOTPEiLag A Abpaspeci fying step
.of specifying a non- nlxed area forned of a foreground area consisting of

- for egrosnsh obi ©gt thd Sroaspaneid Soeeh Eanim e 08 egroung, obj ect of the

 image data and a ‘background. area consi sting of background obj ect

conponeatsymhined §io7ew: haakaioumes obj@cttid ghesi r@ges dat agne or-a m xed -
area in which the foreground object.conponents .and the background object

conponeirted aresa Mo dhanskodds i iy 0besS Sé Ng EEEL g Qo S1&D; Wiur
si mul taneously . perform.ng; based on a result obtained by speC|fy|ng the

 ar ba frarhetipy Oﬁmcma“tgamffmgtcarreh cipeaitf yiompataps rased simng:Hor -
.separating the.foreground object  components and the background -obj ect -
corrpor?tﬂﬂ%ctfercbrﬁq&fel ol i datend dfh@&ameltrnotenhzare&h bxarﬁpqzrmessg ng fo
- the area by sald area specrfylng means '
3. An 1mage proce551ng apparatus accordlng to claim 2,
- further comprlslng unit- of processrng determlnlng means for
| 10 - determlnlng a unlt of proceSSlng con51st1ng of a plurallty
of the foreground object components and_tlie background
-object components based on a posrtlon of the equal portlon,f
whereln said processrng executlon means. srmultaneously
'performs, for each unlt of processrng, the: processrng for
flS'vseparatlng the foreground object components and the |
'background object components andrthe proce531ng for
_ ellmlnatlng motlon blur from the separated foreground object
_lcomponents |
4; An lmagelproce551ng apparatus accordlngrto”clalm 3,
"2Q rwhereln sald unlt of—proce551ng determlnlng means’ determlnes"
;h~the unlt of proce551ng correspondlng to the plxel data
belonglng to the mlxed area or the foreground area Wthh is-
--”located on one stralght llne and whlch is other than the

plxel data of the equal portlon

:25' 5.' An lmage_proce581ng apparatus_accOrdfngﬁto‘claim 2,




22 Septenber 2005 - 264 - fromthe separated foreground object conponents.

- 18. A storage nedium according to claim17, wherein said programfurther
conprises an equal -portion detection step of detecting an equal portion
~consisting of adjacent pixel data of the foreground area whose val ues are
substantially equal to each other, and wherein, in thempeassizog of said
processi ng execution step, at |east the. processing for separating the

f oreground obj ect ‘conponents and the background object conmponents fromthe
pi xel data of the 10 m xed area and2bfhe-processing for elimnating notion
_blur fromthe separated foreground object conponents are sinultaneously
performed based on. the detected equal portion and the result obtained

by. Spechiybnq. Lagadcana upaat ¢ mﬁraataeeﬁ-ggiyﬁggngtSQF%?Y%&%O%@SWag'e -_

~.medi um according to erein sard program es a

uni { - OboPERERSyNBoAEE LAl N NG: $EEPRLTSECLAL RLILOO- P WOLL of ciprpoessing.

consi-sting of a~ plurality of the foregroun conponent’s %nd- . the _
backgrenpdsabjlact conponents based on a position of the 20 equal portion,
and wherein,, in the processing of said processing execution step, the.

- processingafiolmagpappbtagsing abosegERENd-Ob &Lh g COIPONEN; & and the
~ background object conponents and the proceSS|ng for elimndting. notion
bl dr fvberehe separadnesll £p6egl aunde obfELdn CAMONENM S L the equal '
portion conSisting‘of the-adjacent,pixel data havingrthe. |
number of pixels‘greater than or equal to the number of
plxels correspondlng to ‘an amount of movement of the
foreground object
_‘t;tQ 7. - An lmage processrng apparatus accordlng to claim l
whereln sald proce551ng executlon means 51multaneously
performs the processrng for separatlng the foreground object
components and the background object components “and the
proce551ng for ellmlnatlng motion blur from the separated
:‘15"foreground object components by applylng a calculatlon
_correspondlng to a motlon vector | |
» 8. An 1mage proceSs&ng apparatus according‘to claim'i;
wherein said proce551ng executlon means comprlses
| model acqulrlng means for acqulrlng a model
gouncorrespondlng to the.- unlt of proceSSLng and a motlon vectora'-'
| equatlon generatlng means for generatlng,_based on the |
--acqulred model an equatlon correspondlng to a relatlonshlp
between the plxel data of the unlt of proce551ng and the
: foreground object components and the background object

25:Vcomponents,contalned‘ln thetunlt;of.processlng;'and




25. sinultan. eousl yperfornmed for each unit of processing.. - 265 20. A -
storage nedi um according to claim 19, wherein, in the processing of said
uni t-of -processi ng determning step, the unit of processing corresponding
- to the pixel data belonging to the m xed area or the foreground area which
is located on one straight |ine and which is other thap, Ep% er b dat a of

t he equal portlon is determ ned. 21. A storage nedium acc r 0 claim
18, wherein, in the processing of said equal-portion detectlon step, t he
equal portion is detected by conmpatithg a difference of the pixel 10 data
with a threshold. 22. A storage nmedium according to claim18,, wherein, in
the - processing of said.equal-portion:detection step; the equal portion

consi sting of due adiAGRMn Picth! SAlAINALINO e £ U g%runaf oB;XEl.s gr eater.

than or equal to the nunber of 15 plxe respon t 0. an arount of

. movenefgmednddies 404 O Uk aRi ARtd 'o%lﬂ:?é@cé et othliade el um

according to claim 17, wherein, in the proceSS|ng of . sal d processing

executtion wiip,of theqasassivsed o seRargdddvh e Spragreund obj ect
conmponents and the. 20 background object conmponents and the processing “for

elimriati n noddon gt dite S9i0mg thecisRPaiat gk f R @OMU T RRIseGh e omponent s - -
o are. S|nultaneously performed by applying a calculation corresponding to a
- obBi orimemst otat R MhiActs tiar afper meetliafimea poerdl g rtioree] @bk, osherein the 25
processin sai d processing execution step..conprises: - 266 a nodel

acqui i glstdﬂiaofommqmerd gy airrmdealge capturing device including a

predetermlned number of plxels and hav1ng a tlme 1ntegrat1ng
:functlon, sald lmage processrng method comprlslng
an area spec1fylng step of specrfylng ‘a non-mixed area
iO h formed of a foreground area COHSlStlng of foreground object
' components which form a foreground object of the image datar,
-and .a background area consrstlng of background object
components whlch form a background object of the 1mage data,
or a mlxed area in whlch the foreground object components
'.;5;l and the background object components area mlxed, and |
a proce531ng executlon step of 51multaneously
performlng, based on a result obtalned by specrfylng the d;
area by the proce551ng“of said area spe01fylng step, |
processrng for separatlng the foreground object componentstu
'-:20 : and the background object components from the plxel data of
| -lthe mlxed area, and proce551ng for ellmlnatlng motlon blur
:_from the separated foreground object components
1b. An 1mage proce551ng method accordlng to clalm 9,
"further comprlslng an. equal—portlon detectlon step of

- 25 detecting an equal portion consisting of adjacent pixel data .




“-S|nultaneously per
aren byohperiphesesshnOtRE ﬁﬁkglacﬁ&éascBPCthé!'ﬂg:ééc%legr 5 28 pprocessing for

corresponding to the unit of processing and a notion vector; an equation
generating step of generating, based on the acquired nodel, an equation
corresponding to-a rel ationship between the pixel data;yof the unit of -.
processing and the foreground object conmponents and the background object
conponents contained in the unit of processing; and a calspkabd@postep of
cal cul ating the foreground object conponents and the background object -

" conponents contained in 10 the unit of processing based on the generated

equation 25. A progran1for al | owi.ngga conputer for perform ng processing

. on.imge data which i's formed of a predeterm ned number of pi xel data

obt ai-ned by an i mage- capturing device including a predeternm ned nunber of
t ﬁrgﬁﬁ Y ERgWE® 8nvﬁt &§ ar&asubPsfaeliefld eevedround area

consi sti.n egr ound ob ect_c onents which forma foreground

objelctttl a%& O%L 9 ggFgel and™a gggcR§P88ﬁ8léﬁeafcﬁﬂé?sPFﬂ@g%$gn%ackground
bj ect b k d t dat

i xod eggcmﬂ”g@hﬁfhe‘cc*l‘ezlgmﬁa 3 S%QEaﬁ%{aﬁéﬁe’ara@m”‘ﬁﬂ% backgr ound

mxed area in whic foregroun

obj ect reeERERAAKS, %@ét aL, %Qneﬁ@g §n8r9385§5889a$ﬁ§ %9 33 étep of

rm-ng, based on a resul C|fy|ng the 25

pi xel s havi ng a t| 15-in ratln function to execute: an area
'speC|fy§2§h§ ib é g

separating the foreground object. conponents an ckground obj ect
CorrponpﬂbSei;BQﬁgtB@rpélﬁhlﬁiéltﬂn@fmotf‘@n bXgH BF&R tﬁé‘dsé’gé’faeée% ng for

el rm nating notion blur

rforeground object components are 51multaneously performed
:based on the detected equal portion and the result obtalned
by spec1fy1ng the area by sald area spec1fy1ng step |
:'10 11.- An lmage proce551ng method accordlng to clalm 10,
'further comprlslng a unlt of proce551ng determlnlng step of
determlnlng a unlt of proce551ng con51st1ng of a plurallty
of the foreground object components and the background

‘object components based on-a posrtlon of. the equal portlon,

,:15“where1n, 1n the proce831ng of sald proce551ng executlon step,

‘the proce581ng for separatlng the foreground object
”components and the background object components and the"‘
_ process1ng for ellmlnatlng motlon blur from the separated

foreground object components are srmultaneously performed

.20° for each. unlt of proce551ng v -
l2r. An 1mage proce551ng method‘accordlng to clarm 11
Jl'whereln, ln the proce551ng of Sald unlt of processrng
determlnlng step, the unlt of proce551ng correspondlng to |

the plxel data belonglng to the mlxed area or. the foreground

25 area whlch 1s located o, one stralght llne and whlch 15.’




fromthe separated foreground object conponents. 26. A program according to
claim 25, further conprising an equal -portion detection step of detecting
an equal portion consisting of adjacent pixel data of the foreground area
whose val ues are substantially equal to each other, wherein, in the .
processi ng of said processing execution step, at 10 | east the proce55|ng
for separating the foreground object conponents and tHé FEERGFAIR obj ect
conponents fromthe pixel data of the m xed area and the processing for
elimnating notion blur fromthe sep@tated foreground object conponents are
si mul t aneously perforned based on the 15 detected equal portion and the
result obtained by specifying the area by the processing of: said. area

‘speci fyingr SheR- th§7pixé1 P59QL AT, tﬁscgeglaﬂg oqrt(i:p TSZ%etewml%

conprising a unit-of-processing et &1 i ni determmning a unlt of

_processing £QNshské %easlmwr@é&ﬁad%cé@fdiﬂg%0&'?91&01 bj ect cofponent s

and t he background obj ect conponents based position of’ the equal

porti owmhemberiein, thd phdiee U 0eSSE NS 0 S@hsh DEOLEsSE Nk €SSt on step, -the
processing for separating the foreground object conponents and the b

ackgr osineb pbileet e gaapaReftisn 25 eldtddpdd Ngy @y hdira fromthe _
separated. foreground object conponents are sinultaneously perforned for

each ubiffefepcocessiing.pi2il Agirogriath acciigig1®. cl ai m 27, wherein, in .
t he proceSS|ng of said unit-of-processing determning step, the -
14 An lmage processing method ~according to claim 10,
_whereln,_ln the processang_of‘sald equal—portlon:detection
step, the equal portion consistihg.of-the adﬁacentdpiXel-.
data hav1ng the number of plxels greater than or equal to
iO_'the number of plxels correspondlng to an amount of movement o
-of the foreground object is detected | |
15;3 An 1mage proce551ng method accordang to clalm 9
whereln,'ln the proce531ng of sald proce531ng executlon step,
“the proce531ng for separatlng the foreground object |
115._components and the background object components and the
a'.proceSSLng for ellmlnatlng motlon blur from the separated
.foreground object components are 51multaneously performed by
applylng a calculatlon correspondlng to a motlon vector
16. An lmage proceSSLng method accordlng to clalm 9 |
20_ whereln the proce551ng of sald proceSSLng executlon step
't:comprlses . o
S a model acqu1r1ng step of acqulrlng a model
hcorrespondlng to the unlt of proce551ng and a motlon vector;'

an equatlon generatlng step of generatlng, based on the L

25 acqulred model, an equatlon correspondlng to & relatlonshlpr




unit of processing corresponding to the pixel data belonging to the m xed
area or, the foreground area which is |ocated on one straight |line and
which is other than the pixel data of the equal portion is determ ned. -29.
A program according. to claim26, 'wherein, in the 10 processing of said
equal -portion detection step, the equal portion is detestgsdnky266TPari ng a
di fference. of the pixel data with a threshold. '30. A program according to
claim 26, wherein, in the processing of said equal -portion detection step,
the equal 15 portion consisting, of 2she-adj acent pi xel data having the '
nunber of. pixels greater than or equal to the nunber of pixels -
correspondi ng to an amount of novement- of the.. foreground object is

- detected.,. 31. A pro ordi_ng. to cl.aim25, wherein, in the 20,
procesglngegp §§l Pg gegggﬁgogx BﬁtPBﬁ%SPépprPﬁesEFBEeégﬂnEhPor separating

t he. for b onent s,.and th round .obj ect - conponent s and
t he. pro?gs%g?%E%Tégs T RAPPRGT EPnaPe ﬁhﬁlg ggr?P8ﬂ1 %ﬁ%cgengated

f or egr oupd oAk egt csﬁggeﬂsat naLBeSLAYEt BpegusLy pepforned by gpggry,;“mg 25

~cal cul ati-on correspo I'on. vec

according 19 ehabw 28 éL?}SrbEh@aPé zg?ﬁ'n%gthé)ffos agdrggudle S Sgg—gy;igon

.step conpri ses: “acqui ring step quiting

tog hchﬂpbn@str eﬁas s.h@gbaefégﬁoﬁﬁal 8P ¥8Et eémpé‘l@eﬁﬂé'aééx?@aﬂ?é‘&rﬁ%' ng
ach|red nmodel , an equation
the unit of- proce551ng based on the generated equatlon |

1?. "A storage medlum in whlch a computer readable program
- for performlng proce551ng on 1mage data whi.ch 1s formed of a
predetermlned number of plXel data obtained by an 1mage4
10 '_capturlng deV1ce 1nc1udlng a predetermlned number of plxels'
and having a tlme 1ntegratlng functlon is stored,‘sald
computerureadable program comprlslng
‘an area- spec1fy1ng step of spec1fy1ng a non- mlxed area.
formed of a foreground area conSlstlng of foreground objectd'
‘”T;BA components whlch form a foreground object of the 1mage dataf
and a background area con51st1ng of background object
components whlch form .a background object of the 1mage data;
or a mixed area in whlch the foreground object components
'“and the background object components area mlxed, and |
m2Q- :;"a proce551ng executlon-step ofr81multaneously
,performlng, based on-a result obtalned by spec1fy1ng the
‘5area by the processrng of sald area spec1fylng step,
'proce881ng for separatlng the foreground object components b
and the background object components from the plxel data of o

25 _ the mlxed area,,and.proce551ngnfor ellm;natlng-motlon;blur o




step of generating, based on the corresponding to a relationship .between
the pi xel data of. the unit of processing and the. foreground object
conponent.s and the background obj ect conponents contained in the unit. of

.~ processing; and 10 a.-cal cul ation step of calculating the. foreground

- object conponents .and the background. obj ect conponentssgnéti-bed in the.
unit of processing based on the generated equation. 33. An inmage

pr ocessi ng- appar at us for perfornlngfproce35|ng on i mage data which is
formed of a predeternined nunber 0f26415 pi xel data obtained by an

i mage-capturing device including a predeternned nunber of pixels and
having a tine integrating function, -said i nege processing apparatus.

© CONPrifStdi@: thd MNHUHa FERANS ffc%egmma ld}gjfg@@ doMIEata having an obj ect area
consi sting of object conponents whi orm an 20 obj ect; and

Mot i k) Ura & td PEAIY IR anscdRlig) |18 Natd Y 1Dt i rdlilsQGeur ring in
't he object area:. by assum ng that. values of- partof the pixel data in.the

E objecudmugfamﬁfuﬂnheﬁnnympkﬂaesrﬂhﬂednefﬁpditldﬁﬂaeﬂ@ﬁﬁfpna%% bgtantially
equal . 25 34. -An i mage processi ngapparatus. according to claim 33 - 270

‘Wher eidetesdiithg rputequedn pdrmpietrs ddres i steigey det adiadeng pifenegaeund ar ea:
of foreground object components which formthe object, a

.consistin
ba@kgr%‘iurfglﬁerf@ermwr@t |ar1@aom®sebataldgmracta)tqwtsttamﬂzmdngnesluwm ch forma
~-background object, ‘and a. m xed area in which the foreground object :

corrpor?é’nte@Chaﬁ’dihteﬁre @@dkg’#m@dnobp@ctt@ommﬂssnar efniseed; and.

t proceSSLng executlon step, at least the processmng for
separatlng the foreground object components and the
Hrbackground object components from the plxel data of the
: iO.‘leed area and the proce531ng for ellmlnatlng motion blur

hfrom the separated foreground object components are .
151multaneously performed based on. the detected equal portlonk
" and the result obtalned by spec1fy1ng the area by sald area
‘specafylng stepr; | )

15"19;- A storagermedium accordingﬂto ciaim i8 whereln sald-
'program further comprlses a unlt of prOCESSlng determlnlng
‘step of determlnlng a unlt of proce581ng consrstlng of a.

o plurallty of the foreground object components and the
'background object components based on a p051tlon of the

25; equal portaon, and where1n,31n the proce531ng of Sald
-processrng executlon step, the prOCESSlng for separatlng the'f:'
_foreground object components and the background object

.-'components and the proce551ng for ellmlnatlng motlon blur o
-from the separated foreground object components are o

.25, 31multaneously performed for each unlt of proce551ng..




said notion-blur elimnating neans elimnates nption blur occurring 10

val ues of part the i-mage equal. data in the.foreground area by assum ng
that of. the pixel data in the foreground area of input by said-input .neans
are substantially 35. An inmmge processing apparatus according to clai m 34,
further conprising equal -portion. detection nmeans for 15 detecting. an
equal portion in which the values of.. the pixel data 4 ®PREPEFFERYr ound
~area of the image data . are substantially equal , wherein said notion-blur
elimnating.. nmeans . elimnates- @e6ien blur occurring in the foreground
area based on. the equal portion detected by said equal portion detection-
means. 36. An i mage. processing. apparatus according to claim35, further

- ComPri 909, NGk REAT REASSLNdceol ALl N9 TRAGS, oL, detenm nlgg a un t

~of processing CONSIStI M ura

conponeebegggeﬂgoafasma' §hes- gt ~prbBEsBIN GROLLESN JHNSEELN BRETD o

notion-blur elimnating 2 ept e neans

bl ur Oﬁnﬁheotop%QE@HQQnér@értgspgﬁghngnté EBeprQS§SBQQa EZloﬁﬂlhgage
proceSS|ng appar atus according to clarm
to the mixed area or the foreground area which is located on
7 5 one stralght Yine and which is other than the plxel data of ”
the equal portlon is determlned
21. A storage medlum accordlng to claim 18, whereln; rn the E
: proces31ng of said equal portlon detectlon step,'the equal
portlon is detected by comparlng a dlfference of the plxel
- 10 ' data with a threshold |
22._ A storage medlum accordrng to clalm 18‘ whereln, 1n:theg
proce581ng of sald equal~portlon detectlon step, the equal
.'uportlon consrstlng of the adjacent plxel data havrng the |
' _number of plxels greater than or equal to the number of :
‘15_vp1xels correspondlng to an amount of movement of - the .
foreground object 'is detected- | | | - |
23. A storage medlum accordlng to clalm 17 whereln, 1n the
'proce551ng of sald processrng executlon step, the proce331ng
. pfor separatlng the . foreground object components and the :
Z 20 -background ob]ect components and the proce551ng for
'ellmlnatlng motlon blur from the separated foreground object
components are. 51multaneously performed by applylng a‘
-:calculatlon correspondlng to a motion vector
' 24; A storage medlum accordlng to clalm 17 whereln the‘f

25 proce581ng of sald proce351ng executlon step comprlses. '




wherein said unit-of-processing determ ning neans.determ nes the unit of
processing corresponding to the pixel data belonging to the m xed area or
the foreground area which is |ocated on one straight line and which is-

ot her than the pixel data of. the equal portion. 38. An inmmge processing. -
apparatus according to claim35, 10 further conpr|5|n@za@&gngpggm;ylng
means for specifying, the foreground area, the background area, ‘or . An

i mage processing apparatus the according m xed area. to claim 35, mhereln
said equal -portion: detection portiZdae by conparing a di fference of neans
detects the equal the pixel data with a 15 threshold. 40. An image
processing apparatus according to claim 35, wherein said.equal - portlon

det ect i on nPadte 10GIRRLS s A& 24 RGN GPNSISLING of the adjacent

'jplxel data having the nunber of "pixels.” greater than or equal to the nunber

of 20, cPEX@H SOOIt PSRN NG O A %&Esﬂnmﬁmtm&él@%eé%ﬁgr ound .

_obJect 41. An i mage processing apparatus according to

an equation: generatlng step of generatlng, based on the ‘
acquired model an equatlon correspondlng to a. relatlonshlp .

d 5 beftween the plxel data;of the unit of processrng and thei
foreground object components and the background object
components contalned in the unlt of proce531ng, and

a calculatlon step of calculatlng the foreground object
. components and the background object components contalned lnr
10 the unit of processing based on the generated equatlon o
_253 A program for allow1ng a computer for performlng
' proce351ng on 1mage data Wthh 1s formed of a- predetermlned'r
number of plxel data obtalned by an 1mage capturlng dev1ce |
1ncludlng a predetermlned number of plxels and hav1ng a tlme'
1',15 1ntegratlng functlon to execute |
| | an area spec1fy1ng step of spec1fylng alnon—mlxed area
formed of a foreground area con81st1ng of foreground object p~."
' components whlch form a foreground object of the 1mage data .
. Land a- background area con51st1ng of background object o
”:ZOA components whlch form a background object of the lmage data,ﬁ,o
or'a mlxed area . 1n whlch the foreground object components
'and the background object components area mlxed and _;
-ia process1ng executlon step of 51multaneously
performlng, based -on a result obtalned by specrfylng‘the

. 25 area by the proce551ng of sald area spec1fy1ng step,'




25 wherein said notion- qur ellnlnatlng means ellnlnates mot i on bl ur
occurring in the foreground area by applying.. cal cul ation correspondlng
to'a notion vector. 22 Septenber 2005 - 272 42 An. i mage processing
apparatus accordlng to claim35, wherein.said notion-blur elimnating
means conprises: nodel acquiring neans -for acquiring a nodel correspondlng
to the unit of processing and a motion vector; equati off FEKEPHLAY neans
for generating, based on the ach|red nmodel , an equation corresponding to a
. relationship between the pixel datazefl the unit of processing and the
f oreground obj ect conponents contained in the unit of processing; and 10
cal cul ation neans for caICuIating‘the f oreground obj ect conponents )
[ 43.

t t of d. he . ted t .
PR PR A P FLAN o M LR A et
- not I | f. , f .
ot OnaRbUERE! bELREL NG BRSS! UL ANSAY Yerogl QeriorD Blgcesst ng fo

conponenésmaﬂgdtQseabaﬁharpteé Qb tfsgngﬁqgghgtgﬁgégr essg@%gct

forelimnating fion.b from the separ

conponenbs. th@a§@Haeﬁtéﬁefor@BQBHEB'BijE@'%@ @Bﬂeﬁt@on m xed area 20
consisting of. the foreground area and’th kground area.or the m xed.

ar&a ap4. baBeﬁr@@raﬁeaéaaﬂﬂlngotbl@ma1m4é5 A@uttags EBBE@%%&H% aﬂparatus
‘accordiing to claim43, further conprising unit- of-proceSS|n eternlnlng

nmeans équal- portlon detectlon step of detecting an equal portlon

_con51st1ng of adjacent plxel data of the foreground area -
whose values are substantlally equal to each other, wherean,
75, in the proce551ng of sald proce551ng executlon step, at |
10 least the proce551ng for separatlng the foreground object
‘components and the background object components from the -
'.plxel data of the mlxed area and the proce551ng for
;ellmlnatlng motlon blur from the separated foreground object;
‘components are 51multaneously performed based on the o
'lS-Vdetected equal portlon and the result obtalned by speCLfylng '
.the area by the proce551ng of sald area spec1fy1ng step
274‘ A program accordlng to clalm 26 further comprlslng a‘
Aunlt of proce531ng determlnlng step of determlnlng a unlt of,5‘
| _' proceSSLng conSLStlng of a plurallty of the foreground |
-_'20 .object components and the backgrOUnd object components basedff‘
pon a p051tlon of the’ equal portlon, whereln, in’ the-’I l
'proce581ng of Sald proce851ng executlon step, the proceSSLng .
~for separatlng the foreground object components and the |
background object components and the proce551ng for.

-25;-ellm1nat1ng motlon blur from the separated foreground ob]ect




determ ning a unit of, proce55|ng con5|st|ng of a plurallty ec 22 Septenber
2005 - 273 pi xel data of the equal portion. 46. An i nmage processing -
“apparatus according to claim43, 15 further conprising area specifying
neans for specifying the. foreground area, the background area, orthe

m xed' . area. 47. An inmmge processing apparatus accordlqgskgmgggnﬁbﬁ
.mhereln sai d. equal -portion.detection.neans detects the equal
- conmponents based on a position of .the equal portion, = wherein said
processi ng executi on nmeans si nul tangéasty perforns, for each unit of
processi ng, the processing for separating .the foreground object.
conponents and the background object conponents and the processing for-
elimn o] I p re round, obj e conmponent s.
N L A R S L AT A
uni t-oprgrEEEssLNg determ ning neans’ deternlnes .10 the unit of proceSS|ng
corresponding to the pixel data belonging to the mxed area or the.
foregrognd argas h t enstr line_ apd which is

ot her . t han th% ggh%o???%ﬁ&gﬁacgﬁpgg?ﬁg gsdI?Pg?%%%é g? ?ﬁe pi xel- data mnth
a thrpshetesid§. oAnsamgﬁnpt%ﬁsﬁrdﬂﬁe§EPﬁQaHE§e§ﬁEHEﬁg”Qt%;9 cgim 43,
“‘wherein said equal -portion. detection neans detects t equaf portion
corisi stihy of prjacesingi aetresipsrdhnyi bg the pyﬁBErthapbéﬁo§gﬂﬁ§ater than
cor equal to the nunber of pixels = -
to the mlxed area or the foreground area whlch 15 located on

ject _

one stralght llne -and whlch lS other than the pixel data of
‘the equal portlon is determlned | _ |
| 29. A program accordlng to clalmu26"wherein, in'the
'iO‘rprocess1ng of sald equal- portlon detectlon step, the equal
‘portlon is detected by comparlng a. dlfference of the plxel
;data wrth a threshold - - . .
30, A program accordlng to clalm 26 wherein, in-the
processrng of Sald equal portlon detectlon step, the equal

:liS -portlon con51st1ng of the adjacent plxel data havrng the‘

'number of. plXelS greater than or equal to the number of-
plxels correspondlng to an amount of movement of the |
'foreground object is detected ' -

31. A program accordlng to clalm 25; whereln, in the‘

.20 'proceSSLng of Sald processrng executlon step, thelprocess1ng
for separatlng the foreground object components and the
background object components and the processrng for :
ellmlnatlng motlon blur from the separated foreground object

_‘components are 81multaneous1y performed by applylng a.

;25f'calculat1on correspondlng to- a. motlon vector




25, corresponding: to' an' anount of.novenent of the foreground 22

Sept enber 2005 - 274 object. 49. An wherein inmage processing apparatus
according to claim43, said unit-or-processing deternining nmeans :
si mul t aneously perforns the processing for separating the 5 foreground-

obj ect conponents and the background object conpanents jard,thgrBbRCESSiNng
for elimnating notion blur fromthe separated foreground object conmponents

by applying a calculation corresponding to a notion vector. 50. An |nage
processi ng apparat us. accordi ng to-ckbaan-43, 10 wherein said ‘
uni t-of - processi ng determ ni ng nmeans conprises:- nodel acquiring. means for
acquiring a nodel correspondlng to the unit of proceSS|ng and a noti on.

vect or i3 quag}on eratlgg ns for.-generating,. based on the acquired,
 nodel , % edu tlg ) AFES RGN t&lﬁlﬁb i GRS M S hse PROSE SERE I el

dat a of £ n r ce55|n and the foregrqund object conponents and-the
backgroun %égjg&O% ;%. 35188nF§Fﬁé&Qﬁ%fﬁﬁ§SUn|t of . processing; and

cal cul ati onyneans: f 9 gatggéa%% 5?e8£8ﬁ?9r88?%eogh?§t conponents and the

background. obj ect. co onent al ne of processing based

—-on” thecgerespbadigguabi @Ae: un?t or grb%%%%lﬂr g%%?'” E§§RO§88gP%fnfned

'-perfornlng processing on inage whi Chis. formed

nuther of * i xein st 0l ab Aed by @E‘eﬂ)”@ﬁeggﬁé’f:a'tiﬁ' @f%/é&e inghyding a

predet er mi ned nunber of pixels and having.a time
acquired model an equation correspondlng to a relatlonshlp

between the plxel data of the unit of proce531ng and the
foreground object components and the background object
components contalned in the unlt:of processing; and
‘lQ . | a calculatlon step of calculatlng the foreground object?
components and the background object components contalned 1nhﬁ
h;the unlt of proce551ng based on the generated equatlon.
.33} An 1mage proceSSLng apparatus for performlng processlngA:-
on lmage data whlch is formed of & predetermlned number of
15 :p1Xel data obtalned by an 1mage capturlng dev1ce lncludlng a‘_”
predetermlned number of plxels and hav1ng a tlme 1ntegrat1ng
-functlon, sald 1mage proce531ng apparatus comprlslng
1nput means for 1nputt1ng the 1mage data hav1ng anr
_ - object area con31st1ng of object components Wthh form an
;205_object, and |
| motlon ~blur. ellmlnatlng.neans for ellmanatlng motlon
‘blur occurrlng in the object area. by assumlng that values of -
: part .of. the plxel data in, the ob]ect area of the 1mage data :
_'1nput by sald 1nput means are substantlally equal

| 25' 34. An 1mage proce551ng apparatus accordlng to clalm 33,




-25. function; said. inmage: processing nethod conprising: 22 Septenber 2005
- 275 an input step of inputting the inmage data having an object area
. consisting of object conponents which forman object; and a notion-blur
elimnating step of elimnating motion blur occurring in the object area
. by assum ng that values of part of the pixel data in the object area of -
- the image data input by the processing of said input 2 espigmaer 2005
- substantially equal. 52. An- |nageé£roce55|ng met hod according to cIa|n151
10 wherein: in.the processing of 3 ‘& input step,,the image data - . having a
foreground. area consisting of foreground object conponents which formthe
obj ect,.a background area .consisting of background object conponents
whi ch #ieere anil5 backgr ound object ‘and a m xed area object conponents and
"the background . nmixed.are input; and in which the foreground obj ect
conponent s saried umgithﬁ HRfa0Ge SSIpg <Oft 15l idnag IdHtéJ|Hérv1ng i hating step,.
“notion blur occurring in.the:foreground area is elimnated 20 by assunlng

. that Ve vegraingatea odonsuesumngaloﬂaf@regmcbihtedfcﬂﬁjasgﬂobt&dn@ﬁ@eh@é

~the i mage: data i nput -
which form the object, a background area con51stlng of

- 5 . background object components whlch form a background object,
: and a. mixed area in which the foreground object components.-
nand the background object components are mixed; and.

sald-motlon—blur elrmrnatrng*means-ellmlnates motion
;blur occurrlng in the foreground area by assumlng that
. 10'1values of part of the plxel data in the foreground area of
the 1mage data lnput by sald 1nput means: are substantlally-
equal 7 ' o
35. An image processing aﬁbaratus accordingitohclaimi34,:"
":further comprising:equalsportionwdetection meaﬂS'forf' |
.;15_ detectlng an.equal portlon in whlch the values of the plxel
data in the foreground area of: the image data are
_substantlally equal whereln sald motlon~blur ellmlnatlng
means . ellmlnates motlon blur occurrlng in the foreground :
area based on. the equal portlon detected by sald equal— |

- 20 dbortlon detectlon ‘means. '

| 36. An 1mage proce551ng'apparatus accordintho'claim 352

.:further compr151ng unlt of proce551ng determlnlng means . for

determlnlng a unlt of proce551ng consrstlng of a. plurallty o
of the foreground ob;ect components based on a posrtlon of

':25-dthe equal portlon, whereln sald motlon—blur ellmlnatlng




~said : input. step are . substantially equal. by the processing of .53. An
i mage. processi ng nmet hod according to claiin_52; further conprising an
equal -portion detection step of 25 detecting an.equal.portion. .in.which
t he val ues of the pixel 22 Septenber 2005 - 276 data in the foreground

area of the image data are,  substantially equal, wherein in the ﬁ%oce55|ng
of. said notion-blur elimninating step, notion bl ur occ$Rriergmpe 2p

foreground area is elininated based on the equal portion 5 detected. by the
processing of said equal-portion deg@étiron step. .54. An inage proceSS|ng
met hod according to claimb53, further conprising a unit-of-processing
determning step of determning a unit of processing consisting of -a-

p'Ura'mbhn%OeQEmhﬁﬁtEQrEQEQHHdeE 6l %ﬁ%p%e%@gioﬁgégdngglgHngéghO” of

t he equal portion, wherein, Iin the processing sai
el i m nahingo$t pRocABEiAR. bl ur of the foreground area is .elininated for
~each unit of processing. 55. An inmage processing method accordlng to claim

54, 157wheRsi fmaiB bhecRsOcR§ShPPaehtai dcbBiliAl- 96OE§§%“§ gdet er m ning
step, the unit of processing corresponding to the pi'xel data bélonging to

. the mixbdraipasatdt hﬁlteéﬁgﬂsﬁbldﬂéss@ﬁ@ad%e9ﬂﬁlh§n%0ﬁéaﬁg QB:epR;atLai ght
l'ine and which is other than the pixel data of -the equal portion Is :

"deﬁerntheduleOOEGpr@mesnB@@ poocespbngingt bedtRecpidingakeacl ai m 53,
further conprising an area specifying step of specifying the foreground
ar ea, @ﬁbobﬁbkgrbundh@f@axe®rar®e of xelle afeReground area which is

located on one stralght llne and whlch is other than the
pixel data of the equal portlon | |
7 ' _38. An lmage proce551ng apparatus accordlng to clalm 35
10 _further comprlslng area spec1fy1ng means’ for spec1fy1ng the
foreground area, the background area, or the mlxed area
3?. An lmage processrng apparatus accordlng to clalm 35
whereln said equal portlon detectlon means detects the equal
;portlon by comparlng a dlfference of the plxel data w1th a |
15 threshold - | | |
540. An 1mage proce551ng apparatus accordlng to clarm 35
;whereln said equal—portlon detectlon means detects the equal'-.-
~port10n con315t1ng of the adjacent plxel data hav1ng the
number of plxels greater than or equal to the number of
d?O_ plxels correspondlng to an amount of movement of the
;'foreground object. _ | |
'.41{ An image processrng apparatus accordlng to clarm 35
whereln Sald motion-— blur ellmlnatlng means ellmlnates motlon' :
.blur occurrlng in the foreground area by applylng a -

_25 .calculatlon correspondlng to a motlon vector-“




57. An inmage processing nethod according to claimb53, wherein, in the
processi ng of said equal -portion detection 25 step, the equal portion is
detected by comparing a 22 Septenber 2005 - 277 difference of the pixel
data with a threshold. 58. An inmage processing nethod according to claim
53, wherein, in the processing of said equal-portion QQQ%QEhggﬂﬁggp, t he
equal portion consisting of the adjacent pixel 5 data having the nunber of
pi xel s greater than.or equal to the nunber of pixels corresponding to an

“armount of noverent of the foregrouﬁﬂﬂbbject is detected 59. An inmage

proce55|ng met hod accordi ng to claim53, wherein, in the processing of
said notion-blur elimnating 10 step, notion qur occurring in the

Toregromnd i egnd S §bidE 43S By boapPl vi 0. & Ak 4 3L ) 0y £of responding to a,

noti-on vector 60. An inmage processing nethod according to clai'm53,

‘wher ei whé hei pr OLRS ShatoL 15k ADLH DNe Ol w6 bAdl NALNg: step 15 conpri ses:

model acquiring step of acquiring a nodel” corresponding to the unit

of . processimgleAndica@i ri@ly @R RCHRIT acRiti@GUR] i:0mdaner ati ng step of
generating, based on the acquired nodel, an equation corresponding to a

rel at i onstegporRi dyetiwearhd henip xef pd&tcaeaﬁlr@emmla it WOCRSSIGY: and t he
f oreground obj ect conponents contained in the unit of processing; and a
caPcul ati orasiedponf geakcaltaniongenns ffomre grememe tabjge ¢ ba seaTpan &hks o
contained. in the unit of processing based on the .
‘acqulred model an equatlon correspondlng to a relatlonshlp
between the plxel data of the unlt of proces51ng and the
foreground object components contalned in the unit of- "
o proce551ng, and
10 calculatlon means . ‘for calculatlng the foreground object B
-components contalned ‘in the unlt of proce531ng based on the
generated equatlonr . -
43, An 1mage proce531ng apparatus accordlng to clalm 35
whereln sald motlon—blur ellmlnatlng means 51multaneously |
15 .performs proce531ng for separatlng the - plxel data of the
mlxed area lnto the foreground obJect components and the
background object components and proce551ng for ellmlnatlng

‘motlon blur from the separated foreground ob]ect components

.based on area 1nformat10n 1ndlcat1ng a non—mlxed area

20 con51st1ng of the foreground area and the background area. or

the mlxed area and based on the" equal portlon._
":44, An 1mage processrng apparatus accordlng to clalm 43
,"further comprlslng unlt of proce551ng determlnlng means for g
determlnlng a- unlt of processrng con31st1ng of a plurallty .

725;_of the foreground object components and the background

a




“obj ect conponents and processing for elimnating - noti | u r t he
separated foreground object.conponents are S|nultaneog%f§ ﬁ@P?&ﬁﬂ%

2.5 generated equation. 22 Septenber 2005 - 278 61. An image processing

nmet hod according to claimb53, wherein, in the processing of said
motion-blur elimnating step, processing for separating the pixel data of
the m xed areainto the foreground object conponents -and the background

d based
on area information indicating a non-m xed area consisting of the-

foreground area and the backgroundzbﬁea or the m xed area and based on 10
t he equal portion. 62. An inage processing nethod according to claim®61,

further conprising a unit-of-processing determning step of deternining a
uni t obbpeotessipensonsiviiag o4 a Phuraldt Vor ofnd nd, obj ect
conponent's and the background 15 object conponents sed on a p03|t|on of

the equabrpdnt 5004 pibieses tng i Exé O P6RCRESH s Hhu SBILRIOGLSSI Ng executi on
step, the processing for-separating the foreground object ~“conponents and

t he. bapkyfouns, objpectacicompdnent spudice $ Hitng Pracessi g JOmeldde nati ng

‘motion blur fromthe separated 20 foreground object conponents are

si mul t%@@@netyn®etﬁerfmdegﬁmn®awnm tccﬁﬁpcﬂf@ﬁﬁsssdmﬂ tHe3. An inmage

processing method according to claim62, wherein, in the processing of

- sard- dﬁ?@k%ﬁ0$ﬂﬁxﬁﬁ&ﬁ¢ﬁ;CQRHQ#Qﬁ&ﬁrﬁpdﬂEﬂn pndufaﬂung(ﬂbrproce55|ng
'corresgondu%%:to 25 the pixel data belonging to the mnixed area or the

foregr @%ﬁﬂ@ﬁﬁéﬁ1gmy; from the separated foreground object

components
45. An lmage processing apparatus according to claim 44;

_wherein said unit-of-processing determining'means determines

' ‘10 the unit of,processing cbrresponding to the pixel data

‘belonglng to the mlxed area or the foreground area whlch is
-located on one’ stralght llne and whlch is other than the
f,plxel data of the equal portlon. | | | |
A 46. An 1mage proce551ng apparatus accordlng to. cialm 43
iSI‘ further comprlslng area spec1fy1ng means for Spec1fylng the
‘lforeground area, the background area, or the mlxed area
- 47. An 1mage proce331ng apparatus accordlng to clalm 43,
‘whereln said. equal portlon detectlon means detects the equal

portlon by comparlng a dlfference of the plxel data w1th a .

20 threshold

- _48. An 1mage proce581ng apparatus accordrng to clalm 43
7-where1n sald equal portlon detectlon means detects the equalr
portlon conSLStlng of adjacent plxel data hav1ng the number :

'_of plxels greater than or. equal to the number of- plxels o

..251‘ correspondlng to an amount of movement of the foreground




- 279 area which is located on one straight line and which is other than
t he pixel data of the equal portion is determ ned. 64. An inmage processing
met hod .according to claim®61, further -conprising an area.specifying step-
- of specifying the foreground area, the background area, or the m xed area.-
.65. An.image processing nmethod according to claim6l, wshRbk@Ber2obs the
processing of said equal -portion detection step, the equal portion is
detected by conparing a difference of the pixel data with a threshold. 10
66. An inmage processing nethod accotting to claim61l, wherein, in the
processi ng of said equal -portion detection step, the equal portion
consi sting of adjacent pixel data having. the nunber of pixels greater than
. of equgﬁ torthe nunber of pixels correspondlng to an anount of novenent of
15 the foreground object is detected. 67. An inmage processing nethod

~accordiag tmn ClidB Glroce WEIE! dppd Fathie &’é@&f&fhggw“cfiﬁm

- unit-or-processing determning step, the process for “separating the

f or egrwiuate Dbj ectd qeronantsy snd 4 ey hackarAURtL 9 %@&5520 conponents and

t he processing for elimnating. notion blur fron1the separated foreground
Obj ect s owPoNesd s 1B e SidRd-aao styc 08 1104 MBSk byegpphying engal cul ation

corresponding to a notion vector. 68. An i'mage processing et hod accordi ng
" to5cl afewSdrourkb akhjeradi eduyerprroce saidigtof Isdd Jdy it Odb Pps@eessi ng 22
Septenber 2005 - 280 deternmning step.conprises:
components and the proce551ng for ellmlnatlng motjon blur
from the separated foreground object components by applylng
a calculation correspondlng to a motlon vector
. 50. An image processing apparatns accordlng to claim 43,
10 wherein saidnunitFOf—processingddetermining‘means‘comprises;
model'acquiring means'for acqnirrng;a modei t |
correspondlng to. the unlt of proceSSLng and 'a motion. vector,r
.equatlon generatlng means for generatlng,‘based on - the'-~'
acqu1red model an equatlon correspondlng to ‘a- relatlonshlp.
‘h15 _between the plxel data of the unlt of proce531ng and the
| 5foregr0und Object components and the background object
components contalned in the unlt of proces51ng, and
calculatlon means for calculatlng the foregroundlobject'
components and the background object components contalned in -
{209'the units of proce351ng based on the generated equatlon
51, An 1mage processrng method.for performlng proce551ng onh
- image data whlch lS formed of a predetermlned number of
Aplxel data obtalned by an 1mage capturlng dev1ce 1nclud1ng a

-“predetermlned number of plxels and hav1ng a tlme lntegratlng,’

] 25, functlon, sald lmage proce551ng method compr1s1ng




a nodel acquiring step of ach|r|ng a nodel corresponding to.the unit of
processing and a notion vector; an equation generating step of generating,

based on the 5 acquired nodel, an equation corresponding to a relationship

- between the pixel data of the unit of processing and the foreground object

conponents and the backgr ound obj ect conponents contained in the unit- of
processing; - and a cal cul ati on step of calculating the FB@@&?@Hﬁ@O%bject 10
conponent s and t he background obj ect components contained in the unit of
processi ng based on the generated-eguation. 69. A storage nedi umin whi-ch
a.conput er-readabl e program for perform ng processing on i nage data which
is formed of a predeterm ned nunber of. pixel data obtained by an inmage 15

capturing qgﬂ'ﬁﬁthcé égrgktaéﬁéﬁﬁiﬁgn%ﬁed g%%%e r}ghxels and having a

time integrati unction s said r ogr am
conpri shAget+an LAp p ' d hav an - object
area conglgtlné of H% §%§Elﬂgn%gng%§éegh%gﬁp?%gﬁggn %%ah ﬁec %nd a
notlonobbg@telgﬁanatlng step of .elimnating notion blur occurring
in.the.object area by. assumng-that values of part of the pi xel data in

t he obj ect Amgs Qfn-tiad r@gﬁnﬂ?é@in%% p Ryt tgﬁ.ﬂr%%%%%t%f sald input
step are substantially 25 equal Sept enber 2005 A storage

"nediunbaoromdcugrtngcintbh@goby@@teaﬂealBytﬁﬁs&mﬂﬁfseﬂf@ wf1.8a ¢4 nput

step, the image data having a foreground area consisting of foreground

,ijectpart of the pixel data in the object area of the image data

1input by the proceseing‘of said input step are substantially .
equal. - - | |
'52, "An image processing-methOd‘according tochaim‘Sl;
10 'wherein" | ; - . |
1n the proce551ng of sald lnput step, the lmage data'
_ hav1ng a foreground area con81st1ng of foreground object
components whlch form the object a background area

con51st1ng of background object components ‘which form a

‘ 15 background object, and a’ mlxed area in whlch the foreground o

'_object components and the background ob]ect components are
mlxed are 1nput, and L
in: the proce331ng of sald thlOD blur ellmlnatlng step,if‘
| ,motlon blur occurrlng 1n the foreground area is ellmlnated
TQQ 'by assumlng that values of part of the plxel data in the
foreground area of the 1mage data 1nput by the processrng of
_sald 1nput step are substantlally equal |
f53. An lmage proce831ng method accordlng to clalm 52

_ further comprlslng an equal portlon detectlon step of

'5_'25d detECtlng an equal portlon in. whlch the values of the prxel




conponents which formthe object, a background ar ea 5 con5|st|ng of
background obj ect conponents which forma background object, and a nixed
area in which the foreground object conponents and the background object
conponents are mxed are input; and . in the processing of said notion-blur.
elimnating step, 10 motion blur.occurring in the foregrRpRAL&BEs | S
elimnated by assum ng that values of part of the pixel data in-the
foreground area of the inmge data input by the processing of said input
step are substantially equal. 71. "A%t%rage medi um according to claim 70,
further 15 conprising an equal -portion detection step of detecting an

equal portion in which the values of the pixel data in.the foreground area

of the damgeidatite af & SPR[IANMI A o equal | ipNereid, in. L he processing of
said notion-blur elimnating step, notion blur occurri ng in the f or eground

area i ssulritiidmat edphased it dibe ieguale ddé@sﬂﬁ} %St t he.
or age

processi ng of said equal -portion detection step medi um-.

accor dimgt tan-dhlaimellinifnatiBer s te@yphidet g & 14 to&fur&rl‘?fée%%' g determ ning
step of determning a unit of processing consisting of -apl urallty 25 of

~the forfegragumoimohjesta demedrianing teas &t erl arPasid iQmaaf ;32 +Sept enber 2005 -
. 282 the equal portion, wherein, in the processing of said notion-blur '
el i i n&lgbRFtarkepy b Grogessiol bife sfadide gquiand podttdéani Sle€kictiipat ed for.
each unlt of processing. 73. A storage nedi um according to claim72;
wher ei $t9Ph the processing of said unit-of-processing geternlnlng,step;

‘the . '
.94, An image processing method according to claim 53,

further Comprising a unit-of-processing determining stedef
determining a unit of processing consisting of a plurality

10 of the foreground cbject components based on a pbsitionrof
the equal portion, wherein, in the processing of said
motlon*blur eliminating step, motlon blur of the foreground
area is eliminated for each unlt of processrng |
55. An_lmage processing method according to claim 54,

15 wherein, in the orocessing of said unit—of—processing
determining step, the unit of processrng correspondlng to
the pixel data belonging to the mlxed area or the foreground
.area which is located on one stralght line and which is
-other than the plxel data of the equal portion is determined.

“20_ 56. An image proce531ng method accordlng to claim 53
further comprlslng an area spec1fy1ng step of SpEleYlng the

eforeground erea,'the.background area, or the mixed area.
57. An image.processing method according to'olaim 53,‘
~wherein,lin the processing of said equal-portion detection

25  step, the equal portion is detected by comparing a




unit of processing corresponding to the pixel data belonging to the m xed
area or the foreground area which is | ocated on one straight Iine and which
is other than the pixel data of the equal portion is determned. 10 74." A
storage nedium according to claim 71, further - conprising an area :
specifying step of specifying the foreground area, the Q¥ und area, or.
the m xed area. ,75. A storage nedium according to cl ai%h @P%ﬁn in
the processing of said equal -portiagn detectlon step, t he equal 15 portion
is detected by conmparing a di fferéncd of the pi xel “data with a threshold.
76. A storage nedium according to claim 71, wherein, in the processing of
sai d equal -portion detection step, the equal portion consisting of the

adj acendi ffecedncratar had ng ddie daat nuiniera afhdiste)1s greater than or - equal
to the nunber of pixels corresponding to an anount of novenent of the -

foregr ovthd oW} elciages mieteectseichy Hiethod sicafoags mpdiciP1aaeorsd,ng to claim 71,
wherein, in the processing of. said notion-blur ellnlnatlng step, notion
bl ur ZBNQﬁ%ﬁ#ﬁdrkplﬁhﬁlﬂlddﬁsayuguuf sarieh daglalelponviatedidneapphyi ng a 22
Sept enber 2005 - 283 calculation corresponding to a notion vector. 78. A
st or age‘s‘h%bh Uhtacediedi iy it ogl siomsAkt inigendi thchedjnaeessipigeaf said

| ur ellnlnatlng step conprises: . a nodel acquiring step of
acq |r| % Hod&lg ddver 8spbRdi /§ PéxeAé grieetel phoessi eguaiddta notion
vect or; ation generating step of generating, based on the acquired.
nodel , éﬁﬁ%irbﬁ c@ﬂﬁ@éﬁoﬁ&Fﬁﬁspénélﬂglé@l@ﬁsﬁmpunt of movement .

of the foreground object is detected..
59. An image processing method according to‘olaim 53,
wherein, in the processing of said motion-blur eliminating
'AlO step, motion blur occurring in- the foreground area is
eliminated by applying a calculation corresponding to a
motion vector. |
60. An.image processing method according to claim 53,
Wherein the processing of said motion-blur eliﬁinating step |
15 ‘comprises: | |
a nmodel acquiring step of acquiring a model
correspondlng to the unlt of proce551ng and. a motion vector;
an equation generatlng step of generatlng, based on the
iacqu1red model ‘an equation correspondlng to a relatlonshlp
- 20" between the plxel data of the unit of processing and the
foreground object components‘contained‘in the unit of
processing: and o |
a calculatlon step of. calculatlng the foreground object
components containeéed in the unlt of proce551ng based on the |

25 generated equation.




bet ween the pixel data of the unit of processing and the foreground. object
conmponents contained in the unit of 10 processing;, and a cal cul ation step
of cal culating the foreground object conmponents contained in the unit of
-processi ng based on the generated equation. 79. A storage medi um accordi ng
‘to claim71, wherein, in the 15, processing of said nmbiBeRbi0s
elimnating step, processing for separating the pixel. data of the m xed .
~area into the foreground. object conponents and the background' object

conponents and processing for eliﬁi%ggiﬁg motion blur from the separated
f oreground obj ect conponents are 20 sinultaneously perforned based on area
information .'indicating.a non-m xed area consisting of the foreground
area afd -t hdnbamkgropndcaseangrmeéhrodi xedoaseagarnsl bpsagd ©n the equal
portion. 80. A storage nedium according to claim79, further - 25 conprising
~a uni twbPrpioeesdsi hjedetecabning sfepaiofn@?iSepsBibes] 200k tikps ,
~ determining a unit of processing consisting of a plurality of the ‘

- foregr 6GRA, oBFecesedhpohent sepada t heg belck gy txmt dhjecif agr@anenis based on
a position of the equal portion, wherein, in the processing of said
proces8fFfg éRkeuthenfereprownd heb peok esoipopndmrs separidtd ng the foreground -
' onents and the background object conponents and the processing

f o gf?ﬁ%ﬁg?wad dP 7 BT LFURPPR OIS NS epier et et ng diceyreduind rotijiect

COMPONGRE 2o 8" S18E M Ao L B S B o e St Of brocessing.
are simultaneously performed based on area information
indicating a non~mixed area consisting of the foreground
“area and the background area or the mixed area and based on

10 the equal portion.

62- An image processing method according to claim 61,
further comprising a unit-of-processing determining step of
determining a unit of processing coﬁsisting of a plurality
of the*foregroqnd object components and the‘baikground_

15 object‘components based on a position of the equal portion('
wherein, in the processing of said’protessing execution step,
the'proceesing'fornseparating the foreground object
components and the background object.components‘end the
processieg for eliminating motion blur from the separared

20 foreground objecr components are simulténeouSly performed
for each unitiof processing.
63i An,image.processing‘method accordinq to claim 62,
.wherein, ie therprocessing of said unit—of—processing'
.determining step, . the unit.of processihg correspohding=to

',25J :the pixeledata.belOnging Lo the mixed aree or‘the foregrouna'




10 81. A storage nmedium according to claim80, wherein, in the processing
of said unit-of-processing determning step, the wunit of processing '
corresponding,to the pixel data belonging to the mxed area or the
- foreground area which is |ocated on one straight |line and which is other
~than the pixel data of 15 the equal portion is determ ned. 82. A storage
medi um according to claim 79, further conprising an are&.SerepeeiPP ng step.
of specifying the foreground area,.the background area, or.the m xed area.
83. A staorage medi um according to tlai$h79, wherein, in the .20 processing
of said equal -portion detection step, the equal portion is detected by
conparing a difference of the pixel data. with a threshold. . 84.

A;storageeaedhmnhamsOLG&QQeaooﬁ|@ﬁ€1EQraﬂgﬁfeiﬂmeiQn&hﬁhi ocessing of said
equal - portion detection step, the equal 25 portion consisting of adjacent

pi xel dathehavhay the pirber da2aSet emkek 289550283 QE.HE¥%EE19£8ater

- than or equal to the nunber of pixels ‘corresponding to an anount of.

novenenf4of Ahelhagegrouress ohj actthed detest@thg 8% A Stprgage medi um

~according to claim79, wherein, in the 5 processing of sai

©uni t-or FB¥ Bees s Ry aiet Brgvi am nr et epped ity iy aomesidg ficiSeARAliRg t he

~foreground obj ect conponents and the background object conponents and
thegroc SSTHP W BM9av ridhe pelsiomdlared,r am the sepaiateeaf or egr ound

obj ect $onponents are sinul taneously perfornmed by applying a 10

cal cul a8t on “Bbr i Gso RAGRE IO g mstihod Vstaord ir86 oA cdtadrage , medi um

_accorduﬂgato;clain1 9; wherein the )
‘ re;n, in the procéssing of said equal-portion detection

step, the equal portion is detected by comparing a
diffe;ence of the pixel data with a threshold.

10 66. An image processing method according to claim 61,
wherein, in the processing of said equal-portion detection
'step, the equal portion consisting of adjacent pixel data
hgving_the number of pixels greater than or equal to the
number of pixels cqrresponding to an amount of movement of

15 the foreground object is‘detected.
~67. An image'processing method according to claim 61,
.wherein, in the pfgcessing of said unit—orwprocessiﬁg
determining step,"tﬁe proééssing for separéting the
~foreground object components and the baékground'oﬁject

20 components'and'tﬁg processing for eliminating motion.ﬁlur
_f;om'the‘sepa;ated foregrbund'object.components arer |
$imultaneously-pérformedAby applying a calculation

rcorrespéndiﬁg to a motion ﬁedtor." ' |
68. An image processing:méthba according to claimHGI?

25 wherein the processing of said unit-of-processing




processing of said unit-of-processing determ ning step conprises: a nodel
acquiring step of acquiring a nodel 15 corresponding to the unit. of
processing and a notion vector; an equation generatingstep of generating,
based on the acquired nodel, anequation corresponding to a relationship
between the pixel data of the unit of processing and thg seofeRb&Ppesind -
obj ect conponents and the background object 20 conponents contained in the
unit. of processing; and a cal cul ati l step of calculating the foreground
_.0bj ect - conmponents and the backngUﬁ% obj ect components contained in the
unit “of -processing based on,.the generated equation. 87. A program for:
allowi ng a conputer,for perform ng 25 processing on inmage data which is.

f or med @ terpreider ertramecbng iSept:enber 2005 - 286 nunber of pixel data

obtai ned by an image-capturing device including a predeterm ned nunber of
pi xel s and KaWcnrlg laaciame riingegtapi ng hunotirongt @. megecut e: an input step of
dinputting the inmage data having an 5 object area consisting of object - :
conponéiftist SR ek hcarkheojnddt o fapd oxesstingn-abldun ebitionatirgcst ep of
elimnating notion _blur occurring in the object area by assum ng that
~ values of P& EIYRTERR PRrErabard Fhephefopprerabipg, obatbe omageedata 10
inpgt %¥:the.6frocessing of said input step are substantially equal. 88. A
~ progr af LS MGed - cPR RAVETLlopEPErRsPPRALNE Broeegsiagiohsbapd i nput
step, the jmage.data, . N
-Ep %e%weeng%he plkel data of the unit of processing and the '
foreground object components and the background object
cpmponents contained in the unit of processing; and
a calculation step of calculating the foreground object
10 components and the background object components contained in
the unit of processing based on the generated equation.
9. A storage medium in which a.computer-readable program
for perfcrmiﬁg,progessing_on image data which is formed of a-
predetermihed number of pixel data obtained by an image—
- 15 capturing device including a predetermined number of pixelsl
and having a time integrating function is stored, said
computer-readable program comprising: -
‘an input step of inputting the image data having an
object area consiSting of object components which form an
.20 object;‘and
‘a mo?ionéblur eliminating step of,elimiﬁafing motion
blur occurring in.the.object area by,assumiﬁg thét values of-
part of the pixel data in'theldbject'area‘of thé'imagé‘data
inputrby the processing-of said input step are éubstantiaily

o 25' equal.




havi ng a foreground area consisting.of foreground object 15 conponents

whi ch formthe object, a background area consisting of background object
conponents. which forma .backgr.ound object, and a m xed area in which the
f oreground object conponents and the background object conponents are m xed-
are. input; and 20 in the processing of said notion-bluyp Rlihibdabing step',
notion blur occurring in the foreground area is elimnated .by assum ng .

t hat values of part of the pixel data in .the ' foreground area of the

i mge data input by the processing ot®lsaid i nput step are substantially
equal . 25 89. A program according to claim88, further conprising an 22
Septenber 2005 - 287 equal -portion detection step of detecting an equal

portion70in Ahschrihe medlies afcdheimixed daianido! hedrgground area of

the inmage data are substantially equal, wherein in the processing of said

ot i on- bl ur igl ithiengtdaug sstiep;, orotsiadml bJripfuﬂS SACGYT iR ik eh@akar eground -
area is elimnated based on the equal portion detected by. the processing

of sai dh@RI Pofategrasidction. catepstin).of R egHAMARC ey ddg to claim
89, further conprising a unit-of-processing determ ning step of determ ning

a unit GIBEGIeProcessingiwonditst icig wit a a lebjleptowreparent s based on

wherein, in the processing plurality of the foreground
5 con51st1ng of background object components whlch form a

background object, and a mixed area in which the foreground
- obiject components and the background object components are -
mixed are input; and- |
in the processing of said motion-blur eliminating step,
10 motion blur occurring in the foreground area is eliminated
by aseuming that values of part of the pixel data in the |
foreground area of thenimage data input by the processing of
said input step are substantially.equal.
71. A storage medium according to claim 70, fdrther
15 comprising an equal-portion detection step of detecting an
eguel portion in which the valuee of the bixel data in the
foreground area of~the.image data are substantially equal
wherein in the proce551ng of Sald motlon blur ellmlnatlng
'.step,‘motlon blur occurrlng in the foreground area is,
20 'ellmlnated based on the equal portlon detected by the
proce851ng of sald equal-—- portlon detectlon step.
2. A storage medlum accordlng to clalm 11, further
-:comprlslng a unlt of- processrng determlnlng step of
- determining a unltrof-processlng consisting of a plurality

25 of the foregroundrobject components based on a position of




~a position of the equal portion, - of said notion-blur elimnating step,
nmotion blur of the foreground area is elinmnated for each unit of
processing. 15-91. A program according to claim 90, wherein, in the.
processing of said unit-of-processing determning step., the wunit of
processi ng corresponding to the pixel data. bel onging . ggsgp@mg;%ﬁgsarea or
~the foreground area which is.located on one straight Iine and which is
other than the pixel data of 20 the_equal portion is determned. '. 92. A
proogram according to claim 89, f Gr £ r “conprising an area specifying step
. of specifying the foreground area, the background area, or the m xed area.
93. A program according to claim89, wherein, in the 25 processing of said

equal - pbet eguadepection, shpreihe eguahe p288eR@MihiyOBT §268t ected by
~conparing a difference of the pixel data with a threshold. 94. A program
accor dinngivo-bllarme@9ninhediagnstep,t hetipnhobessi Bg eheSabdeg88ahaportion
detection step, the equal 5 portion consisting of the adjacent pixel data
havi nga¥rhe mgnbéimdhaperelfsrgeeahennttanfoproegualingo the nunber of pixels
corresponding to an amount of novement of the foreground object is -
detect éd: 9B. shopregrastavwoadingdiogckai ml89m Rhereharein, the dKe
_ praocessing of said notion-blur elimnpating step, notion blur occurring in
_the foPEgreandndr ed Faidl Phihaeédrbycappipundebernahing astem, coie espondi ng
to a nption yector. 15 . : _
oo unl? OL processing corresponding to the pixel data belonging :
to the mixed area or the foreground area which is located on
.ong‘straight line and which is other than the pixel data of
the equal portion is determined.
IiO '74ﬁ A storage medium:according to claim 71, further
comprising an area specifying step of specifying the
foreground area, the background area, or-the mixed area.
75 A storage medium_according to claim 71, wherein, in tﬁe
prdcessing of said équal—portion,detectibn_Steﬁ, the equal
15 'portion is detected by comparing a difference of‘the.pixel
data with a threshold.
“76. A storage medium according to claim 71, wheréin, in the
- processing of 'said equal-portion detection Stép,‘the equal
portion conSisting of the adjacent pixel data having fhe
20 @umber‘qf pixels g;eater than or'eqﬁal to tﬁe number of
- Ppixels corresponding to an amount'of hd#ement of the
. foreground object is detected.
ZT?T Atstopggg mediUm_aCCofding to claim 71, wherein,'in:the
_Processing of said motion~blur eliminating Step, motion blur

25 oqcurring'in the foreground area is.eliminated by applying.a




96. A program according to claim 89, wherein the processing of said
- notion-blur elimnating step conprises: a nodel acquiring step of acquiring
a nodel corresponding to the unit of processing and a notion vector; .an
equati on generating step of generating, based on the acquired nodel, an
- equation corresponding to a relationship between the pixel data of the
“unit of processing and the 20 foreground object proces?iSsgtemberd0@onponent s
contained in the unit of a calculatigon step of calculating the foreground
obj ect conponents cont ai ned in'tﬁézﬁh%f'of'processing based on the -
generated equation. 25 97.. A program according to claim89, wherein, in-
the 22 Septenber 2005 - 289 .processing of said notion-blur. elimnminating
step, proceskitigpn farrsepamsatimg tde picelolata-wfr the. nixed area into the
f oreground obj ect conponents and the background. object conponents and
" processtthg: florstaliadnatddigmmutdarrding o amaiher sepaiatad, froregr ound

- Oobj ect conponents are sinultaneously perforned based on area information
i ndi catRERFE AT Mk e iak @@t@@ﬁmkshumgalaﬁmtmetﬁmj egiapunrdmaiedsand the
- background area or the m xed area and based on the equal portion. 10. 98.
A progran1aécHPQ?%gaﬁéuéFaPﬁ1§?epf9ftﬁéquc@npg|3|mgdal uni t - of - processi ng

' ‘detgrn1n|qg¥§tep of .determnin . unit of processing consisting of a
pl ut al i lPGkéQrGGﬁdund @@tP@@Wﬁ@ﬁ@ﬁmsa@ﬁdatm@tbaokgeamod obj ect

conponents bas d
' equatlon generatlng step of generatlng, based on the

acqulred model ‘an equatlon corresponding to a relationship-
| between the pixel data of the unit of processing and the‘
| foreground Ob]ect components contained in the unit of
10 processing; and
a oalculation step of calculating‘the foreground.object
compenents contalned 1n the unlt of proce351ng based on the
generated equatlon. | |
79.-'A storage*medium according to clain 71, whereln, in the
Q15d proce551ng of sa1d motion-blur ellmlnatlng step, proce531ng
for separatlng the plxel data of the mixed area into the
‘foreground_object oomponents and the,background'object
‘eomponents and‘processing.for eliminating motion blur. from
'the separated foreground object components are
120 ._51multaneously performed based on area 1nformatlon
W.»lndlcatlng & non- mlxed area con51st1ng of the foreground
'".area and the background area or the mlxed area and based on.
the equal portlon |
© 80. A storage medlum accordlng to claim 79, further

25 comprlslng a unlt of proce831ng determlnlng step of




on a position of the equal portion, wherein, in the 15 processing of'said
processi ng execution step, the processing for separating the f oreground
obj ect components and the background object conponents and the proce53|ng
for elimnating notion blur fromthe separated foreground object
conponents are.. simul taneously performed for each unit ®fseg@mpdre68ssi ng.

- 99. A programaccording to claim98, wherein, in the processing of said
.uni t - of - processi ng det ernining step2 5 ‘unit of processing correspondi ng
to the pixel data belonging to the ﬁlxed area or the foreground area which

- is located on 25 one straight Iine and which is other than-the pixel. data’
~'of - 290 the equal portion is deternined. 100. A program according to

'clalnlgétEtmnnhag gonpitsbfAgpanceaséngspeakiytnggsbepaopiapacityi ng the
foreground area, the background area, or the mxed area. 5 101. A program
accor dPAgthe épapar9Tnd whie) ech, compbhentpr endsshagbatkgabdnaqual - portion
detection step, the equal portion is detected by conparing a difference of

“the" p|QEDeCBaF@ERP@ﬁn§Sth@§§ﬂo©@ a po2itioprofrbheaeqoadi ngrtbon) ai m 97;
wherein, in_the .10: processing of said equal-portion detection step, the

equal HE?F?bH!CbﬂSF%?lHﬁoﬁﬁséapac@ﬁtSﬁﬁﬂemnﬁﬂﬁﬁammﬂlﬁ}aduiummﬂaaep of

Is reater than or equal to the nunber. of pixels correspondlng to an

yunt E8¢ ﬂﬁ@%ﬁ%ﬁ%n%ff?%es?%ﬁﬁﬁ?b%%dth%bf%5?9¥%u@@t@bﬁ%@t 15 103. A program
: accordl to c in the, -processing of said
uni t - or c p?%%%%é?nﬁm%e%%gﬂ#?ﬁéﬁf% %% opjpct componénts and the
: | proce531ng for eliminating motlon blur from the separated
foreground object components are simultaneously performed
for each unit of proCessing.r
-‘10 81. A Storage medium‘according'to-claim 80, wherein, in the
rproceSSLHg of sald unit-of- proce551ng determining step, the
-unlt of proce531ng correspondlng to the pixel data belonglng
to the mixed arealor the foreground area which is located on
oneiStraiqht ltne-andiWhich is other than the pixel data of
115 the equalﬂportioa is determined;:r |
82. A storage oedium:according_to claim 79, further
comprisiag an areausbecifying step .of specifying the
A'foregrouad area;_the background area, or the mixed area-
83. A.storage medlum accordlng to clalm 79, whereln, in the
'a20,7proce551ng of Sald equal portlon detectlon step, the equal
V'portlon is detected by comparlng a- dlfference of the plxel
Atsdata with a threshold
:84;‘ A storage medlum accordlng to clalm 79, whereln, 1ﬁ the
-proce351ng of sald equal portlon detectlon step, the equal

"25 .portlon con51st1ng of adjacent pixel data having the number




- processing for separating the foreground object conponents and the
background obj ect conponents and the processing for elimnating notion:
blur fromthe separated foreground object. 20 , conponents are
si mul taneously perforned by applying a -.calculation corresponding to a
notion vector. 104. A program according to claim 97, wherein the
processi ng of said unit-of-proces.sing determ ning stepIombes®8s 25. a
nmodel acquiring step of acquiring a.,Jmodel 22:Septenber 2005 - 291
corresponding to the unit-of pr ocess%'_ g and a notion vector; an equation
_ generating step of generating, based on the acquired nodel, an
equationcorresponding to a relationship between the pixel dataof the unit
~of procEs i lamdrndrter dregr sunceabledio admpaneiter angl gihe: hackgr ound
obj ect conponents contained in the uni.tof processing; and a cal cul ation
st ep ofCYAHLERE Iy tive droregrunindg fobjesmadnuofiatts antddwmdnckgr ound
obj ect conponents contained in the unit of processing based on the
gener at %ﬁﬁnﬂ%tﬂ?teQP?d&OS. An- i mage- capt.uri ng- apparat us conpri si ng:
_i‘rrage-cggoturi-n means for outputting a subject inmage captured by an
i mage- Capt urt g Cd&dSe B GHMNGIGTE Ta 105 dde it 8@ nuitrare iof, pirxedhe and _
having a tine.inte atng function as .1.5 pixel data; inmage data fornedof

a predéterm ned it *6F Uartda oL peEiPeFiSRg Nk Aied efgri ndmec istpibng the

‘processing for separating therforegroundrobjeCt components

éndfthe.background object:compbneﬁts énd-the-procéssing for
eliminating motion blur frdm #hejsepératea'foreg:ound object
components are simultaneously pefformed’by apélying a
10 calculation corresponding to a motion vector.
86. A Storaée medium according to claim 79; wherein the
prqcéssing of said unit~0f—pro¢essing3dete;mining step
comprises: o | | o -
2 model acquiriﬁg step 0f5écqﬁiring élmodel
15- correépqnding to the~unit.of proceSSiﬁg'éﬂd a motion vector;
" an équation genefating“stép'of ggnératingL based oﬁ the
acquifed model, ahVequation correspbnding to a relationship
.betwéen the-pixel data'of the_unit_of proéessing §nd the
foreground object-cémponents and fhe'background objéct
420' compongnﬁs contaihed in.the unit of procéésing;.and‘
a caléulation-stép,of_Caiéuiating thérfbreground objecf
f_compohents and the backgrbund objecﬁ_components céntained in
‘the unit of‘§foceséing based_on thé.gene:atéd‘équation.
87} B érograh for ailowing arcomputefifor-pefforming

.25 processing on image data which:is_formed of_a'predéfermined




formed of a foreground area consisting of conponents whieh form20 and a
background area conponents which formor a m.xed. area in and the ,
background a foreground object a non-m xed area foreground object of the

i mage data consisting of background object a background object of the inage
data, which the foreground object conponents object conpaReRhserHeR M xed;
and processi ng execution neans .for -sinultaneously - perform ng, based on a
result obtained by specifying the 22 area by said area specifying neans,
processi ngfor 22 Septenber 2005 - 56 Separating the foreground object
conponents and the background object conmponents fromthe pixel data of the
m xed area, and processing for elimnating notion blur fromthe separated

foregrgww@eabpébplmeﬁp@memt@bth&&edAby mngeﬁﬁaﬁﬁubpmgraﬂ@aa@bq%eaccord|ng
to claim105, further conprising equal-portion detection nmeans for

"detectﬂwgldﬁl@@ualpg@ﬁEUemma@QQISMmbgr off @dmaaanhndlhabldgta Q&mbhe
foreground area whose values are substantially equal :
integrating functlon to execute:
an 1nput step of 1nputt1ng the image data hav1ng an
_ 5-'ob3ect area consisting of object components whlch form an
object; and |
a motion-blur eliminating step of eliminating.notion‘
blur occurring in the object area;byoaSSuming that valuea of
part of the pixel data in the‘object area of the image data
10 input by the:processing ofgsaid input step are substantially
o equal. | | |
88. A program according to claimné7, whereinr
in the processing of'said input. steb, the'image data
having a foreground area con51st1ng of foreground object
15 components which form . the object a background area
consisting of background object components.which'form a
_background object, and a mixed area in which the foreground
'object components and the background object components are
mixed are 1nput and | |
20 in the proce881ng of sald motlon blur ellmlnatlng step,
motion blur occurrlng in the foreground area s ellmlnated
by assumlng that values of part of the plxel data’ 1n the-
_foreground area of the 1mage data input by the proce551ng of

'sald input” step are substantlally equal.

25 89%. A program accordlng to claim 88, furtherucomprising‘an




to each ot hér,' wher ei ,n"s'ai d processing execution means 10 sinultaneously
perforns at | east the processing for separating the foreground object
conponents and the background object conponents fromthe pixel data of the
m xed area and .the processing for elimnating notion blur fromthe :
separated foreground object conponents based on the 15 detected equal
portion and the result obtained by specifying the are&l9¢ptsabat 280%ca
speci fying neans. 107. An image-captyrjng apparatus according to claim 106,
further conprising unit-of-processi r?gidet erm ning means, for determning a
unit of processing consisting of a plurality 20 of the foreground object
conponents and the background object conponents based wherein said ,
pr ocesstdigel Treef oiors | ddorcteiamh ag @h detpast inommwfedia egualigortion,
execution nmeans -si nul taneously of processing, the processing for separating
the. foredgiivirhl Bbt ectlwonpoheiites mintt hirt2b Brackor dint gljieet aa@sponent s
and the._processing for 22 Septenber 2005 - 293 eliminating notion blur
“from t HRE SeparidagF (dbrtegradimn ¢ Wi tegtt ixohporantls. wWiGgeifn inmide- capt uring |
-apparat us -according to claim107, wherein said unit-of-processing .
- det er MM HF TS UetSrid et lopHay f ingmairicwe sdiapy - cortriespbidiong to t he
- pixgl-data bel onging.to the m xed area or the foreground area which is -
 ocht ed SO S rh iR HInfg Ton WRiTaR il stHa st tiased on the

' ~ equal portion detected by the processing of‘said-qual- |

.portion detectionAstéph : |

30. A program according to claim 89, further COmprisingAa

unit-of-processing deterﬁining step of determining a unit of
10 processing consisting'of a plurality of the:foregrouﬁd

.object components based on a position of the equal portion,

wherein, in the prOcessihg of said,moti6n4blur eiiﬁinating

step, motioh bluﬁ of thé'foreground-area is eliminated for- 

_each unit of proééssing;' )

15 91, .A:prog;am according to claim 90, whereinyrin Ehe
AprOCéssing of said unif-of—processing determining step,_the
unit of processing co:responding_to the pixel data beiOnging
to the mixed area or the fo:eg;ound aréa_which is.loégted oﬁ,
one%straight line and which is other than thé‘pixél'dataAof

.20 ﬁhe equai-portion is determined. |
_92. A program.accbr&iné to claim 89, furthér éomprising an
area specifying_step of.specifying.the foregréund area; thé
background area, or the mixed area. S
93.:‘A program according. to ciaim 89, wherein, in‘the:

25 processing of said equal~portion detectioﬁ step, the equal




.pi xel data of the equal portion. 109. An i nage-capturing appar atus
according to claim 106, 10 wherein said equal -portion detection neans
detects the equal portion by conparing a difference of the pixel data with
a threshold. 110. An inmge-capturing apparatus according to claim 106, )

wherei n said equal -portion detection -nmeans detects the;@qggkm&NQO&prtion
consi sting of the adjacent pixel data having the nunmber of pixels greater

than or equal to the nunber- of pixeglgg: _corresponding to an anount of :
movenment of the foreground object. 1II1. An inmage-capturing apparatus
according to claim105 20 wherein.said processing execution neans
si mul taneously perfornms the processing for separating the foreground
obj ect PO&&HEENé Rt SeirEtere biacREPsIR@ Il eWtf feumpore ntfs thed ptike 1
.proce%sing tor'elininatin%,nntion blur fromthe separated foreground
“obj ect 9BERpYH&Rt & BPrEFpPYing a cal cul ation 25 corresponding to a notion
vector , 22 Septenber 2005 - 294 112. An i mage-capturing apparatus : :
accordrilg t 8 EFRUFFTOBCCORALPE 1Os&La 1By §Ces dhrgedrecini shemeans conpri ses:
nodel iring neans _fqr acquiring.a nodel caorresponding to the unit of
_procesé%géegﬁ&gg ﬁgtFSﬁgvgngEfpgrgdﬁﬁtF@ﬁegéﬁ@PaFFﬁgfnﬁgﬁseﬂéﬁlgenerating,
- basged BrEQS- LT nodel .. an uation_corresponding.to a rel ationship
betmeeg t he Bi%gﬂgégﬁgngfO?hghﬁnf?gSFeﬁgogé§§#nSgﬁﬁdhﬁﬁéngoFgﬁround obj ect
coMPOngRhBe2ndct BexBEGEONP - OPLER! orCRIRRTCRESRRNLALDET (P the unt of
- processing; and- o ' ‘ S T i
pixels corresponding to an amount of movement of the - o
foreground object is detected.
95. A program according to claim 89, wherein, in the
10 proqessing,of said motion-blur eliminatihg step, motion blur
occurring in the foreground area is eliminated by applying a
calculation corresponding to a motion vector;
'96. A,program-accdrding to claim 89; Whétéin the processing
- of said motion-blur eiiminating'étepfcompriseSf N
15  - a model acquiring step of acquirinq a model
corresponding to the unit of processing and a motion vector;
_-an.éqUation.generating'step of generating, based on the
acquired_modei; an equation correspondihg'to a reiationship ‘
between the pixel data of the unit of processing'énd the -
20 foregrouﬁd'objéct.components cphtained in the unif of
- processing; and | |
a calculation step of calculating the foreground object
"cdmpénents'containéd in the unit of‘processing based on the
generated'équation.- |

25 97. .A program according to claim 89, wherein, in the




—number of pixel data and having an.ohject area consisting of object

10 cal cul ation neans for calculating the foreground object conponents and
t he background obj ect conponents contained in the unit of processing based
on the generated equation. 113. An i nage-capturing apparatus conprising:
i mge-capturing neans for outputting a subject image 15 captured by an
i mage- capturing device including a predeterm ned nunber, %%tg%§§5§%@nd
having a tinme integrating function as imge data forneé o? a predeterm ned
conponents whi ch form an object; and 820 “not i on- bl ur el i m nating neans for
elimnating notion Dblur occurring in the object area by assum ng that -
val ues of part of the pixel data in the object area of the image data are
subst amicddssiequalf. shli4l moAn dovagenc aliniinRg iaRParakys paeeakding to claim
113, 25 wherein.: 22 Septenber 2005 - 295 .said input nmeans inputs the
i mage. d&tra sepdmd iag frore griowid dartaea ofosies tikgdof rbar egreundeobj ect
conponents which formthe object, a background area consi sting of :
backgr dFEBIUESt cbdmpdnevmponkendls Bodmtaebaakgyevnddobpbgetr and a mi xed
area. in which the foreground object conponents and the background object
conmponé&RIPoRea tEi Red: pardesaildgmsoirorlblinasling nating heansfebinni nat es
motion_ blur occurring in the foreground area by assuning that val ues of -
part- of Pfh&°pr¥el edatarrarenadl ePegrbuRamRPBaNGF 216 the | nage data i nput
by sai%iin %t neani are substantially equal. o

mu y performed based on '‘area information

aneous :
indicating a2 non-mixed area‘consisting'of the fofegtound
area and the background area'ér the:mixéd area and baSed.on
the equal portion. |
10 98, A program'a;cording to Claim 97, further comprising a
unit-of-processing determining step éf‘determiﬁing a.unit of
processing consisting'of.afplurality of thelforeground
object components and the.backgIOund'objeét componenté based
ron a position of the éqﬂal portion, wherein, in the
15 processing of said protessingxexecutionlétep,,the prdCessing
for Sepérating-the foréground'object components and the |
r‘backgroﬁgd object components'énd the‘proéessing for
“eliminating motion blur frogAthe éeparated foregroun& bbject
cdmpoﬁents#are.simultaneously éerforméd for each ﬁhit1of
20 pfocessiﬁg. | | |
99 A program.aécording to élaim,98,-whéréint in the
:processing of said unit%of—précessing-détermininé'step, the
unit of processinggcorresponding'td thé ﬁixel data beloﬁgingj
to the mixed area or the forégrouhd area which is locafed on

25 .one straight line and which is other than .the pixel data of




115. An i nmage-capturing apparatus according to claim 114, further -
conprising equal -portion detection means for detecting: an equal .portion
in which the values'o.f the pixel 15 data in the foreground area of the

i mge data are substantially equal, wherein said notion-blur. elimnati-ng
means elimnates notion blur occurring in. the. foreground area based on

“a““the equal portion detected by said equal - portion detecg?&eptergtmna0520 116. .

An i'mage- capturing apparatus accordj fo claim 115, further conprising

uni t - of - processing determning means for determning a unit of processing

consisting of a plurality of the foreground object conponents based on a

position of the equal portion, wherein said notion-blur elimnating .25 .
means ERFnfAYEEsPABEiOR bfudeberitheedor eground area for each 22 Septenber.

- 2005 - ﬁBG unit- of processing. 117._ An inmge-capturing apparatus according
to clathP116s PRASFRRN2SaPHILRT t Lof ShRUBeSdr nUHERRE nFoREL FE2Ms2Riet er mi nes

~the unit of rocg53|ng corre§pondjn to the pixel data. 5 beloqging to the
i xed 2F83 BPETheY 07 eFrBuntt aPRECHY LRI | Ehe| beaesrowhd ofeedt ritight |ine
and mhggg i§08t3er t han th§% pi xel .data of the equal portion. 118. An .
i mage- 2aptof PRY T apharat 08 HeToPHFRY #6°%tai m 115, further: conprising area

S i fyj S LEyi e 10 foreground.area, t.he background
'afgg, %P??hg£ﬁ§§%%8%Pé%S&Tﬁﬁj%&ﬁén%&éﬁ%a%fu??ﬁ%r%b%ar%?u hea.ccordigng'to

o Mo sANRIeLE 321 SR aOsLL o, Al el | BERS el ephag e ewal

' portion is detected:by comparing a differgnce of the pixel o
~data with a threshdid;‘

S 102. A program according to claim 97, wherein, in the:
10> processing of said‘equalonrtion detection step, the equal
- portion consistingrof adjacent pixel data having the nuﬁber
of pixels greater than or egual to the nﬁmber of pixels
corresponding to an amount of mOVement of the forégrouﬁd
.object is detedtgd.—'. | | -

_15 103. A program.accoﬁding tp claim 97, wherein, in the
.processing of said unit-or-processing determining step, the
_érocessing for‘separéﬁing-the fo;éground‘object éomponenté :
_and'the background“object components.and tﬁe processing for-

eliminating motion blur'froﬁrthé Séparated foréqround objecfl'

‘20“,component§ are simulﬁaneouély performed by applying a
_calCUlation-corfespondingrtoja_motion vector.

104. A program acébrdipg'to:claim 97, wherein the
prbcessing Qf said uﬂifuof—brocessing.determiniﬁg step -
compfises: | | o

25. a model aéquiring-step of acquiring a model




threshold. 15 120. An image-capturing apparatus according to claim115,
wher ei-n said equal -portion detection neans detects the equal portion

consi sting of the adjacent pixel data having the nunber of pixels greater
than or equal to the nunber of pixels corresponding to an anmount of a
nmoverment of the 20 foreground object. 121. An inmage- capbWehib@o@RB&Y at us
according to.claim 115, wherein said notion-blur- elimnating neans
elimnates notion. blur occurring in_the foreground area by. applying.a

cal cul ation corresponding to a nnfig%lvéCtOr. 25 122. An inmmge-capturing
apparatus according to claim115, 22 Septenber 2005 - 297 wherein said
motion-blur elimnating means conprises.: nodel acquiring neans for

acqui r igwr e smdel irgprircespendimig: tof theasdidimf Pioeessitngnakdc@ommti on
vector; equation: generating neans for generating, based on the acquired
nodel , an e@quakiquatdonr gspemdicnggt stapr elfatieanshicpnghebueen éMerps xel data
of the unit of processing and the foreground object conponents contained

i Nt he AW 1d mrostedssiamg emed ioal -cgirattspontdans thor callanlahbhgpt he _
foreground object 10 conponents contained in the unit of processing based
on t he PEfetrematd® ajuatli sataizd. the umdde ofaptrociesgiagpandt tieaccor di ng to
claLm 115, wherejn said notion-blur elim.nating neans sinultaneously '
per P or FEIFIIBCEEE ©FIEGt SepRPREITS ERE pihgelbagkozovndt pbiestni xed area into

t he foreground object conponents and .t he .
- co ponentsjconta%ng% Qn tie unit of processing; and

a calcﬁlatioﬁ step of calculating the foreground objéét'-
components and the background object components céntained in -
the unit of processing based on the generated equation.

10 105. An'imagencapturing'apparatus.compriSing: |
iﬁage—capturing‘means-for outputting a subject image
captured by an image-capturing device including a |
" predetermined number of pixels and having a time intégrating
function as image data formed of a predeﬁerminéd number of
15 ‘pixel data:; |
B area specifying means.fof specifying a non—mixed area
formed of a foreground area gonSistiﬁg of foreg%bund objéét
components which_form.arfdreground objéct of the image data

and a background:area consisting'bfﬂbackground'object'

:20 COmponents-which form a baékgtound object of the image data,

or a mixed.area in which the fo;egrbuhd‘object components

and the.backgroﬁnd'object_compoﬁentS'area mixed}'and‘
proéessing eXequtién mean§ f5::simuLtaneduSly

pefforming,“baseduon a‘result obtaiﬁed b& specifying the

25 area.by said area specifying means, processing'fbr




background obj ect conponents and processing for elinmnating.- notion blur
fromthe separated foreground object-conponents. based.on area information
i ndicating a non-m xed area consisting of the foreground. area and the
background area or 20 the m xed area and based on the equal portion. 124.
An i mage-capturing apparatus according-to claim 123, further conprising.
uni t - of - processing determ ning neans for determ ni ng @2®aptempdr 2pg0CESSI NG
consisting of a plurality, of the fgreground obj ect conponents and the
background 25 obj ect conponents basédZon a position of the equal portion,
22 Septenber 2005 - 298 wherein said processing execution nmeans’
simul taneously perforns, for each unit of processing, the processing for
separ atsepq e ortegr dondgebuadt obgapenedhpoardtkhandbagkgr ound obj ect
conmponents and the processing for 5., elimnating notion blur fromthe _
separab@iﬁ%mn@mb@nQeGMJeompouenpenénbm th25piAali oage- 68ptHei ng- appar at us
according to claim 124, wherein said unit-of-processing determ ning nmeans
deternﬂﬁé@d-ﬁﬁ@aunﬁpdoprppeoessgn@ocoelespoadnng totibe pixel fdama 10 .
bel onging to the m xed area or the foreground.area which- is |ocated on one
~ strai ghtq isfeadadeghifenensovniepbipgh epepPphzelsdata of the equal - portion..
- 126 An i mage- capturing apparatus further conprising area speC|fy|ng
accdr ditf§ -t o & dPAPE2SaPtHEARY RBPA5REEH §FRQTehBT to claim 105, .

further comprising equal-portion detection meansrfor
detecting an equal portion COnsistingrof adjaeentroixel data
of the foreground area whose values are substantiallyreqﬁal
to each other, wherein said processing execution'ﬁeans

10- simultaneously performs at least the processiag for :
separating the foreground object components_andlfhe'
background object-components from the pixel'data of the
mixed area and the processing for eliminatingvmotiOn blur
from the separated foreground object components based on the

15 detected equal portlon and the result obtalned by spec1fylng
the area by said area spec1fy1ng means. o
107. An 1mage capturlng apparatus accordlng to clalm 106
further comprlslng unit~ of—proceSSLng determlnlng means for
determlnlng a unit of proce531pg con51stlng‘of a plurallty

: 20-'o£ the foreground object components -and the baCkground”

object components based on a position of the equal.oortion,
whérein said processing execution means_simultaneouSif..,
performs, for each unit of processing},the‘procesaing fcr
separating the foreground‘object componenta'aodlther |

25 background object components and the.prooeseino'for _




15 foreground area, the background area, or the m xed area. 127. An
i mage- capturing apparatus -according to claim 123, wherein said
equal - portion detection nmeans detects the equal portion by. conparing a
difference of the pixel data with a threshold. 20 128. An inage-capturing -
~apparatus according to claim 123, wherein said equal -portion detection
neans, detects the equal portion consisting of adjacert Sprtxeer d2ica havi ng
the number of pi xel s greater than or equal. to the nunber. of pixels
correspondi ng. to an..anount of novetEht™ of the foreground 22 Septenber
2005 - 299 129. An inage capturing apparatus according to claim 123,

- wherein said unit-or-processing deternining nmeans sinultaneously perforns

the proeessimer {10 wADA@AE NG them frre o i i %recqql%@e%&)ﬁ ogipd - the
_ background obj ect conponents and the proceSS|ng for elimnating notion
bl ur fromgdreerstepar at ed f oreground obj ect conponents by applying. .a-
calcul ation corresponding to a notion vector. 130. An inage-capturing

appar at1d8 acdor dingyd-aagitaimnk? Zppartna neRirdiny tol-1precessing

~© determning nmeans conprises: 10 nodel acquiring nmeans. for ach|r|ng a

. nodel cdrersiporstiny urd t-od -wridceafs iproo cessimg rdmd; acl3Blsi ol reestiaks equati on
- generating neans for generating, based on the acquired nodel, an equation

‘cor PesgoiliuaY-t @ fa Husicatsisdmshiqe thretspoext iniye ol téle gatalofiatthe unit of
processing and the 15 foreground object conponents and the background

obj ect ROAIBHEM S dheamiegd @rﬁﬁeOﬂnW@eoﬁcgﬁocegsﬂngreandhlchlmslatlon

means' for. calculating the foreground object.
S located on one straight line and which is other than the

pixel data of the equal portlon.A
_109. An image-capturing apparatus according to claim 106,
'310 ‘wherein said.eQUal—portion detection means detects the equal
portion by COmparing a difference of the pixel data with a
threshold. |
110. An image-capturing apparatus according to claim 106,
wherein saidfeqﬁal—portion detection means detects the equal
15 .portion conSisting of the adjacent pixel data having the~
number‘of pixels greater thanror equal to the number of
‘pixels;corresponding_to'an amount of movement‘of the.
A foreground objeot;.
111, An.image—eaptnrino apparatus'accordinglto claim 105,
20 wherein.eaid procesaing execution meane-simUltaneousl§‘d
" performs the processing for separating the foregrOund'object.e
- components and the background object components and the
_proce551ng for ellmlnatlng motion blur from the. separated
-foreground object components by applylng a calculatlon'

25 'correspondlng to a motion vector




conponents'and'the'backgrbUnd obj ect components contained in the, unit of.

processing based on. the generated equation.” 22 Septenber 2005 - 300

ABSTRACT The present invention particularly relates to an image processing
apparatus in which notion blur contained in a blurred i nage can :

be.elimnated. An area specifying unit 103 specifies 3 %@tghﬁgd(%rea
formed of a foreground area consisting of foreground o ject conponent s

~ “which forma foreground object and. _.a. background area consisting of

background obj ect conponents which: ?3#n1a backgr ound object, or a mxed -
area in which the foreground object conponents and the background obj ect
conponents are m xed. A separating/blur-elimnating unit 1503

si nul t dd€ousihy iperkerap tprdees sippgrhenss epabatiing thecioiguioynd obj ect
conponents. and the background object conmponents fromthe pixel -data of .the
m xed ateaednd spridcessicegsfiay ealeicnitiahi agansot-baprbkys:from the separated
. foreground obj ect conponents based on a result obtained by specifying the
area: The pm@@ehtaC@venLn@nmesnappbrcaOQElrnn@na|mm@elproce55|ng appar at us
in which a difference between a signal detected by an .i nage-capturing
deV|ceCQﬁdeﬁﬁ@nﬂéaH Wer kbei gnééneifderedessing and a motion vector;

5 : equation generatlng means for generatlng, based on the
acquired mOdel, an'eqdation'corresponding_to a relationship
" between the pixel-data'of the'unit of .processing and the
foreground object componente and the background object
components COntained in the uoit of processing; -and
_710. : 'calculation.means for calculating the foreground cbject
components and the background object components contained in
the unit of processlng based on the generated equatlon-
113. An image- capturlng apparatus comprising:
1mage capturlng means for outputtlng a subject 1mage
._15 captured by an image- capturlng device including a
| predetermlned.number of‘pixels and having a time integrating
functlon as image data formed of a predetermlned number of
plxel data and having an object area consrstlng of object-
Components whlch form an object; and
20 f‘ metion—blur-eliminating means‘for‘eliminating motion
blur occurring in the object area by assuming that values of
_part of the plxel data in the object area of the image data
 are. substantlally equal. |
%14;. An-;mage—capturlng apparatus acCording to claim i13,

- 25 . whereinzi
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said input means inputs the image data having a

_foreground ‘area con51st1ng of foreground object components

whlch form the object, a background area con51st1ng of

‘background object components which form a background object,

'and.a mixed area in which the foreground-object components

and the baokground'object components are mixed} and
'said motion-blur eliminating means eliminates motion

blur occurring in the foreground area by assuming that

values of part of the pixel data in the foreground area of

the image dafa input by said input meansfare substantially

equal.

115. An image-capfpring apparatus according to claim 114,
further-comprising equal-portion detection means for

detectlng an equal. portion in which the values of the pixel

_data in the foreground area of the 1mage data are

substantlally equal, wherein said motlonrblur‘eliminating

‘means eliminates motion blur occurring in the foreground

.area based on the equal portion detected by:said equal-

portion detection méahs;
116Q. An-image—cepturing-apparatns according to claim 115,

further comprlslng unit-of- proce551ng determining means for.

determlnlng a unlt of proce581ng con51st1ng of a plurallty

of the foreground object components based on a p051t10n of

- the equal portlon, wherein sald motion-blur ellmlnatlng

meanS;ellmlnates motion blur of the foregronnd area for each
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unit of proce551ng-

117. An 1mage capturlng apparatus accordlng to claim 116,
wherein sald'unltfof—proce551ng determining means déetermines
the unit ofibrogessing corresponding to the pixel data

belonging. to the mixed area or the foreground area which is

~located on one straignt line and whichris other than the

'pixel-data of the equal portion.

118.  An image-capturing apparatus according to claim 1185,
further comprising area specifying means for specifying the

foreground area, the backgronnd area, or the mixed area.

'119. BAn image—capfuring apparatus according to claim 115,
wherein said equal-portion detection means detects the equal-

portion by eomparing a difference of the pixel data with a

™

threshold.

120. 'An image-capturing apparatus according to claim 115,

,wherein.said-equal-portion detection means detects the equal
| portlon consrstlng of the adjacent pixel data having the
'number of plxels greater than orx equal to the number of

pixels correspond;ng to an amount of movement of the

foreground'object.

‘121L An 1mage capturlng apparatus accordlng to.claim 115

_ whereln sald motlon—blur ellmlnatlng means eliminates motlon

blur occurrlng 1n ‘the foreground area by applylng a

calculat;qn correspondlng to a motlon vector,

| 122, An imagefcapturing apparatus according-to claim 115,
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whereln sald motlon blur ellmlnatlng means comprlses

model acqulrlng means for acquiring a model

'correspondlng to the unit of processing and a motion vector;

‘equation:generating-means-for generating,'based on the
acqu1red model, ‘an equatlon corresponding to a relatlonshlp

between the plxel data of the unlt of processing and the

‘foreground object components_contalned in the unit of

- processing; and

calculation means for calculating the foreground object

components contained in the unit of processing based on the

geherated equation.'

123.._An’image—capturing‘apparatus according to claim 115,

: wherein'said‘motion—blur'eiiminating means simultaneously
' performs ‘processing for separating the pixel data of the

mixed area'into‘the foreground object components and the

background object components and'processing forleliminating'

motion blur from tne,separated foreground object.components:

based.on-area information indicating a non—mixed area

-con51stlng of the foreground area and the background area or
the mlxed area and based on the equal portion.
7124. An‘lmage~capturlng apparatus,accordlng to claim 123,

- further comprising;unit—offprocessing determiningbmeans for

determining a'unit of processing consisting of a'pluralityA

of the foreground object components and the bacquound

,object components based on a posrtlon of the equal portlon,_
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wherein said proce551ng executlon means srmultaneously

rperforms, for each unit of proce551ng, the processing for

separating the foreground object components.and the

-background object components and' the processing for
'eliminating motion blur fromtthe-separated foreground objedt
components. | | | |

'7i125; An imageQCapturing_apparatnS-accerding to claim 12&,

wherein said unit-of-processing determining means determines

the unit of procesaing_corresponding,to the pixel data
beionging to_the mixed area or the_fOreground.area which is
located on one straight line and which is other than,the
pixel data,eflthe equal portion. |

126. An image—capturing-apparatusfaccording to claim 123,
further comprising -area specifying means‘for sﬁecifying the

foreground area, the,background'area, or the mixed area.

'._127. An image—capturing apparatus‘according to claim 123,

20

25

. whereln sald equal—portlon detectlon means detects the equal

'portlon by. comparlng ‘2 dlfference of the plxel data w1th a .

threshold,

128. An image-captﬁringnapparatus:accdrding-tOfeiaim 123,

"wherein said equal-portion detection'meansjdetects‘the equal

pOrtion-consisting of adjacent pixel data having‘the number

o of pixels greater than or equal. to the number of plxels

correspondlng to an.amount of movement of the foreground

object.
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_129- An image-capturing apparatus'according to claim 123,
_whereingsaid unit—or—proceSSing determining means
- simultaneously performsfthe.proceSSing for separating the

_foreground object'components and the background object

components and the proce581ng for eliminating motion blur

from the separated foreground object components by applying
‘a calculation correspondlng tc a motion vector

2130. An image-capturing apparatHS-according to CIaim 123,

wherein said unit-of-processing determining means comprises:
model acquiring means,for‘vauiring a model
corresponding to the unit.Of'processing and & motion vector;
equation generating means for generating, based onithe
vanired model, an‘equation corresponding to‘a relationship
between the pixel data of the‘unit of processiﬁgrand:the
'foregronndrobject conponents'and the background object
components contained in the unit of'processing; and
calculation means for calculating the foreground object.
components and the background object components contained in

the_unlt of proce531ng based on the generatedleqnation.
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ABSTRACT
The-preSent‘invention particularly relates to an image

processing apparatus 1n Wthh motion blur contalned in a

. blurred image can be ellmlnated An area SpeleYlng unit

103 spec1f1es a non—mlxed area formed of a foreground area
"con51st1ng of foreground'obJect components which form a
aforeground objeot;and_a]baokground area consisting of
abackoround object components‘ﬁhich form a background'object,
or a mixedAarea in'wbichjthe foreground object oomponents-
r'abd the background object components are mixed. P
separating/biur—eliminating unit 1503 simﬁltaneoualy'
petforms.proceSsinQ_fof Separating the foreground object
‘componentsjand'the background object oomponents-from the
"_piXel data of the'mixed area and processing fof eliminatiog
motion blur'ftom tbe sepatated.foregtound object components
based‘oo a resuit obtained by sbeoifyiog the ‘area. .The
‘present 1nventlon is appllcable to an . 1mage proce551ng
apparatus in whlch a dlfference between a 51gnal detected by

Can 1mage capturlng dev1ce and the real world is. con51dered-




