13 May 2005 - 1 DESCRIPTION | MAGE PROCESSI NG APPARATUS AND METHOD, -AND
| MAGE- CAPTURI NG APPARATUS 5 Technical Field The present naweytioos rel ates
to i mage processing apparatuses and net hods, and i mage-capturing '
apparatuses, and nore particularly, to an inmage processing apparatus and
met hod, and an image-capturing apparatus in which a 10 difference between a
signal detected by a sensor and the real world is taken into '

consi deration. Background Art Conventionally, a technique for detecting
iincidents 15 occurring in the realk world by a sensor and for processing
sanpl ed data output fromthe i mage sensor is w dely used. For exanple,
motion blur occurs in an inmage obtained by capturing an object noving in
front of a predetermned statigparyipagkground with a video canera if the
nmovi ng 20 speed is relatively high. However, when a noving object is

capt ur gghnds drERESGRNG ABSRARAIDE m@gm@hobhem@vmgegbtﬁ@tukingapt ured
according to an exposure period of which one frame is captured, that is,
a shut hepapariyegd. Conventional |y, obtaining the anount 25 of novenent
indicating the novenent of the object within the 13 May 2005 2 shutter
period was not considered.

5 Technical Field

The present invention relates to image processing

apparatuses and methods, and imajeucapturing apparatuses,
and more particularly, to an image processiﬁg apparatﬁs énd
method, and an image-capturing apparatus in which a

10 difference betweéen a signal detected by a sénsor and the

real world is taken into consideration.

Backgrbund Art

Conventionally, a technique for detecting incidents

mﬂ_lgmmOécﬁrringmiﬁmthé_féalmwérld_bymamgéﬁSGTMandwfbr;ﬁfdcéssiﬂgm“;mmmm_mmmmmm
sampled data butput_f;om‘the~image.sensor is widely used.
Fof'ékample, motion blur occurs in aﬁ_image-obtained by
éapturing-an obﬁect mo?ing in front of a predetermined
stationary background with a video camera if the moving
20 .Speed is relatively high.
However, when a moving object'is'capturéd as a motion
| image, the image of the méving object is captured according
to an exposure period of which one frame is captured, tﬁat
is, a shutter period. Conventionally, obtaining the amount

25 of movement indicating the movement of the object within the



Di sclosure of Invention The present invention has been nade in view of the
above-descri bed background. Accordingly, it is an object of the present
invention to nmake it possible to obtain the anbunt of nmovement indicating
the novement of an object within an exposure period. In acchtdfeesUth a
first aspect of the present invention, there is provided an inmage
processi ng apparatus for processing image-data which is forned of a
predet er mi ned nunber of pixel data obtained by an image-capturing device
~that i nctludésr pqriedetser netnednaiddred. of pixels having a tinme integrating
function, the inmge processing apparatus characterized by conprising:

m xture-ratio detection neans for detecting, in a mxture area where a

f or egr oubisdbpert ofolpomantn constituting a foreground object and a
background obj ect conponent constituting a background object are mxed in
the i mage dati}}e ETRPKtur8VFHtics PAdiRER PR HE YR §foFha AiVRTRETHRheen

the foregrqund object conponent  and the hackground object conponent, and
oV enentAIARE et dEEPRTTRdns 1F ofS det ePURRD Ehe harARER bl SRIREREHT tof
t he foregr,ound object .in .an osur eri od, whe t he pixel data,

ke pl) tble [o) ﬁbxt%lge t%ep ?Iréciulzllg d,o{' moveme%gs 1nddgﬁglengwi Flhe t he

. constituting the |%%be data has en ob in - correspon

'nixturgI&gk%gntEﬁgahg?%%cgrgﬁgﬁﬁiggfhgpﬁggiggrﬁﬁﬁ_be configured such»that

the mXxture-ratio ction neans el'ati onal -expression

generating IMEANS L0k XL LAGH NG LD SOLLeSpPdRNEe UL . designated oi xel

in a designated frame of the 1 mge data, e plXx data in a nearby frame

close t0;dl3,MaY aéQ0an 3maddrepHosi-gRal edpfdAaMRs agoPackgroid Pisnghe datén
correspondi ng

which is formed <f a predetermined number of pixel data obtained by an

Aimage-capturing device that includes a predetermined number of pixels
having a time integrating function, the image processing apparatus
characterized by comprising:

mixture~ratio detection means for detecting, in a mixture area

where a foreground object component constituting a foreground object and

a background object component constituting a background object are

_ mixed in the image data, a mixture ratio indicating the ratio of a |

mixture between the foreground object component and the background
object component, and movement-amount detection means for detecting the
amount of movement of the foreground object in an exposure period when
the pixel data constituting the image data has been obtained, in
correspondence with the mixture ratio.

The image processing apparatus can be configured such that the
mixture-ratio detection means includes relational-expression generating
means for extracting, 1in correspondence with a designated pixel in a
designated frame of the image data, the pixel data in a nearby frame

close to




to the background object; also for extracting the designated-pixel data of
t he designated pixel and vicinity- pixel data of a vicinit¥yMaygebsin a
vicinity of the 5 designated pixel in the designated franme; and for
generating a plurality of relational expressions indicating relationships
anong t he desi gnat ed- pi xel data, the vicinity- pixel data, and the
background pi xel data corresponding to the designated pixel and the
vicinity pixel, and m xture 10 ratios of the designated pixel and the
-vicinity pixel are detected accordidg-to the relational expressions. The

i mage processing apparatus can be configured such that the

rel ati onal - expressi on generating neans generates the relational

eXpres&henaeg§§95@g§9f£9m@ Lers ciar89930§%ga&'eatgnc&@kggggnalxalues of

conponents o oreground obj eCt are e sane he conponentsS bei ng

i ncl uded tﬂetﬂﬁcﬂﬁ§bﬂﬂét8338b¥e|aﬂé&aféﬂdekQEaMtEhﬁ thepixel data, and a
second approximation in he m xture ratio anges linearly with

respeclieb9ghheeOpi kb PN8aBh &hetﬁéxeéglgagtéa heem xhYr eiafgaryThe image
processi ng apparatus can be configured such at the novenent - anount

det ect pdRehEa8Ba def £t SithRityepiRedCRh vaibengtﬁdbﬁnth@f the |inear
changes of the mixture ratios corresponding to the positions of the pixels
255 n fesighatedepixen as the aepighadédnbranentansi fhe d8ndbyt?AES - 4
foreground object within the exposure period when the i mage data has been
obt ai nedplanaloty puf sr¢het jetatt expaepsitnef indveatiby -
relationships among the designated-pixel data, the vicinity-
pixel data, and the background pixel data corresponding to
the designated pixel and the vicinity pixel, and mixture
10 ratios of the designated pixel and the vicinity pixel are
detected according to the relational expressions.
The image processing apparatus can be configured such

that the rélationalﬁexpression generating means generates

the relational expressions according to a first

B ApPrORTMAt TGN Th WHich the values of cComporents of the
foreground object areAthe same, the components bheing
included in ﬁhe designated-pixel data and the vicinity-pixel
data, and a second appfoximation in which the mixture ra£i0
changes linearly with respect to the positions of the pixels

'20 in the mixture area.

The image processing apparatus can be configured such
that the movement-amount detection means detects the
reciprocal of the gradieht of the linear changes of the
mixture ratios corresponding to the positions of the pixels

25 in the mixture area as the amount of movement of the




Ih accordanbe Wi th a second aspect of the present invention, there is
provi ded an i mage processing nethod for processing inmage data which is
formed of a predeterm ned nunber of pixel data obtained by an inage-

‘capturing device that includes a predeterm ned nunber of pixels having a

time integrating function, the i mage processi ng net hod char akt éfdyzetd By
including a mxture-ratio detection step of detecting, in a mxture area
where a foreground object conponent censt+tuting a foreground object and a
background obj ect conponent constituting a background object are mxed in

the image data, a mxture ratio indicating the ratio of a m xture between

t he f or efpregndamgbpletdctc eiploive the sargpothres Ipeckod olird Oy évage clehpdrenbeerand a
novenent - amount detection step of detecting the amount of novenment of the
f or egr ourd-2ébde B nowipues pdsu detpedognoien of Heovpiekdl-  data constituting

t he i mage data has been obtained, in correspondence wth the m xture
rati o. The i Mdg@cprEt@ssi f-imdt RBePEanSBeFc Gif FHRIrRFES§DE - VRAEL The there

m xture-ratio detectiaqn St%ﬁgjs rovided with a rel atjonal - expressi

gener at i 11y FEPEHIGE X 48T i PP CCP it KD IEEEpONtNEE CRFEH Y dB_9yriktad ng[]‘%‘bl

[ desi ted, f f the | data, th i xel data . by_f

Cl ose t o THE HEiTna: BE 17418 e BHORT: SUnd BT kol Babs BOrTCBhORINE T o
the backgy %HP&QO%%& 330;.00 8XE raagatr'eBQt%JﬂSnQSSA%%Eegf gsli?kgis %%Rz%(]?fa the
deS|gnateE p1 X and V|C|n|%y-p|xel ata of avicinity piXél Tha "vicinity

of. the d&%degm% R X 'fdnr%&&% des %g;?eegbrfoegg&ngaﬁgtgé Seperatingd; &,y

plurality of y 2005 relation Xpressions indicating

rel ati onshhpg: RmMangi Ne desi 9nakeder RhXsteddfragetda iU eI bynbieigl dadA,
and the background pi xel data corresponding to the designated pixel and
the viciybeky¥ Pl XQlegréll object component constituting a foreground object and
a background object component constituting a background object are mixed
in the image data, a mixture ratio indicating the ratio of a mixture
“between the foreground object component and the background object
component, and a movement-amount detection step of detecting the amount

of movement of the foreground object in an exposure period when the pixel

data constituting the image data has been obtained, in correspondence

”T"fQﬁfﬁmfﬁémﬁikﬁuféwféfidf“mmmm'm“m
The image processing method can be configured such that the
mixture-ratio detection step is provided with a relational-expression
generating step of extracting, in correspondence with a designated pixel

in a designated frame of the image data, the pixel data in a nearby frame

. close to the designated frame as background pixel data corresponding to
the background object; also of extracting the designated-pixel data of
the designated pixel and vicinity-pixel data of a vicinity pixel in a
vicinity o©f the designated pixel in the designated frame; and of

generating a pilurality of




m xture ratios of the designated pixel and the vicinity pixel are detected
according to the relational expressions in the mxture-ratio detection
step. The i mage processi ng nethod can be configured such thgga%lygbg%

rel ati onal - expressi on generating step, the relational expre

generated according to a first approximation in which the val ues of
conponents of the foreground object aredthe same, the conponents being

i ncluded in the designated-pixel data and the vicinity-pixel data, and a

. second aF%foxi mation in which the nm xture ratio changes linearly with

. ) _ I
r espect AHE POSTIRTGHS O t HELFRkEIS TSAhe T REuPBORY eB THE i9hahes
processin thod can be .configured such that, in the novenent-anoynt
et oct i oM Sop o PEC  HEORAT 8 ¢ hograa a1 BFe ¢ REFaPPEar PERINGHE br
t he m xt r.atj corre ndi t he.. itiqn f _.the.pix in
m xture gé%fsgéﬁ%)le gec{%d%és) t(gl fgé nr?%ﬁ%t %c%ggirp\?gﬁeﬁtth%ofthlﬁé& o]%%erldun%ljl]ée
obj ect whbhifde! hacexposyr ¢npeid.0thien gl mage daka Nasnifpep;ahl akned
and the detected anount of novenent is output. In accordance with a third
aspect OfictRRQr 8s&MainhVent kD, rdNRiBnal Seyr¥ioed anr eeer diRg,fedLtig
havi ng recorded thereon a program readable by a conputer, for inmge
processi &gt t062es8kpyg for preocessing image data which is formed of a
predet er mi ned nunber of pixel data obtained by an image-capturing device
t hat i ncl udesTiae predet pragaradng nuehed ebnpbxetentiavicag sudh rmdaint egraid ng
function, the program characterized by including a m xture-ratio detection
step of deltagdbnmigexprassa on Xeuemtanga swher ethe 18e My 020D 5exiBrefso i egy oz
obj ect component constituting a foreground object and a background object
conponengensgased t atdarging baekgr dunek approximation in which the values of

components of the foreground object are the same, the components being
included in the designated-pixel data and the vicinity-pixel data, and
a second approximation in which the mixture ratio changes linearly with
respect to the positions of the pixels in the mixture area.

The image processing method can be configured such that, in the
movement-amount detection step, the reciprocal of the gradient of the

linear changes of the mixture ratios corresponding to the positions of

.fhe pixels in the mixture area is detected as the amount of movement of
the foreground object within the exposure period when the image data has
.been obtained, and the detected amount of movement is output.

In accordance with a third aspect of the present invention, there
iz provided a recording medium having recorded thereon a program
readable by a computer, for image processing processing for preocessing
image data which is formed of a predetermined number of pixel data
obtained by an image-capturing device that includes a predetermined
number of pixels having a Gtime integrating function, the program
characterized by including a mixture-ratio detection step of detecting,

in a mixture area where a




object are mxed in inage data, a mxture ratio indicating the ratio of .a
m xture between the foreground object 5 conponent and e bac und obj ect
conponent, and a novenent-anount detecti-on step of de c¥?%g5%%§ anount of
nmovenent of the foreground object in an exposure period when the pixel
data constituting the i nage data has been obtained, in correspondence with
the mxture ratio. 10 The recordi ng nedi umcan be configured such that the
‘m xture-ratio.detection step is provided with a relational- expression
generating step of extracting, in correépendence wth a designated pixel
in a designated frame of the image data, the pixel data in a nearby frane
close to the 15 designated frane as background pi xel data corresponding to

t he backg c |.so _of extractin e desi gnat ed- I ata of t he
designate 8Eg§r§92§d59 %Fnr y B?Q% %da?agtl a5y cgn??§ S ﬁg 4%Ftcinity

of the deéh %tﬁgc §8thnobiggtd8§ﬁ Bﬁggglca OB +8o ggfaggﬁ §Eoﬂgda

plurality o t|onaI pressro s In |ng re i ons anon

des'gnategbﬁééglag@tﬁlxegelﬂl§h§géydgtéel daagguegdrgbﬁo-?ﬁ&kgseyﬁg plxe'

data corresponding to the designated pixel e vicinity pixe

mxture rahbosa0fot be Qe§i95§£§dbe9%é§£ 8Ad £hee t&hﬂatabgééel ar e derected
according to the 25 relational expressions 13 y 2005 The recording

nmedi um cadolgotent i gha ethSUsHckHabund NobNEct r 8bBbbRBAL ; expEESSI ON

generating step, the relational expressions are generated according to a

first appioxémdhtofmbinwhiéhethBovabtes 6f detecting the amount of :
movement of the foreground object in an exposure period when the
pixel data constituting the image data has been obtained; in
correspondence with the mixture ratio.

10 -~ The recording medium can be configured such that the

mixture-ratio. detection step is provided with a relational-
expression generating step of extracting, in correspondence .

with a designated pixel in a designated frame of the image

data, the pixel data in a nearby frame close to the

157 "designated frame as background pixel data corresponding to
the background object; alsc of extracting the designated-
pixel data of the designated pixel and vicinity-pixel data
of a vicinity pixel in a vicinity of the designated pixel in
the designated frame; and of generating a plurality of

20 relational expressions indicating relationships among the
designated-pixel data, the vicinity-pixel data, and the
background pixel data corresponding to the designated pixel
and the vicinity pixel, and mixture ratios of the designated
pixel and the vicinity pixel are detected according to the

25 relational expressions.




conponents of the foreground object are the sane, the conponents being

i ncluded in the designated-pixel data and the vicinity-pixel data, and a
second approximation in which the m xture ratio changes linearly with
respect to the positions of the pixels in the mxture area. iFheydecorgh ng
medi um can be configured such that, in the novenent- anount detection step,
the reciprocal of the gradient of the |4near changes of the mxture ratios
corresponding to the positions of the pixels in the mxture area is
detected as the ampbunt of novenment of the foreground object within the
exposure perifgd WieRotiggl MAGe wilat dalhase besnroht-aq nedicnangnide dat egted
anount of novenent is output. In accordance with a fourth aspect of the
present itdis@nbhitexpbhesonl epeoitgd skepl OgramM-E itiGaLsi BYp A GOBRYL 8Fc t hat
processes inmage data which is forned of a predeterm ned nunber of pixel
dat a obt@imedtdy atrordimgetcapt Wty sigwozemitiah iiaclwhdes ahpr edeter ndhed
nunmber of pixels having a tinme integrating function, to execute: a

m Xt ur e-¢@cocdest et itba Sterofindetitgetingye i thea samxt utte aeponadter eeang

f oreground obj ect conponent constituting a foreground object and a

backgr ouHEloBpeécin cdwpdaennratefseixnadt daga aadrhclgr ghathichettelardatam sedl i n
the image data, a mxture ratio indicating the ratio of a m xture between
t he fore@r%?&ﬁado%ﬁpé@ﬁl%ﬁ%ﬁané%twk&ﬁa the HatKER oitde objrece EoMpBREntitland a
novenent - anount detectign step of detecting the anount of 13 May 2005 8
novenent“GPeFhe C’f&’P@g@c&ﬁiﬁao%jo&Fh‘? PRl expbsiiP e od fhen the pixel

data consti t%g th_.é? i mage_ data hgqs? beeg obt me%1 §lll]‘ corre spondence wth

the mixture, FEoCrIRE BrogFaniR it GenEbHeGur S ghr tHat e PR ur e-

' amount detection step, the reciprocal of the gradient of the linear
changes of the mixture ratios corresponding to the positions of the
pixels in the mixture area is detected as the amount of movement of the
foreground object within the exposure periocd when the image data has
been obtained, and the detected amount of movement is output.

In accordance with a fourth aspect of the present invention, there

is provided a program for causing a computer that processes image data

which is. formed.of a.predetermined.number. of. pixel.data.obtained. by.an ...

image-capturing device that includes a predetermined number of pixels
having a time integrating function, to execute:

a mixture-ratio detection step of detecting, in a mixture area
where a foreground object component constituting a foreground object and
a background object component constituting a background object are
mixed in the image data, a mixture ratio indicating the ratio of a
mixture between the foreground object component and the background
object component, and a movement-—amount detection step of detecting the

amount of




5 ratio detection step is provided with a relational- expression generating

step of extracting, in correspondence wth a designated piLxel i

designated frane of the inage data, the pixel data in a ﬁ%§§%¥ ?9@%9 cl ose

to the designated franme as background pi xel data corresponding to 10 the

" backgr.ound object; also of extracting the designated- pixel data of the

desi gnated pixel and vicinity-pixel data of a vicinity pixel in avicinity

of the designated pixel in the designated frane; and of generating a

~plurality of relational expressions indieating relationships anong the 15

desi gnat ed- pi xel data, the vicinity-pixel data, and the background pixe

data corresponding to the designated pixel and the vicinity pixel and

m xture r e S| i X and .t he_vicinit SPLXE re, detected
. ﬁ&bgﬁﬁ9£ SP t?g kQPSé%QunB % eCt26nTﬁg S%Bgﬁgélcgﬁrﬁ8 HHFPdUFéd

according tot felatrona xpreSS|o

SuON LhalpikOy GBEa LELALLONRLAEXPRESThANLIRNREARLAI,SLEPLLENT LS, A1 pOnE!

expreSS|0ns are gener at accor rst approXximation MﬁICH t he

val ues of c6PPPONERISH O J«f‘@hf{?ﬁé%fﬂ%ﬂ abjeet are the same, the components
bei ng included in th% 25 desi gnat ed- p|§ ggtg and the vici.nity-pixel data,

and a 13 May 2005 @ FeeONchrAY Qb BE i 0Fed Ns YWY Chn 4 e i Xlwi@ufét' 0

changes linearly mnth respect to the positions of the pixels In the

M xtuse argdio IerHrOsRBE€an be sopliguaedisHch thatibRalihe
movenent - anount detection step, the reciprocal of the gradient of the

l'i near chafgessoion tdenditat i@ éﬁépOéfC@itﬁéﬁﬁﬂﬂ@nglﬁ0c&9§e9§§h&é98§ of the
pixels in the
with a designated pixel in a designated frame of theé image
data, the pixel data in a nearby frame close to the
designated frame as backgtound pixel data corresponding to
10 the background object; also of extracting the designated-
pixel data of the designated pixel and vicinity-pixel data
of a vicinity pixel in a vicinity of the designated pixel in-

the designated frame; and of generating a plurality of

relational expressions indicating relationships among the

background pixel data_corresponding_to tﬁe designated pixel
and the vicinity pixel, and mixture ratios of the designated
pixel and the vicinity pixel are detetted'accofding to the
relational expressions.

20 . The program can be configured such that, in the
relational-expression generating step, the relational
expressions are generated according to a first approximation
in which the values of components of the foreground object
are the same, the components being included in thé

25 designated-pixel data and the vicinity-pixel data, and a




m xture area i s detected as the anount of novenent of the foreground

object within the exposure period when the i nage data has been obt ai ned,
and the detected anount of novenment is output In accordance with a fifth
aspect of the present invention, there is provided an inmage-capturing
appar atus characterized by conprising: inmage-capturing neans3 fitay 2005
outputting an inmage of an object captured by an i nage-capturing device that
i ncludes a predeterm ned nunber of pix®ls having a tinme integrating
function, as image data forned of a predeterm ned nunber of pixel data;

m xture-ratio detection neans for detecting, in a mxture area where a

f or egr ound object conponent constituting a foreground object and a

back d t 1 t back d_obj ect d
he | made AR ASEe P ARE Ve Parraoh ntl 6 HOTEnE Pt 1 G BPCh MYEGIS Betheen
the foreground obeci..compnset and,the. backar uod,obiegt component, and

nnvenent a unt de 1 ONn nmeans ecting the anount of novenent of

the foregroung,0hj 86far NbAN b%xl%ﬁ!éi&z%%r igdnhWegL: t he pincel, 98ha t-amount
constituting the i mge 13 2005 ~ 10 data has been obtained, In

COVrespQﬁQﬁ@@fbﬁMétapEhﬁmﬁ&é&iﬁf%ca&aéfCkhéTGQaaﬂﬁﬁﬁ veapldiniiRga ARRRMaLYS£an

be configured such that the mxture-ratio detection nmeans includes

rel ati ondle- n9xeXfY €5%i 69 @anepgdidiggheansnd YPosex¥idmaclbrngne | Bi:@QEr €5 pergience

with a designated pixel in a designated frame of the inage data, the pixe

dat a i n rdxAesas byrda ane ekesed s tire dasugnabedndveiirt asf baek gfansatdomael

data corresponding to the background object; also for extracting the
cbject within the exposure period when the image data has been cobtained,

and the detected amount of movement is output
In accordance with a fifth aspect of the present invention, there
is provided an image-capturing apparatus characterized by comprising:
image~capturing means for outputting an image of an object
captured by an image-capturing device that includes a predetermined
number of pixels having a time integrating function, as image data

formed of a predetermined number of pixel data; mixture-ratio detection

CrmEansT fordetectlng, AT mikture ared where 'a'"""fo're'grc)und“" ..Ob.j.ec.t.

component constituting a foreground object and a background object
component constituting a background object are mixed in the image data,
a mixture ratio indicating the ratio of a mixture between the
foreground object component and the background object component, and
" movement-amount detection means for detecting the amcunt of movement of
the foreground object 1in an exposure period when the pixel data

constituting the image




10 desi gnat ed- pi xel data of the designated pixel and vicinity- pixel data
of a vicinity pixel in a vicinity of the designated pixel3Maytd0e5
designated frane; and for generating a plurality of relational expressions
“indicating relationships anong the designated-pixel data, the vicinity 15 -
pi xel data, and the background pixel data corresponding to the designated
~pixel and the vicinity pixel, and m xture ratios of the designated pixel
and the vicinity pixel are detected according to the rel ational
expressions. The image-capturing apparatus can be configured such 20 that
the rel ati onal - expressi on generating neans generates the rel ational

expr essi ons according to a first approximation in-which the val ues of
compon f r d Iy h 0 s being
includ2%£ QPW é%%%%%g %ixg? %%g%a 8%%%8%%r§Fﬁ%t$h%lgg%Qgggdata, and a
second ,approximation in which the mxture ratio 13 May 2005 - 11 changes
l'inearly W th respect to the positions of the pixels in the mixture area.

The i mage- C@EEUEhﬂgeaEQBEQEHﬁgCéﬁpQﬁaEQQfbQHrﬁg SY&Pighhay Lthen
nmovenent - amount defection means detects the 5 reciprocal of the gradient of

the |ingart changaxtofrelha il ¥ewkethahi asater taspandsnget attiBaaposi tions of
the pixels 1in the mxture area as the anount of.novenent of the

f or egr eyt aljieet genkhianihbernexpesfoe periradtwhgn fihe i mage data has been
obt ai ned, and out puts the detected anount of 10 novenent.
correspondence with a designated pixel in a designated frame
of the image data, the pixel data in a nearby frame close to .
the designated frame as background pixel data corresponding
to the background object; also for extracting the
10 designated-pixel data of the designated pixel and vicinity-
pixel daté of a vicinity pixel in a vicinity of the
designatgd pixel in the designated frame; and for generating
a plurality of relational expressions indicating |
relationships among the designated-pixel data, the vicinity-
g plxel ‘dats and the "'B'a'd'k'g‘fd'ﬂ'ﬁd'"pi}'{él" S S E PSS PORATHE €S e
the designated pixel and the'vicinity“pigel, and mixture

ratios of the designated pixel and the vicinity pixel are

detected according to £he relational_expressions.
The image-capturing apparatus can be coﬁfigured-such
20 that the relational-expression generating means generates
the relatioﬁal expressions according to a first
approximation in which the values of componenté of the
foreground object are the saﬁe, the components being
included in the designated—pixel data and the vicinity;pixei

25 data, and a second approximation in which the mixture ratio




In a mxture area where a foreground object conponent constituting a-
foreground object and a background object conponent consyjalisngsa
background object are mxed in inmage data, a mxture ratio indicating the
"ratio of a 15 m xture between the foreground object conponent and the
background object conponent is detected, and the amount of novenent of the
foreground object in an exposure period when pixel data constituting the

i mge data has been obtained is detected in correspondence with the

. mxture ratio. 20 Therefore, the amlunt- of novenent indicating the

novenent of an object within the exposure period can be obtained. Brief
Description of the Drawings 25 Fig. 1 is a view show ng an i nage processing

apparaeuan5§sw@x eQ0%y prcRoeacgbng 18 pR.caBadiiBnl of LAE pigagat |

i nvention ock gram.il 'ustrating the struct re o

i mage Qhogggshggtgpgaggggs Fig. 3 illustrates inmage capturing perforned by
a 5 sensor. Fig. illTustrates the arrangenent of pixels. Fig- 5

iIlustrat esTEQelmﬁéamﬂn@ Astecd 40 deVige. colt foubdaidhistrates an

i mge obtained by 1Tmage- capturing an object corresponding to a noving
foregrevnd and #OvancAblgebufersespendbAdntand gbatkenagiebackground. Fig.

6B il lustrates a nodel of the inmage obtained by inmage-capturing the object
corg espendpngchd bheth®vghgdient of the linear changes of the
mixture ratios corresponding to the positions of the pixels
in the mixture érea as the amount of movement of the
foreground object within the exposure period when the image
data has been obtained, and outputs the detected amocunt of
10 movement.
In a mixture area where a foreground object component
constituting a foreground object and a background object

component constituting a background object are mixed in

image data, a mixture ratio indicating the ratio of a

"“'lsmmmiifhfé”béfWééﬁ“thé”féfégfddhd”dbjéctMCémpéneht“éﬁd”fhé““””J”'“Mm“”””mm”

background object component is detected, and the amount of
movement of the foreground cbject in an éxposure period when
pixel data constituting the iﬁagg data has been obtained is
detected in correspondence with the mixture ratio.

20 | Therefore, the amount of movement indicating #he-
movement of ah object‘within the exposure period can be

obtained.

Brief Description of the Drawings

25 . Fig. 1 is a view showing an image processing apparatus



foreground and the object corresponding to the stationary background. 15
Fig. 7 illustrates a background area, a foreground area, {1amMaysedsarea, a
covered background area, and an uncovered background area, Flg 8
“illustrates a nodel obtained by.developing in the tinme direction the pixel
val ues of pixels aligned side- 20 by-side in an image obtai ned by

I mage-capturing an object corresponding to a stationary foreground and an
obj ect corresponding to a stationary background. Fig- 9 illustrates a
nodel in which pixel values are deviekoped in the tinme direction and the
period-corresponding 25 to the shutter tine is divided. 13 May 2005 13

Fig. 10 illustrates a nodel in which pixel values are developed in the
time d L8 t r ggndi t. tter time is

di vi de &%g& (%n'% Ia{}{sete?(g{c:!ecgﬁl[laecnoCr eﬁs cﬁ?t“gﬁ xe%E%E uEe]s are 5 devel oped
in the timegdiyeeti;an apd the peri-ad ggﬁ 9+ kO huit time is
di vided. Fig. b&z |ﬁlu§tra?es an gganp I e Pﬁ%wﬁ' hapFQ% §£PSC§H %o?gground

area, aHackiRUMRILAI R Gbd48E area are extracted. 10 Fig. 13
illustrates the relatlonshlps between pixels and a nodel obtained by

devel opi ng Fhegi.r 3pixebsyabges hRabBecabiiRidhyl 8eLFORnedigy 44 illustrates a
model in which pixel val ues are
5 sensor.
Fig. 4 illustrates the arrangement of pixels.
Fig. 5 illustrates the operation of a detection device.
Fig. 6A illustrates an image obtained by image-
capturing an obfecf corresponding to a moving foreground and
- 10  an object corresponding to a stationary background.
Fig. 6B illustrates a model of the image obtained by
image-capturing the object corresponding. to the moving
foréground and the object corresponding to the stationary

background.

15 T Ko g """irl'lﬁS'tr'-été'é ey "lbéfék(jfbﬁﬁd' AFEA T A FOTegrouRd AFeE
a mixed area, a covered background area, and an uncovered.
background area; |

Figf 8 illustrateé a model obtained by.developing in
the time direction the pixel values of pixels alignéd side-
ZQ by-side in an image obtained by imagewcapturing an object
_ potrespopding to a stationary foreground and anrobject
corresponding toc a stationary background.
Fig. 9 illustrates a model in which pixel values are
develdped in the time direction and the periéd cdrresponding

25 to the shutter time is divided.




developed in the tinme direction and the period corresponding 15 to the
shutter tinme is divided. Fig. 15 illustrates a nodel in whggaypossl val ues
are developed in the tinme direction and the period corresponding to the

“shutter tine is divided. Fig. 16 illustrates a nodel in which pixel values
are 20 developed in the time direction and the period corresponding to
‘the shutter tinme is divided. Fig. 17 illustrates a nodel in which pixel

values are developed in the tinme direction and the period correspondi ng

to the shutter tinme is divided 25Fil® 18 illustrates a nodel in which

pi xel values are 13 May 2005 14 developed in the tine direction and the
period corresponding to the shutter tinme is divided. Fig. 19 illustrates a

ri od corr espon: s divided. Fig. 19 illustrat

period CorrSegontl st B PETHAE "2 R P e fel QAL EHRES 88, Pt TR s
od cor respond  SHt S diVi'ded "Fi'g. 20 i lustrat

per 00 Sor e Rendlng t St R har At Fha oo aPsragd. REs LB Al (Ta eea

model g wakchnpicxgh vaheessapevidQqdevel oped in the tinme direction and the
~period corresponding to the shutter tine is divided. Fig. 22 illustrates a

model in which. pixelivadueseare méleve! opeshidh thecdi neadigeciion and the
period corresponding to the shutter tine is divided.
5 developed in the time direction and the period corresponding

'to the shutter time is divided. .

Fig. 12 illustrates an example in which pixels in a

foreground area, a background area, and a mixed area are

extracted.
.10 Fig. 13 illustrates the relationships between pixels
~and a model obtained by developing their pixel values in the
time -direction.
Fig. 14 illustrates a model in which pixel valueé are

developed in the time direction and the period corresponding

Fig. 15 illustrates a model in which pixel values are
developed in the time direction and the period corresponding
to the shutter time is divided.

Fig. 16 illustrates ‘a model in which pixel wvalues are

20 developed in the time direction and the period corréséonding'
..to the shutter'time is divided. |
| Fig. 17 illustrates a model in which pixel values are
developed,in the time direction and the period corresponding
to the shutter time is divided.

225 .~ Fig. 18 illustrates a model in which pixel values are




15 Fig. 23 illustrates a nodel in which pixel values are developed in the
~tinme direction and the period corresponding to the shuttespaly®0ss
divided. Fig. 24 is a flowhart illustrating processing for adjusting the
“anpunt of notion blur. 20 Fig. 25 is a block diagramillustrating an
exanple of the configuration of an area specifying unit 101. Fig. 26
illustrates an i mage obtai ned when an object corresponding to a foreground
is noving. Fig. 27 illustrates a nodel in which pixel values are 25

devel oped in the tine direction and the-period corresponding 13 May 2005
15 to the shutter tinme is divided. Fig. 28 illustrates a nodel in which
pi xel values are developed in the tine direction and the period

corres ' t shutter..ti ds divided. 5 Fig. 29 illustrates a
model oGt el el e s ekl St Y pRe PR reRPRSA NG | he

period.&pgﬂﬁ§g%gﬁﬂg} 59 Ne shuktery time is divided. Fig. 30 illustrates

conditions for. determning the areas. 10 Fig. 31A illustrates an exanple

resul t obtaiphgd By ;$pestiying Qnméalsﬁ DY {RERI SR SPOPLINOG It 101

Fig. 31BilluStrates an exanple result obtained by specifying an area by
the ar eRewRYddyiing ttldi &ik@l qirBle@io316nkl kust patesqan.examphiak

obt ai ned by 15 specifying an area by the area specifying unit 1%?9'?
5 to the shutter time is divided.
Fig. 20 illustrates a model in which pixel values are
developed in the time direction and theAperiod corresponding
to the shutter timeris divided. |
Fig. 21 illustrates a model in which pixel values are
10 developed in the time direction and the period corresponding
~to the shutter time is divided.
Fig. 22_illustrates a model in which pixel values are

developed in the time direction and the period corresponding

to the shutter time is divided.

developed in the time direction and the period corresponding
to the shutter time is divided.
Fig. 24 is a flowéhart illustrating processing for
adjusting the amount of motion blur.
20 Fig. 25 is a block diagrém illustrafing an example of
| the configuration of én area specifying_ﬁnit 101.
Fig. 26 illustrates an image obtained when an object
corresponding to a foreground is moving.
Fig. 27 illustrates a model in whidh'pixei valués'are

25 developed in the time direction_and_the period corresponding



"“is a flowhart illustrating area specifying processing. Fig. 34 is a bl ock

Fi.g. 31D illustrates ah exanpl e result obtained by specifying an area by
the area specifying unit 101. Fig. 32 illustrates an examphryrosslt
obt ai ned by specifying an area by the area specifying unit 10{. 20 Fig. 33

diagramillustrating another exanple configuration of the area specifying
unit 101. Fig. 35 illustrates a nodel in which pixel values are 25

devel oped in the tine direction and the period corresponding 13 May 2005
16 to the shutter tinme is divided— RBisg—- 36 illustrates an exanple of a
background imge. Fig. 37 is a block diagramillustrating the
configuration of a binary-object-inmage extracting portion 5 302. Fig. 38A

iIlust%gt%ﬁepQﬁug?ggukgﬁgo?go&igiggareIation value Fig. 38B illustrates

the calculation of a correlation” value. 10 Fig- 39A illustrates the

calcul ati one of 2 gOf AL AL oML VAT fh Al I 11l] Al A, dde @) cul ation

of a correlation value. Fig. 40 illustrates an“exanple binary object
i mge. qe¥d16p8a 44 tﬁeatébﬂneclﬂigéégiéﬂ‘ khhushEabbRgoliNeor£085b Q4L RL1 on of a

ti me change detector 30
to the shutter time is divided.
5 Fig. 29 illustrates a model in which pixel values are
developed in the time direction.and the period corresponding

to the Shufter time is divided.

Fig. 30 illustrates conditions for determining the

areas.
10 Fig. 31A illustrates an example result obtained by
specifying an area by the area specifying unit 101.
Fig. 31B illustrates an example result obtained by

specifying an area by the area specifying unit 101.

Fig. 31C illustrates an example result obtained by

15 specifying an area by the area Specifying WnLit 101,
Fig. 31D illustrates an example result cbtained by
specifying an area by the area specifying unit lbl-
| Fig. 32 illustrateé an example result obtained by
specifying an area by the area specifying unit 101.
20 N Fig; 33 is a flowchart illustrating area specifying
prdceséing.
A '"Fig. 34 is a block diagram illustféting another example
configuration of the area specifying unit 101.
Fig‘ 35 illustfates a ﬁodel iﬁ‘which pixel values are

25 developed in the time direction and thé period corresponding




Fig. 42 illustrates determ nati ons nade by an area determ ning portion
342. 1 Fig. 43 illustrates an exanple of determ nations magifay2@oby the

time change detector 303. Fig. 44 is a flowhart illustrating the area
"specifying .processing perfornmed by an area determ ning portion 103- Fi g-
.45 is a flowhart illustrating details of the area specifying processing
25 Fig. 46 is a block diagramillustrating the 13 May 2005 17
“configuration of a mixture-ratio calculator 102 Fig. 47 illustrates an
exanple of an ideal mxture ratio-aléFg. 48 illustrates a nodel in which
pi xel values are 5 developed in the tine direction and the period
corresponding to the shutter tine is divided. Fig. 49 illustrates a nodel

in mhiqg)gh&ggﬁg%ﬂg¥5€¥¥% devglhapgd in the tinme direction and the period

corresponding to the utter tine is divided. 10 ~Fig. 50 illustrates a
straight |ipeqf okcappi Xk MBLLEant BRaRbXEULE éabgekaroﬁﬁg-ié& Lilustrates a
plane for approximating the mxture ratio cc. Fig. 52 i Iust?apes t he

rel ationshi psqof 3pi xel 8 bhodk aéaﬁggﬁahggﬁsggaggﬁaegh@hen the mxture ratio
U is calculated. Fig. 53 is a block diagramillustrating the

conf i gucaifiigfreft idnTott Wr &rihdlryo oS blctalinelePeateas@indOtortion

5  302.
Fig. 38A illustrates the calculation of a correlation.
value. |
Fig. 38B illustrates the calculation of a correlatioﬁ
value.
10 Fig. 39A illustrates the calculation of a correlation
value.
Fig. 39B illustrates the calculation of a correlation
value.
Fig. 40 illﬁstrates an e#ample binary object image.
15 Pig4T i a block diagram illustrating the

configuration of a time change defector 303.

Fig. 42 illustrates determinations made by an area
detexmining portion 342.

Fig. 43 illustrates an example of determinations made-

20" by the time change detector 303.
Fig. 44 is a flowchart illustrating the area specifying
- processing performed by an area determining portion 103.

Fig. 45 is a flowchart illustrating detalls of the area

specifying processing.

125' . Fig. 46 is a block diagram illustrating the




Fig. 54 illustrates a notion vector output froma mxture-ratio
determ ning portion 403. 20 Fig. 55 illustrates an exanpl ¢3 &&yi2oes ed

m xture ratio. Fig. 56 is a block diagramillustrating another structure
“of the mxture-ratio calculator 102. Fig. 57 is a flowchart illustrating
processing for <calculating a mxture ratio and a notion vector. 25 Fig- 58
is a flowhart illustrating processing for 13 May 2005 18 estimating a

m xture ratio and a notion vector by using a nodel corresponding to a

covered background area Fig. 59 is dl-ock diagramillustrating an exanple

of the configuration of a foreground/ background separator 103. 5 Fig. 60A

illustrates an input imge, a foreground conponent image, and a background

conpoNeRty di RGeS 15h0r 1698y L HSLL 3LES 3 MRAR) AP aflgbnput | mage, &

f or eground. “conponent i mage, and a background conponent inmage. Fig- 61
iITustratespa mgdel ;i N WPLchePi X8 c YRLUES & €an Whdeyvelpped dn the time

“direction anggfhe p%r?%d cor(?espon(?tl%!ng[“l’I tdgfﬁ%piﬂﬁg$gﬁﬁtlnﬁ %s di vi ded.

Fig. 62adilugtrates a nodel in which pixel values are. devel oped in the

time direction and the period corresponding to the shutter tine is

divided. 15pE§Q. 483i11hsistsed &5 and@Ee! ik Neivic h Biel vyBleesa AE e |

devel oped in the tine direction and the period corresponding to the
Spbﬁteﬂeﬁrieﬂﬁpie& dhvicHedtihkgdiBdctsond hhackndi pgrasai tbusbspbhagngn exanpl e
o]

' to the shutter time is divided.

Fig. 49 illustrates a model in which pixel wvalues are
developed in the time direction and the period cérresponding
to the shutter time is divided.

10 " Fig. 50 illustrates a straight line for approximating
the mixture ratio o.
Fig. 51 illustrates a plahe for apprbximating the
'mixture ratio o,

Fig. 52 illustrates the relationships of pixels in a

©e15plurality of frames when the mikture ratio o is ealculated.

Fig. 53 is a block diagram illustrating the
configuration of a‘mixturéiratio estimation processor 401.

Fig. 54 illustratés a motion vector output.from a
mixture-ratio determining portion 403.

20 . l_Fig. 55 illustrates an example estimated mixture ratio.
| Fig. 56 is a bloék diagram illustrating another

structure of the mixture-ratio calculator 102.

Fig. 57 is a flowchart illustrating processing for
calculating a mixture ratio and a motion vector.

25 . Fig. 58 is a flowchart illustrating processing for




the configuration of a separating portion 601. 20 Fig. 65A illustrates an
exanpl e of a separated foreground conponent inage. Fig. ¢bRalbbostrates an
exanpl e of a separated background conponent inage. Fig. 66 |s a flowchart
‘illustrating processing for 25 separating a foreground and a background.

13 May 2005 19 Fig. 67 is a block diagramillustrating an exanple of the

configuration of a notion-blur adjusting unit 104. Fig. 68 illustrates the
unit of processing. Fig. 69 illustrates a nodel in which pixel values of a
5 foreground conponent inmage are devkgoped in the tine direction and the
period corresponding to the shutter tine is divided. Fig. 70 illustrates a

nodel in which pixel values of a foreground conmponent inmage are devel oped

2 U S L R Y

is divi strates a nod

for egr qungk 1€ URGRERN, 2 & %‘(@r%@%a!c%g%%?ngf direction and the

peri od correspondlng to the shutter tinme ed. Fig. 72
i |l ustratesgagnodel ;knNawhhgbxPX8LrYAl y_giuefcramﬁ@rgareyaﬂ ggnpenent i mage

are developed inthe tine direction and the period correspondlng to the
shut t ertHd Mnfiisndatii@@dof a foreground/background separator 103.
5 - Fig. 60A illustrates an input image, a foreground
component image, and a background component image.
Fig. 60B illustrates a model of an input image, a
‘foregreund”component image, and a background component image.
| Fig. 61 illustrates a model.in which pixel values are

10 developed in the time direction and the period corresponding

to the shutter time 1s divided.

Fig. 62 illustrates a model in which pixel wvalues are
developed in the time direction and the period corresponding

. to the shutter time is divided.

g T 63 T TS CEATES 4 TOde T I WHICH BIEL VATHSE EEE T
developed in the time_direction and the period corresponding
to the shutter time is divided.
Fig. 64 is arblock diagram illustrating an example of
the configuration of a separating portion 601.
20 Fig. 65A illustrates aﬁ exemple of 4 separated
foreground component image.
Fig. 65B illustrates an example of-a separated
background component image.
Fig. 66 is a flowchart illustrating processing for

25 Séparating a Foreground and a background.




20 Fig. 73 illustrates another configuration of the notion-blur adjusting
unit 104. Fig. 74 is a flowhart illustrating processing §9mayadbssti ng the
- amount -of notion blur included in a foreground conponent inage, perforifred
" by the notion-blur adjusting unit 25 104. 13 May 2005 20 Fig. 75 is a

- block diagramillustrating an exanple of another configuration of the
notion-blur adjusting unit 104. Fig. 76 illustrates an exanple of a nodel
in which the rel ationshi ps between pi xel values and foreground conponents
5 are indicated. Fig. 77 illustratesi%he cal cul ati on of foreground
~conmponents. Fig. 78 illustrates the cal culation of foreground conponents.
10 Fig. 79 is a flowhart illustrating processing for adjusting the anopunt
of notion b i el uded 4 f n i i [ agram
iIIustratingy%ho?ﬁeggc%n%P%€$a?%%%£§¥ ?%%u{%%%%?%% %?a?%ééﬁﬁ%égg?processing

appar atue. cbirkhdra8lioh! b@sgrabgrohhslﬁgngbgug%&hgnuﬂital@zwt hesi zer  1001.
Fig. 82 is a block diagramillustrating stil'l anofher configuration of the

function ofrifie ¢8BUELPSOELESE Nehe APPEF A ESprledithg83 is a bl ock diagram
illustrating the
: Fig. 69 illustrates a model in which pixel values of a
53  foreground component image are developed in the time
direction and the period corresponding to the shutter time
is divided.
Fig. 70 illustrates a model in which pixel values ofla
foreground component image are developed in the time
10 direction and the period corresponding to the shutter time
.is divided.
Fig. 71 illustrates a model in which pixel values of a

foreground component image are developed in the time

direction and the periocd corresponding to the shutter time

BT - 16 ——L.
Fig. 72 illustrares a model in which pixel wvalues of a
foreground ;omponent image-are developed in the'time_
direction and the peridd corresponding to.the shutter time
is divided.
20 - Fig. 73-illustrate$ another configuration of the
motion-blur adjusting uﬁit 104.
Fig. 74 is a flowchart iliustrating processing for
adjusting the aToﬁnt of motion blur included in a foreground
cémpoﬁent image, performed by the motion-blur adjusting unit

25 104,




configuration of a mxture-ratio calculator 1101. Fig. 84 is a block
diagramillustrating the configuration of a foreground/ b3ggkgosng
separator 1102. Fig. 85 is a block diagramillustrating the Zg
configuration of a notion-blur adjusting unit 1103. 13 May 2005 21 Best
Mode for Carrying Qut the Invention Fig. 1 illustrates an inmage processing
apparatus according to an enbodi nent of the present invention. A CPU 5
(Central Processing Unit) 21 executes various types of processing according
to prograns stored in a ROM (Read Ody - Menory) 22 or in a storage unit
28.. Prograns executed by the CPU 21 and data are stored in a RAM (Random
Access Menory) 23 as required. The CPU 21, the ROM 22, and the RAM 10 23
are connect to.each other by .a bus 24._ An_input/output interface 25 is

al so connec?gg'tggtﬁg aCE%OEE JLa9tRB Bﬁ%uﬁﬁ?aﬁngniﬁteﬁﬁTPE%GO ornmed of a
key DO thdID e i Pt ORN Qe cp@NG 39 N300 0 QUERUE, Wit 164 formed of

a di splay, a speaker, a SO on are connécte 0 e nput/ out put

[interface 2p;gThocCPU g1c EXECULESCYBRLOUSoLYREROHL) PLOCERPLATLLD T esponse

to commands i nput fromthe I nput unit 1 then outpu an

| mMge Qo124 sPRLAI PRYvaSnaphigstl adliekhankhr ¢6es EBQnEOcBBPonQH gut unit
27. 20 The storage unit 28, connected to the inpuf/output nterface 25, is

f orsred a@fe, ih@ricexaap! e, a hard disk, and stores programs executed by the
CPU 21 and various types of '
Fig. 77 illustrates the calculation of foreground

components.
Fig. 78 illustrates the calculation of foreground

components.

10 Fig. 79 is a flowchart illustrating processing for
'adjusting the amount of motion blur included in a foregrdund.
Fig. 80 is a block diagram illustrating another
configuration of the function of the image pfocessing

apparatus.,

1001.
Fig. 82 is a block diagram illustrating still another .

configuration of the function of the image processing

apparatus.
20 Fig. 83 is a block diégram illustrating the
configuration of a mixture-ratio calculator 1101.
~ Fig. 84 is a block diagram illustrating the
configuration of a foreground/backgrouﬁd separator 1102.
Fig. 85 is a bloék diagrém illustrating the

25 coﬁfiguration of a motion~blur adjusting unit 1103. .




data. A comuni cation unit 29 conmuni cates with an external device via the
Internet or another network. In this exanple, 25 the. compypzgabbon unit 29
serves as an obtaining unit for 13 May 2005 22 obtaining an output of a

"~ sensor.  Alternatively, a program nmay be obtained via the comunication
unit 29 and stored in the storage unit 28.° A drive 30 connected to the
dnput/output interface 25 5 drives a magnetic disk 51, an optical disk 52,
a magnet o- optical disk 53, a sem conductor nenory 54, or the like, -when

. such a recording mediumis attached 210 the drive 30, and obtains a program

or data stored in the corresponding nedium The obtai ned program or data
is transferred to the 10 storage unit 28 and stored therein if necessary.

"Fig. 2 is a block diagramillustrating the inage processing apparatus. It
does not matter whether the individual functions of the inage processing

apparagggtahgdgrgg?ngggg ig¥fB§Ed%ﬂée%g$§89£oﬁ°ft“are' That means t hat

bl ock diagrans hi's specrfrcation € fegarded as hardware bl ock

di agrams org;@s fQiff@%é&i&ﬁg“éﬁ”ﬁﬁﬁﬁé9§¥bé@§§%§3“%pﬂéké¢§§ speci fication

an image to be captured correspo to an objectin the real world is
referrgdeb®aidl 85 &R LABYGLABLECL: flel PPUL A FBOL, SRD ok O tlﬂae%wmge,

processing apparatus 1is sent to an area specifying unit 101,
mog ur geeatiral pabesbatfy dH2t) apd axbeness opng! hackeyaumd, geparat or 103.
processing according to programs stored in a ROM (Read Only
Memory} 22 or in a storage unit 28. Programs executed by
the CPU 21 and data are stored in a RAM (Random Access
Memory) 23 as required. The CPU 21, the ROM 22, and the RAM
10 23 are connected to each other by a bus 24.
An input/output interface 25 is also connected to the
CPU 21 via the bus 24. An input unit 26 formed of a

keyboard, a mouse, a microphone, and so on and an output

unit 27 formed of a display, a speaker, and so on are

executes various types of processing in response'to commandé
input from the inpqt unit 26. The CPU 21 then outputs an
image or sound obtéined as a result of the'processing to the
output unit 27. |
20 The'storagelunit 28, connected to the input/output

interface 25, 1is formed df, for example, a‘hard disk, and

_ stores programs exequted by the CPU 21 and wvarious types of
data. A communlcation ﬁnit_29 communicates with an external
device via the Internet or another network.r In this example,

. 25 the communication unit 29 serves as an obtaining unit for



The area specifying unit 101 determ nes to which of a 25 foreground area,
a background area, or a mxed area each 13 My 2005 23 pigal 2065t he input
i mge ‘bel ongs, and sends information indicating to which area each pi xel
"belongs (hereinafter referred to as "area information"”) to the

mixture-ratio calculator 102, the foreground/ background separator 103, and

5 a notion-blur adjusting unit 104. The m xture-ratio cal cul ator 102
calculates the mixture ratio (hereinafter referred to as a "mixture ratio
(X") corresponding to the pixels +nztuded in a mxed area according to
the input image, and the area information sent 10 fromthe area specifying
unit 101, and sends the m xture ratio a to the f.oreground/ background

separ atQf, JLQ3. dTQ %E%%%recﬁ@ﬁg(%é%§d§ a value indicating the ratio of the
i mge conponeﬁ}s ?here néfter al'so reflerred to as "background conponents")
~ correspondi kgro opject .t e_Rpi;xek _v e, as expressed
, ﬁggge?né\?ﬁ}r%?‘ﬁf 6Bl 3nORLGChe! BpEOeABEXGY 2V RLY

by equation ( is's I e mxture-ratio cal culator 102

gener at@sufiditd®n YRGk0R 92RthdP Qtictieanal, iplormtign iu%qig_c gki ng a pixel or
an inmage object corresponding to the notion vector "according to 20 the

input imagea apgvbheoassankatenmebi eﬁeSEHbuEVQHt{JGé 2hearr8PECLEYINg uNit
101, and sends the generated notion vector and the positional |nformation

t o §he amilieanabhdbnadiiustiizg s5uni GnlBstrikhe @@EKOB2vVeRt RhgadkpUt from the
m xture-ratio
optical disk 53, a semiconductor memory 54, or the like,
when such a recording medium is attached to the drive 30,
and obtains a program or data stored in the correspondiné
medium. The obtained program or data is transferred tao the
10 ° storage unit 28 and stored therein if necessary.
Fig. 2 is a block diagram illustrating the image
processing-apparatus.

It does not matter whether the individual functions of

the image processing apparatus are implemented by hardware

IS TOT SGTEWATS . T THAE TEANS tHAT BIGEK dTagrams in thig e

'specification may be’;egardéd as hardware block diagrams or
as sbftware functional block diagrams.

In this specificaﬁion, an image to be captured
corresponding to an object in the real world is referred to

20 as an image dbjeét. - |

An input image sent to the image processing apparatus
is sent to an area specifying un%t 101, a mixture-ratio
calculator 102, and a foreground/background separator 103.

The area specifyving ﬁnit 101 determines to which of a

25 foreground area, a background area, or a mixed area each



25 cal culator 102 includes information corresponding to the 13 May 2005 24
anount v of novenent within the shutter tine. The anount y; g, pByeMeEnt
within the shutter time is a value indicating a positional change of an
" image corresponding to a noving object in units of pixel pitches, 5 For
~exanpl e, irf one conponent of an object image corresponding to a foreground
is nmoving such that it.is included in four pixels in one frame, the anount
v of novenent within the shutter tine of the object imge corresponding
to the foreground is four. 10 The -f @3gr ound/ background separator 103
"separates the input inmage into a foreground conponent inmage forned of only
the i mage conponents (hereinafter also referred to as "foreground
conpongais]) ogogﬁ@smﬂgtngmg?et B@l&ﬁﬁggr QHAds 0Bk et £ SRRk 81 Hackgr ound
conponent image formed of only the 1 ackground conponents according to
- the areadiBheingt tONwEEBL abeaM:bBR BigAlspeTthbhys Ngheriindfdeand the
m xture ratio cc sent fromthe m xture-ratio cal culator 102, and sends the
foregr edndreeaponeat aRge LAfbHRaEDOLON- BbULthaGhustufg-ttioc 104 and a
. selector 105- The separated foreground conmponent 20 i nage may be used as
the fioalcoLapot.102, nbhe poeegseundbegkgvotndnsepackgsoumB camde
obt ai ned conpared to a nethod in which only a foreground and a background
are spewotfied-hithoadijeshsndennhy BO#i xed area and separated. The
notion-blur adjusting unit 104 determnes the unit 25 of processing
i ndi cati ng Bite Inslastumger i elcalmwllader 102 mrlculates the mixture

ratio (hereinafter referred to as a "mixture ratio a"}
corresponding to the pixels included in a mixed area
according to the input image, and the area information sent
10 from the area specifying unit 101, and sends the mixture
ratio &« to the foreground/background separator 103.
The mixture ratio o is a value'indicating the ratio of
the image components {(hereinafter also referred to as

"hackground components") correspohding to the background

which is shown below.
The mixtﬁre—ratio_calculator 102 generates a motion
vector and positioﬁal information indicafing a pixel or an
~ image object corresponding to the motion vector‘ac¢ording to
20 the input image, and the area information sent from the area
Specifying unit 101, and sends the generated motion vector
and the positional informatibn'to the'motion—biur adjusting
-unit 104. |
The motion vector.output from the mixture-ratio

25 calculator lOZ‘includes inform&tion-corresponding to the



13 May 2005 25 foreground conponent image according to the area
information and the amount v of nmovenent within the shuti£fa}boss

obtained fromthe notion vector. The unit of processing is data that

"~ specifies a group of pixels to be subjected to 5 notion-blur adjustnents.
Based on the anobunt by which the notion blur is to be adjusted, which is
Jinput into the i mage processi ng apparatus, the foreground conponent inmage
sent fromthe foreground/ background separator 103, the notion vector and
.10 the positional information theredf4sent fromthe mxture- ratio
cal cul ator 102, and the unit of processing, the notion-blur adjusting unit
104 adjusts the anmount of notion blur included in the foreground conponent

| Tage Bhob@HDY! G molRAHGHNG: cAlln! RELCARLAG LN Ll on blur dncl uded In the

15 foreground conponent | mage notion-bl'ur adjusting unit 104 then
outputs t herhar gapaHRdy CQEDB&@Q&ehEHQEthEn“@hShsﬁG€te?”Pﬂﬂé L oL fotion blur

-has been adjusted to the sel ector The notion vector

posi ti eRahel ALEN AL bh§6§QE16ﬁﬁl egaﬂaﬁsgé ad0iMaton blur is a
distortion-included in an inmage corresponding to a noving object, caused

by thecbevespbhdahy a8 abme¢intoobgeeapturadiics bepigal woekdeand the
i mage- capturing characteristics of the sensor. The selector 105 sel ects

oné of Folreekamegeqund oAb eomponent bifaga sbRbckr ammibe

f oregr ound/ background 13 May 2005
corresponding to a foreground is moving such that it . is
ipcluded in four pixels in one frame, fhe amount v of
movement within the shutter time of the object image
corresponding to the foreground is four.

10 The foreground/background separator 103 separates the

input image into a foreground component image formed of only
the image components (hereinafter also referred to as

“foreground components") corresponding to the foreground

object and a background component image formed of only the

from the area specify;ng unit 101 and the mixture ratio o
sent from the mixture-ratio calculator 102, and sends the
foreground component iﬁage to the motioanlur,adjusting unit
104 and a selector 105. The separated foreground component
20 image may be used as the final output. A more precise
foreground and backgréund can be obtained. compared to a
method in whiéh only a foreground and a background are
specified without considering a mixed area and separated.
.'The motion-blur adjusting unit 104 determines the unit

- 25 of processing indicating at least one pixel included in the



26 separator 103 and the foreground conponent image in which the anmount of
notion blur has been adjusted, sent fromthe notion-Dbluripghyissdg unit
‘104 according to, for exanple, a selection signal reflecting a user's
selection, and outputs 5 the selected foreground conponent inmage. An input"
image sent to the inmage processing apparatus is discussed below with
reference to Figs. 3 through 23. Fig. 3 illustrates inage capturing
performed by the sensor. The sensor is forned of, for exanple, a CCD 10

. (Char ge- Coupl ed Device) video camer&5Sprovided with a CCD area sensor,

which is a solid-state i nage-capturing device. An object IlIl corresponding
to a foreground in the real world noves, for exanple, horizontally from

the | ebbrigsblifa EbfinoRel HRES. A00B18ERG 12 £0L TERPONGI G- o Ay backar ound

15 and the“sensor. e sensor taptures an inmage o ject 111

correspRadiRg LAohhe 05 LHOMHRLA O9R1 BRI WMEE &t f@P6 Bl , the object 112
correspondi ng to the background. The sensor outputs a captured inage in

units ebthiABBSEr&RT IEX APt fon 2PedhEr SENBRE AL PW S B dd@aend ordred of 30
frames in a second. In the present specification, the tinme interval of

framesdasacahbedspedisies i Hit@rogd &f NPixdhe eXposUsbiddBad@ftd he sensor can
be set to 1/30 seconds. The exposure tine is a period fromwhen the sensor
25 st antésicorvent | adhwsiondnts ght into el ectrical charges to 13 May 2005 27
Based on the amounf by which the motion blur is to be
~adjusted, which is input into the image processing apparatuér
the foreground'componeﬁt image sent from the |
forgground/background separator 103, the motion vector and
140 the positional information thereof sent from the mixture-
ratio calculator 102, and the unit of processing, the
motion-blur adjusting unit 104 adjusts the amount of mdtioﬁ
blur included in the foreground component image by removing,
reducing,-of increasing the motion blur included in the
._IST“faﬁégfbﬁﬁdmébmpéﬁéﬁtmimagé:m”TﬁéMmotibﬁ;blufMadjﬁstiﬁgwuﬁitMLWWMWWWMW_mm
104 then outputs therforeground component image in which the
“amount of motion blur has been adjusted to the selegtor 105.
rThe motion vector and the positional information therecf may
be unused. |
20 _ Motion blur is a distortion included in an image .
corresponding to a moving object, caused by the movement of
an object to be captured in the real world and the image-
captufing characteristics of the sensor.
The selector 105 selects one of the foreground

25 component image sent from the foreground/background




“to the shutter tinme, an

when the conversion fromthe input light to the electrical charges is
finished. Hereinafter, the exposure tinme is also referreﬂ3ng§§0§1'shutter
time". Fig. 4 illustrates the arrangenent of pixels. InFig. "'54 A
“through'| indicate individual pixels. The pixels are disposed on a plane
corresponding to an i mge. one detection device corresponding to each
pixel -is disposed on the sensor. Wen the sensor perforns inmage capturing,
each detection device outputs a pixel value of the correspondi ng 10 pi xel
formng the image. For exanple, thezgosition of a detection device in the
X direction corresponds to the position in the horizontal direction on the
i mage, while the position of the detection device in the Y direction

S BEBEE o MRS, MDA b BT T Do

Conve”tﬁle”QMBuhtgg}: h8Loof! BELE! Al £08LISS udHLLNI:2, PO O O”espond' ng

accumu bhver rica charges The

amount 8% i 20— e g i po o] t he
IﬂtEﬂS?t%lOf ?Egrlﬁgﬁ%gt?g tﬁggg ? é %%?#g§§%% §h|£ F %Q$m$?%ht IS input.

The deéémébﬁﬂoﬂeyiﬁﬁa§eﬁé‘?ﬂéb%ih& addsethe sgis&ibﬁa'a @%&g@&&nverted
fromthe input light to the accunulated electrical charges ring the

perd odtB& seleespantdsnggtouhBecshipbhghtt ifiBge! N Oother words, the 13 May
2005 28 detection device integrates the input light during the
. An input image sent to the image processing apparatus

is discussed below with reference tb Figs. 3 through 23.

Fig. 3 illust:ates image capturing perfofmed by the

sensor. The sensor 1is formed of, for example, a CCD
10 (Charge—Coupled Device) video camera provided with a CCD

area sensor, which is a solid-state image-capturing device.

An object 111 corresponding.to a foreground in the real

world moves, for example, horiiontally from the left to the

right, between an object 112 corresponding to a background

__1Sﬂﬂ_aﬁd_fﬁém5éﬂ§6r:_mmmmwmm_mwm_mmwmnmmm_m““w_mmmmmm“””m
The sensor captures an image of the object 111
corresponding to the foreground together with an image of
the object 112 correspdnding to the badkground. The sensor
oﬁtputs a captured image in units of frames. For example,
20  the sensor-outputs an image formed of 30 frames in a second.
In the present sﬁecification, the time interval of
frames is called a frame interval ﬁimé.
The exposure time of the sensor can be set to 1/30
.seconds. The exposure time is a period from when the Sensor

25 starts converting input light into electrical charges to




period corresponding to the shutter tine and accunul ates electrical
charges having an anmount corresponding to the integrateddpghbgodt can be
considered that the detection 5 device has an integrating function wth
respect to time. The electrical charges accunul ated in the detection
device is converted to a voltage value by ‘a circuit (not shown), and the
voltage value is further converted to a pixel value, such as digital data,
and is output. 10 Accordingly, each pixel value output fromthe sensor is a
-.val ue obtained, by projecting a certarn-t hree-di nensional portion of the
obj ect corresponding to the foreground or the background onto a

one-di nensi onal space, the value being a result of integrating with
respect, to the shutter.ting. 15 The, i nage, processi apparatus extracts

ST ghi FTRGRE P FOPVRE TR BLRR 6a a WPRLUHEOPR 1o B enbiiiderah an  out put

si gnal Qe fccynuigﬁégg opsralio of the sensor The ima € Jprocessing

by _t :
appar a‘f}ﬁ%r%d?us?s e anount of i storti on, SURH ES the arount ot noti on
blrur, capsed.by:dhes 20 mixtuLe.of ;1be foreground image object-itself. The

i mage processi-ng apparatus al so adj usts the anmpunt of distortion caused

by the m xtyyre of iltmétqraecq;so'% SRR PhIAA ANGiLAg s Packokayd | mage

obj ect. Fig- BA i | ustrates an image obtained by capturing an "25 obj ect
- cornr espondi figrd ey MOVhdGCd 0 el @it @t @ obl ectrrlsd MMaNe12005-¢ 29

corresponding to a stationary background- Fig. 6B illustrates a nodel of
t he | n@agepehidi etk by LePt e AspAM®iing to an image. One
detection device corresponding to each pixel is disposed on
the sensor. When the sensor perfofms image capturing, eéch
detection device outputs a pixel value of the corresponding
10 pixel forming the image. For example, the positioﬁ of a
detegtion device in the X diréction corresponds to the
posiéion in the horizontal diréction on the image, while the

position of the detection device in the Y direction

" corresponds to the position in the vertical direction on the

LA T
As shown in Fig. 5, a detection device, which is, for
example, a CCD, converts input light into electrical charges
during a period corresﬁonding to the shutter time, and
accumulates the converted electrical charges. _The~amount of
20 the electrical éharges.is almost proportional. to the
inténsity of the—inpuf light and the period for=ﬁhich the
- 1light is input; The detection device sequentially adds the
electrical charges converted from the input light to the
accumulated eiecﬁrical charges during the period

25 corresponding to the shutter time. In other words, thé




obj ect- corresponding to the noving foreground and the object corresponding
‘to the stationary background. 5 Fig. 6A illustrates the i{mggyobtsi ned by
capturing the object corresponding to the foreground havi ng novenent and
“the object corresponding to the stationary background. In the exanple
shown in Fig. 6A the object corresponding to the foreground is noving
horizontally fromthe left to the 10 right with respect to a screen. Fig.
6B il lustrates a nodel obtained by developing in the tinme direction pixel
val ues corresponding to one line of 2&8he inmage shown in Fig. 6A. The

hori zontal direction shown in Fig. 6B corresponds to a spatial direction X
in Fig. 6A. 15 The values of pixels in the background area are fornmed of
backgr 0 :S..0 . t dSat i onents . .corresponding to
t he bac gréﬁ%‘ og%§%%? ?hé algégggﬁe gﬁ£€ggq§ﬁ%$he“F6ngF8&nd area are

f or med 0 JoRf RQHOUA orEQBRORENKS Oty (LAl 1. JbAC TRAR 1 GRIRONENE S

corresponding 20 to the foregroun ] ect. e values of pixels in the

m xed anea@ief10MaG¢ Rk HBITkY AWNdERRRORSRL S sARALN A %03% component s.
Since the values of the pixels in the mxed area are fornmed of the

“backgr awn@gremrenaniys tand 1tthe aho R0 ewRd JePERORERALS +hit dBRk23oRe referred
to as a"distortion area". The m xed area is 13 May 2005 30 further

cl assi fdeed denthasa agov eredrhackgr Fund tabaawand aBspeaeover edmbackgr ound
area. The covered background area is a m xed area
The electrical charges accumulated in the detection
device is converted to a voltage‘value by a circuit (not
éhowh), and the voltage value is further converted to a |
pixel value, such as digital data, and is output.
10 - Accordingly, each pixel value éutput from the sensor is a
Value obtained by projecting a certain three—dimensional
portion of the object corresponding to the foreground or the

background onte a one-dimensional space, the value being a

result of integrating with respect to the shutter time.

"””ISTr”“'“”Thé7imdgé"pfbéé§§iﬁ§”appéfafﬁé”ékfféé{é”é{gﬂifiéaﬁt
infofmation, such as a mixture ratio o, embedded in an
output signal by the écCumulating operation of the sensor.
Thé image processing abparatus adjusts the amount of
distortion, such as the amount of motiqn blui, caused by the

20 Amixture‘of the foreground image object. itself.” The image
processing apparatus also édjusts the amount of distortioﬁ
caused by the mikture of the foreground image object and the
background image object. |

Fig. 6A illustrates an image obtained by capturing an

25 object corresponding to a moving foreground and an object




corresponding to the leading end in the direction in which 5 the :
foreground object is noving, where the background conponepjg@apbgos0r adual |y
covered with the foreground over tine. In contrast the uncovered :
- background area is a mxed area corresponding to the trailing end in the
direction in 10 which the foreground object is noving, where the
‘background conponents gradually appear over tinme. As discussed above, an
i mge which includes a foreground area, a background area, or a covered
background area or an uncovered hagkground area is input into the area 15
speci fying unit 101, the m xture-ratio calculator 102, and the
f or egr ound/ background. separator 103 as an input image. Fig. 7 shows
descrigtions of {he backgroundarea, the foreground area, the m xed area,

the coVBFEASBERRYPBuURY Ardbe tiapdry neaolhebverdd batXgr®Bnd area, discussed
above..xﬂeg 20 t he inqge Shﬁ in_Fig. 6A i s taken as an exanple, the
backgr 5undShEF 25T 52 899Gt i Shafye pHPEForoP e ¢4 r Y r RN EHRE TR a novi ng
g . P . . .
ortion,.the covered background area of the nixed are S a portjon that
P b e3¢ rresponding to t o le) @'%% %ﬁi £
change€°f Fom TRe" DRRRYT HURd? o 1t HECY PR gt DRI AN he it ot ed
b kg t@g 1 i {i that ch f the
ac grQHPge § P%g. %@ ?- ea | ortion that changes fromthe
f or egroun ?% ?%- y %0 qugg hgﬁﬁg%k%?§k§EP$9§i 8 illustrates a nodel
obtaai ned bye deved,0ping ditaddie dldme figecdon Lhe R xel,alyes f pixels
. . s ! n :
al i gned S|dég?by-5|dé In an |nagép§bt§{neéh%%en a%ﬂtbjégi éb%fééﬁ%ndlng to
object corresponding to the foreground having movement and '
the object corresponding to the stationary background. In
the exanmple shown in Fig. 6A, the object corresponding to
the foreground is'moving.horizontally from the left to the
10  right with respect to a screen.
Fig. 6B illustrates a model obtained by developing in
the time direction pixel values corresponding to one line of
the image shown in Fig. 6A. The horizontal direction shown
in Fig. 6B corresponds to a spatial direction X in Fig. 6A.
mmriémmT&m“WfﬁémééiﬁééwéfTﬁikéiémiﬁ'£ﬁém5;ék§£6ﬁﬁdméféé“éfémféfﬁéa”mm“m”m“m
of background components only, that is, the image components
corresponding to the background object. The values of
pixels in the foreground area are formed of foreground
components only, that is, the image components corresponding
20 to the foreground object.
The values of pixels in the mixed area are forméd of
background components and foreground components. Since the
values of the pixels in the mixed area are formed of the

background components and the foreground components, it may

25 be referred to as a "distortion area". The mixed area is




5 a stationary foreground and an object corresponding to a stationary
background are captured. For exanple, as the pixels aligreMagpogs by-side,
pi xel s arranged in one line on the screen can be selected. Pixel values
~FA through F0O4 shown in Fig. 8 are the 10 values of pixels correspondi ng
to the object of the stationary foreground. Pixel values B0l through B0O4
shown in Fig. 8 are the values of pixels corresponding to the object of
the stationary background. A vertical direction in Fig. 8 corresponds to
time, and 15 tinme el apses fromthe 3®p-to the bottomin Fig. 8. The
position of the top sides of rectangles in Fig. 8 corresponds to the tine
at which the sensor starts converting input light to electrical charges,

and t hg,R9sit ican «ef sile hotto C%]h%o%s:e(?if bta*&wr%%%%“%'r%% Lagrig. 8 20

corresponds to the tinme at whi the conversion fromthe 1T nput light into

the el e@iddvedledC PRAIRT S dl Iatiezhed. That is, the distance fromthe top
sides to the bottomsides of the rectangles in Fig. 8 corresponds to the

shutter tinmgheAcboere@nbakbkdibaali aPebnNiki 8. n8x6Qr Lesponds to the 25
spatial direction X described in.Fig. 6A- Mre specifically, 13 May 2005

32 in tderexpopdenghewn the Fegdidg the dnstarcaifeemithe ihefhicai de of the
rectangle indicated by "FAO" in Fig. 8 to the right side of the rectangle
i ndb cattée FpreB@dunids obijghtt itsi mesinke pheel pheCbackg@ountthe | ength of
ei ght consecutive 5 pixels.
' components are gradually covered with the foreground over
time.
In contrast, the uncovered background area is a mixed
area corresponding to the trailing end in the direction in
10 which the foreground object is moving, where the background

components gradually appear over time.

. As discussed above, an image which includes a

foreground area, a background area, or a covered background

area oOr an uncOvored background area is input into the area

'““15””SPeCifyiHQ”uﬂit“IUI{'tﬁé”mixtﬁréQratidméélculéﬁOE”102;“éﬁa”““””““““”“”“”
the foreground/background separator 103 as an inout image.
Fig. 7 shows descriptions of the background area, the

foreground area, the mixed area, the covered background area,
and the uncovered baokground area, discussed above. When

 20 the image shown in Fig. 6A is taken as-an.example, tho |
background area_is a stationary portion, the foreground area
is a moving portion, the covered background area- of the
‘mixed area is a portion that changes from the baokground to
the foreground,‘and the uncovered background area of the

25 mixed area is a portion that changes from the foreground to




When the foreground object and the background object are stationary, the
light input into the sensor does not change during the pejjag2005
corresponding to the shutter time. The period corresponding to the shutter
time is divided 10 into two or nore portions of equal periods. For
exanple, if a virtual division nunber is set to four, the nodel shown in
Fig. 8 can be represented by a nodel shown in Fig. 9. The wvirtual division
nunber is set according to, for exanple, the amount v of novenent within
the shutter tinme, of an. 15 object —cgnresponding to a foreground. For
exanple, the virtual division nunber is set to four when the anount v of
novenment i s four within the shutter tine, and the period corresponding to
t he sh phLer |s divided into four portions. 20 The uppernost row in

t he flgure cor esponds to the first divided period fromwhen the shutter

has opened.p;The fﬂ”ﬂ e qyre, gor ds to the second di vi ded
peri od from en the s u{ hateﬂnjodpenegatallf'ue cEhl rd{' He' f i gure

correspeads; hQ &heethisd Qﬂl% Sg‘ef%g‘g %/QQE‘Z@%%&% ail‘ néé‘uéi L_has

opened. The fourth row int ure respon S to the

fourthg ymledl@eg.ﬁognéa@%ﬁ@a@fné@ewhéﬂugﬁ%b é"étocpgf'fgs Jilf gu&%er time

di vided in accordance with the anount v of vement MAt utter

time is et&@meﬁgyne&fe@ro@ndiei@& r&d $195 88t 88rrSPEAEIng | 4/ y" When an
obj ect corresponding to a foreground is
stationary background are captured. For example, as the
pixels aligned side-by-side, pixels arranged in one line on
the screen can be selected. |
Pixel values F{l1 through F04 shonn in Fig. 8 are the
10 wvalues of pixels corresponding to the object of the
stationary foreground. Pixel values B0l through B04 shown
in Fig. 8 are the values of pixels corresponding to the

object of the stationary background.

A vertical direction in Fig. 8 corresponds to time, and

— 15t1me elapses from the fop to the bottom in F:Lg8 : ‘I‘he
position of the top sides of rectangles in Fig. 8
corresponds to the time at which the sensor starts
converting input light‘to electrical charges, end the
position of the bottom sides of rhe‘rectangles in Fig. 8

20 correspends to the time at which the conversion from the
input‘light.into the electrical chargés is finished. That
is, the distance from rhe top sides to the bottom eides of
the rectangles in Fig. 8 corr88ponds to the shutter time.

A horizontal direction in Fig. 8 corresponds to the

25‘ spatial direction X described in Fig. 6A. More specifically,




stationary, light input into the sensor does not change, and thus, a-
foreground component FO/v is equal to the value obtaineg yy nggdlng t he
pi xel value FO1l by the virtual 10 division nunber. Simlarly, mhen the -
obj ect corresponding to the foreground is stationary, a foreground
component FO02/v is equal to the val ue obtained by dividing the pixel
value FO2 by the virtual division nunber, a foreground conponent FO3/v is
equal to the val ue obtained by dividing 15 the pixel value FO3 by the
virtual division nunber, and a foregeound conponent FO4/v is equal to the
val ue obtained by dividing the pixel value FO4 by the virtual division
nunber. Wen an object corresponding to a background is stationary, t he

light i t 20 th k d -
co%pongﬁ?uégél\/l equa %?%]gh%%#gﬁuecq%ﬁga% %?Wégqlgﬂ“g 3ﬁb?;grnvalue
BO1 by §ﬂ?e Vdf tthael r&t\gr&{l%ﬁ' W‘cecﬁ ! ‘E}‘:'rd Yoo meafrl}?t h% to the

obj ect' correspondi ng ac groun 'S statlonar a background

conponenign BAX/de ik §IHAlrdd dif &/ aliie it e iy i widi e pixel 25
val ue. BOZ by the V|rtualjo|V|§?%h nunber, a b ckggoun 1 htt'hZOOS 34

conponentmd /e i AU t he &/al ugohtaigied By o Wtd'd&glsetc*ﬁecﬂ%'exe' val ue
BO3 by the virtual division nunber, and a ckground conponent BO4/v is

equal tmite sval ue obt ai ned by d|V|d|ng t he pi xel value B04 by the virtual
di-vi sion nunber 5 More specifically, when the object corresponding to the
foreground Whest ahkofiak¥grbindl bBhtceonnaspaadbagkipothe ohH9eegr ound
object, input into the sensor does not change
are stationary, the light input into the sensor does not
change during the period corresponding to the shutter time.
The period corresponding to the shutter time is divided
10 into two or more portions of equal periods. For example, if
‘a virtual division number is set to four, the model shown in
Fig. 8 can be represented by a model shown in Fig. 9. The

virtual division number is set according to, for example,

the amount v of movement within the shutter time, of an

15T Cobjedt GoEresponding €6 a Foreground. For example . the
virtual division number is set to four when the amount v of
- movement is four within the shutter time, and the period
corresponding to tho shutter time is divided into four
portions.

20 The.uppermost row in the figure correaponds to the
firstldioided period from when the shutter hasroﬁened. The
second row in the figure correspoods,to the sécond divided
period from when the ahutterrhas opened. The‘third'row in
the figure corresponds to the third divided period from when

725 the. shutter has opened. The fourth row in the figure



during the period corresponding to the shutter tinme. Accordingly, the

f oreground conponent FO /v corresponding to 10 the first ghwk§esodi me/v
fromwhen the shutter has opened, the foreground conponent FO1l/v -
corresponding to the second shutter tinme/v fromwhen the shutter has
opened, the foreground conponent FOl/v corresponding to the third shutter
time/v fromwhen the shutter has opened, and the 15 foreground -conponent
FO1/v corresponding to the fourth shutter time/v fromwhen the shutter has
-opened have the sane value. The sage applies to FO02/v through FO04/v, as in
the case of FO/v. Wen the object corresponding to the background is 20
~stationary, the light corresponding to the background object, input into

t he sensor does. not chan during th eriod . correspondi to the shutter
Lime. SUCSHHAGIY, T4 HE® BereRgrb dhd Wb e BOTR O Pesstndi ng to the
first Ss}{u%ter ﬁé{srrec{ veIIercpm when the shutter has opened, the 25 background
cowponen‘f TBQOK_LIV corresponding to the second 13 May 2005 35 shutter tinme/v
fromuhen the shytler R35.-0RENSH. R BAGKOLOURd,SORPORENLBRLY

corresponding to thethir shutter omwhén the 'shutter has

opene 4 nmanent cor ' ta the fourth 5
sﬁuttglr c?‘?g"eé Vv erﬁg@gfelﬁq?ﬂ:e@hutter %?gi]nﬁ)%elﬁsgdﬂﬁszgg{%h%glas%ﬁeﬁval ue. The

sage aRptd@sd & PRY wHraugh B4/ v dypescription is given next of a case

in which an object corresponding to a foreground is noving and an obj ect
When an object corresponding to a foreground is ‘

stationary, light input into the sensor does not change, and
thus, a foreground component F0l/v is equal to the valuél
obtained by dividing the pixel value F01 by the virtual
10 division number. Similarly, when the object corresponding
" to the foreground is stationary, a foregroﬁnd component
F02/v is equal to the value obtained by dividing the pixel
value FO02 by.the virtual division number, a foreground

component F03/v is egual to the value obtained by dividing

g theplxel vale F03bythe TR dlv]_sj_on number__ e Ia
foreéround component F04/v is equal to the value‘obtained by
dividing the pixel value FO04 by the virtual division number.

When an object corfespondiné to a backgr@und.is
_stationary, the light input into the sensor éoes not change,
20 and thus, a background component B0l/v ‘is equal'to tﬁe valué
| obtained by qiﬁiding the pixel value B0l by the virtual
division number. Similarly, when the object ‘corresponding
to the background is stationary,Aa background component
B02/v is equal té the value obtained by dividing the pixel

.25 wvalue B02 by the virtual division number, a background




correspondi ng to a background is stationary. 10 Fig. 10 illustrates a nodel
obt ai ned by developing in the tinme direction the pixel vgimg?gg@5pixels in
one line, including a covered background area, when an objec "
~corresponding to a foreground is noving to the right inthe .figure. 15

- Since one frame is a short period, it can be assuned that the object
corresponding to the foreground is a rigid body and noves at a constant
speed. In Fig. 10, one conponent of the object imge corresponding to the
foreground i s noving such that it .is34ncluded infour pixels. 20 For
exanpl e, a foreground conponent FO4/v is included in the |leftnost pixel to
the fourth pixel fromthe left. In Fig. 10, the anmount v of novenent within

th hut t ti i,s, f . In_Fig. 10, t i xels f t | ef t t pixel
ot ho CIBRSIH ROSTXel ¥ FOHAENG ST BEroing SLa=3n6r By BuRd0aPEa. 1 h 13
May 20Q§m1§$FE%QVa£%E L8 BJX%%% Qgggk%ﬁgﬁgkgggoggéggpég’ngQseventh- pi xel

fromthe el'ong to a xed —area gfound area.

In Fig. , ri pixal, I t g _a,hackground, area, .5, The obj ect
corres%ﬁh Fﬁ%mﬁg F%@b o%%&fgéﬁéviggn%§%%é %gug etﬁaguﬁtoﬁggéﬁggl?Ycovers

the obick ol ¢HROBALAY LA1uENBONABKILAUNG s QNRE 1T LTEs SABROKAIALLY. Lhe
I p va e

conponents 1 ncluded 1n the pixel ues of 'the %IXG|S ohging to the
covered backgrausgeas eacghapge heRmRackys eupd SPPROREISnd %o the

foreground is stationary, the light corresponding to the
foreground object, input into the sensor does not change
during the periocd corresponding to the shutter timé. |
Accordingly,-the foreground component F0l/v corresponding to

10 the first shutter time/v from when the shutter has opened,

the foreground component F01/v corresponding to the second
shutter time/v from when the shutter has opened, the
foreground component FOl/v corresponding to the third

shutter time/v from when the shutter has opened, and the

m7”15””fﬁfédféﬁﬁamédﬁbéﬁéﬁ£“FOif%“édffééﬁbﬂdiﬁd“to e
shutter time/v from when the shutter has opened have the
same value. The same applies to F02/v through F04/v, as in
the case of FO1/v. |
When the object corresponding to the background is
20 stationary, the iight corresponding to the background ébject,
input into the sensor does not change during the period
corresponding to_thé shutter time. Accordinglf, the
background component'BOl/v correspbnding to the first
shutter time/v from when the shutter has opened, the

25 background component B0l/v corresponding to the second




10 foreground conmponents at certain timng during the period corresponding
to the shutter tine For exanple, a pixel value M encl osedibyaaobbhsck frane
in Fig. 10 is expressed by equation (1) below M= B02/v + B02/v + FO7/v +
FO6/v (1) 15 For exanple, the fifth pixel fromthe left includes a
background conmponent corresponding to one shutter tinme/v and foreground
conponents corresponding to three tinmes the shutter tine/v, and thus, the
"mxture ratio a of the fifth pixel fromthe left is 1/4. The sixth

- pixel.fromthe left 20 includes bacRBgreund conponents corresponding to
twice the shutter tine/v and foreground conponents corresponding to twce
the shutter tine/v, and thus, the mxture ratio a of the sixth pixel from

the | effulsod/ 2mdllo BEUETERCRI KEL SFLOPLLNE,Leflofngl uges background

conponent s correspondl ng ree tImes e ime/v and a

f or e9r DU LOMRANEDpd i MEYBEDRD oI EOPLESPROULITAL DS ghutter Lime/v,

and thus, The mxture ratio a of e vent h” pIx romthe left is 3/4.

|t cansberfssURBRe fhakrbiewrb) etlie CORGESRPNHL DG Ond e afQreground is a

rigid body, and any foreground conponent 5 noves at a constant speed such

that ibaéBglHGhddeshnhOndQUrBo DIXetSrrLEEORELNG Yo f194 £X@FPLe, a foreground
conponent FO7/v in the.fourth pixel fromthe left in Fig. 10,

cosr espontiag toméhe fisbtwsdntties $haetyr i hom yheted hesvsheid er has opened
is equal to a foreground conponent of the 10 fifth pixel fromthe left in
Fi g. l€ameorabspondring $amé hepplies to BO2/v through B04/v.
. A description is given next of a case in which an
object corresponding to a foreground is moving and an object
corresponding to a backgrourid is stationary.
10 ‘Fig. 10 illustrates a model obtained by developing in
the time direction the pixel values of pixels in one line,
including a covered background area, when an object

corresponding to a foreground is moving to the right in the

figure.

that the object corresponding to the foreground is a rigid
body and moves at a constant'speed. In Fig. 10, one.
component of the_objecf image corresponding to the
foreground is moving such that it is included in four pixels.
20 : For example, a foregrouﬁd component F04/v is included |

in the leftmost pixel to the fourth pixel from the left.

In Fig. 10, the amount v of movement within theAshutter
time is four. |

In Fig. 10, the pixels from the leftmost pixel to the

25 fourth pixel from the left belong to a fdreground area. 1In




second shutter tinme/v fromwhen the shutter has opened- Simlarly, the
foreground component FO7/v is equal to a foreground compongmy 26bsthe sixth
pi xel fromthe left in Fig. 10, corresponding to the third shutter tinme/v
‘fromwhen the 15 shutter has opened, and a foreground conmponent of the
seventh pixel fromthe left in Fig. 10, corresponding to the fourth
shutter tinme/v fromwhen the shutter has opened. It can be assuned that the
obj ect corresponding to the foreground is a rigid body, and any foreground
conmponent 20 noves at a constant spged-such that it is included in four

pi xel s. Accordingly, for exanple, a foreground conponent FO06/v of the
third pixel fromthe left in Fig. 10, corresponding to the first shutter
timel/v mwhen..t he . shutt 0 is equal to a fareground conponent
of the £1;2{39?’f o%’t hnChﬁl %éxeﬁ%o%%{%n{e%%eef Fﬁl’}ﬁc ipgl.xe%O%oc&?}eessﬁovr‘?l g to the 13
vay 2003ix 38 eSREQRL S HealddiPles T GMRPT 118 A §fs as opened.
Simlarly, the foreground conponent FO67V' s equal to :%oreground -

componaily led s dididarkl x6ledl 1 0t had ol | Rifd G-4ghmter fashANdi ng 10 ¢ he

third shutter tine/v fromwhen the 5 shutter ened, a foreground

conponasdidifgd R S Walkxgioxela fanm the left in Fig. 10, corresponding to
the fourth  shutter time/v fromwhen the shutter has opened. It can be
assenmed t hatrhkhebgbiectoepeEpspandiyndot enkheorbgregnaund }aavangl gi d body,
and any foreground conmponent 10 noves at a constant speed such that it is

i ncl udeghdn el ipd yeksiuaAlgoicdivieglsy ;t b0 lobg%aRPlcer ra shonedmneurd component

the background over time. Accordingly, the components

included in the pixel values of the pixels belonging to the

covered backgrodnd area change from background components to

10 foreground components at certain timing during the period
rcorresponding to the shptter time.
For example, a pixel vélue M enclosed by a thick frame
in Fig. 10 is expressed by equation (1) below.

M = B02/v + B02/v + F07/v + F06/v (1)

g RS akamp e . tHe FITER pixel From the 1eTt inciides P

| background component gorresponding to one shutter time/v and
foregrouhd,compbnents corresponding  to tﬁree times the

'shutter-time/v, and thﬁs, the mixture ratio @ of the fifth
pixei from the left is 1/4. The sixth pixel from the ieft

20 includes background components correSpénding to twice the

shutter time/v and fo?egrbund components corresponding to

.twice the shuttér time/v, and thus; the mixture ratio a.of
the sixth pixel from the left is 1/2. The seventh pixel
from the left includés background components ¢orresponding

25 to three times the shutter time/v and a foreground component




FO5/v of the second pixel fromthe left in Fig. 10, corresponding to.the
first shutter tine/v fromwhen the shutter has opened | S12Raghob® a
foreground conponent of the 15 third pixel fromthe left in Fig. 10,
corresponding to the second shutter tinme/v fromwhen the shutter has
opened. Simlarly, the foreground conponent FO5/v is equal to a
“foreground conponent of the fourth pixel fromthe left in Fig. 10,
corresponding to the third shutter tinme/v fromwhen 20 the shutter has
.opened, and a foreground conponent- afy the fifth pixel fromthe left in
Fig. 10, corresponding to the fourth shutter tinme/v fromwhen the shutter
has opened. It can be assuned that the object corresponding to the

foreground is a ri&id bodg, and any tor?ground conponent 25 noves at a
const afiPTEHERAPLRA FRaPFt SPETFRE] L¥BA/ T £BGr t28SMaYRO0B5XTEYE pj el s-

Accordingly, f | f or eground t _F04/y of the Ieftnost
oi xel FRCEPG® 96, ERS, reTpBRbI Hixth LRET FrPsteshutter/Eime/ v from when the
hutter h ' to a f d t of th d pi xel
From the 5 Tore P ST o EBh ATk Lo THe SORT AU s | el v

- f . . Sim I the f d t
F04I v {2 SBUaI ot h 1 of Sgt BURAeLoniBReREY of CFRAECLRE o BGRFnF T om the 1 of

i N i Onotds SOTL eSHRLELRY g]?ﬁéﬁ'esuéﬁiﬁgaghi'{:tfé _fwalége%xr@H‘ phep the

‘shutter has opened, and 10 e foreground conponent he fourth pixel

fromtpexbest AbcEidindfy, COEFeSRARGI BT L orbhestourtheShybLesc time/ v from
when the shutter has opéened.
F07/v in the. fourth pixel from the left in Fig. 10,
corresponding to the first shutter time/v from when the
shutter has opened is equal to a foreground component of the
10 fifth pixel from the left in Fig. 10, corresponding to the
second shutter time/v from when the shutter has opened.
Similarly, the foreground component F07/v is equal to a

foreground component of the sixth pixel from the left in Fig.

10, corresponding to the third shutter time/v from when the

'm;lsuféhﬁftéf”héén6péned, S foregrounduééﬁponent'dfm£ﬂémm”'
seventh pixel from the left in Fig. 10, corresponding to the
fourth shutter‘time/v'from when the shutter has opened.

It can be assumed fhat the object corresponding to the
foreground is a.figid body, and any foreground component
.20 moves at a constant speéd‘such that it 'is included in four
pixels. Aécordingly, for example, a foreg;ound component
F06/v of the third pixel from the left in Fig. 10,
correspondiqg to thejfirst shutter fime/V'from when the
shutter has opened is equal to a foreground component of the

25 fourth pixel from the left in Fig. 10, corresponding to. the



Since the foreground area corresponding to the noving object includes
notion blur as discussed above, it can also 15 be referregpsg 28852 E
"distortion area". Fig. 11 illustrates a nodel obtained by developing in g
"the tinme direction the pixel values of pixels in one |line, including an %
uncover.ed background area, when the foreground is noving to the right in
the figure. In Fig. 11, the 20 anbunt v of novenent is four. Since one
frame is a short period, it can be assuned that the object corresponding
to the foreground is a rigid body &%l oves at a constant speed. In Fig.
‘11, any. 'conponent of the object image corresponding to the 25 foreground
noves such that it is included in fourpixels 13 May 2005 40 For exanple,
a fore n /v ves such is_included in the fifth
to EIQ%{ Qﬁ&%ﬁgQ%%%n&1 g7 FReBi §Pher f%uFﬁgraﬁﬁﬁnPP$n8 ‘novenent of

the T oragraund., 5 i %@eg,%uaﬁu;c ohbl® kpe/Qut . LOEI0y 11, the pixels

from.the |eftnost pixel the pixel” from eft b%long to a

baCkgrQ%&@g%%%%d | m %h%ntl%f @f%%ﬁSJJQETtHE%J gﬁé]jgf%ﬂl&(%fgo

seventh pixel fron1 left be ong m xed ‘area Serving as

uncovered Qﬁﬁ&@%@%ﬂ@lﬁbe%o %ﬂeF%ﬂ1ralsth%eE'QEEQ?§tbeﬁe% eRekppgs to a
foreground area. The object corresponding to t oregroun which covers
t hes objseqit teer haspepdhia,t antihe backgheuRd cSmPBMEAY S8¥CPhe sixth

pixel from the left in Fig. 10, corresponding to the fourth
shutter time/v from when the shutter has opened.

It can be assumed that the object corresponding to the

foreground is a rigid body, and any foreground component

10 moves at a constant speed such that it is included in four

pixels. Accordingly, for example a foreground component
FO05/v of the second pixel from the left in Fig. 10,
corresponding to the first shutter time/v from when the
shutter has opened is equal to a foreground component of the

second shutter time/v"from when the shutter has opened.
Similarly, the foreground compecnent F0S5/v is equal to a
foreground component of the foufth pixel from the left in
Fig. 10, corresponding to the third shutter time/v from when
2Q the shutterlhas opened, and a foreground component of the
fifth pixel_from,the ieft in Fig. 10, corresponding to the.
fourtﬁ shutter-timefﬁ from when the shutter has opened;,
It can be assuﬁed that the object corresponding to the
foreground is a rigid body, and any foreground.compoﬁent

25 moves at a constant speed such that it is included in four -




‘that it is gradually renoved fromthe object corresponding 15 to the
‘background over tinme. Accordingly, the conponents includegly.gobpg pixel
val ues of the pixels belonging to the uncovered background afea change
fromforeground conponents to background conponents at certain timng in
the period corresponding to the shutter tine. 20 For exanple, the pixel
value M enclosed by a thick frame in Fig. 11 is expressed by equation
(2). M = F02/v + FO/v + B26/v + B26/v (2) For exanple, the fifth pixel
. fromthe left includes background g@mponents corresponding to three tines
the 25 shutter tine/v and a foreground conponent corresponding to 13 May
2005 41 one shutter tine/v, and thus, the mxture ratio a of the fifth
pi xel fro iis 3/4. The sixth_pixel fromthe |left includes

backgr%ﬁ%l%gﬁp}é‘g‘g‘%ﬁ%”&%w esf)%ﬁd?ﬁﬁmﬂagtM?CEOI?%EO%%%t?%’Fp?Pﬁ%FV and
120" YA COPRENe™ e eal L eopond] e el 2 Ucecthe suLeL (Lol and,
2o ont By P Lyl {8 g1 LOCLAGES, £ OSEASL QU CSTpeneR! o eppond o
00 eIV b BBl A 10 O TLELUEE FRLLE LR fLe sevent
the pixere ¥@lmeyM RN ber SXRI&RSEMy Yo CONRt L 00 K@) snutkes BEIFLAY (3)
from when the shutter has opened. Similarly, the foreground
component F04/v is equal to a foreground component of the
third pixel from the left in Fig. 10, corresponding to tﬂe
third shutter time/v from when the shutter has opened, and
iO the foreground component of the fourth pixel from the left
in Fig. 10, corresponding to the fourth shutter time/v from
when the shutter has opened.
Since the foreground area corresponding to the moving

object includes motion blur as discussed above, it can also

g bereferred to e a "dj_smfbrtj_on. area" 1

Fig. 11 illustrates a model obtained by developing in
:the time direction.the-pixel vélﬁes of pixels in ‘one line,
iﬁcluding an uncofered'béckground area, when the foreground
is moving to the right in the figure. 1In Fig. 11, the
20 amount v of movement is four.
| Since‘one frame is a short period, it can be assumed
that the objeét correspondind to the foreground is a rigid
rbody and moves at a constant speed. In Fig. il, any
- component of the object image corresponding to the

+ 25 foreground moves such that it is included in four. pixels.



15 where a is the mxture ratio, B indicates a pixel value of the
background, and Fi/v designates a foreground conponent .- N%gmobg assuned
that the object corresponding to the foreground is a rigid body and noves
at a constant speed. 20 In addition, the anount v of novenent within the
- shutter tine is four.' Accordingly, for exanple, a foreground ‘conponent
FAO /v of the fifth pixel fromthe left in Fig. 11, corresponding to the
first shutter time/v fromwhen the shutter has opened is equal to a
. foreground conponent of the 25 sixthqpixel fromthe left in Fig. 11,
corresponding to the 13 May 2005 42 second shutter tinme/v from when the
shutter has opened. Simlarly, the foreground conponent FO1l/v is equal to
in 1g. 11,

a foregrou C nt of the sevent h pi xel the |eft

correspondlﬁg t%ﬁgﬁg%thlrd sﬁ89F8PDB OP?BFtﬁﬁihVSmPhﬁssﬁﬁFFer has
opened, yahd g f q?g ent h pi. X fromthe left in
Fig. 1itcorr€%p8%ggﬁﬂ‘ (f urt q%té?‘ ikepvxfﬁﬁnﬁ%ﬁgntgﬁe shutt er
has openeg. It can be assuned that the obj ect correspanding to the
foreground is a rigid body and noves at a constant speed. 10 In addition, a

virtual divirgi gaghurber ¢j3 ERHEntAGC Edhagéﬁe?tfg%lg%%”g&fﬁq§0£8&eground

conponent FO02/v of the sixth pixel rom -t eft cor respondi ng
to the Witisin e ts@futtldd™®/ivaef i@Mephaen the shutter has opened is equal to a

foreground conponent of the seventh pixel fromthe |eft in 15 Fig. 11,
~correspondi ng Fagt helseenadpshut §efrbhMBhY {&PPhost pixel to the
fourth pixel from the left belong to a background area. 1In

Fig. 11, the pixéls from the fifth pixel to the eeventh

pixel from the left belong to a miked area serving as an
10 uncovered background area. In.Fig. 11, the rightmost pixel
belongs to a foreground area.
‘The object corresponding to the foreground which covers
' the object corresponding to the background is moving such

that it is gradually remcved from the object corresponding

M“IS”“'fomfhé”ﬁéokgibuﬁdméﬁéf fime . Accordingly, the compements T
included in the pixel values of the pixels belonging to the
uncovered-background area change from foregroond'components
to background componenfs at certain timing in the period
corresponding to the shutter time. |

20 For.example, the pixel value M!' enclosed by a thick
frame in Fig. 11 ie e#pressed by eguation (2).
M' = F02/v + FOl1/v + B26/v + B26/v {2)
For example, the fifth pixel from the left includes
background components corresponding to. three times the

25  shutter time/v and a foreground component corresponding to



when the shutter has opened. Simlarly, the foreground conponent FO2/v is
equal to a foreground conponent of the eighth pixel fromgMayl2®bs in Fig.
11, corresponding to the third shutter tine/v fromwhen the shutter has
"~ opened. 20 It can be assunmed that the object corresponding to the
foreground is a rigid body and noves at a constant speed. In addition, the
-anpbunt v of novenent is four. Accordingly, for exanple, a foreground -
conponent FO03/v of the seventh pixel fromthe left in Fig. 11,
corresponding to the first 25 shutten tHnme/v from when the shutter has
opened is equal to 13 May 2005 43 a foreground conponent of ‘the eighth

pi xel fromthe left in Fig. 11, corresponding to the second shutter tinme/v

from. gﬁgnsﬁggﬁgpu£%§é(ﬁasaﬁﬁegggs Ity has;be nﬁd%%ﬁ%lbedg¥n%ﬁ?reference to

Figs. 9 throug e virtual divisro The virtual

d'V'5'95f9HgP?§?§OEESﬁpeﬂgslé9ttf§ §VE“”tFMe,%% enen ﬁuf%éhlphéhe shutter

‘time. Gener t he ampbunt v of novenen

o CorreSP@BQSiﬁQlﬁagsnPXbﬂ?goéﬂﬁegoﬂﬁoﬁgﬁtQbbS?Ee g&é&f& 18 the

foreground. For 10 exanp if a conponent o ore rou noves such

that ithei ShubebudednéfviQMd PbXEySohAld OREmbEREELs t HEr ARDYOL 4V QT  nDvenent
within the shutter time is set to four. The virtual division nunber is set

to 5 outoi twhesotdansRuntéh tihe/Aosd ¥hes, MeNeneittwd i iheyshutter
time. 15 Simlarly, when a conponent of the foreground noves such that it
i's incéfidelte i sistx pixel sfiomorice frame, ifor/2. ' The seventh pixel

from the left includes a background component corresponding

to one shutter time/v and foreground components |

corresponding to three times the shuttef time/v, and thus,
10 the mixture ratio & of the seventh pixel from the left is

1/4.

When equations (1) and (2) are generalized, the pixel
value M can be expressed by equation (3):

M=a-B+2.Filv. (3)

15

where & is the mixture ratio, B indicates a pixel value of

the background, and Fi/v designates a foreground component.
It can be assumed that the object corresponding to the

foreground is a rigid body and moves at a constant speed.

20 In addition, the amount v of movement withih the shutter
time is four.l'Accordingly, for example, a foreground
component F0l/v of the fifth pixel from the left in Fig. 11,
corresponding to the first shutter time/v from whenrthe
shutter has opened is equal to a foreground component of the

25 sixth pixel from the left in Fig. 11, corfesponding to the




exanpl e, the anmount v of nmovenent within the shutter tinme i's set to six,
and the virtual division nunber is set to six. Figs. 12 angmMay dobbustrate
the rel ationship anong the 20 foreground area, the background area, and -
the m xed area forned of the covered background area or the uncovered
background area, all of which have been di scussed above, and foreground
.conponents and background conponents corresponding to divided shutter

time. 25 Fig. 12 illustrates an exanple in which pixels in the 13 May 2005

44 foreground area, the background-asea, and the m xed area are extracted
froman image including.a foreground corresponding to an object noving in
- front of a stationary background. In the exanple shown in Fig. 12, the

obj ect correspaondi.ng tao 5 the foreground, indicated by A is noving

horizcwﬁ%ﬁ %ﬁiﬁ Lﬁjfgbgﬁgﬁgvf rPWewggPeg%? ﬁggﬁﬁeﬁngF?igp?ﬁﬁdfrane fol I owi ng
frame #n,,;:and fy ang; +2 ] e frane fal ing.trame #n+l. Pixels in the
foregrouﬁg'g?éa? Eﬁg-ggg%8#§ﬁh§ are: PHER% IF?gl/f’hésmeggafaFSaaare extract ed

(1 om oo AP bt BUGR CHI*Govly! B, ATOWIL,Y L RYETER! W LD 1

the shutter tinme 1s set to four, ai ne opi Nng the pixe

Va|UeSEQb:thﬁ,e%h&%%kﬁgnﬁﬁﬁél%oi@hbh%h%EGESQEEQQEigﬂmE§V §PBM@WLPnFig' 13.

15 Since the object corresponding to the foreground noves, pixel values in

t hesf ortegr ewud taredaar epbaeAedagl howbredirbhiatieRbnboheRE0YRALgQNMPONEN S
each corresponding to a
eighth pixel from the left in Fig. 11 corresponding to the

fourth shutter time/v from when the shutter has opened.
It can be assumed that the object corresponding to tﬁe
foreground is a rigid body and moves at a constant speed.

10 In addition, a virtual division number is four. Accordingly,
for example, a foreground component F02/v of the sixth pixel
from the left in Fig. 11, corresponding to the first éhutter
time/v from when the shutter has opened 1is equal to a
foreground component of the seventh pixel from the left in -

15 Fig. 11, corresponding to the second shutter time/v from
when the shutter has Qpéned. - Similarly, the foreground
component F02/v is equal to a foreground c@mponent of the
eighth pixel.from the ieft in Fig. 11, corresponding to the
third shutter time/v from when the shufter-has opened.

20 It ‘can be assumed that the object corresponding to the
foreground is a rigid body and moves at a constant speed.

In addition, the amount v of movement is four. Accordingly,
for example, a foreground component F03/v of the seventh
‘pixel from the left in Fig. 11, cOrrespondin§ to the first

25 shutter time/v from when the shutter has opened is equal-td




shutter tinme/v. For exanple, the leftnost pixel of pi xels in the
foreground area shown in Fig. 13 consists of FOl/v, 20 FO?3 mMayB08sv, and
FO4/v. In other words, the pixels in the foreground area include notion
blur. Since the object correspondi ng to the background is stationary,
light input into the sensor, corresponding to the background during the
shutter tinme does not change, In 25 this case, pixel values in the
background area do not 13 May 2005 45 include notion blur. The pixel

val ues of pixels belonging to the-n4ged area consisting of a covered
background area or an uncovered background area are formed of foreground
conmponents and 5 background conponents A description is given below of a

del obtai by, d W) the t d th | ues of
oixel s ar R e PRl ok £ p5hE; ol iteh Bret Beht LBrh Rhe . cam
t1Qk wh t 10. di to th
Goj cot 118 o1 nge LAy oFS RS "R TP TEERETRETG (he ob) et

i's nmovipgnhenizontally t ect to the screen, pixels disposed on one
line on Itlhe screeﬁécanh%ée éb%rg% ed as the pixels aI i gned side-by- side. is

FLg L 1T HeUa onch el ORI, D AREIAPING dihs ! P Rl rect | on

t he pixel values of pixels which are aligne ch are
| ocat et athd betisd i r Qs (d APSsddh tAURSed T ATBRo®f anrﬁéf&gfrﬂbé@l ned by

capturing
. division number corresponds to the amount v of movement
within the shutter time. Generally, the amount v of
movement within the shutter time corresponds to the moving
speed of the object corresponding to the foreground. For

10 example, if a component of the foreground moves such that it
is included in four pixels in one frame, the amount v of
movement within the shutter time is set to four. The
virtual division number is set to four in accordance with
the amount v of movement within- the shutter time.

15  similarly, when a component of the fbteérbund moves
such that it is included in six pixels in one frame, for
example, the amount v of movement within the shutter time is
set to six, and the virtual division number is set to six.

Figs. 12 and 13 illﬁstrate the relationship among the

-20. foreground area, the background area, and the mixed area
fofmed of the coverea béckground'area or the-uncovéred
béckground area, all of which have been discussed above, and
foreground components and background‘components
corrééponding to divided shutter time.

25 . Fig. 12 illustrates an example in which pixels in the




an obj ect cofresponding to a stationary background. In Fig. 20 14, a
shutter tinme has the sane length as a frane interval tingpay20e5#%n is the
. frame followng frame #n-1, and frame #n+l is the franme follow ng frame
“#n. The sanme applies to the other franmes. 25 Pixel 'values BOl through Bl
shown in Fig. 14 are the 13 May 2005 46 pixel val ues of pixels ‘
corresponding to the 'stationary background object. Since the object
corresponding to the background is stationary, the pixel values of the
correspondi ng pixels in frame #n-1 t4yough franme #n+l do not 5 change. For
exanple, the pixel in frame #n and the pixel in franme #n+l |ocated at the
corresponding position of the pixel having a pixel value BO5 in frame #n-1
have t i xel ~value BQ5. An image captured when a shutter tinme is equal
to a 10 ¥R é‘ﬁ%r%ﬁﬁeb R ArEPudE8% LBV B 88IpAERGr BEAd  ar ea
wll be Cl.i elqw by referring.to Fig. 15 and Fig. 16. Fig. 15
LIIustf%%e§M§¥%§33%Hbﬁfaﬁ%gﬁebﬁnﬁgygﬁgﬁiﬁg%PﬁegFﬂBngiﬁng?FBBF?bﬁgthe pi xe
val ues Qf N x§l- ' .are: 15 i,0 si_de- by-side, and which are | ocated
at the sane po§%¥$2hggfﬁgtﬁpegrgbgnggdgfSgﬁtﬁéﬁﬁgyoB?S HeQ"BY - capfuring an

ool ect SRLGESHRIY BRSBTS 0 DR 0
5 the foreground, indicated by A, is moving horizontally with
respect to the screen.
Frame.#n+lAis the frame following frame #n, and frame
#n+2 is the frame following frame #n+1. |
Pixels in the foreground area, the background area, and
ilO the mixed area are extracted from one of frames #n through
#n+2, and the.amount,v of movement within the shutter time
is set to four. A model obtarned by developing the pixel
values of the extracted pixels in the time direction is
shown in Fig. 13.

15 : Since the objeot corresponding to thé'foregrouﬁd moves,'
pixel valueés in the foreground area are formed of four
different foreground comporents each corresponding to a
shutter time/v.‘ For erample, the leftmost pixel of pixels
in the foreground area shown in Fig. 13 consists .of FO1l/v,

20 F02/v, F03/v, and F04/v. In other words, the pixels in the
foreground area include motion blur, | 7

Since the object corresponding to the backgroundlis
étationary, light input into the sensor; corresponding to
the béckground during the shutter time'doos not change. 1In

25 - this case, pixel values in the background area do not




20 In Fig. 15, it can*be assuned that the object corresponding to the

foreground is a rigid body and noves at a constant speedi13Maya2dd5ti on, any

~ foreground conponent noves such that it is included in four pixels in one
frame. Accordingly, the amount v of novenent within the shutter 25 tinme is-
four, and a Virtual division nunber is set to four. 13 May 2005 47 For

exanpl e, a foreground conponent of the leftnost pixel -in frame #n-1 shown
in Fig. 15, corresponding to the first shutter tinme/v fromwhen the

shutter has opened is F12/v, and-a4boreground conponent of the second

pi xel from5 the left in Fig. 15, corresponding to the second shutter

tinme/v fromwhen the shutter has opened is also F12/v. A foreground

conponent1Qfetiscibhrid; pi-xel fromthe left in Fig. 15, corresponding to
the third shutter tinme/v fromwhen the shutter has opened and a foreground

conponent ofnd hsi JOUnt ik RiX6ls LTI Bldg i R e FOLIESPONdI NG to

“the fourth shutter tine/v fromwhen the shutter has opened are F12/v. A

f or egr eungisompgnent a ofovbeed ehidREoRhAChrdd &F AR Gcdvsh@yn in Fig. 15,
corresponding to the second shutter - tinme/v fromwhen the shutter has

openedbaskftbind #rdd 408 efsonad SPNPORERtodid themseconds pixel fromthe
l.eft in Fig. 15, corresponding to the third shutter tinme/v fr omwhen the
shiit t ebabkgropmthecbmsomdsos FI | /v. A foreground conponent of the third
Pixel fromthe left in Fig. 15  corresponding to the fourth shutter tinme/v
from when thhelez@rsipdtitcer iagiopendlicer Elfl/av model obtained by
developing.in the time direction the pixel values of pixels
which are aligned side-by-side and which are located at fhe
same positions in a plurality of frames when\the image
10 corresponding to the object is moving. For example, when
the image corresponding to the object is moving horizontally
with respect to the screen, pixels disposed on one line on
the screen can be selected as the pixels aligned side-by-
side.
15°  © Fig. 14 illustrates a model obtained by develéping in
the time direction the pixel values of pixels which_aré
aligned side—bywside and which are located at the same
positions‘in fﬁree fraﬁes of an image obtained bﬁ capturing
an object corresponding to a statiocnary background. In Fig.
' 20- 14, a shutter time has the same length as a frame interval
time.
Frame #n is the frame following frame #n-1, and frame
#n+l is the frame following frame #n. The same applies to

the other frames.

25 - . Pixel values B0l through B12 shown in Fig. 14 are the




A fore ground conponent of the leftnost pixel in frame #n-1 shown in Fig.
15, corresponding to the third shutter tine/v fromwhen t3®agl2006er has
opened is F10/v. A foreground conponent of the second pixel fromthe |eft
in 25 Fig- 15, corresponding to the fourth shutter time/v from 13 May 2005
48 when the shutter has opened is also F10/v. A foreground conponent of
the leftnmost pixel in frane in-1 shown in Fig. 15, corresponding to the
fourth shutter tine/v fromwhen the shutter has opened is F09/v. 5 Since
t he object corresponding to the background is stationary, a background
conponent of the second pixel from the left in frame #n-1 shown in Fig.
15, corresponding to the first shutter time/v fromwhen the shutter has

d B B . t hi | f the 10 left
opene Jﬁfl Ql1Vres %%k%E%%&gl%%rcggggg 6n8|%8 tge ;% £$$?§¥rggh sgcond ©

in fra shown i n

Shut t eiddgBloyelt Ouhen t@gna@ughgr of3sc.opsned are B2/ v, Backor ound

conponents of the fourth pixel rom PPahe wn in Fig.

15, COmMRIRABHNRT 1 st & tEhe hLESt 0 h ugte |ne/v from when the
15 shutfgr has opéﬁed areOBOB EHE P?gﬁ% ggngQ BE £hé t he | ef t nost

pi xel icoareshendiel! pheloagsn! @rgm@ kAL ROEAND A" fﬁaménﬂn%fedée&ged t hrough

fourth pixels fromt | eft belong to the m xel area serving as a covered
backgr ettatgar.eaFoz0 eXaepfief t Rhthpough lﬂekiﬁﬁep#ﬁe£§dfEﬂ%“ﬁiE%ifﬁﬁ in frame

#n-1 in Fig. 15 belong to the background area, and the piXel
frame #n+l located at the corresponding position of the
pixel having a pixel value B05 in frame #n-1 have the pixel
value BOS. |
An image captured when a shutter time is equal to a
10 frame interval time and which includes a covered background
area will be described-below by referring to Fig. 15 and Fig.
l6.
Fig. 15 illustrates a model obtained by developing in
the time direction the pixel wvalues of pixels which are
15 aligned side~by-side and which are located at the same
 positions in three frames'of an image obtained:by capturing
an object correspoﬁding to a foreground that moves to the
right in the figuré, together with an object corresponding
to a stationary background.
720‘ , In Fig. 15, it can 'be assuméd that the object
cofresponding to the foreground is a rigid body and moves at
a constant speed. 1In addition, any féreground component
moves such that it is included in four pixels in one frame.
Accordingly, the amount v of movement within the shutter

25 time is four, and a virtual division number is set to four.




val ues thereof are B04 through Bll, respectively. The first through fifth
pixels fromthe left in franme #n in Fig. 15 belong to the3Mayegodbund area.
Foreground 25 conponents corresponding to the shutter tine/v in the 13 May
2005 49 foreground area of frame #n are any one of FO5/v through F12/v.

It can be assuned that the object corresponding to the foreground is a
rigid body and noves at a constant speed. 5 In addition, the anpbunt v of
movenment within a shutter time is four, and the shutter tine is equal to a
frame interval tinme, the foreground7i mage is shifted by four pixels to the
right and displayed in the next frame. A foreground conponent of the fifth
pi xel fromthe left 10 in frame #n shown in Fig. 15, corresponding to the

first shut i v.fro en the, shutter has ned. i F12/v, and a
ﬁé% éi Te, %rQéM%%h und cqm&onen of”ﬁgﬁ(iqﬁiqgs 15,

f oreground conpone of The's p1 X€ romthe

corresBQQgingntgrgﬁg gﬁffnghggytigr%%&peig fé5¥g%%g§ad£{|_a§$ﬁ%er has

e .
‘opened 1s also F12 or egr ound comrmponen € seven pi xel from

the I eftrk EhGeedd. £i£9/4 CARANUING Lo L hey LhiLd mt&%né& eV from when

the shutter has opened and a foreground conponent of e eighth pixel

fromthez)eftahd & BordPro&i’ g 4P the gé&ﬁﬁ&'é}ﬁ@ﬂ t€fon | M/ V from

when the shutter has opened are F12/v. 20 A foreground conponent of the
fifsh phaeleftommtigg| efs, dorfeBndinghowid "&bnd Bnpdesponding to

the second shutter tine/v fromwhen the shutter has opened is FlI/v. A
time/v from when the shutter has opened is also F12/v. A
foreground component of the third pixel from the left iﬁ Fig.
15, corresponding to the third shutter time/v from %hen £he
shutter has opened and a foreground component of the fourth

10 pixel from the left in Fig. 15, corresponding-to the fourth
shutter time/v from when the shutter has opened are Fi2/v.

A foregrouﬁd component of the leftmost pixel in frame
#n—-1 shown in Fig. 15, corresponding to the second shutter
time/v from when the shutter has opened is Fll/v. A-

15  foreground component of the second pixel from the left in
Fig. 15, corresponding to the third shﬁtter time/v from when
the shutter has opened is also Fll/v. A foreground
component of the third pixel from the left in.Fig: 15,
correSanding_to the fourth shutter time/v from when the

20 shutter has opened is F11/v.

A foreground component of the leftmost ﬁixel in frame
#n~1 shown in Fig. 15, corresponding to the tﬁird shutter
time/v from when the shutter has opened is F10/v. A
foregroundVCOmenent of the second pixel from the left in

25 Fig. 15, corresponding to the fourth shutter time/v from




f oreground conponent of the sixth pixel fromthe left in Fig. 15, :
corresponding to the third shutter tinme/v fromwhen the Zg%ﬁgggb@% has
~opened is also F11/v. A foreground conponent of 13 May 20 e seventh
. pixel fromthe left in Fig. 15, corresponding to the fourth shutter tine/v-
fromwhen the shutter has opened is FIl/v A foreground conmponent of the
fifth pixel fromthe left 5 in frame #n shown in Fig. 15, corresponding to
‘the third shutter time/v fromwhen the shutter has opened is F10/v. A o
foreground conponent of the sixth pi4&l-fromthe left in Fig. 15,
corresponding to the fourth shutter tine/v fromwhen the shutter has
opened is also FIOQ v. A foreground conponent of 10 the fifth pixel fromthe

| eft i nfdn@,dfnssiewy iR Fi capres ng Lo the fourth shutter
time/v fromwhen the shuﬁte eﬁ%?’&ﬁe%l'%igqggg EASlnce IrRE™ gbject

cor v espanntro e agkaraat bxea Al gvy. 4A-RaskarauEg gegponent of

the sixth pixel from 15 the n frame #n shown I'n

cor r esgadidig @ gdhiifgr $b &B@tE%hr%h”%&ht%%%”h%ﬁ%?vt??oﬁhwﬂ%ﬁr FQS opened
is BO5/v. Background conmponents of the seventh pixel fromt eft in

frame #hutheuwn has bipgned5isceongsponding to the first and second shutter
‘tine/v fromwhen the shutter has 20 opened are B06/v. Background conponents

of ®he ei ghthnpexehe ébpertheoteéspondingmeo#ohs ek dFodrid. 1515,
corresponding to the first through third shutter tine/v fromwhen the
shut t estaidonepaned &rekBO@lhud component of the second pixel from

the left in frame #n-1 shown in Fig. 15, corresponding to

the first shutter time/v from when the shutter has Opened is

BOl/v. Background components of the third pixel from the

i0 left in frame #n-1 shown in Fig. 15, corresponding to the
first and second shutter time/v from when the shutter has
opened are B02/v. Background components of the fourth pixel
from the left in frame #n-1 shown in Fig. 15, corresponding
to the first through third shutter time/v from when the

15 shutter has opened are B03/v.

In frame #n-1 in Fig. 15, the leftmbst pixel from the
left belongs'tp the foreground area, and the second through
fourth pixels from;the'left belong to the mixed area serving.
as a covered background area.

20 - The fifth through twelfth pixels from the left in frame
‘#n-1 in Fig. i5 belbng to the background area, and the pixei
values thereof are B04 through‘Bil, respectively.

The first through fifth pixels from the left in frame
#n in Fig. 15 belong to the foreground area. Foreground

- 25 components corresponding to the shutter time/v in the




‘In frame #n shown in Fig. 15, the sixth through eighth 25 pixels fromthe
‘left belong to a.m xed area serving as a 13 May 2005 51 g9 9 g gackground
area. The ninth through twelfth pixels fromthe left in frane N shown in
Fig. 15 belong to a background area, and the pixel values thereof are BO08
‘through BlIl, respectively. 5 The first through ninth pixels fromthe |left
in frame #n+| shown in Fig. 15 belong to a foreground area. Foreground
conponents corresponding to the shutter time/v in the foreground area of
frame #n+l are any one of FOl1/v thmeugh F12/v. 10 It can be assuned t hat
t he object corresponding to the foreground is a rigid body and noves at a

constant speed. In addition, the ambunt v of noverment within a shutter
tinme s four nd_t he tter ime is equal to_the interval tine.
AecordlngF?rogngo?E%?dﬁidy ?r%ﬁa?¥m99ﬁrﬁﬁl%ﬁ§{ﬁx TYPm the left in
frame l,,shown in Fig. 15, correspondlng to the first shutter tine/v

from whefi’the .shutter has opened is F12/v, and a foreground conponent of

‘the tenth pjxel r{ QM tggemleh Edhge gec%orc%eefponp%ln@iquo tfflg second

shutter tIITEV rom ter opene IS a

foregr eypdqeoRRENENt 5 Of 3 éﬂ&;ﬁé@ge&m@ r}?a e‘ro \é}&eﬁalt ee;t - 15,_

corresponding to the t hi 3% om er has opened

and, a fRrgaaouneh, coMPonainofy the r&a/@ériﬁér& Ri & 1 of raofgﬁdlecéxeféudé‘ Fig. 15,

corresponding to the fourth shutter tinme/v from when 't
~is four, and the shutter time is equal to a frame 1nterval

.time, the foreground image is shifted by four pixels to the
right and displayed in the next frame.
A foreground component of the fifth pixel from the left
10 in frame #n shown in Fig. 15, corresponding torthe first
_Shutter time/v from when the shutter has opened is Fi2/v,
and a»foregropnd component of the sixth pixel from the left
- in Fig. 15, corresponding to the second shutter time/v from
| when the shutter has opened is also F12/v. A foreground
15 component of the seventh pixel from the left in Fig. 15,
corresponding to- the third shutter time/v from when the
- shutter has‘opened and a-foreground component of the'eighth
pixel from the left ianig. 15, corresponding to the foureh
shutter time{v from when the shutter has-opened-are Fl2/v.
20 A foreground component of the fifth bixel from the left
| in'frame #n shown in fig, 15, corresponding to‘the second
shutter time/v from when the shutter has opened is Fll/v. A
foreground component of the sixth pixel from the 1eft:in Fig.
15, correspondiﬂg to the third ehutter time/v from when the

25 shutter has opened is also F11l/v. A foreground component of




25 shutter has opened are F12/v. 13 May 2005 52 A foreground conponent of
the ninth pixel fromthe left in frame #n+l shown in Fi g13 May 2005
corresponding to the second shutter time/v fromwhen the shutter has

' - opened is F11/v. A foreground conponent of the tenth pixel fromthe left
-~ in Fig. 515, corresponding to the third shutter tinme/v fromwhen the
shutter has opened is also FII/v. A foreground conponent of the eleventh
pi xel fromthe left in Fig. 15, corresponding to the fourth shutter tine/v
fromwhen the shutter has opened- $0FH/v. 10 A foreground conponent of
the ninth pixel fromthe left in frame #n+l shown in Fig. 15,
corresponding to the third shutter tine/v frontmhen the shutter has opened

F10 | f h I f F
|5 P10k beutfssohound epmonentjofLIe bept el XEl eamiBeideld 0 Fia.

15, correspondlng ourt utter

openedihg 2bapth10h¥ térf emgmuegoﬁoaﬂgﬂe%eot hutfer PhAL NopLyed. from the

left in frame #n+l shown in 15, correspon Ing t our shutter
time/ vigremwaen the shutter has opened is FO9/v. Since the object
corresponding to the background is 20 stationary, a background conponent

of the tenth pxejfsoma ddpdmidt idF frmder #inl Shaw 4 bdfithe 12rt
corresponding to the first shutter tine/v fromwhen the shutter has opened

i s 5 BO9hvir&aekyn osnows oIpoRegt S16f therebpyeaihgpixethéromide left in
frame #n+l shown in Fig. 15, corresponding to the 25 first and second
shutteshuthetvtimehvmﬂemnthbeshuméeﬁh@ﬁser has opened is Fl0/v. A
foreground component of the sixth pixel from the left in Fig.
15, corresponding to the fourth shuttef time/v from whenrthe
shutter has opened is also F10/v. A foreground component of
10 the fifth pixel from the left in frame #n shown in Fig. 15,
corresponding to the fourth shutter time/vrfrom when the
shutter has opened is F09/v.
Since the object corresponding to the background is
stationary, a background component of the sixth pixel from
15  the léft in frame #n shown in Fig. 15, corresponding to the
first shutter time/v from when the shutter has opened is
BO5/v. Background components of the seventh pixel from the
left in frame #n shown‘in Fig. 15, corresponding -to the
first and second shutter time/v from when the shutter has
20 opened are B06/v. Background components of the‘eighth pixel
from the left in frame #n shown in Fig. 15, cotresponding to.
the first through third shutter time/v from when the shutter
" has opened are B{07/v. | | -
In frame #n shown in Fig. 15, the sixth tﬁrough eighth

25 pixels from the left belong to a_miked area serving as a




13 May 2005 53 opened are B10/v. Background conponents of the twelfth

pixel fromthe left in frame #n+ll shown in Fig. 15, cor{egaphdssg to the
first through third shutter tine/v from when the shutter has opened are

" Bll/v. 5 In frane #n+1 in Fig. 15, the tenth through twelfth pixels from
the left belong to a m xed area serving as a covered background area. Fig.
16 illustrates a nodel of an inmage obtained by extracting the foreground
conponents fromthe pixel values 10 shown in Fig. 15. Fig. 17 illustrates
a nodel obtained by developing in- thie-tine direction the pixel values of

pi xel s which are aligned side-by-side and which are |ocated at the sane
positions in three franes of an inmage obtai ned by capturing 15 an object

correspgpdi-ng ggcﬁ%g%gﬁEoQgég_background- In Fig. 17, a frame interval .

tine is twce a s er tTne. "Pixel values B0l through B12 shown in Fig.

are the pi- i C espondi to the stati,onar backgr ound
_object. Si ni(?gé t%@%ﬁﬁaﬁog ﬁr(‘ra%geplo%d{ (r-:‘f:’slgieoh'LL b %% tbhzf”cl<1gerl(g‘tur'?ﬂl ?frsryag‘(eati onary,

e PR shBlieon oF 161015 CLLERROY, D0LiEh Sabdd LEANE Jil Tof i ough frane

#n+l do not change.” For exanpl I xe rane #n and the pi xel in

frame gnsbll 052684 Blietber COFE CPONEAGPPSET] O QL 4 he pixel having the
pi xel value BO5 in frame #n-1 have the §@5 plkgf Jg%ue‘g .~ 13 May 2005
5 The first through ninth pixels from the left in frame
#n+1l shown in Fig. 15 belong to a foreground area.
Foreground.components corresponding to the shutter time/v in
the foreground area of frame #ﬁ+1 are any one of FOl/v |
through Fi12/v.
10 It can be assumed that the object corresponding to the
foreground is a rigid body and moves at a constant speed.
In addition, the amount v of movement within a shutter time
is four, and. the shutter time is equal to the frame interval
time. Accordingly, a foreground component of the ninth
15 pixel from the left in frame #n+lIShown in Fig. 15,
correséonding to the first shutter time/v from when the-
shutter has opened is F12/v, and a_foreground'Componeﬁt of
the tenth pixei from tﬁe left in Fig. 15, corresponding to
- the second shutter time/v from when the shutter has cpened
20 is also Fl2/v. A foreground component of the eleventh pixel
from the left in Fig. 15, corresponding to the third shutter
time/v from when the shutter has opened and a foreground
component of the twelfth pixel from the left in Fig. 15,
corresponding to the fourth shutter time/v from when the

‘25 shutter has opened are F12/v.




54 In this way, the image conponents included in an inmage obtained by
capturing only a stationary object are the same even whefs Mag204 ati onship
between the shutter tinme and the frame interval tine is changed. 5, An-

i mage captured when a shutter tine is half a frame interval tine and which
i ncludes a covered background area w |l be described below by referring to
Fig. 18 and Fig. 19. Fig. 18 illustrates a nodel obtained by developing in
the time direction the pixel values of pixels which are 10 aligned

si de-by-side and which are | ocated-at2the sanme positions in three franes of
an i mage obtained by capturing an object corresponding to a foreground
‘that noves to the right in the figure together with an object

d tati d. .15 1 F t b d
Chat the oy ecp2eadeRhEL sAIBRY-RE ERC e B3P Bnt e a ol Hhoolg ana moves
at a copsianfe er dshoq\maqqf t]:'|:|_ 13" f(}r fee%r Ou ch_n%O of Flﬁ Fﬁrmv s such .
c& g

that it 1s inclu in four pix s |ﬁ one fHe amount v

of oveRIe M Wi AN LA el S M g@qeéva”kl?héd' vi gi on

nunber is set to four. For exa a foregroun onen ¥ the | eft nost

pi xel iy B -dontiRWh d rbe'@te 180 GPTI BP0 FZO“& e, tfﬁl{sfﬁr%?dhutter

time/v fromwhen the shutter has opened |s or egr ou
conponars, oforteepseennd Riox@hef LaMras shie kel t1ka /6 8roh8ynsRr LRSPONdi ng to

t he second shutter 13 May 2005 55
' shutter has opened is also F1l/v. A foreground component of
the elevenfh pixel from the left in Fig. 15, corresponding
to the fourth shutter time/v from when the shutter has |
opened is F1l/v.
‘10 : A foreground component of the ninth pixel from the left
" in frame #n+1 shown in Fig. 15, corresponding to the third
shutter time/v from when the shutter has opened is F10/v. A
foreground component of the tenth pixel from the left in Fig.
15, corresponding to the fourth shutter time/v from when the
15 shutter has opened is also F10/v. A foreground compénent of
"the ninth piXel_from the left in frame #ﬁ+l shoﬁn in Fig. 15,
corresponding to the fourth shutter time/v from when the
shutter has opened is §O9/v-
Since the object corresponding to the backgréund is
20 'statlonary, a background component of the tenth plxel from
the left 1n frame #n+l shown in Fig. 15, correspondlng to
 the first shutter time/v from when the.shutter has opened is
- B09/v. Background components of the eleventh pixel from the
left in frame #n+l1 shown in Fig. 15, corresponding to the

25 first and second shutter time/v from when the shutter has




time/v. fromwhen the shutter has opened is also F20/v. A foreground
conponent of the third pixel fromthe left in Fig. 18, cmmagprossling to
the third shutter tinme/v fromwhen the shutter has opened and a foreground
conponent of the fourth 5 pixel fromthe left in Fig. 18, corresponding to-
the fourth shutter tine/v fromwhen the shutter has opened are F20/v. A
foreground conponent of the |eftnost pixel in frane #n-1 shown in Fig. 18,
correspondlng to the second shutter time/v fromwhen the shutter has
opened is F19/v. A 10 foreground corponent of the second pixel fromthe
left in Fig. 18, corresponding to the third shutter tinme/v fromwhen the
shutter has opened is also F19/v. A foreground conponent of the third

pi xel fromthe left in Fig. corresponding to the fourth shutter tine/v
from whBANeRe21s BRI Y er %%%k%ﬁ%%%@ @%mPQEﬂﬂisﬁPﬁdﬁégﬂ@ﬁﬁdﬁdbnplonent of

t he | ef t nost Plxel in frame #n-1 shown in Fig. corresponding to the
third Bhottef TlE%?vl?f5n+%h%ﬁaW%e#%hﬁt%%QW%3§1&Béhedfhs F18/v. A

foreground [of0) nent of the_secon |er fromthe left in 20 Fig. 18,
corresp%rﬁ?%%g$§ T%et9 ottt nf5he téh ??%%/9h¥??nﬁhWﬁﬁﬁFtqﬁy%ﬁﬂnﬁﬁﬂm-has

opene 8lv. Aforeground co ent of the leftnost pixel in
Yo "L TR e R e

frame own i n-Fl hg to the fourth shutter tinme/v

ngggggggdfng to t gﬁbégég?gﬁ'deﬁétiéﬁ%h§¥5ﬁé5t§l§%§P2?e822&§, a background
CO”DOQ§ﬂie£§-fiﬁhsfﬁé"EEEQ)%%léﬂé"Qo a mixed area serving as a
covered background area. |

.Fig; 16 illustrates a model of an image obtained by

extracting the foreground components from the pixel values
10 shown in Fig. 15.

Fig. 17 illustrates a model obtained by deﬁeloping in
the time direction the pixél values of pixels which are
aligned side-by~side and which are located at the same
pOSlthHS in three frames of an image obtalned by capturlng

15 an object correspondlng to a statlonary background In Flg.
117, a frame interval time is twice a shutter time.

Pixel values BO1 through B12 shown in Fig. 17 are the
pixel values of pixels corresponding to the stationary
background object. Since the object corresponding to the

20 background is stationary, the pixel values of the
‘corresponding pixels in frame #n-1 through frame #n+l do. not
change. For example, the pixel in frame #n and the pixel in
frame #nfl located at the corresponding position of the
-pixel_having the pixel value B05 in frame #n-1 have the

. 25 pixel value B0)5.




the Teft in franme #n-1 shown in Fig. 18, corresponding to the first
shutter tinme/v fromwhen the shutter has opened is BO01l/v1i3 @agkgomund
conponents of the third pixel fromthe 5 left in frame #n-1 shown in Fig.
18, corresponding to the first and second shutter tinme/v fromwhen the
shutter. has opened are B02/v. Background conponents of the fourth pixel
fromthe left in frame #n-1 shown in Fig- 18, corresponding to the first
through third shutter time/v fromwhen the 10 shutter has opened are BO03/v.
“In frame #n-1 in Fig. 18, the |leftnost pixel fromthe left belongs to the
foreground area, and the second through fourth pixels fromthe left bel ong

to the m xed area serving as a covered background area. 15 The fifth
A g. 18 belong to

t hrough twenti pixels.tromthe left in frame #n-1. in F

“the backgrogﬁd%gggayéghdt%ﬁelmﬁﬁfeFQWgPﬁggtFhéPEéFgﬁpelgoﬁntﬁWﬁgﬁh B19,
respectd The, fi nr i_nt i.xels fromthe left . in frame #n in
Fig. ]i?%ﬁﬁ%ﬁﬁ?[%?t%é?%%%%ﬁfg%ﬁaﬁé?ggé' 5§€§PbﬁﬁﬁExgbagﬁhﬁgﬁbﬁﬁye

corr espanth o (e Shuldiel TP AR IS LOLEUaud Jrea gl Lrame #n are

~any one of FO09/v through F20/v. I't can be assuned that

COr r espNGAa G i@ e gﬁmﬁg@ogmgﬂg%dq rigid body and noves at a constant
speed- 25 In addition, the anmount v of novenent within the shutter 13 My

2005. 57 tima imafeucapafdetih@nbhageshntebyalihbMsi faipi gerblige shutter
tinme, the foreground inmage is shifted by eight
interval time and which includes a covered background area
will be described below by referring to Fig. 18 and Fig. 19.
Fig. 18 illustrates a model oﬁtained by developing iﬁ

the time direction the pixel values of pixels which are

10 aligned side-by-side and which are located at the same
positions in three frames of an image obtained by captufiﬁé
an object corresponding to a foregrbund that moves to the
right in the figure together with an object corresponding to
a stationary background.

15 In Fig. 18, it can be assumed that the object
cofresponding to the foreground is a rigid body and moves at -
a cbnstantrspeed. ‘In addition, any foreground component
moves such that it is included in four pixels in one frame.
Accordingly, the amount v of movement within the shutter

.20 time is four, and a wvirtual diﬁision number is set to four.

For example, a foreground component 6f the leftmost

pixel in fraﬁe #n-1 shown in Fig. 18, corresponding to the
first shutter time/v from when the shutter has opened is
F20/v, and a foreground component of the second pixel from

25 the left in Fig. 18, corresponding to the second shutter




pi xels to the right and displayed in the next frane. A foreground conponent
of the ninth pixel fromthe left 5 in frame #n shown in 3 gay 2805
corresponding to the first shutter tine/v fromwhen the shutter has opened
is F20/v, and a foreground conponent of the tenth pixel fromthe left in
Fig. 18, corresponding to the second shutter time/v from when the shutter
- has opened is also F20/v. A foreground 10 conponent of the el eventh pixel
~fromthe left in Fig. 18, <corresponding to the third shutter tine/v from
when the shutter has opened and a kgreground conponent of the twelfth
pi xel fromthe left in Fig. 18, corresponding to the fourth shutter tinme/v
frontmhen the shutter has opened are F20/v. 15 A foreground conponent of
t he n| P mthe left in frame #n shown in FQ%KB;S, correspondi ng
to the %%% %%ut Tt rom Mt PR HRES it 1St pened*is F19/v. A
f oregrpund co nent of the te xel- fromthe |ef
corres%%he h%u THPYRTY F%%rg#tﬁ@/91Fggn2ﬁﬁ@ntbﬁegﬁétshﬂtFég has
opened; ks a A for onponent of he. el event h pi xel from
the | e}%’ épﬁg&cl@l%%r respond‘f & ng) THeF ofu]r"t# SHEFE S8 £ r om when
.the sh o) [ / r t. of . the.ninth pixe
from t#&ﬁa?Paﬁ ? cﬁ? %%ﬁa;nijag O{rﬁ%%oﬁ{r&g (9 : corrg’&‘gpr%ohndlfﬁ)gu ﬁ_’o the third

13 sMa t / F18/ A
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foreground component of the tenth pi'xe

correspoRdidg {ind A UM thh SN UWHSTs ity {dOBhRn the F20/v.

A foreground component of the leftmost pixel in frame
#n-1 shown in Fig. 18, corresponding to the second shutter
time/v from when the shutter has opened is F19/v. A
10 foreground component of the second pixel from the left in
Fig. 18, corresponding to the third shutter time/v ffom when
the shutter has opened is also F19/v. A foreground
component of the-third pixel from the left in Fig. 18,
corresponding to the fourth shutter time/v from when the
15 shutter”has opened is F19/v.
A foreground component of the leftmost pixel in frame
#n-1 shown in Fig. 18,7corresponding to the third shutter
time/v from when the shutter has openedlis FlB/u. ).\
foreground combooeht of the second pixel from the left in
20 Fig. 18, corresponding to the fourth shutter time/v fromr
when the shutter has opened is also FlB/v. A foreground
component of the leftmost pixel in frame #n-1 shown in Fig.
18, corresponding to the foufth shutter time/v from when the
shutter has opened is F17/v. |

25 - Since the object corresponding to the background is




shutter has opened is also F18/v. A foreground conponent of 5 the ninth
pixel fromthe left in frame #n shown in Fig. 18, correspopdirgoso the _
fourth shutter tine/v fromwhen the. shutter has opened is F17/v. Since'the
" obj ect corresponding to the background is stationary, a background
conponent of the tenth pixel from 10 the left in frame #n shown in Fig.

18, corresponding to the first shutter tinme/v fromwhen the shutter has
opened is B09/v. Background conmponents of the eleventh pixel fromthe

left in frame #n shown in Fig. 18,-cegresponding to the first and second
shutter tinme/v fromwhen the shutter has 15 opened are Bl O v. Background
conponents of the twelfth pixel fromthe left in frame #n shown in Fig.

15 SRRSOl o LG LR O e dahuLter LLUELY Lrom when (he

shutter "has openéd are e

t hr ouglrnglk 1, 2Q Binkelys, i ARLE shekt Jbehang Lo, 8 M xad areg serving as

a covered background area. The t een Rroug 1 pirxels from

the | efthe ifArktagBu#Resh@Whel/R %Egm.%ﬁeﬁeggggs§gt%e9aﬁ5?{gg?geﬁgfﬁéy and

t he pi xel values thereof are Bl12 throug respec 2005

59 Thegpbilyst tBaeugRosaveBLASBLBNREX S theomhtibg Lehbil Prof! @HE #n+l shown
in Fig. 18 belong to a foreground area. Foreground conponents

cors espendi ig Teakbe#ahut babwhi BB/ vigh 18hecheredpoHAdngr €8 ofieframe #n+l
~are any one of FO1l/v
first and second shutter time/v from when the shutter has
opened are B02/v. Background components of the fourth pixel
from the left in frame #n-1 shown in Fig. 18;'corresponding
to the first through third shutter time/v from when the
10 shutter has opened are R03/v.
In frame #n-1 in Fig. 18, the leftmost pixel from the
: ieft belongs to the foreground area, and the second through
fourth pixeis from the left belong to the mixed aréa serviﬁg
as a covered background area.

157 "The fifth through tweﬁtietﬁ pixels from the left in
frame #n-1 in Fig. 18 belong to the background area, and the
pixel values thereéf are B04 through B19, respectively.

The first thgough'ninth pixels from the left in frame
#n in Fig. 18 belong to the foreground area. Foreground

7 20 ' components corrésponding to the shutter time/ﬁ in the-
foréground area of frame #n areée any one of F09/v through
F?O/v.

It can be assumed that the object corresﬁonding to the
foreground is a rigid body and moves at a constant speed.

25 In addition, the amount v of movement within the shutter




5 through F20/v. It can be assunmed that the object corresponding to the
foreground is a rigid body and noves at a constant speed.13Mayadgstion, the
amount v of novenent within the shutter time is four, and the frame -
interval time is twice the 10 shutter tine. Accordingly, a foreground
conponent of the seventeenth pixel fromthe left in frame #n+l shown in
Fig. 18, corresponding to the first shutter tinme/v fromwhen the shutter
~has opened is F20/v, and a foreground conponent of the eighteenth pixel
fromthe left in Fig. 18, correspondizng 15 to the second shutter tine/v

- fromwhen the shutter has opened is also F20/v., A foreground conponent of
“the nineteenth pixel fromthe left in Fig. 18, corresponding to the third
shutte£ tinme/v fron1mh§n t he_shutter hasopened and a foreground conponent

of the t¥RntT ef‘?f”bi X9 P FHR90 R ERTVRh BHEE 48, tELEe e9ionding to the

For eqr BnE ConsUhEnt Ch THELO0RME oBHTAE ot KPP TT o TREADIE i n frame #ne

Shomn BIELS. 0 5oL 20Ol B I SeoBNd sl eredd /v from whon the

O T B g A L S

fosegraund-aRmANaol 106 Y NelEeldl AdRind fN G Ld; (4 Fi 0. 18,

corresponding to the fourth shutter time/ rom en the shutter has

ODEUECbﬂlﬁtﬂig/ﬁ/ime/v from when the shutter has opened is F20/v,

and a foreground componeqt of the tenth pixel from the left
in Fig. 18, corresponding to the second shutter time/v frﬁm
when the shutter has opened is also F20/v. A foreground

.10 component of the eleventh pixel from the left in Fig. 18,
_corrésponding to the third shutter time/v from when the
-shutter has opened and a foreground component of the twelfth
pixel from the left in Fig. 18, corresponding to the fourth
shutter time/v from when the shutter has opened are F20/v.

15 A foreground éomﬁonent of the ninth pixel from the left
in frame #n shown in Fig. 18, corresponding to the secoﬁd
shutter time/v from when the shutter has opened is F19/v. A
foreground conponent of the tenth,pixel from the left iﬁ Fig.
18, corresponding to the third shutter time/v from when the

20 shutter has opened is also F19/v. A foreground component of
the.eleventh pixel from the left in Fig. 18, corresponding
to the fourth shutter time/v from when the shutter has
opened is F19/v. | |

A foreground component of the ninth pixel from the left

25 in frame #n shown in Fig. 18, corresponding to the third




A foreground conponent of the seventeenth pixel from the left in franme
#n+l shown in Fig. 18, corresponding to the third shuttet3Mage2bo5from when
“the shutter has opened is F18/v. A foreground conponent of the eighteenth
pi xel from10 the left in Fig. 18, corresponding to the fourth shutter
time/v fromwhen the shutter has opened is also F18/v. A foreground
conponent of the seventeenth pixel fromthe left in frame #n+l shown in
Fig. 18, corresponding to the fourth shutter tinme/v fromwhen the shutter
has opened is F17/v. 15 Since the eobjgct corresponding to the background is
stationary, a background conponent of the eighteenth pixel fromthe |eft
in frame #n+l shown in Fig. 18, corresponding to the first shutter tine/v

from whgp,4he- l%? 43S, Ry eﬁ?“%% §&%&¥fﬁ%&f%g%%%ﬁpépogﬁé?%géfApf t he

ni net eenth pi xe fromthe Te rame

corr esnendigibuld IBAIGR! SN secontleyiler HLaE LT pmanen Lo shuttor

has opened ‘are B18/v. Background conpone e twentre t9from the

left indramsy oo dd) dildd.roldtn CUSRONdIAY e hilstthrough
third shutter tiEt?v f$2n1 25 when the shutterqﬁg%ggpgﬁgg'gﬁghB%g v. 13 May

2005 Ghuttdy amm #pchdd iE 6.1sbBF1lghe i ghtegentiohRkough ohg! beth pixels
fromthe left belong to a m xed area serving as a covere ackground area.

Fi g5 1%hd Inistttatdsead wadel tbk aefithage robial Badshywh ext F@%t.i g, the
foreground conponents fromthe pixel values shown in Fig. 18
corresponding to the fourth shutter time/v from when the
‘shutter has opened is F17/v.
Since the object corresponding to the background is
stationary, a background component of the tenth pixel from
10 the left in frame #n shown in Fig. 18, corresponding to the
first shutter time/v from when the shuttef has épened is
B09/v. Background components of the eleventh pixel from the
left in frame #n shown in Fig. 18, corresponding to the
first and second shutter time/v from wﬁen the shutter has
15 opened are B10/v. Background components of the twelfth
pixel from the left in frame #n shown in Fig. 18,
corresponding to the first through third shutter time/v from
when the shutter haS'opened are Bll/v.
In frame #n shown in Fig. 18, the tenth through twelfth
2ﬁ pixels from the left belong to a mixed area serving as a
‘dove£ed background area.
 The thirteenth through twentieth pixels from the left
'in frame #n shown in Fig. 18 beldng to a backgfound area,
and the pixel'values thereof are B12 through 319,

25 respectively.




Next, an image captured when a shutter tinme is equal to a franme interva
time and which includes an uncovered background area wil13 Maydessri bed
bel ow by referring to Fig. 10 20 and Fig. 21. Fig. 20 illustrates a nodel
obt ai ned by developing in the tine direction the pixel values of pixels
which are aligned side-by-side and which are |ocated at the sane
positions in three frames of an inage obtai ned by capturing 15 a foreground
"~ corresponding to an object that noves to the right in the figure together
with a stationary background. In-Fisp -20, it can be assunmed that the

- object corresponding to the foreground is a rigid body and noves at a
constant speed- In addition, any foreground conponent 20 nmoves such that it

rovenent v PHE o DHEE 'Xffeclftiqﬂn%)‘?én?%e%rpf%fsr kTS A58 gt ound”
f h #n-1_.sh Fi 20,
ggppgggg% ?nﬁh?g %ﬁg%ﬂbiﬁflréxeiﬁug? rag?ﬁe?v F%B%&gﬂ%ﬁdt%ge§hutter has
d 1 h d
openedph$ed3oiRYy ZQQE %tg gé%re§§9n81£§ §9r9H$O ﬁ Qppopent §ﬁ&P§e?ecoh

pi xel from the |le rrespon he Secon

time/ vtﬁéo%w@ﬁaoﬁm §Pé'£t8£ E‘f‘ém@pﬁﬂ??eé%a&ﬁg 5491-, cyfz #p1 JQr eground

conponent of the third pixel fromt corresponding to
thea thihdoshutikes/&ime/v fromwhen the shutter has opened and a foreground
conponent of the fourth pixel fromthe left in Fig. 20,.corresponding to

the fourth 1t can be assumed that the object corresponding to the
foreground is a rigid body and moves at a constant speed.
In addition, the amount v of movement within the shutter'
time is four, and the frame interval time is twice the
10 shutter time. Accordingly, a foreground cohpohent of the
.seventeenth pixel from the left in frame #n+l shown in Fig.
18, correspondirng to the first shutter time/v from when the
.shutter has opened is F20/v, and a foreground component of
the eighteenth pixel from the left in Fig. 18, corresponding
15 té the second shutter time/v from when the shutter has
opened is also F20/v.. A foreground component of the
- ‘nineteenth pixel from the left in Fig. 18, correéponding'to
‘the third shutter time/v from when the shutter has opened
and a foreground component of the twentieth pixel from the
20 left in Fig. 18, corrgsponding to.the fourth shutter time/v
from when the shutter has opened are F20/v.
A foreground component of the seventeenth pixel from
the left in frame #n+l shown in Fig. 18, correspbnding to
the second shutter time/v from,when the shutter has opened

25 is F19/v. A foreground component @f the eighteénth pixel




shutter tinme/v fromwhen the shutter has opened are F13/v. A foreground
conponent of the second pixel fromthe 10 left in frame #8MayStoosn in Fig.
20, corresponding to the first shutter tinme/v fromwhen the shutter has
opened is F1l4/v. A foreground conmponent of the third pixel fromthe left
in Fig. 20, corresponding to the second shutter time/v fromwhen the
shutter has opened is also F14/v. A 15 foreground conponent of the third

pi xel fromthe left in Fig. 20, corresponding to the first shutter tine/v
fromwhen the shutter has opened +s6%15/v. Since the object corresponding
to the background is stationary, background conponents of the | eftnopst
pixel in 20 franme #n-1 shown in Fig. 20, corresponding to the second to

four th sshut tite WioTR/ Vo §AW.VNYN e ShuLen has oRened ate BRdky,

Background conponents of the second pi xel m' he

#n- | . shawe /i fiongwh2®, t&Qr BSRAMRGI RG <t Qpheq LAl aqs%n§1f99w.t hashutter
tine/v fromwhen the shutter has 25 opened are B26/v- backgr ound

conponeiiredfrouind ttbinpdnpinvtel £13hMaY 12005063 E&Q@nt ke ohelhel Relrame #n-1
shown in Fig. 20, corresponding to the fourth shutter tinme/v fromwhen the

shut t ednh&dg.opénedoirseBpéhdingn thr ke #8ulthnshu@te20+ilhev! ebbgost pi xel
to the 5 third pixel fromthe left belong to a m xed area serving as an
uncovemdgnbibkgsbuttear bas dpenkouithrtibyeugh twel fth pixels fromthe |eft
in frame #n-1 in Fig. 20 belong to the foreground area.
A foreground component of the seventeenth pixel from
the left in frame #n+l shown in Fig. 18, corresponding to
the third shutter time/v from when the shutter has opened is
F18/v. A foreground component of the eighteenth pixel from
10 .the left in Fig. 18, corresponding to the fourth shutter
ﬁime/v from when the shutter has opened is also F18/v. A
foreground cbmpbnent of the seventéenth pixel from the left
in frame #n+1 shown in Fig. 18, corresponding to the fourth
shutter time/v from when the shutter has opened is F17/v.
15 Since the'bbjecf'corresponding'to'the background is
stationary, a backgropnd component of the eighteenth pixel
from the left in f;ame #n+1 shown in Fig. 18, corresponding
to the first shutter time/v ftom when the shutter has opened
is B17/v. Background components of the nineteenth pixel
20 ﬁrom the left in frame #n+l shown in Fig. 18, cor?espénding
to the first and second shutter time/v from when the shutter
has opened are BiB/v. Background components of the
twentieth pixel from the léft in frame #n+l shown in Fig. 18,

corresponding to the first through third shutter time/v from

25 when the shutter has opened are Bl9/v.




Foreground conponents -of the frane are any one of F13/v 10 through F24/v.
The first through fourth pixels fromthe left in frame #mn3mMayBogs 20

bel ong to the background area, and the pixel values thereof are B25

t hrough B28, respectively. It can be assuned that the object corresponding
to the 15 foreground is a rigid body and noves at a constant speed. In
.addition, one foreground conponent noves such that it is included in four
pi xels in one frame. Therefore,  a foreground conmponent of the fifth pixel
fromthe left in frame #n shown Lngkig. 20, corresponding to the first 20
shutter tinme/v fromwhen the shutter has opened is F13/v, and a foreground
conponent of the sixth pixel fromthe left 1in Fig. 20, corresponding to

t he second shq;ter time/v from when the shutter has opened is also F13/v.
‘A foreground ‘dEMSod&it o FHE sdPenithepitohtecgihlt RETP8ER in Fig. 20, .25
corres‘gqgif to th thégd sgg%ter ti v fromwhen the 13 May 2005 64
shut t e Has Openet ¥or e ouid nt° & PHE%iIHiRh  pixel fromthe

| eft iéme{%%%zgs é:o(g(gve&%%%ang%} Oo&nhc? Jro%urt h shutter .tine/v fromwhen the

shutter pened are oregrouéﬁ'conponent of the sixth pixe
fromthe |gf; I nAfr sho in Eig. 2 re i,ng.to the first
shutter ti%%%@ ?ngﬁﬁﬁgﬁﬁi%%Ss%U?@gfﬂhggggﬁeggﬁ%%ééﬁ%%ﬁggdAgyforégroynd
coapor@mmqitith @?é/efwbgq;asﬁ{d TS QBIMEd LTdrdn uﬁgag;iéq’ wAde&sponding to

t he second shutter tine/v,from when the shutter opened Is also F14/v.

A foregi@mndin Fig. 18.
Next, an image captured when a shutter time is equal to
a frame interval time and which includeés an uncévered
background area will be described below by referring to Fig.
10 20 and Fig. 21.
| Fig. 20 illustrates a model obtained by -developing in
the time direction the pixel values of pixels which are
aligned side-by-side and which are located at the same
‘pOSitions in three framgs of an image obtained by capturing
;5 'a‘foreground'Corresponding'to an objecf that moves to the
right in the figure together with a stationary background.
In Fig. 20, it -can be assumed that the object
corresponding to the féreground is a rigid body and moves at
a constant speed. In addition, any foreground component
20 - moves such that it is included'ih.four pixels in one frame.
Accordiﬁgly, the amount v of movement within the shuttef
time is four.
For example, a foreground component of the leftmost
_pixel in frame #n-1 shown in Fig. 20, corresponding to the

25 first shutter time/v from when the shutter has opened is




10 conponent of the eighth pixel fromthe left in Fig. 20, corresponding
to the first shutter tinme/v fromwhen the -~shutter has opgpr{ 2085F15/v.
~Since the object corresponding to the background is stationary, background
conponents of the fifth pixel from 15 the left in franme #n shown in Fig.
20, -corresponding to the second to fourth shutter tinme/v fromwhen the
shutter has opened are B29/v. Background conponents of the sixth pixel
fromthe left i'n frane #n shown in Fig. 20, corresponding to the third and
fourth shutter tine/v fromwhen the &hutter 20 has opened are BMv. A
background conmponent of the seventh pixel fromthe left in frame #n shown
in Fig. 20, corresponding to the fourth shutter tinme/v fromwhen the

shut t-en o] i In _f S in Fig,, 2Q, the fifth through
seventﬁlbgg}pgggfg F?g%ﬁ%ﬁﬁﬁngOEﬁﬁﬁﬁﬁﬂi5H§W%¥yg CﬁggapgéF i%&ogb an 13 May

2005 Ghcunceyerad laackahourd:aEsBontiaLiahtdhd Iough LElILY pixels from
ng e

the left in frame #i shown in FI g. be tot oreground area. Val ues
cor r espaAmdi/Rg riromt ke eahihibe itV hialk Rl agraynd piarea of, frame #n
are any one of F13/v through F20/§. aThe 'ef t most through/ergh pi xel s
fromt ferkgibund cohpamentnsbls Sﬂﬁl@/wtﬂirkd:iégix@p H&lONGhd 01 d e Dackggound
area, and the pixel values thereof are B25 through B32, respectively. 10
It TanzZlbe assursdonhbahgt he ehpeehiear asReRH AGmbIvt Beom when the

shutter has opened and a foreéground component of the fourth

- pixel from the left in Fig. 20, corresponding to the fourth

shutter time/v from when the shutter has opened are F13/v.

A foreground component of the second pixel from the

10 left in frame #n-1 shown in Fig. 20, corresponding to the
first shutter time/v from when the shutter has opened is
El4/v. A foreground component of the third pixel from the

“left in Fig. 20, corresponding to the second shutter time/v
from when -the shutter has opened is also Fl4/v. A
;5 foreground component of the third pixel from the left in Fig.
20, corresponding to the first shutter time/v from when the
rshutter has-opened is F15/v.
Since the object cbrresponding to the background is
stationary, background cdmponents of the leftmdst pixel in

20 frame #n-1 shown in Fig. 20, corresponding to the second to
fourth shutter time/v froﬁ when the shutter has opened are
B25/v. Background components of the second pixel from the
léft in frame #n-1 shown in Fig. 20, corresponding to the

'thira‘and fourth shutter time/v from when the shutter has

25 opened are B26/v. A background component of the third pixel




foreground is a rigid body and noves at a constant speed. In addition, one
foreground conponent noves such that it is, .included |nﬂjﬁgg opbel s in
one frame- Accordingly, a foreground conponent of the ninth pixel fromthe
left in 15 frame #n+l shown in Fig. 20, corresponding to the first shutter-
time/v fromwhen the shutter has opened is F13/v, and a foreground
conmponent of the tenth pixel fromthe left in Fig. 20, corresponding to
“the second shutter tine/v from when the shutter has opened is also F13/v.
A foreground 20 conponent of the el gyenth pixel fromthe left in Fig. 20,
corresponding to thethird shutter tinme/v fromwhen the shutter has opened
and a foregroundconponent of the twelfth pixel fromthe left in Fig. 20,
corre;Pondlng to the fourth shutter time/v fromwhen the shutter has
opened-&P® Fi3/ 4 o5 Froregyriimt eevipontntFoy- tHe twmqﬁ@mmqomthe

| ef t 13 May 20.05 66 in frane #n+l _shown in Fig. corresponding to the
first %hEFE% et ORT e/ SEY Fiem WinEPe f hef 5Pt vaen h*a%e oﬁywaew fF4/v. A
foreground % ng&gfﬂ} of the eleventh pixel fromthe left in Fig. 20,

corr espd Y second shutter time/v from5 when the shutter has

et in E. g S%of“’ b sl dig 2 ft htﬁf%’iesf{@na%&t e it Ve om vnen the <
Egg’iér ouﬂtaié éﬂ?él‘% ’%Oz? ::%hﬁéar y,élb gro 9 chfrl;[blo}%ée)én{ i q(!)ns?‘%gglmtq(zt%hpl xel from
the | eft ﬁﬁh&&é%@hiﬁhéké¥Bﬂﬂh'JEJEQ 20, corresponding to
The fourth through twelfth pixels from the left in
frame #n-1 in Fig. 20 belong to the foreground area.
Foreground components of the frame are any one of Fl3/v
10 through F24/v.

The first through fourth pixels from the left in frame

#n in Fig. 20 belong to the background area, and the pixel

values thereof areABZS through B28, respectively.
It can be assumed that the cbject corresponding to the
15 fbregroundris é rigid'body ana moﬁes af”a coﬁsfant sPéed-
In addition, one foreground component moves such that it is
included in four pixels in one frame. Therefore, a
foreground component of the fifth pixel from the leff in
frame #n shown in Fig. 20, corresponding to the first |
20 shutter time/v from when the shutter has opened is F13/v,
o and a foreground component of the sixth pixel from the left
in Fig. 20, corresponding to the second shutter:time/v from
when the shutter has opened is also F13/v. A foreground
component of the seventh pixel from the left in Fig. 20,

- 257 correSponding to the third shutter time/v from when the




the second to fourth shutter tinme/v fromwhen the shutter has opened are
B33/v. Background conponents.of the tenth pixel fromthe3 gkl 2005frame
#n+l shown in Fig. 20, 15 corresponding to the third and fourth shutter -
"tinme/v from when the shutter has opened are B34/v. A background conponent
of the eleventh pixel fromthe left in frame #n+l shown in Fig. 20,
corresponding to the fourth shutter time/v fromwhen the shutter has
~opened are B35/v. 20 In frane #n+1l in Fig. 20, the ninth through el eventh
pi xels fromthe |left belong to a m xed -area serving as an uncovered
background area. The twelfth pixel fromthe left in frame #n+l shown in
Fig. 20 belongs to the foreground area. Foreground 25 conponents

correspy Q the shutter, tine/v in the 13 May 2005 7 fqreground area
of frare % ‘% tgllre ERFESe 36 I‘—g‘lgef’\fetqrﬁo CORPRATItERY. B FlPktrates a

del d he f f
the. pi S A IR0 L AR s Kt DACT NG, LIS LN g undpeomRonent s Trom
i nt er valy ddis Itanse%cmm STl %5 bﬁg%tac%@ WQ' ch Lncly g?_% ?Mncovered

background area w Il be described bel'ow b ref e ring 72 and Fi g.

23. Fig. 223l kbyég{»@&ﬁé éomggﬁlenebaﬁl Exxgﬁvsi 1“91;&9 EﬂQbEQEt“”E

direction the pixel values of pixels are gned -srde and
whi gh dne freaat g @hohhelﬁa@ﬁg'pQ%ltb%@%ebBohhﬁﬁ% Eﬁagﬁé Qgré@ i mage

obt ai ned by capturing _

shutter time/v from when the shutter has opened is Fl4/vi A
foreground component. of the seventh pixel from the left in
Fig. 20, corresponding to the second shutter timE/V_fIOmr
when the shutter has opened is also Fl4/v. A foreground

10 component of the eighth pixel from the left in Fig. 20,
corresponding to the first shutter time/v from when the
‘shutter has opened is F15/v.

Since the object corresponding to the background is

stationary, background_components of the fifth piﬁel frém

15 the left in frame #n shown in Fig. 20, corresponding to the
second to fourth shutter time/v from when the shutter has
opened are B29/v. _Background"components of the sixth pixel
from the left in frame‘#n showh‘in Fig. 20, corresponding to
the third and fourth shutter time/v from when the shutfer

2C has opened are B30/v. A background component of the seventh.
pikel from the left -in frame #n shown in Fig. 20, |
corresponding to the fourth éhutter time/v from when the
shutter has opened is B31/v.

In frame #n shown in Fig. 20, the fifth through seventh

25 pixels from the left belong to a mixed area serving as an




a foreground corresponding to an object that noves to the right in the
figure together with a stationary background. 15 In Fig. 32Mdyt2008n be
assunmed that the object corresponding to the foreground is a rigid body
- and noves at a constant speed. In addition, any foreground conponent

nmoves such that it is included in four pixels in one frane: Accordingly,
the anobunt v of novenent within the shutter 20 tinme is four. For exanple, a
foreground conponent of the leftnost pixel in franme #n-1 shown in Fig. 22,
corresponding to the first shuttergksipe/v fromwhen the shutter has opened
is F13/v, and a foreground conponent of the second pixel from25 the |left
in Fig. 22, corresponding to the second shutter 13 May 2005 68 .tine/v

from wh t he utter has opened is also F13/v. A foreground conponent of
t he th?ﬁ%k$$§%§ IRt etXFn Fig. 22, corresponding to the third

shutter ti v f.r nth hutt.er has .opened d f oreground conponent
of the fourt T 5 Q%’I%rréﬁ %nﬁ‘iegét?} rPlﬁegl.SD ,Onb(a)tp’reegfof%dil%g to t henFourt h
shutt ef c44ehy JEam wheredhe shubd £, as, openee, ale: ol Vs, A [ oreground

- conponent of the second pi rom own in Fig. 22;

cor r esponel N1%ed O-ddiond idg teShuld &lndd vt{rncﬁ{% pintxgegdg{)u;ﬁﬁ{enqﬂas opened

is 10 F14/v. A foreground conponent of the thi eft in
Fig. 22re£asf esROndlifg 4.0 the, Sonse s kere i dBiy w3dAm when the shutter

has opened is also F14/v. A foreground conponent of the third pixel from
the left imhd Qeftmost through eighth pixels from the left in
frame #n+l shown in Fig. 20 belong to the background area,

and the pixel values thereof are B25 through B32,

respectively.

io It can be assumed that the object corresponding to the

foreground is a rigid body and moves at a constant speed.

In addition, one foreground component moves such that it is
-included in four pixels in one frame. Accordingly, a

foreground component of the ninth pixel from the left in

15 frame #néi shown in Fig. 20, corresponding to the first
shutter time/v from when the shutter has opened is F13/v,
aﬁd a foreground component of the tenth pixel from the'left '
in Fig. 20, corresponding to the second shutter time/v frém_
when the shutter has opened is also F13/v. A foreground

20 _ component of the eleventh pixel from the left in Fig. 20,

| corfespdnding to the third shutter time/v from when the

lshutter has opened and a‘foreground,componenf of tﬁe twelfth
pixel fromrthe left in Fig. 20, corrésponding to the fourth
shutter timé/v from when the shutter has opened are F13/v.

25 . A féreground component of the tenth pixei from the left




~ second pi xel fromthe Ileft in frame 4n-1 shown in Fig. 22, corresponding

22, corresponding to the first shutter tinme/v fromwhen the 15 shutter has
opened is F15/v. Since the object.corresponding to the ba¢kgrgwadsi s
stationary, background conponents of the leftnost pixel in frame #n-1
"shown in Fig. 22, corresponding to the second to fourth shutter tinme/v
from when the shutter has opened are 20 B25/v. Background conponents of the

to the third and fourth shutter tinme/v fromwhen the shutter has opened
are B26/v. A background conponent ofgghe third pixel fromthe left in
frame #n-1 shown in Fig. 22, corresponding 25 to the fourth shutter tinme/v
fromwhen the shutter has 13 May 2005 69 opened are B27/v. In frame #n-1
i'n Fig. I?%? t he Igttqig pi.xel_.to tg third pixel fromthe | eft belong to
a ni xed Ardd e R rJrg Wy Ay fdGveddd 55’6@5@%’&‘1&%5}0 Blh?hélfréﬁfrt h t hrough
twentie |xels f he | [ fra in Fi bel ong tqQ the
'foregré%}ﬂI Area gteéPth e@oﬁ%ﬁh Pﬁé Ppﬁﬁ%da gﬁf/Bhe ,F13/ v

t hroughe t I the i ght h els e.left 10 in
frane #n'%%yﬁéUﬁEp%fk%oﬁgﬁé OQ] & ﬁgcvﬁwgén %gr&a ToRy the g] ixéf val ues

t her eofg gy e 25 J e respect i vel b oJhat the

obj ect ébrrespoﬁ%tng%%%ngﬁ%g tgrg%%oﬁn%%ﬁg §%P%%% %l§%§ foves at a

const anihesPag: shmt@@dh@soepet@a 3EOYRL oV quzt/kt;l?veﬁ%t)r\étg&tahﬂdt he shutter

oomponent of the twelfth pixel from the left in Fig. 20,
corresponding to the.first shutter time/v from when the
shutter has opened is F15/v.
Since the object corresponding to the background is
10 stationory, background components of the ninth pixel from
the left in frame #n+l1 shown in Fig. 20, corresponding to

the second to fourth shutter time/v from when the shutter

has opened are B33/v. Background components of the tenth

pixel from the left in frame #n+l shown in Fig. 20,

15 .correspondlng to the third and fourth shutter tlme/v from
when the shutter has opened are B34/v. A background
component of,the eleventh pixel from the left in fraﬁe #n+l
shown in Fig. 20, corresponding to rhe fourth shutter time/v
from when the shutter has opened are B35/v.

20 In frame #n+l in Fig. 20, the ninth through eleventh
‘pixelslfrom tho left belong to a mixed area serving as an
uncovered background area. |

The twelfth pixei from tho left in frame #n+l shown in
Fig. 20 belongs to the foreground area. Foreground

25 components corresponding to the shutter time/v in the




15 tinme is four, and the frane interval tine is twice the shutter tine.
Therefore, the foreground inmage is shifted by eight pixeli3Mag2008 right
and di splayed in the next frame. A foreground conponent of the ninth pixel
~fromthe left in frame #n shown in Fig. 22, corresponding to the first 20 -
shutter time/v fromwhen the shutter has opened is F13/v, and a foreground
.conponent of the tenth pixel fromthe left in Fig. 22, corresponding to
the second shutter time/v from' ,when the shutter has opened is also F13/v.
A foreground conponent of the eleveTmh pixel fromthe left in Fig. 22, 25
corresponding to the third shutter tinme/v fromwhen the 13 May 2005 70
shutter has opened and a foreground conponent of the twelfth pixel from

the leff, Lo, Ei corr ding.to the fourth _s er_time/v fromwhen
t he shu%f%‘r ggdo%%%%dggrgéﬁﬁgl%pgk ?E?e%?%u%ﬁec%ﬁbgﬁ%%Y BECYRE t ent h pi xe
fromtheg)eft 5 in frame #n shown in Fig. 22, corresponding to the first
shutter tine/v fromwhen the shutter has opened is F14/v. A foreground

conponent ngié_heﬂeliQﬁijg}a?dg%ela fmt hee | 6f titniarl;%%ibgcai%?ed G esponding to
er

t he second shutter tinme/v from when the shut as opened 1's al so F14/v.

A for e@i@r&@rﬂ{%cmmgm,uwec$m§$ﬁéﬁt£i%ﬁémmg%é%gei 5&51{5@5 Fig. 22,

corresponding to the first shutter tine/v from utter has opened
i s 5F15%owiDi eeridne obj ect corresponding to the background is stationary,
background conmponents of the ninth pixel from 15 the left in frame #n

shown i n Fiag iZdgeC@apespeadivi@n @ tfRme interval time is twice a
shutter time and which includes an uncovered background area
will be described below by reférring to Fig. 22 and Fig..23.

Fig. 22 illustrateé a model obtained by developing in

10 the time direction the pixel values of pixels which are
.aligned side-by-side and which are located at the same
positions in three frames of an image obtained by captufing
a foreground corresponding to an object that moves to the
right in the figure together with a stationary backgrodﬁd.

15 In Fig. 22, it can be assumed that the object |
corresponding to the foreground is a rigid body and moves at
a constant speed. In addition, an? foregroqnd component
moves such that it is included in four pixels in one frame.
‘Accordingly, the amount v of movement within the shutter

20 time is‘four.- |

For example, a foreground compénent of the leftmost

_pixel in frame #n—1 shown in Fig. 22, corfeSponding to the
firstrshutter time/v from when the shutter has opened is
F13/v,-and a foréground component of the Second pixel from

- 25 the left in Fig. 22, corresponding to the second shutter




second to fourth shutter tine/v fromwhen the shutter has opened are
B33/v. Background conponents of the tenth pixel fron1the1jg@%2b@5frane #n
~shown in Fig. 22, corresponding to the third and fourth shutter time/v"
fromwhen the shutter 20 has opened are B34/v. A background conponent of
the eleventh pixel fromthe left in frame *n shown in Fig. 22,
_corresponding to the fourth shutter tinme/v fromwhen the shutter has
opened are B35/v In frane #n shown in Fig. 22, the ninth through 25

el eventh pixels fromthe left bel angsgo-a m xed area serving 13 May 2005
71 as an uncovered background area. The twelfth through twentieth pixels
fromthe left in frame in shown in Fig. 22 belong to the foreground area.

_ Vhlues‘gfniﬁsp ndiﬁglto he shutter tine/v in the forﬁgfound 5 area of
frame inare any orie<ds YHEGuGR SFERARETHE PePCmBLt /Pi-xeP to the

Si Xt ee ixel fromthe left. in frame, #n+l shown in Fig._22 belong to the
backgrg%%deo ﬁoglzil,d NEY éltpiofelt%ﬁfé]srq e %%“B%Setﬂ?%ﬁghn 3%99
respectjyely,.. I _ Assu that the obj.ect, carresponding to the
foregr6%¥6(¥§]%Q¥F%$%§%%E% gﬁ% %%35? a uétggpgﬁgﬁfvs é@&.%%ﬁﬁ ﬁgﬁitipn, one
for egr alfifk £AMRARCRL KRKES S %@%&#ﬁhnﬁs coliBBRAfEd ol hAUIE I XR S Th one

frame. Accordingly, or egr ou onent o e séventeenth pixel from

Lhes| effiod iftod ke Bt 80w N2Bi0co?ZeshBNBERROR Bhe! Solibgnl I 1St

shutter time/v fromwhen the shutter has opened iIs
shutter time/v from when the shutter has opened are F13/v.

A foreground component of the second pixel from the

left in frame #n-1 shown in Fig. 22, corresponding to the

first shutter time/v from when the shutter has opened is

‘10 Fl4/v. A foregroﬁnd component of the third pixel from the
~left in Fig. 22, corresponding to the second shutter time/v
from when the shutter has opened is also Fl4/v. A
foreground component of the third.pixel from the left in Fig.

22, corresponding to the first shutter time/v from when the

15  shutter has opened is F15/v.

Since the object corresponding to the background is
étationary, background éomponents of the leftmost pixel in
frame #n-1 shown in Fié. 22, corresponding to the second to
fourth shutter time/v from when the shutter has opened are

20 B25/v. 'Backgrouqd components of the second pixél from the
‘left.in frame. #n-1 shown in Eig. 22, corresponding to the
third and fourth shutter time/v from when the shutter has
opened are B26/v. A background component of the third pixel
from the left in frame #n-1 shown ih Fig. 22, correspondirng

.V'ZS_ to the fourth shutter time/v from when the shutter has




and a foreground, conponent of the eighteenth pixel fromthe left in Fig.
22, corresponding to the second shutter tine/v from when13aysboster has
opened is also F13/v. A 20 foreground conponent of the nineteenth pixel"-
fromthe left in Fig. 22, corresponding to the third shutter tinme/v from
when the shutter has opened and a foreground conponent of the twentieth
pixel fromthe left in Fig. 22, corresponding to the fourth shutter tine/v
fromwhen the shutter has 25 opened are F13/v. 13 May 2005 72 A foreground
conponent of the eighteenth pixel -feom-the left in frame #n+l shown in
Fig. 22, corresponding to the first shutter tine/v fromwhhen the shutter
‘has opened is F14/v. A foreground conponent of the nineteenth pixel fromb5
the left in,Fi orresponding to the second shutter tinme/v from when
t-he sh% ?%?dh%geo%%%ég'is al so F14/v. A foreground conmponent of the

ni net eent h i X8l fJ ap.the | eft, in Fig, or r.esnondi to the first.
a QR4 q_l‘! Pfflg lﬂkt,er@heazl%ftgnos Iﬁ;’l)ﬁ 7‘\83

shutter time/v from when the sh S opene Si nce the

obj ecttﬁ@fag;?p;@@ﬂiﬁﬂm&%ﬁ@el@@&@é b’rﬁg LS ash %@“ﬂé’a Q&?@i@ﬁ‘é’shom -

conponent s t he seventeenth pixe romthe t 1n frane

Fig. 22n ©9fs@SPANAbANCkardithd hersecond to fourth shutter tine/v from when
the shutter has openedgis B41/v. Background conponents of the 15

ei ght eent h Miex oM@ gl trwieh tileaie AR 1 ShQWh ithdi1krt 32 -
corresponding to, the third and fourth shutter tine/v fromwhen the
shutt efrdras Hpenech &gy BAY \be hlipckyreihdforeground area.
Foreground components of the frame are any one of F13/v
through F32/v.
The leftmost pixel to the eighth pixels from the left
10 in frame #n in Fig. 22 belong to the background area, and
the pixel Values thereof are B25 through B32, reépectively.
It can be assqmed that the object corresponding to the
foreground is a rigid body and moves at a constant speed. |
In addition, the amount w 6f movement within the shutter
15 time is four, and the frame interval time is twice the
shutter time. Therefore, the foregrouhd image'ié shifted by
eight pixels to the right and displayed in the next frame.
A foreground compoﬁent.of thé ninth pixel from the left
in frame #n shown in Fiéé 22, corresponding to the first
20 Shuttér'time/v from when the shﬁfter has opened is F13/v,
and“a foreground component of the tenth pixel from the left
in Fig. 22, corresponding to the second shutter time/v ffom
when the shutfer has opened is also Fl3/v. A foregroﬁnd
component of the eleventh pixel from the left in Fig. 22;

25 corresponding to the third shutter time/v from when the




conponent of the nineteenth pixel fromthe left in frane #n+l shown in
Fig. 22, corresponding to the fourth shutter 20 time/v f{pmay2e05the
shutter has opened are B43/v. In frane #n+l in Fig. 22, the seventeenth’
“through nineteenth pixels fromthe |left belong to a m xed area serving as
. an uncover ed background area. The twentieth pixel fromthe left in frane
#n+l shown 25, in Fig. 22 belong to the foreground area. Foreground 13 My
2005 73 conponents corresponding to the shutter tine/v in the foreground
area of franme #n+l are any one of FI@/ v through F16/v. Fig. 23 illustrates
a nodel of an image obtained by 5 extracting the foreground conponents from
the pixel values shown in Fig. 22. Referring back to Fig. 2, the area
speci fying.,unit 101  specifi.es flaqgs indicating to, which of a ground
ron | $MLR PelingratBY a5eC s, epSdtnRtR GURE AFBE D6 iR GREOIERed 10
backgr ar t i ndiyi dual..pi xgl,s of the input ipag bel ong, by usi ng
R T il B RS L R e
-m xtur %ytpéﬂe% GahEYLAtL 100 aNd o B TR OR- Rl % ﬁ‘ghuﬁ{e“_ﬁlg%? 104 ‘as the
area information. The m Xture-ratio calculator 5" cal Culat 3’ the mixture

15 ratio Ovaf b:8aehuRhxebnbBRLHECGs | Pt hechlied: A ear Rapedhom othe pi xel
t he | an

values of a.plurality of franmes and ar ea ormat1 on, sends the
cal sul atred et Whe shatkh0 16CFhig .t he, Leredkpundilgckgr epadeseparator 103.
shutter time/v from when the shutter has opened is Fl4/v. A

foreground component of the eleventh pixel from the- left in

- Fig. 22, corresponding to the second shutter time/v from
" when the shutter has opened is also Fl4/v. A foreground
10 component of the twelfth pixel from the left in Fig. 22,

corresponding to the first shutter time/v from when the

shutter has opened is F15/v.

Since the object corresponding to the background is -

stationary, background components of the ninth pixel from
15 “the left in frame #n shown in Fig. 22, corresponding to the
second to fourth shutter time/v from when the shutter has
opened are B33/v. Background components of the tenth pixel
from the left in frame‘#n shown in Fig. 22, COrresponaing to
the third.and fourth shutter time/v.erm when the shutter
20- has opened are B34/v. A background component of thé
eleventh pixei from the left in frame #n shown in Fig. 22,
corresponding to the fourth shutter time/v from when the
shutter has opened are B35/v.
In frame #n shown in Fig. 22, ‘the ninth through

25 . eleventh pixels from the left belong to a mixed area Serviﬁg




The mi xture-ratio cal cul ator 102 generates a notion . 20 vector and
positional information indicating a pixel or an inage obj®ryeoss espondi ng.
to the notion vector according to the input image, and the area informati
on sent fromthe area specifying unit 101, and sends the generated notion
vector and the positional information to the notion-blur adjusting 25 unit
.104. The size of the notion vector generated by the 13 May 2005 74

m xture-ratio cal cul ator 102 indicates the amunt v of novenent within the
shutter time. The foreground/ backgrewnd separator 103 extracts the

. foreground conponent image consisting of only the foreground 5 conponents
based on the pixel values of a plurality of franmes, the area information,
and the m xture ratio a, and sends the foreground conponent inmage to the
mot i orHI W R URKEGTAPIHITAY JR not i on- bl ur adj usting unit 104 adj.usts
t he amount __ 10 of ion blur included.in the faoregroynd conpaonent inmage
based on t M 8?”&#0 nGHESREh dteT e Snee srcfrrﬁo?'hé:%e left 1n

f oregrpound/ backgr ound. separ at 10 t he tiopn vector sent fromthe

ni xturlg'e)r-arné i'5 cat et aJthreEOﬁq}Q,é)%n%ef‘?]%gaF%g&? n?%?‘?r%’f‘?%%gsae’ﬁ?afromthe ar ea
speci fyi ni 0 en 15 o s _the foreground conponent.image in
vmpi ch ‘)r/r%) I oyn %#ﬂ%egq%lﬁg&ﬂ}%&gdgh%hééﬁlg#%%%s%}%e oT?n ac j%s ?%gglf%%n%rmu'nt of

notsi ony bLur, ¢ PeESQL ned by, tJ}ﬁ, ié@%eof” [ rég yg, i s described
below wth reference to the owchart of Fig. 24.” [ n st'ep
The leftmost pixel to the sixteenth pixel from the left
in frame #n+l shown in Fig. 22 belong to the background area,
and the pixel values thereof are B25 through B40,
respectively.
10 It can be assumed that the object corresponding to the
_foréground is a rigid body and moves at a constant speed.
In addition, one foreground component moves such that it is
included in four;pixels in one frame. Accordingly, a
foreground component of the seventeenth pixel from the ieft
15 in frame‘#n+l shown in Fig. 22, cérréépohding to the first
shutter time/v from when the shutter has opened is F13/v,
and a foreground component of the eighteenth pixel from the
left in Fig. 22, corresponding to the second shutter time/v
from when thé shutter has opened is also F13/v. VA
20  foreground component of the nineteenth pixel from the left
in Fig. 22, corresponding to the tﬁird shutter time/v from
when the shutter has opened and a foreground component of
the twentieth pixel from the left in Fig. 22, corresponding
to the fourth shutter time/v from when the shutter has

25 opened are Fl13/v.




20 SII, the area specifying unit 101 executes area specifying pr ocessi ng,
.based on an input image, forgenerating area information- % &abb pg to
which of a foreground area, a background area, a covered ground area,
cor an uncovered background area each pixel of the input inmage bel ongs 25
Details of the area specifying processing are given below 13 May 2005 75
The area specifying unit 101 sends the generated area information to the
mxture-ratio calculator 102. In step SII, the area specifying unit 101 may
generate, based on the input image,7area information indicating to 5 which
of the foreground area, the background area, or the mixed area (regardless
of whet her each pixel belongs to a covered background area or an uncovered

background ar PLX he i pput i ongs. thls case, the
foreground/%aggés ge%aﬁg?REn 03" ahdt lnﬁg??%ﬁh eﬁo A ustF ng unit
104 detgrqi ng, pased. 984N pliheghi @4 o 5“%&!99 n4ERLOL “hﬁt her the

m xed area is a covered background grea 6r “an untovere background ar ea.

For exampts: drutldes HimRyt, EQ%Qewhéndkﬁeo§ﬁgtk@rtﬁg §S£e8f skhe foreground
area, the m xed area, and the background area in R Frection of 15 t he

not i on pMetor, A tforegeeledncesgdohBat B@etﬂbxﬁgnéfééntﬁ ﬁlxggvf£§ﬂ :
background area. |If the input Inmage is disposed in he or der t he

backgr aihed larrea,int Feqn 2ed abezespBadthg tEOtﬁgrQHBQnérsﬁutEeEhe di rection
of the notion vector, it is determned that the m xed area is an uncovered
backgrdumdﬂEOfabaawhen the shutter has opened is also Fl4/v. A
| foreground component of the nineteenth pixel from the left

in Fig. 22, corresponding to the first shutter time/v fram

when the shutter has opened is F15/v.

10 ' Since the object corresponding to the background is
stationary, background components of the seventeenth pixel
from the left in frame #n+l shpwn in Fig. 22, dorresponding
to the second to fourth shutter time/v from when the shutter
has opened is B41/v. Background components of the

15 '~ eighteenth pixel from the left in frame #n+1 shown in Fig.
22, corresponding to the third and fourth shutter time/v
from when the shutter has opened are B42/v. A background
component of the nineteenth pixel from the left in frame
#n+l shown in Fig. 22, corresponding to the fourth shutter

20 time/v from when the ahuttef has opened are B43/v.

In frame #n+l in Fig. 22, the seventeenth through
nineteenth pixels from the left belong to a mixed area
serving as an uncovered background area.

The twentieth pixel ffom the left in frame #n+l shown

25 in Fig. 22 belong to the foreground area. Foreground




In step S12, the m xture-ratio calculator 102 calculates a mxture ratio a
and a notion vector for each pixel included in the m xed®§ap2besed on the
input inage and the area information. Details of processing for 25 '
calculating the mxture ratio and the notion vector will be 13 May 2005 76
gi ven bel ow.. The mixture-ratio cal culator 102 sends the calculated mxture
ratio a to the foreground/ background separator 103, and the notion vector
to the notion-blur adjusting unit 104. 5 In step S13, the

f.or eground/ background separator 103y3extracts the foreground conponents
fromthe input inmage based on the area information and the m xture ratio
a, and sends the foreground conponents to the notion-blur adjusting unit
104 as the foreground conponent inmage. 10 In step $S14, the notion-blur

adj ust THEPYTREL 0P YRt IRsHiE ot hee hob 8% Vet orP%nd the area
information, the unit o rocessing that indicates the, pasitiqns of )
consegg?}f?/%f%‘il%gl%r%? S T ‘h*élgrﬁ‘ffﬁ iy o‘?‘?%c‘i’?o"#]yn‘ﬂ tﬁbﬁ‘?ﬂf& ng to any

of theFPgﬁgvered background 15 area, the foreground area, and the covered
background area, and adjusts the amount of notion blur included in the

f or egr ound ent r ondi t,0 the unit of rocessing. Details of
LoD U SAPORen S S LR ATHARE Sl SRS

U t he  "anmount ur are di ven bel ow. 20

|55 B SIS Ll LGS, ALASERS BRI S S) e e MR e

shown in Fig. 22.

‘Referring back teo Fig. 2, the area specifying unit 101

specifies flags indicating to which of a foreground area, a

background area, a covered background area, or an uncovered

10 background area the individual pixels of the input image
belong by using the pixel values of a plurality of frames, -
and sends the flags to the mixture-ratio calculator 102 and
tﬁe métionublur adjusting unit 104 as the area information.

The mixture—ratio ca;culatér 102 calculates the mixture

15 rétio o for each‘pikel included in the mixed area based on
the pixel values of a plurality of frames and the area
information, and sends the calculated mixture ratio a to the
foreground/background separator 103.

The mixture-ratio calculator 102 generates a motion

20 vector and positional information indicating a pixel or an
image object corresppnding to the motion vector according to
the input image, and the area informafion sent from the area
specifying unit 101, and sends the generated motion vector

‘and the positiconal information to the motion-blur adjusting

25 unit 104; The size of the motion vector generated by the




it is determned that the processing is not finished for the whole screen,
the process proceeds to step S14, and the processing for ﬁﬂ%us @ﬂg t he
anount of notion blur for the 25 foreground conponents ¢ @%% ing to
“the unit of --------- 13 May 2005 77 processing is repeated. If it is
determined in step S15 that the processing is finished for the whole
screen, the processing is conpleted. |In this manner, the inage processing
‘apparatus is 5 capable of adjusting the anbunt of notion blur included in
the foregr.ound by separating the foreground and the background. That is,
‘the image processing apparatus is capable of adjusting.the anount of '
notion blur included in sanpled data indicating the pixel values of the

f oregroun 10 pixels. The configuratiqon of each of the area specifying

i ¢ R e TR Py LA POt b 20O c7g8s EHB SHOPBEefr Band backar ound
separ at or %%%i %q% &he Hntigniglur .adjusting unit 104 is described bel ow
.15 Fig. Y5 blgcﬁ & ggP e U fp'ting an exanple of the configuration

gf the ar eaTﬁBebeX!éPQuH&i{ﬁa&}Q&roJ{JS Qéﬁgfaégf‘ci&é’ iélgt%élés 101, shown i n
g. 25 doeS not usé a notion “vector: rane nenory stores an input
R s A L R A
bef or e donpdRefits bh3EB BA- heBigB1l $at08sl b2NE BiGrality of | |
frames, the area information, and the mixture ratio a, and
sends the foreground component image to the motion-blur
adjusting unit 104.
The motion-blur adjusting unit 104 adjusts the amount
10 of motion blur included in the foréground component image
7 based on the foreground component image sent from the
.foreground/background separator 103, the motion vector sent
from the mixtureFratio calculator 102, and the area
information sent from the area specifying unit 101, and then
15 'outputs the forégrouhd cbmponeht imagé.in which motion blur
| 'is adjusted. |
The processing for adjusting the amount of motion blur
performed by the iﬁage'processing apparatus is described‘
below with refgrence to the flowchart of Fig. 24. In step
20  S11, the area specifying unit 101 executes area specifying
processing, based on an input‘image, for generating érea
information indicating to which of a foreground area, a
background area, a covered background area, or an uncovered
background area each pixél of the input iﬁage belongs.

25 Details of the area specifying processing are given below.




franme before frame #nl frame #n, franme #n+l, which is the frane one frame
~after-frame #n, frame #n+2, which is the franme two franes$3sfayeoosrane #n.
25 A stationary/noving determning portion 202-1 reads the 13 May 2005 " 78
pi xel value of the pixel of frame #n+2 | ocated at the sanme position as a
-designated pixel of frame #n in which the area to which the pixel belongs
1s determ ned, and reads the pixel value of the pixel of frame #n+1

| ocated at the sanme 5 position of the designated pixel of frane #n fromthe
frame nenory 201, and cal cul ates-the absolute value of the difference

bet ween the read pi xel values- The stationary/ noving determ ning portion
202-1 determ nes whether the absolute value of the difference between the

. 10 pi #Nn+2. he pi I f f #n+l t
han o BFeeets ApathBlndnitr F o e fat S Tt thind R 11 orence 1 -
t t | d. [ ' t i nati
Pr car P hgrabuon o PSRl e LR OB R o g0 Tl on 2051 11 it is

determ ned 45 thagl dihe ahgol ute, \é%cﬁtﬁhglrﬁignqg fl%rlerﬂfae% %getnvg%ncﬁt'he pi xel

val ue of the pixel offranme #n+2 val'ue o pi xel” of frame

#n+l i§a§@al5§rt$@aﬂ?%%Fe%H§¢e;Chgg@ iﬁfgfﬁgggéh'qhdigg%fﬁégégnary/nDying

determ ning portion sends a stationary/noving deterf nation
i NGi calrh Dgh 201 " shat FOR&FYoul® 1€ ar e AL QIR PUL ] 203 1. A

~stationary/ noving determ ning portion 202-2 reads the pixel value of a

~desi gnat eed pi x&i Oﬁeédﬁd&b%&}dflWKéﬁﬁbﬁfﬁhch pixel belongs to a
covered background area or an uncovered background area)
each pixel of the input image belongs. 1In this case, the
foreground/background separator 103 and the motion-blur

10 adjusting unit 104 determine based on the direction of the
motion vector whether the mixed area is a éovered background
area or an uncovered backgrognd aﬁea. For example, if the
input image is disposed in the order of the foreground area,
the mixed area, and the background area in the direction df

15 ‘the motion vector, it is determined thét'tﬂé'mixed'area“is a
covered background area. If the input image is disposed in
the order of the background area, the mixed area, and the
foreground area in the direction of the motion vector, it is
determined that the mixed area is an uncoveréd background

20 area.

In step 8§12, the mixture-ratio calculator 102
calculates a mixture ratio « and a motion vector for each
pixel included in the mixed area bésed on the input image
and the area information. Details of‘processing for

25 calculating the mixture ratio and the motion vector will be




area to which the pixel belongs is determ ned, and reads the pixel value

- of the pixel of frame #n+l |ocated at the sane 25 posi ti o3 Akybes
_designated pixel of frame #n fromthe frame 13 May 2005 79 nenory 201, and
cal cul ates the absolute value of the difference between the pixel val ues.
The stationary/noving determning portion 202-2 determ nes whether the
absolute value of the difference between the pixel value of frame 5 #n+l
and the pixel value of frame #n is greater than a preset threshold Th. If
it is determned that the absol ute %alue of the difference between the

pi xel values is greater than the threshold Th, a stationary/ noving
determination indicating "nobving” is sent to the area determ ning portion

10 203-gk vaid RN oA ea et Gfii i ag R '%%l%@r?la%o 'flobt }eﬁdsdﬁhsrm i ned that
t he absol ute value of the difference between fie pi xel val ue of the pixel

of franﬁl#ﬂr!ﬂat@laldmtlﬁkQuQﬂeXQlatl\salau@:OOfthreh%o&'eé‘%buﬁh/k%@ﬁ?rgﬂnﬁs smal | er than
or equal to the threshold Th, the stationary/noving deferm ni ng portlon 15

202- 2 sendsaaocst abB3Qnahy b g rdehek@icRall @8 ikRdi gatipE-pigkationary” to
the area determning portion 203-1 and the area determ ning portion

203- - ~2adjAsdtialg anary/ig@vi ng determ ning portion 202-3 reads the pixel

val ue of a designated pixel of frame #n in which the 20 area to which the
pi xel bel ongs Ftede$ kB i hied, fandgreads/bhekpi xehd vedper ofot iy pi xel of
frame #n-1 located at the sane position as thedesignated pixel of frane #n
from t g&tiregis thembfpyeg@dundndompboehasesrbhethbsohpte imhge of the

based on the area information and the mixture ratio o, and
sends the foreground components to the motion-blur adjusging
unit 104 as the foreground component image. |
10 In step S14, the motion-blur adjusting unit 104
generates, based on the motion vector and the area
information, the unit of processing that indicates the
positions of consecutive pixels'disposed in the moving
direction and belonging to any of the uncovered background
15+ area, the foreground area, and the coveréd ‘background area,
and adjusts the amount of motion blur included in the
foreground components corresponding to the unit of
processiﬁg. Details of. the processing for adjusting the
amount of motion blur are given below.
29 . In step 515, the image processing apparatus determines
whether the processing is finished for the whole screen. If
it is determined that the processing is not finished for the
whole screénf the process proceeds to step 514, and the
processing fqr adjusting the amount of motion blur for the

25 foreground components corresponding to the unit of




di fference between the pixel values. The stationary/noving 25 determ ning
portion :202-3 determ nes whether the absolute 13 May 200513 fdyeabsie of the
di fference between the pixel value of frane #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 difference between the pixel values is greater.
~than -5 the threshold Th, a stationary/noving determ nation indicating
"noving" is sent to the area determining portion 203-2 and an area
determ ning portion 203-3. If it Lsyydeterm ned that the absol ute val ue of
the difference between the pixel value of the pixel of franme #n and the
pi xel ~value 10 of the pixel of frane #n-1 is smaller than or equal to the
threshold Th, .the,stationary/ noving determ ning portion 202- 3 sends a
statioﬁﬁ???ﬁﬁ%?ﬂglﬁeF%Pﬁ?ﬁ%¥ion indicating "stationary" to the area

det i ni ti 03-2 .and, t.h t It 203-3. 15 A

STar] onary Hbort 8 FE Gl L G R AR e B dve of fhe

- i I -1 iti . a desi ted pi | of
P FhoiGROR, FRL1hOCREfe Aol DA, POSLELIMMENE SSRANRET P el o

reads the ﬂ{x,g{id%q{l%eorf -_t&ee Q{ﬂgﬁe ?{rg‘ngreeaﬁr@g%plta%%%%d & the same 20

position as the designated pix ranmé nenory 201,

and; CabaphBl 850k NEaFhs0l bl el Mo dilc LR sl ILENONGS BEINREY te i xel
val ues. The stationary/noving determ ning portion 202-4 determ nes whet her
- the abspbutEreg¥ahii@ 9 d&1eadh {1085 ence Astaeeidde i xgle val ue of frame #n
background. That is, the image processing apparatus is
capable of adjusting the amount of motion blur included in
sampled data indicating the pixel values of the foreground
10 pixels.
| The configuration of each of the area specifying unit
101, the mixture-ratio caleulator 102, the .
foreground/background separator 103, and the motion-blur
adjusting unit 104 is described below.
15 '."'Fig. 25 is a block diagram illustratihg an exémpié of
the configuration of the area specifying unit_lOi. The area
specifying unit 101 shown in Fig. 25 does not use a motion
vector. A frame memory‘201 stores an input image in units
of frémes. When the image to be processed is frame #n, the
=20 frame memory 201 stores frame #n-2, which is the frame two
frames before frame #n, frame #n-1, which is the frame one
frame before frame #n, frame in, framé #ﬁ+l, which is the
frame one frame after frame #n, frame #n+2, which is the
frame two frames aftér frame #n.

25 - A stationary/moving determining portion 202—1 reads the




25 1 and the pixel value of frame #n-2 is greater than a preset 13 May 2005
81 threshold Th, If it is determ ned that the absol ute vai3imayQbos he

di fference between the pixel values.is greater than the threshold Th, a
“stationary/noving determination indicating "noving" is sent to the area

. determning portion 203-3. If it is determ ned that the absol ute val ue of
the difference between the. pixel value of the pixel of franme #n- | and the
pi xel value of the pixel of franme #n-2 is smaller than or equal to the
threshold Th, the stationary/noving 7gleterm ning portion 202-4 sends a
stationary/noving 10 determ nation indicating "stationary” to the area
determ ning portion 203-3. Wien the stationary/noving determ nation sent

fromt t ati-onar vi ng determ nin ortiaon 202-1 indicates

~ "stati naxre?" q;éanldl ewhoyef/n fe ] c?rg]r{]]‘/ar‘?%/ﬁ*ﬁ"d 2dePsAteHafitohNe5 S8Rt from t he
statio J OV eterm ni or.tian -2 indicates "poving", the area
_deternﬁﬁ%ﬁgﬁgﬁiggb%*f%?}Fnag%¥g T c%%ﬁFaFﬁégﬂeépgﬁgﬁEB bRRePTBR frame #n

bel ongs.d Qg YReoY8Led Rackeround %ﬁﬁ%ﬂ“gndgﬁg%%BaEﬁéﬁgﬂi h indicates

that the designated pixel belongs tTo an UNC OV k20 area, in an

. uncoveradediaciarRlid ahea pdgkar Beninia,fd 49 1agsegkabed, bl Lhg, desi gnated

pi xel . VWen the stationary/noving deternination sen .
st abi opary/iTRN RE dakeushyAd tRer 1Hi%1202- ¥, hndi gat 85,y " PRYI PY-,QF Wwhen the

~stationary/noving determ nation sent 25 fromthe stationary/noving
det er mmeimdg yp@0tt,08nd02a2 culates the absolute value of the
difference between the read pixel values. The
stationary/moving determining portion 202-1 determines
whether the absolute value of the difference between.the
10 pixel value of frame #n+2 and the pixel value of frame #n+1
. is greater than a preset threshold Th. If it is determined
that the difference is greater than the threshold Th, a
stationary/moving determination indicating “moving" is sent
to an area determining portion 203-1. If it is determined
15~ that the absolute value of the difference between the pixel'
value of the pixel of frame #n+2 and the pixel véiue'of the
pixel of frame #n+l is smaller than or equal to‘the
threshold Th, the stationary/moving determining portion 202-
1 sends a stationary/mcving.detérmination indicaﬁing
20 “stationary" to the area detefmining portion 203-1.

A stationary/moving determiniﬁg portion 202-2 feads the.
pixél value of a designated pixel of frame #n in which the
area to which the pixel belongs is determined, and reads the
pixel value of the pixel of frame #n+l located at the same

25 position as the designated pixel of frame #n from the frame




13 May 2005 82 indicates "stationary", the area specifying unit 203-1
,determ nes that the designated pixel of frame in does noi3mapebesg to an
uncover ed background area, and sets 110", which indicates that the :

" designate d pixel does not belong to an 5 uncovered background area, in the:
uncover ed- background-area determning flag associated with the designated
.pi xel . The area determ ning portion 203-1 sends the uncovered-
background-area determning flag in which "1" or 110" is set as discussed
above to a determ ning-flag-storing7brane 10 menory 204. Wen the
stationary/ noving determ nation sent fromthe stationary/noving

determ ning portion 202-2 indicates "stationary" and when the
stationary/noyjng determnation sent fromthe statiopary/ noving
deternpﬁwéﬁyp%b?roﬁn 02231 aF%ﬂiE%?eah%ﬁiﬁ??w¥ﬁ§”? ?hetBF ea det erni ni ng
portion. - e m nes.that.the designate i xel,L of fra in belongs to
t he stg%%g%5%§c§réggwgﬁﬁ 13 splﬁif,vﬁﬁvg-'iréh%kﬁ?ﬁF%?ﬁﬁr¥ PVHt%el bel ongs

0, L hegBLaLkonshy g6 ooy AL ONALYSL S cAeLer ) gL, ococtat e

witht esi gha prxel . ationary i nation sent

from t hg1ust 8! enar ol Fpu} Og-deberplal N, PQ LoD PR dpchegles | moving’

or when the stationary/noving determ nation sent .
staf i opary/ BRYI Ple O8E L& 1M Wi NG POF £ 042085 3 5 'gﬂﬁaC@éxe tH@Ying”, the area
e

"~ determ ning portion 203-2 25 determ nes that t desi gnat ed pi xel of frane
in doepr8gét 18nMyn@D®5Th. 1If it is determined that the absolute
value of the difference between the pixel values is greater
than the threshold Th, a stationary/moving determination
indicating "moving" is sent tortﬁe area determining pbrtion
10 203-1 and an area detérmining portion 203-2. If it is
_determined that the absclute value of the difference between
the pixel value of the pixél of frame #n+l1 and the pixel
value of the pixel of frame #n is smaller than of equal to
the thresﬁold Th, the,stétionary/moving determining portion
15 202-2 sends a stationary/moving determination indicating
"stationary" to the area determining portion 203-1 and the
 area determining portion 203-2.
A stationary/moviné determining portion 202-3 reads the
pixel value of a designatéd pixel-of frame #n in which the
20 'area to which the pixel belongs is determined, and readé the
pixel value of the pixel éf frame #n—l.located at the same
position as the designatéd pixel of frame #n ffom the frame |
memory 201, and calculates the absolute value of the
difference between the pixel values. The stationary/moving

25 determining portion 202-3 determines whether the absolute




- 83 belong to the stationary area, and sets "0", which indicates that the

pi xel does not belong to the stationary area, in the stajigQpabygosrea
determning flag associated with the designated pixel. 5 The area

determ ning portion 203-2 sends the stationary-area determining flag in
which '11" or 11011 is set as discussed above to the
determning-flag-storing frane nmenory 204. \Wen the stationary/ noving
determ nation sent fromthe 10 stationary/noving determ ning portion 202-2
i ndicates "noving" and when the stagponary/ noving determ nation sent from
the stationary/ noving determ ning portion 202-3 indicate "noving", the
area determning portion 203-2 determ nes that the desi.gnated pixel of

frame 0 to -t he noving area, .and sets "1", which indicates that
t he d_i%}lté%‘latdekglScﬁfexeo}']‘=L Sfbfteﬁroerli.‘gcs? P&%“W@W%é’%a,v ']il"nle‘aOr“?l)\’rcirr%f{l’llg "B ea

det er m_yj sqQci.ate it h the desi.gnated pixel. Wien the

stat i o_rfz[aﬂr&]y% rlfIDév?%é?e Zteg;e%{rl%en%tﬁl\ﬂof%aén éen% _‘rglonjﬁ%t t‘?ereag%ft %‘ﬁ‘&r ¢ ROGERG

det er M ngRAd h6f 202 2 d N CRLESA0 P LA ONFLY Ll Hhen LI
stati onary/ novi ng determination  sent from the Stationary, maing

det er mg¥ RGP H;tA YT - I adi C p G ry"., :th d rm ni ng
portion 203-2 Jdetef%?%é%efﬁggkkEgﬁhgé%%%a?%gu%Fxé% %Fgéﬁgﬁe%bﬁndoesnop
bel ®ng tne tuhe-<FMG1Y T, €d, s34 i$8hsy/Ro W@athEQQEEQE§8§25 that. the pixel

‘does not belong to the noving area, in Fﬁe May 2005 84
indicating "moving" is sent to the area determining portion
203-2 and an area determining portion 203-3. If it is
determined that the abselute value of the difference between
the pixel value of the pixel of frame #n and the pixel value

10 of the pixel of frame #n-1 is smaller than or equal to the
threshold Th, the stationary/moving determining poertion 202-
3 sends a stationary/moving determination indicating
“stationary" to the area determining portion 203—2 and the
area determining portion 203-3.
15 A stationary/moving determining portion 202-4 reads. the
pixel value of the pixel of frame #n-1 located at the same
- position as a designated pixel of frame #n iﬁ'which the area
to which the pixel beléngs is determined, and reads the
pixel ﬁalue of the pixel of frame #n-2 located at tﬁe same
'20 position as the designated pixel of frame #n from the frame
Memory 201, and calculates the absolute value of the
difference between the pixel values. The stationary/moving
-determining portion 202—4 determines whether the absoclute
~value of the differencé between the pixel value of frame #n-

25 1 and the pixel value of frame #n-2 is greater than a preset




~novi ng-area determning flag associated with the designated pixel. The
area de termining portion 203-2 sends the noving- area det®mayrooy flag in

which "Pl or 11011 is set as 5 discussed above to the '

determ ning-flag-storing frane nmenory 204. Wen the stationary/ noving

~ determnation sent fromthe stationary/noving determ ning portion 202-3
indicates "noving" and when the stationary/ noving determ nation sent 10
fromthe stationary/ noving determ ning portion 202-4 indicate
"stationary", the area determ ni ng partion 203-3 determ nes that the

-desi gnated pi xel of frame #n belongs to a covered background area, and
sets , Which indicates that the designated pixel belongs to the covered

backgr ‘area, ip-a,covered:-background- area deterymn ning fl ag
associggggsﬁg%ﬁ fﬁé degibgafgdggFﬁﬁT%g?@eﬁh? e§%?3$?%%dPV?ﬁ%vﬂﬁb

determ ' - | ' eferm ni.n rtion 202-3

i ndi cth) 22&82? g‘??%ﬁ%’?‘g@ %?Eﬂvﬁ%%a{:#ﬁ%nlg{%‘%?g‘yn%g%%oblgn%reoa&% ﬁ%%nazar%i on 20 sent
fromt S i | FDVi Al i %ﬁgr 4ndicate "noving",
‘the arggéd%?ﬁ%ﬁ?ﬁ%%gf%br%?%ﬁ§%%%@%F§{Eﬁi§H réék eﬂﬁ%ﬁigﬂgesignated pixel_of
frame #q002ei et \mHei@h9 19 fotOVes edhOackar A4nd A KA PS8l 0", whi ch
i ndi cates that the designated pixel does not belong to a 25 covered

backgroome areps id {idheicavahatedackor opnel- a5 e50d& N ROQF @R determ ning
flag associated with the designated pixel.
difference between the pixel value of the pixel of frame #n-

1 énd the pixel value of the pixel of frame #n-2 is smaller
than or equal to the threshold Th, the stationary/moving
determining portion 202—4 sends a stationary/moving
;O determination indicating "stationary" to the area
determining portion 203-3.
When the stationary/moving determination sent from the
stationary/moving determining portion 202-1 indicates

"stationary" and when the stationary/moving determination

g g Sentfrom “Che Statlonary/mov:mgdetermlnlngportlon T

indicates "moving", the area determining portion 203-1
‘determines that the_designated bixel of frame #n belongs to
an uncovered background area,rand sets "1", which indicafes
that the desigpaﬁed pixel belongs to an uncovered background
20  area, in an ugcovered—background—area determining.flag
assbciated with the designated ﬁixel,
When the stationary/moving determination sent froﬁ the
stationary/moving determining portion 202-1 indicates
"moving" or when the stationary/moving determination sent

25 from the stationary/moving determining portion 202-2



The area determ ning portion 203-3 sends the covered- background-area -
determning flag in which "1" or 11011 is set as discusses oest o the
determ ning-flag-storing frame 5 nmenory 204. The determ ni ng-fl ag-storing
frame nenory 204 thus stores the uncovered-background-area determ ning
fllag sent. fromthe area determining portion 203-1, the stationary-area
determning flag sent fromthe area determ ning portion 203 10 2, the

movi ng-area determning flag sent fromthe area determ ning portion 203-2,
and the covered-background-area detgenining flag sent fromthe area
‘det-ermi ning portion 203- 3. The determ ning-flag-storing frame nenory 204
sends the 15 uncovered-background-area deternmining flag, the stationary-

area deter.m.ni flag,. the noving-area. determ ning flag, and the

cover e&rﬁcglc E[g;éré(}gnd's-taa%elaoncfleriyer'rri g_"li‘elaags%et‘b‘rgc}%gﬂnéitn%ot%la synt hesi zer -

205. Thes hﬁgg ener.al e ea i.nformation indicating to which of

t he uncov%%&g&dl acég{aotzug%'eg AT n,asﬁ—lel'ue Rt & a%ag'l’aegfl € nB\Vi'ng area, or

- the covgrefhg hackg! Qung, A i xel ng sed _on.t,he_uncover ed-
backgr ound- af ea determlﬂdiﬁ%?%%%Q%igﬁﬁgﬁ%%Ha§§ggF§as dgtérﬁﬁ i“fig 1 ag

the NMOViRG-@ d8LAT Y Qﬂssfi'g%%tegi;g)i%q .d%%‘é%%g' %%ﬁ%gﬁg%gdaﬁr ea

determning flag sent fromthe 25 erm ni ng-flag-stori rane nenory

2045 anthceenrded bR ckyMind?@0%a 86 nanga WM BLHORaLRgR2ound-area
determ ning-fl ag-storing frame nmenory 206.
determining flag associated with the designated pixel.

The area determining portion 263*1 sends the uncovered-
background-area determining flag in which "1" or “0" is ;et
as discussed above to a determining—flag%storing-frame

10 memory 204.

When the stationary/moving determination sent .from the

stationary/moving determining portion 202-2 indicates

“stationary" and when the stationary/moving determination

sent from the Stationary/moving determining portion 202-3

g i'ﬁ'd'i'd'é'té" ESERYTonE ry “.—.'. RS aren” determlnlng y portlon 56525
determines that the designated pixel of frame #n.belohgs to
the stationary area, and sets'"l", which indicates tﬁaﬁ the
pixel belongs to the stationary area, in a stationary—~area
detefmining flag associated with the designated pixel.

20 _ 'When the stgtionary/moving deterﬁination sent from the
stationary/moving determining portion 202-2 indicates
-"moving” or when the stationary/moving détermination sent-
from the stationary/moving determining portion 202-3
indicate "moving", the area determining portion 203-2

25 determines that the designated pixel. of frame #n does not




The determ ning-flag-storing frane nenory 206 stores the area information
sent fromthe synthesizer 205, and also 5 outputs the argﬁwbgbgggation
stored therein. Next, An exanple of the processing perfornmed by the area
speci fying unit 101 when a frame interval time has the sane length as a
shutter tinme will be described belowwth reference to Figs. 26 through
30. 10 When 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. 26,. tghe_i mage corresponding to the object
| ocated at the position indicated by Yn(x,y) in frame #n is positioned 15
at Yn+l (x,y) in frame #n+l, which is subsequent to frame #n. A nbde
obtaingd by developing in the tine direction the pixel values of the
&Pl

pi xel s elOstie- By &+ ORAFN #R82 ndUEngeF r €& o bl tHeligateps
correspondi to,th oreground object is shown.jn Fig. 22- For exanple, if
t he Zgﬁﬁgv}gﬁﬁ Efi‘%ﬁt‘i&%‘ﬁs of°t kefﬂé et‘BoF?%si)%H’r?anﬁg PHE - foteground
obj ect _§ Lzontal with respect to t screen,. the npdel shown in Fig.
Gt 5*%5§%£%§?%¥ M %%@%?%b?h@?_?ﬁa?hﬁsﬁi%%f e"@t;r:'blnt}}e?;_e pixcl ©
val ues ; i sposed on a line side-by-side. In Fig- : e
i ne iﬁg%%‘%n‘gtgﬁxﬁﬂs’§%hua| to the line 13 May 2005 87 in frame #n+l . The

f oreground FRIRANEN L (AiSARRNGIAIL 1dh 1A3-9PlRtlhs el uded Tn the second
pi xel to the thirteenth pixel Trom _

stationary-area determining flag in which "1" or "“0" is set

as discussed above to the determining-flag-storing frame

memory 204.

When the stationary/moving determination sent from the

10 stationary/moving determining portion 202-2 indicates

"moving" and when the stationary/moving determination sent

from the stationary/moving determining portion 202—3

indicate '"moving", the area determining portion 203-2

determines that the designated pixel of frame #n belongs to

R Ll mov:_ngarea,andsets "1"’ i lndlcatesthat the e

designated pixel beiongs to the moving area, in é moving-
area dete;mining flag associated with the designated pixel.
When the stationary/moving determination sent from the
stationary/moving detérmining portion 202-2 indicates |
207 "stationary" or when the stationary/moving determination
Seni from the stationary/moving determining portion 202-3
indicate "stationary", the area deﬁermining portion 203-2
determines that the designated pixel of frame #n does not
belong to the moving area, and sets "0", which indicates

25 that the pixel does not belong to the moving area, in the



the left in franme #n are included in the sixth.pixel through 5 the
seventeenth pixel fromthe left in frame #n+l. In frane #mg Malieops xel s
“belonging to the covered background area are the el eventh through
thirteenth pixels fromthe left, and the pixels belonging to the uncovered
background area are the second through fourth pixels from10 the left. In
frame #n+l, the pixels belonging to the covered background area are the
fifteenth through seventeenth pixels fromthe left, and the pixels

bel onging to the uncovered backgreugad area are the sixth through eighth
pi xels fromthe left. 15 In the exanple shown in Fig. 27, since the
foreground conponents included in frame #n are aned such that they are

| ud f.. f A I
i vi o e viber € FEnnd S b Ho T b e Hesr Sent - 20 A

descripiim is now given of a change in pixel vaIues of the pixels
bel onging to the mxed area in the frames before and after a designated

frame. In Fige 38eal RetRiNehsnBe829ii0q t2@3azC9)éﬁE1§d5hQa%9£8 nd area in

frame #n in which the background is 25 stationar the anmodnt v of
movenenired tdi ke ishytitiely 53 M 2008 « 88 tigwe 5is Jhe foreground is four

‘are the fifteenth through seventeenth pi xel s frontthe Ieft Si nce the
anpiint diofussmy en®Rivie Wot he dee eShiitnli@ly-1a10R sE ol rrhgef htfetn%%g't h

t hrough seventeenth pixels fromthe left in the previous

204

When the.stationary/moving determination sent from the
stationary/moving determining portion 202-3 indicates |
"moving" and when the Stationary/moving determination sent

10 | from the stationary/moving determining portion 202-4

indicate "stationary", the area determining portion 203-3
determines that the designated pixel of frame #n belongs to

a covered background area, and sets "1", which indicates

that the designated pixel belongs to the covered background

associated with the designated pixel.

When the stationary/moving'determination sent from the
stationary/moving detefmining portion 202-3 indicates
"stationary" or when the stationary/moving determination

20 | sent froﬁ the stationary/moving determining portion 202-4
indicate "meving", the area determining portion 203-3
determines that the designated pixel of frame #nldoes not
‘belong to ‘a covered background area, and sets "Q", which |
indicates that the designated pixel does net belong to ar

25 covered background area, in the covered-background—-area




5 frame #n-1 include only background conponents and belong to the
background area. The fifteenth through seventeenth pixel $3 agobhe left in
- frame #n-2, which is one frane before frame #n-1, include only background

conponents and belong to the background area. 10 Since the object :
- corresponding to the background is stationary, the pixel value of the
fifteenth pixel fromthe Ileft in frame #n-1 does not change fromthe pixel
value of the fifteenth pixel fromthe left in frane #n-2. Simlarly, the
-~ pixel value of the sixteenth pixelL ggomthe left in 15 frame #n-1 does not
change fromthe pixel value of the sixteenth pixel fromthe left in franme
#n-2, and the pixel value of the seventeenth pixel fromthe left in frame
#n-1 does not. change fromthe pixel value of the seventeenth pixel from
the | fEET¥R L0 @rﬁ@ asP i hrherioride deeigiatas niksl-ame #n-1 and

frame #n-2 correspondln o the pixels belagnging to the covered
backgroundT %Hﬁ”65h§9ﬁﬁ%ﬂ“(%ﬂ%fb§@ olh§ CO¥REEAENt s, and t he

R et tCé;aﬁr"f RS il Jrf%sy']d't o e Set Ue O the
stati apar 003, 8 det er m nat | e .for ixels in
frane %{ dg%&a % %O coSr?ef' ecgep%enrdnlnnglrf% eﬁjélgoeﬁt (?ﬁfbefpng to the

'ﬁlgedﬁ%ﬁgk ibjrane #n by the statlonary/noving deternlnlng portion 202-4
is statlonary 5 Since the pixels belonging to the covered background

The determining-flag-storing frame memory 204 thus
stores the uncovered-background-area determining flag sent
from the area determining portion 203-1, thé stationary-area
deﬁermining flag sent from the area determining portion 203-

10 2, the moving-area determining flag sent from the area
determining portion 203-2, and the Covered—béckground~area
détermining flag sent from.the area determining portion 203-
3.

The détermining—flagwstoring frame memory 204 sends the

e uncovered—background—area determlnlngf]_ag 'thestatlonary—
area determining flag, the moving-area determining flag, and
the covered—backgroundfarea determining flag stored therein
to a synthesizer 205. The synthesizer 205 generates area
information indicating to which of the uncovered background-

20 area, the'stationary area, the mbving area, or the covered
background area each pixel belongs based on the uncovered-
ﬁackground-area determining flag, the stationary-area
determining flag, the moving-area determining flag, and the
covered-background-area determining flag sent from the

25 determining-flag-storing frame memory 204, and sends the




area in frame #n include foreground conponents, the pixel values thereof
are different fromthose of frame #n-1 consisting of onI¥ @pc?g und
conmponents. Accordingly, the stationary/noving deternina.? for the
pi xel s 10 belonging to the mxed area in frane #n and the correspondi ng
pixels in frame #n-1 by the stationary/noving determning portion 202-3 is
"movi ng" When the stationary/noving determ nation result indicating
"nmoving" is sent fromthe stationary/noving 15 deterni ning portion 202- 3,
..and when the stationary/noving deteggrination result indicating
"stationary" is sent from the stationary/ noving determ ning portion 202-4,
as discussed above, the area deternining portion 203-3 determ nes that

t he correspandi n i.X bel ong to .a covered 20 background area. In Fig.
29, in FrEmeY &Iﬁrgr}?%ﬁ? Otl‘?‘edtﬁ3 |§agstsé:t°ir&r?§r%réﬁ'§ fIR@og¥ount v of

novenmenty M thin the shutter ,time in the foreground is four, the pixels
included i'n an uncovered background area are the second through fourth 25

i xels f ' I ti 13 May 2005 90

Came Tengt n"aS Pheoer S F LA ShATE R " ERBHR mOGFY neUBrBhe TP s Tour, the
d I f t.h t, f #n+

el uda ont's “Bacbarei 'l?&%gﬁétﬁ?é%ﬁe ey bdEehe 2RackgP ORISR e, I n

frese @utdutwhicsl hged &H@%@ﬁﬁ%@bntgtB&aﬁetﬁgrlmt he. Second through fourth
- pixels fromthe left include only background conponents and bel ong ,

Next, An example of the processing performed by the
area specifying unit 101 when a frame interval time has the
same length as a shutter time will be described below wihh
reference to Figs. 26 through 30.

i0 , When the object corresponding to the foreground is
moving, the position of the image corresponding to the
object on the screen changes in every frame. As shown in
Fig. 26, the image corresponding to the object located at

the position indicated by Yn(x,y) in frame #n is positioned

”TISHHméf“Yh%ifi}?Tmih“fféﬁém#ﬁ¥i:wﬁhiéﬁmiéméﬁﬁéééﬁéﬁ£“£6mf£5ﬁé”#n_'”mm
A model obtained by deveioping in the time direction

the pixel values of the pixels aligned side-by-side in the
moving direcfion of thé image corresponding to the
foreground object is shown. in Fig. 22. For examplé, if the

20 moving direction of the image .corresponding to hhe
foreg;ound object is horizontal with respect to the Screen,
the model shown in Fig. 27 is a model obtained by developing
in the time direction the pixel values of the pixéls
disposed on a line side-by-side.

25 - . In Fig. 27, the line in frame #n is equal to the.line




to the background area. Since the object corresponding to the background is
stationary, the pixel value of the second pixel fromthe 1dfiadyelpsin frane
#n+2 does not change fromthe pixel value of the second pixel fromthe |eft
in frame #n+l. Simlarly, 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 frame #n+l, and the pixel value of the 15 fourth pixel
fromthe left in frame #n+2 does not change fromthe pixel value of the

~ fourth pi xel fromthe left in framg7#n+l. In other words, the pixels in

frame #n+l and frame #n+2 corresponding to the pixels belonging to the
uncovered 20 background area in frame #n consist of.only background
corrponentfl and tpf pi xel val ues thereof.do not change. Accordingly, the
absol ut® Uhf@ % {he difference between the pixel values is al most O.
Thus, the at i onary/ mvin determ nation nmade for the pixels in frame
#n+l and frsltahrree %g%%rﬂmcdorc%é“é)poo%edﬁ?g T 1P PIYAS H5el iYY S t he mi xed
‘area 1 0 [ y,.the stationary/.moving, determ ning .
porti oﬁng%%%‘? j?% t?%? a??%%rg@spf}g%?n%ée ?kh% %i”)‘(re{l%e%é}f oiis) o he uncovered
backgrpyndy epn i Py #n, J_,gﬁ regr d.c ent-s, i xel 5

val ues ther%o are d%rp?gﬁan‘?r% p%!‘mt %és‘(g %? ‘&f)‘lrllé;rrsel %%}g‘%\%gﬁbﬁb&bf -only

bagkgr ouads SOMPEASRES - p ACSPT B A1 the t1er ¢ SEALENAL W,IPVi ng deterni nati on
made for the pixels ‘ |
' In frame #n, the pixels belonging to the covered
background.area are the eleventh through thirteeﬁth pixels
from the left, and the bixels belohging to the uncovered
background area are the seéond through fourth pixels from
10 the left. In frame #n+l, the pixels belonging to the
covered background area are the fifteenth.through
seventeenth pixels from the left, and the pixels belonging

to the uncovered background area are the sixth through

eighth pixels from the left.

compeonents included in frame #n are'moﬁed such that they are -
included in four pixels, the amount v of movement is four.

A virtual division number is four in accordance with the
amount v of movement. “

20 A description is now given of 'a change in pixel values
of the pixels belonging to the mixed area in the frames
before and after a designated frame.

In Fig. 28, the pixels belongiﬁg to a covered
background area in frame #n in which the backgrqund is’

25 stationary and the amount v of movement within the shutter )



bel onging to the mxed area in frane #n and the corresponding pixels in
frane #n+| by the stationary/noving 10 determ ning porti o3 gag2806S

"nmoving". Wen the stationary/noving determ nation result indicating
"nDV|ng" is sent fromthe stationary/noving determ ning portion 202-2, and -
when the stationary/noving determ nation result indicating "stationary" i's
sent from 15 the stationary/ noving determ ning portion 202-1, as discussed
above, the area determ ning portion 203-1 determ nes that the
..correspondi ng pi xel s belong to an -usmgovered background area. Fig. 30
illustrates determ nation conditions for frame 20 #n-made by the area
specifying unit 101. When the determnation result for the pixel in frame

#n-2 | Qg t sane i e sition a in f [ane #n.to be
processe an %ﬁg ?%ée Xe nﬁ?q f&gnéfﬁﬁ*ﬁﬁﬁﬁtéﬁééeaptﬁhé TORMB position as
t he pl@%Véd%égh%%$P%QEl§n%gﬁﬁa%%%Née 85%§ m@pﬁ_the det ermi nation result

for the pixel t gepl%8| inVf Pane #n- 1
| ocat Shcleridif SAMRMMAL RARIION £ 1%, e Morel ot (iR Hhyi s moving, the

area specifying unit 101 determ nes at the pixel rame #n belongs to

a cova:mu@aqcls@rv@m@eartﬁap&e%e&ﬂoﬁﬁ tqil%tq gh‘ %ite g%ié’v!mtgr the pi xel

in frame #n and the pixel "in frame,#n-1 | ocated at the sane | mage

posti draae e 1piixelivie bhake bk kigsosndl Icfaﬂgtﬁﬁen%@d aWheBe1bi§ to
determnation result for the pixel in frane #n and

the background area. The fifteenth through seventeenth

pixels from the left in frame #n-2, which is one frame

before frame #n-1, include only background components and
belong to the background area.

10 Since the object corresponding to the backgrouﬁd is

‘stationary, the pixel value of the fifteenth pixel from the
left -in frame #n-1 does not change from the pixel value of
the fifteenth pixel from the left in frame #n-2. Similarly,

the pixel value of the sixteenth pixel from the left in

sixteenth pixel from the left in frame #n-2, and.the pixel
value of the sevenﬁeenth ﬁixél from the left in frame #n-1
does not change ffom the pixel value of the seventeenth
pixel from the left in frame #n-2. |

20 In ‘other words, the pixels in frame #n-1 and frame #n-2
cofre5ponding to the pixels‘bélonging to the cavéred
background area in frame #n consist of only background
compbnents, and the pixel values thereof do not.change.
Acpordingly, the absolute value of the difference between

253 the. pixel values is almost 0. Thus, the stationary/moving



pi xel in frame #n+l |ocated at the same inmage position as 10 the pixel in
frame #n is stationary, the area specifying unit 101 det ¢3 Map@soshat the
pixel in frame #n belongs to the stationary area. Wien the determi nation
result for the pixel in frame #n and the pixel in frame #n-1 | ocated at"
.the sane i'mage 15 position as the pixel in frame #n is noving, and when the
determ nation result for the pixel in frame #n and the pixel in frame #n+l
| ocated at the same i mage position as the pixel in frane #n is noving, the
area specifying unit 101 determ negothat the pixel in frame #n belongs to
the nmoving, 20 area. Wen the determ nation result for the pixel in frame
#n and the pixel in frane #n+l | ocated at the sane image position as the

pi xel i frame_#n is n and when_the determnation result for the

pi xel ﬁtFF‘ﬁﬁ’éa he Ii" E‘grth%PiLﬁ%l%aﬁ% Freme bosltaed Bsamde pixel in
frame nd the 13 %GX 2005, . 53 ? in frape #n+2 | ocated at the sane

i mage §05|tF% TSEPOPRALIY | Q) ThR PIY #He PEIRg | bharye Pheedras®&peci fyi ng

h
unit 1 t t t i xe ongs to an uncovered
backgrgénggéﬁéa Q ?%F?%?%ﬁ%ﬁm%ﬁfpgl¢?é%¥@&%ﬁ K APrEECRDf the area
det er on_re ,ned by the area specifying unit 101, In Fig.
31A, ?%QQ%FXS %ﬁéE OSQE deternlned to belong to a covered backgroUnd

area are | @ir&%} ag,d fbl‘éﬂiltse pd1bddithg B Bnd Re R $MUAD B £ determ ned

to bel ong to an
area in frame #n include foreground components, the pixel

values thereof are different from those of frame #n-1
consisting of only backgrﬁund components. Accordingly, the
stationary/moving determination made for the pixels
lQ belonging to the mixed area in frame #n and the
éorresponding pixels in frame #n-1 by the stationary/moving
determining.portion 202-3 is "moving".
When the stationary/moving determination result

indicating "mov1ng" is sent from the statlonary/mOVLHg

mlSH“Tdetermlnlng portion 202 -3, and when the stat10nary/mov1ng o
determination result indicating “stationary" is sent from
the stationary/moving determining portion 202-4, as
discussed above, the area determining portion 203—3
determines that the corresponding pixels beloﬁg to a covered

.20 background area.

In Fig. 29, in frame,#n in which the background is
stationary -and the amount v of movement within the shutter
-time in the foreground is four, the pixels ihcluded in an
uncovered background aréa are the second through fourth

25 pixels from the left. Since the frame-intervél time has the




10 uncovered background area are indicated in white. In Fig. 31C, the

pi xel s which are determned to belong to a noving area aqfwb %bagted in

~ white. In Fig. 31D, the pixels which are determined to be ong to a :
‘stationary area are indicated in white. 15 . Fig. 32 illustrates the area
information indicating the mxed area, in the formof an inmage, selected
fromthe area information output fromthe determning-flag-storing frame
menory 206. In Fig. 32, the pixels which are deternmned to belong to the
.covered background area or the uncovggsed 20 background area, i.e,, the -
pixel s which are deternmined to belong to the m xed area, are indicated in
whit e. The area information indicating the m xed area output fromthe

det erm ni ng-f1l ag-stori fra menory 206 designates the m xed area and
t he porﬁ"’}n(‘)e?lsle?‘f1 ithd*a tt%ﬁﬂ”gtﬁﬁ r 3%y ampindo t iddn SANEKBH  a

texture j e f.oreground, area. 13 005 94 The area specifyin
pr)(;cgsgfﬁéngnfob‘{e}r’f ot(r%lrree ebc%ri%gthéfroélgjh s%?c%ff?!!ﬂpﬁd‘earﬁ tg}f(ff‘l 5 (Snlg’sf I i dgbel ow
ith I t .of -Fig. 33. | tep S201, the frame nenor
201 obt Rt ddhel? £ @A, BN oty MR Serareg it rame
fin. 1N SPHeIA2 ol RS IAONYNAITALND dgherp, eg%ng%rt'w%ach29é-3

determ nes whether the determ nation result for iXel"'infrane #n-1

andst hgulseludnt a2 4ecat edral JRenS MR RGH FHoQR +hs pikagkonary. If
it is determned that the 10 determ nation result iIs statlgnary, t he
procesEH0a®RdS &f® include only background Components and belong

to the backgroﬁnd area.

Since the object corresponding to the background is

stationary, the pixel value of the second pixel from the
10 left in frame #n+2 does not change from the pixel value of

the seéond pixel from the left in frame #n+l. Similarly,

the pixel value of the thifd pixel from the left in frame

#n+2 does not change from the pixel value of the third pixel

from the left in frame #n+l, and the pixel value of the

5 TUEourth pinel From the left in frame#n+2 o not Change S

from the pixel value of the fourth pixel from the left in
frame #n+1..

In other words, tﬁe pixels in frame #n+1 and framel#n+2
correSpondinglto the pixels belonging to the uncovered -

20 background area in frame #n consist of.only background
components, and the pixel values the?eofAdo not change.
Accordingly, the absolute value. of the difference between
the pixel values is almost 0. Thus, the stationary/moving
determination made for the pixels in frame #n+l and frame

25 #n+2 correspondiﬁg'to the pixels belonging to¢ the mixed area




step S203 in which the stationary/ noving determ ning portion 202-2

determ nes whether the determnation result for the pixeh3wmayfzoape #n and
the pixel in frame #n+l |located at the sane position is stationary. 15-If
it is determined in step S203 that the determnation result for the pixel
in frame #n and the pixel in frame #n+l |ocated at the sane position is
stationary, the process proceeds to step S204. In step S204, the area
determ ning portion 203-2 sets "11', which indicates that the pixel to be
. .20 processed belongs to the statianary-area, in the stationary- area

- determning flag associated with the pixel to be processed. The area

determ ning portion 203-2 sends the stationary-area determining flag to
204, and_the process. proceeds to

the determining;flag-, storing,frame nenpr C

step Eg gﬁﬁ%‘? 3 ﬁgyt%o%lcag%@?ry(m%laét ErPhPRBINIATISPEFtEPD2 that the |
deternmppatiyon,. for the pixel in frame #n-1 and the pixel in frame #n
Iocatggagthtgg sgﬁgk%gggfyoh is nmoving, or if it is determned in step S203

Lhat the del et ald O Lol Sl o e kel Lo, Liage 0 and, e pixel n
orocesadacopseaat b o0 e ocol abL 0Bk eBREm S Dl e
doror m e VheUTer  h et or o ne T oo PRC C Popt{ pEHe 4R 20273
consisting of only background componeénts. Accordingly, the
stationary/moving determination made for the pixels
belonging to the mixed area in frame #n and the

corresponding pixels in frame #n+l by the stationary/moving

10 determining portion 202-2 is "moving".

When the stationary/moving determination result
indicating "moving" is sent from the stationary/moving
“determining portion 202~-2, and when the stationary/moving
determination result indicating "stationary" is sent from

g the Statlonary/mOVJ_ng determlnlng portlon 202~]_,as e

discussed above, the area determining portion 203-1
determines that the corresponding pixels belong to an
uncovered background afea.

7 Fig. 30 illustrates determination conditions for frame

- 20 #n made by the area specifying unit 101.' When the

determination result for the pixel in frame #n-2 located at
the same imagevposition as a pixel in frame #ﬁ,to be
processed and for the pixel in frame #n-1 located at the
same pbsition as the pixel in frame #n is stationary, aﬁd

25 when the determination result for the pixel in frame #n and




pixel in frame #n-1 and the pikel in frame #n |ocated at the sanme position
is moving. If it is determned that the determnation resy IoB0Vi ng,
the process proceeds to step 15 S206 in which the stationarb&%%ving :

determ ning portion 202- 2 determ nes whether the determ nation result for

the pixel in franme #n and the pixel in frame #n+l |ocated at the sane
position is noving. If it is determned in step S206 that the determ nation
20 result for the pixel in frame #n and the pixel in frame #n+l |ocated at

~the same position is noving, the progess proceeds to step S207. In step
S207, the area determ ning portion 203-2 sets 11111, which indicates that
the pixel to be processed belongs to a noving area, in the noving-area 25

det er m.nj f)] ag .associ ated with the pixel .to be processed. .13 May 2005 96

The aré%kggPé%%iH?hggg?ghﬁgﬁgi§°§€E§gpﬁﬁe iSRG Car8d 9 ECE g flag to

- -the det LW ng-.fl.ag-stQri fr nory .204, and the.process proceeds to

step Sza%mrﬁri% %lsgéletfg{alrn%%gg& igngeé“tog’gnﬁﬁ Gh&E PhEPEELSI P Rat a5

resul t ifpr dde Ris i for s La ixel . in frame #n |ocated at
_Ia‘[l)ﬁgs tha't! 1% ?@.x%l . g :-‘f?_‘%_xrr% )ggle%oeﬁ'_onﬁsn%o a

the sanme position Is stationar or I 'S ermnéd Tn step S206 that

the det@uamal iR KLU Qs the pixel in frame #n and the pixel in frame
#n+l | ocated at the same position is stationary, the pixel in frame #n

‘does 10 not wheho®get Qe8eFRYLEY: 8k CResACEORGENGhY. pi g1 PIRCLSSHhO0sQf step
S207 is skipped, and the process proceeds to step S208. In step S208, the
st at i oraydy eV ipigedetiar wir@imad #AoNt 18Bated at the same image

position as the pixel in frame #n is stationary, and when

the determination result for the pixel in frame #n and the

pixel in frame #n+l located at the same image position as

10 the pixel in frame #n is stationary, the area specifying

unit 101 determines that the pixel in frame #n belongs to

the stationéry area.
When the determination result for the pixel in frame #n

and the pixel in frame #n-1 located at the same image

15 positicn as the pixel in Frame #n is iR AR when e
determination result for the pixelrin.frame #n and the pixel-

in frame #n+l located at the same image position as the

pixel in frame #n is méving, the area specifying unit 101
- determines that the pixel in frame #n belongs to”the moving
20 afea.

When-the determination résult fof the pixel in frame #n
and the pixel in frame #n+l locéted at the saﬁe image
position as the pixel in frame #n is moving, and when the
determination result for thé pixel in frame #n+l located at

25 the same image position as the pixel in frame #n and the




-202-4 determ nes whether the determnation result for the pixel in frane
#n-2 and the pixel in frame #n-1 located at 15 the sanme pesidyi2nosi s
'stationary. If it is determ ned that thedeterm nation result is stationary,
" the process proceeds to step S209 in which the stationary/ noving
determining portion 202-3 determ nes whether the determ nation result for
the pixel in frame #n-1 and the pixel in frame #n 20 | ocated at the sane
position is moving.. 'If it is determned in step S209 that the
determnation result for the pixel dn franme #n-1 and the pixel in frame #n
| ocated at the same position is noving, the process proceeds to step S210.
In step S210, the area determ ning portion 25 203-3 sets "I", which
processed belongs to a

i ndi ca Ese&hat %he i elztﬁ be 13 May gOOS 97 . ‘

covere ﬁacké?ouﬁﬁmgrgﬁf i "°FRESAcBYelBE- BABRgMHBEHE- BP8ATtd8Reffi ning fl ag
associ d.w he. pixel, to be processed. The area determning portion
203- 3 ef§:§n 24‘%2 Lioesind E%g}SPéﬁydeF]@?n?ﬁ?ﬂgs??‘ébfi’bnghe 5

e covered- %ck%r%

det er Myl RO1H4 A9a BLARLGS T (RUP PRUCLY, 204,300, [ 08 RTOCPSS s PEGCEERTS 1O

step S211. e area determning portion

cover edpr BaGKgLQUNG= deterpining flag to the determning-flag-storing
frame menory 204, and the process proceeds to step S211. 10 If it is

deteer m ned #iyst en 5207 Sl 11 deb et il IAfnd@dr fgfe the i xel in

frame #n-2 and the pixel in frame #n-1 |ocated at the same position is
movi ngde@érmindtids roaierdrifochiNegtep SRO%thatthe; pjxel ipiframe #n-1

andt he
101. 1In Fig. 31A, the pixels which are determined to belong
to a covered background area are indicated in white. 1In Fig.
31B, the pixels which are determined to belong to an
10 uncovered background area are indicated in white.
In Fig. 31C, fhe pixels which are determined to belong
to a moving area are indicated in white. 1In Fig. 315, the

pixels which are determined to belong to a stationary area

are indicated in white.

I Flg 32 illustrates the ares lnformatlon lndlcatlng the

.mixed area, inrthe form of an image, selected from the area
information output from the determining—flag—stéring frame

memory 206. In Fig. 32, the pixels which are determined to
beldng to the covered béckground'area or the uncovered

20 Dbackground area, i.e.{ the pixels which are determined to

belong to the mixed érea, are indicated in whité.' The area
information indicating the mixed area ocutput from the
determining-flag-storing frame memdry 206 designates the
mixed area and the portions having a tekture_surrounded by

25 the portions without a texture in the foreground area.



pixel in frame #n |ocated at the same position is stationary, 15 the pixel
in frane #n does not belong to a covered background areaj3fffopgdsngly, the
processi ng of step S210 is skipped, and the process proceeds'to step -
'S211.. In step S211, the stationary/nmoving determ ning-portion 202-2
determ nes whether the determnation result for the pixel in frame #n and
the pixel in frame #n+l |ocated at the same position is noving. If it is
determned in step S211 that the determ nation result is noving, the
process. proceeds to step S212 in whigh the stationary/noving determning
portion 202-1 determ nes whether the 25 determ nation result for the pixel
in frame #n+1l and the 13 May 2005 98 pixel in frame #n+2 | ocated at the
same positi If it is determned in step S212 that the

deterninatigﬁmj%é?%f?%%gg%%ﬁégppfeFePﬁngaﬁﬁrgﬂﬁmeﬁnﬁytﬁ epf%keR in frane 5
arep AR nd ISGITOLHE HeBhaEedl Retng vhistn RO -2095: tontber | » .
backor A (AR Bhovs S%basRiloutbeateangoter e AGIr o

203 1 cere aTankdE B Rrah 367 PRISNGE: 7 ARe KGR apS Pytpme PO "

' det er m i f3gs f§a0-storing frane nenory 204, and the process proceeds to
step S214. If it is determined in step S211 that the determnation

In step 5202, the stationary/moving determining portion
202-3 determines whether the determination result for the
pixel in frame #n-1 and the pixel in frame #n located at the
same position is stationary. If it is determined.that the
10 determination result is stationary, the process proceeds to
step $203 in which the stationafy/moving determining portion
202-2 determines whether the determination result for the
pixel in frame #n and the pixel in frame #n+lllocated at the

same position is stationary.

e g J_S O Py e J_nstep 3203that the determlnatlon e

result for the pixel in frame #n and the pixel iﬁ frame #nt+l
located at the samé position is stationary, the.prdcéss
proceeds to step 8204.. In step 5204, the area determining
portion 203-2 sets “1", which indicates that the pixel to be
20 p;ocessed belongs to the stationéry afea, in the stationary-
aréa determinipg flag'associate& with the pixel to be
processed. The area determining_portion 203-2 sends the
stationary-area determining flag‘to the determining—flag—
storiﬁg frame memory 204, and the process proceeds to step

25 85205.




. #n are specified. If it is determ9ed-that the areas of all the 25 pixels

15 result for the pixel in framne #n and the pixel in franme #n+l |ocated at

the same position is stationary, or if it is determ ned i1BMdygno8212 t hat

_the determination result for the pixel in franme #n+l and the pixel in
franme #n+2 is noving, the pixel in frame #n does not belong to an 20
uncover ed background area. Accordingly, the processing of step S213 is

ski pped, and the process proceeds to step S214. |In step S214, the area

- specifying unit 101 deternines whether the areas of all the pixels in frane

in frame #n are not yet specified, the process 13 May 2005 99 returns to
step S202, and the area specifying processing is repeated for the

remai ning pixels.; d fadile s 61 &N 08, | 9 6 QlEas, of all
the pixels in fréhe #nfzre specified, tﬁ% p?%gggiégéocég%gﬁégéi?%tep S215.

In Ste@e&@i@f&h%l@é’[&%}bﬁéi 2ef 2dem@ePRL Rt £542LRA iaﬂLQin?ﬁ!QPaén@d{ma“ ng the
e

m xed area based on uncover ed- background-area determ ning flag and the

cover ellocHB6H 04 B UAKL a5 &ie 48581 715k Ngs Fha@: s5Or 66 LB §he; det erni ni ng-
flag-storing frame nenory 204, and al so generates area 10 information

i ndi caflebgrihbnadli Th ofep hezupcover ethdagkee pHDEat d68AreshBL SEGQE I ONaAry area,
the noving area, or the covered background area each pixel belongs, and

setSs t e geiveeht ol frdaea #mfoidethenpinel hen detenai piipg-fbagrsd ot ng frane
menory 206. The processing is then conpleted. 15 As di scussed above, the
area speeisynagemitidiflis snoving, the pixel to be processed does

not belong to a stationary area. Accordingly, the

processing of step 5204 is skipped, and the process proceeds

to step S§205.

10 In step S205, the stationary/moving determining portion

202-3 determines whether the determination result for the

pixel in frame #n-1 and the pixel in frame #n located at the

same position is moving. If it is determined that the

determination result is moving, the process proceeds to step'

“"15'fSZOG“in”wbich“the“stétidnafy/mbvinq"aetefmiﬁiﬁg'paffiaﬁ“zcz;“““”““““““”““
2 determines whether the determination result for the pixei
in frame #n and the pixel in frame #n+l located at the same
position is moving. | |
If it is determined in stép S206 that the determination
20 result for the pixel in frame #n and the pixel in frame #n+1
 located at the same position is moving, the process proceeds
to step S207. 1In step 5207, the area determining portion
-203—2 sets “1", which indicates that the pixel to be |
.proceSSed belongs to a ﬁoving area, iﬁ the moving-area

25 determining flag associated with the pixel to be processed.




capabl e of generating area information indicating to which of the noving
area, the stationary area, the uncovered background areaq3@fstdp@scovered
“background area each of the pixels included in a frame be?on 0 The-
area specifying unit 101 may apply logical ORto the area |nfornation
corresponding to the uncovered background area and the area information
corresponding to the covered background area so as to generate area

i nformation corresponding to the m xed area, and then may 25 generate area
information consisting of flags indi%ating to 13 May 2005 100 which of the
noving area, the stationary area, or the m xed area the individual pixels
included in the frame belong. Wen the object corresponding to the

f-oregr aund has ext 8. r specifving,unit 101 is able to specify
the 5 noving a?ﬁ% nor e pPé%??% ?%3T2e%§%§a gBecPPyﬁﬁg ghFff 101 is able to
out put ddierafi®dnd @ﬁg@n&le@elgg%gghgﬂ éh%l ég@g grgaf{%mthe area

information indicating the foregroun a, a ar ea

" i nf or Maddn@tyi @@ucatamgtmep%@%enmceeag a8 the a588s g10 information
i ndi cating the background area. The enbodi nent has been “descri bed, assuning

that the obfett coraespendhdg 19 LH8, baskygroynd tﬁéfﬁéﬁé£§§ﬂé? offoVever,
pl'iede

t he above-descri bed area specifying processing can be ap ven if the
i e cesudspdodi nyet pikbe hackgamengnld angathBchudes Rt EpPLne FRf exanpl e,

if the image corresponding to the background area is uniformy noving,

located at the same position is stationary, or if it is
determined in step 5206 that the determination result for
the pixel in frame #n and the pixel in frame #n+1 locatedrat
the same position is stationary, the.pixel in frame #n does

10 not belong to a moving area. Accordingly, the processing of
step S207 is skipped, apd the process proceeds to step S5208.

In step $208, the Stationary/moving determining portion

202-4 determines whether the determination result for the

pixel in frame #n-2 and the pixel in frame #n-1 located at

the_determination result is stationary, the process proceeds
to step 5209 in which the stationary/moving determining
portion 202-3 determinés whether the determination result
for the pixel in frame #n-1 and the pixel in frame #n
.20 located at the same position is moving..

| If it is determined in step $209 that the determination
result for the pixel in frame #n-1 and the pixel in frame #n
located at the same position is moving, the procéss proceeds
to step $210. In step S210, the area determining portion

25 203-3 sets "1", which indicates that the pixel to be




~the area specifying unit 101 shifts the overall image in accordance with
this nmotion, and perforns processing in a manner simlar 1Badyjmosase in
~which the object corresponding 20 to the background is stationary. If the
i mge corresponding to the background area includes |ocally different
notionsi the area specifying unit 101 selects the pixels corresponding to
the notions, and executes the above- described processing. 25 Fig. 34 is a
bl ock diagramillustrating another exanple 13 May 2005 101 of the
~configuration of the area specifyingnnrit 101. A background image
generator 301 generates a background inmage corresponding to an input
i mge, and sends the generated background imge to a binary-object-inmage

ex! r achi-39eBOLL! 881 9nd02¢0 ThecBACKARONDA L IBAR OENELAt o, FRL extracts, for

exanpl e, an inmage object corresponding to ackgrounhd-"o j%Ct i ncluded in

the i LBBYBaC bas ' | g, of d
e I npgleaBgs ﬁﬂgogﬁaﬁéﬁégsd%gér.9ﬁ9§§;gg?§ éE§ﬁ81a€Qde%§gﬁuEh8 a hoge

obt-ai ned by devel oping in the tinme on the prxel v és of pixels

al i gnegigedetbybeSpdgcbhstAe npNENgGrdir 8eLLPR; AT i cofkespondi ng to
a foreground object ?s zhomn in FiE. 35. Forlexggg?%?@?§nt%g§ %Dving

di rect sendsf thbecbuaged <PaERGPOMIEAIree HBeerhOR 886 OHNEy OP) efhiai S ,
hori zontal wth respect to the screen, 15 the nodel shown in Fig. 35is a

nodel dbtaimedihy-texgtopbnngt heape xebmyal ugss of api xehs Fspsssd

si de-by-side on a single line in the time donain.

o proceeds to step $211. The area determining portion 203-3
sends the covered-background-area determining flag to thé
determining-flag-storing frame memory 204, and the procesé
pProceeds to step S211. |

10 If it is determined in step $208 that the determination
result for the pixel in frame #n-2 and the pixel in frame
#n-1 located at the same position is moving, or if it is

determined in step S209 that the pixel in frame #n-1 and the

pixel in frame #n located at the same position is stationary,

background area. Accordingly, the processing of step 5210
is skipped, and the process proceeds to step SZ211.
In step S211, the étationary/moving determining portion
202-2 determines whether the determination result for the
.20, pixel in frame #n and the pixel in frame #n+1,locéted:at the
samé position is moving. If it is determinéd in step 5211
that the determination result is moving, the process
proceeds to step S212 in which the stationary/moving
determining portion 202-1 determines whether the

25 -determination result for the pixel in frame #n+l1 and the




In Fig. 35, the line in frame #n is the sane as the line in franme #n-1 and
the line in frame #n+l. 20 ~In frame #n, the foreground {3 pMay 2005
conponents. corresponding to the object included in the sixth through
‘seventeenth pixels fromthe left are included in the second through
thirteenth pixels fromthe left in frame #n-1 and are also included in
the tenth through twenty-first pixel fromthe left in frame 25 #n+l. 13
May 2005 102 In frane #n-1, the pixels belonging to the covered

background area are the eleventh throggh thirteenth pixels fromthe left,
and the pixels belonging to the uncovered background area are the second
through fourth pixels fromb5 the left. In frame #n, the pixels belonging to
t he cov "~ backagr our a are the fifteenth throuygh seventeenth pixels
fromt héi)?ée%f g aénlgir?eh i ;Osc%teelc%r?d'i Ad'q Fa%e PeTddv&red s background area
are the, @%ﬁﬁéhé ough eighth pixels fromthe Ileft. In frame #n+l, .the

pi xel s bel onging to the covered 10 background area are the nineteenth

t hrough twe - kst Lxel: r I d.t pi,xel s bel pnging to. the
uncover ed bggiéf%&%ddggggﬁggghtgg]%ggph%%%?oggﬁttgg?fgﬁgeﬁF%B?glg?on1the

left. lreduBierdin-dhe dilRiPitelS %%Qin%nhpt%@epgs%ﬁgﬁéﬁ@%am£5 area are

the first pixel fromthe left, and the fourteenth hrou wenty-first
pi x6l s Framided&f art Whf aMR sﬂ%Y%n i%'é%b%iQ%EQ??'%get%rE%%sQaCkground
ert,

area are the first through fifth pixels fromthe | and "t he ‘eirght eent h
~ proceeds to step S213. .In step S213, the area determining
portion 203-1 sets "1"“, which indicates that the pixel to be
processed belongs to an uncovered background area, in thé
uncovered-background-area determining flag aséociated with
10 the pixel to be processed._ Thé area determining portion
- 203-1 sends the uncovered-background-flag determining flag
to the determining-flag-storing frame memory 204, and.the

process proceeds to step S214.

If it is determined in step S211 that the determination

located at the same position is stationary, or if it is
determined in step 5212 that the determination result for
the pixel in frame #n+i and the pixel in frame #n+2 is
moving, the pixel in frame #n does not belong to an

.20 uncovered background area. Accbrdingly, thé processing of
stép 5213 ié skipped, and the process proceeds to step $214.

In step S214, the area specifying unit 101 determines

Whether the afeas of all the pixels in frame #n are
specified. If it is determinedrthat the areasréf all the

25. pixels in frame #n are not yet specified, tﬁe process



through twenty-first pixels fromthe left. In frame #n+l, 20 the pixels
bel ongi ng to the background. area are the first through nﬁ§p£y3h6§ls from
the left. An exanple of the background i mge correspondi ng to’the exanple
shown in Fig. 35 generated by the background i mage generator 301 is shown
in Fig. 36. The background i mage 25 consists of the pixels corresponding to
t he background 13 May 2005 103 object, and does not include inage '
‘conponents corresponding to the foreground object The binary-object-inmage
extracting portion 302 generates_aghi nary object inmage based on the
correlation 5 between the background i nage and the input inage, and sends
t he generated binary object inage to a tinme change detector 303. Fig. 37
is a block diagramillustrating the configuration of the )
bi nar y*BbIERE - FregeeRxt ¢ Yet | My pbhei dFe2 19P30RLY G or FRE AT e v ue |
cal cul at or g%é aIQ§Lates the, correl ation between the background i mage sent
g R

from t heP®H ¢ Mg YRy & b¥e5891 and the input image so as to
enerate a rrel.ati val.ue, , and sends the generated. correl ation value to
g t hr eshol dfigéltuéspf%gf§we§2in 15-Fh & 26T rtgﬁaatt |tg‘r‘? N2 ibice @a’% Adtat or 321
applie j. .(4) to or_exanpl e, . 3x3-backgt ound i mage bl ocks havin
AP LT ERERLPY s edde e SXIRL GRS A O iTeee s having

X4 at as sho
3XE b j e o) i 4 e center i or responds to
IhE DIESRSTTEC 8] N "SR e M S 1Y Sl SRS

area information indicating the mixed area based on the
uncovered—backgfound—area determining flag and the coveredf
background-area determining flag stored in the determiﬁing-
flag-storing frame memory 204, and also generates area

10 information indicating to which of the uncovered background
area, the stationary area, the moving area, or the covered

background area each pixel belongs, and sets the generated

area information in the determining-flag-storing frame

memory 206. The processing is then completed.

“”*lgmm”TmmmAé”diééﬁééédméﬁéﬁé:”fhéméfééwéﬁééif?iﬁémﬁﬁifmidimiém”mm”“”m”mm“mm“M“
capable of generating area information indicating to which
of the moving,area,.the stationary area, the uncovered
background érea, or thé covered background area each of the
pixels included in a frame belongs.
20 The area specifying unit 101 may apblyrlogical OR to
the-area information corresponding to the uncovered
background aréa and the area information corresponding to
the covered background area so as to generate area
information corresponding to the mixed area, and then may'

25 generate area information consisting of flags indicating to




20 38B, thereby calculating a correlationvalue corresponding .to Y4. (X -
YOZ (Yi - Y) Correlation value i=Oi=0 (4) 2 2 (Xi _X Y14 May Yod5 | =0 |‘:O
13 May 2005 104 Y Xi X (5) 9 Y Y9 (6) The correlation-value
cal cul ator 321 sends the correlation value calculated for each pixel as
di scussed 5 above to the threshol d-val ue processor 322, Alternatively, the
correl ation-value cal culator 321 may apply equation (7) to, for exanple,
.3x3-background image blocks having X4 at the center, as shown in Fig. 39A
and to, - for exanple, 3x3-backgroundpionmage bl ocks having Y4 at the 10
center which corresponds to the background inmage bl ocks, as shown in Fig.
39B, thereby calculating the sumof absolute values of differences

cOr 1 eSRANUDG A Ul mo NP R A S HAINSRDL Akl SLORRES (L - )Y
area the individual pixels included in the frame belong.

When the object corresponding to the foreground has a
texture, the area specifying unit 101 is able fo specify the

5 moving area more precisely.

The area specifying unit 101 is able to output the area
information indiéating the moving area as the area
information ihdicating the foreground area, and outputs the

~area information indicating the stationary area as the area
10 information indicating the background area.

The embodiment has been described, assuming that the
_object‘correSponding to the backgrouﬁd is stationary.
However, the above-described area specifying processidg can
be applied even if the image corresponding to the background

g arealncludesmotlon . Forexample ' TEIRS J_mage e e

'corresponding to the background area is uniformly moving,
the_area specifying unit 101 shifts the overall image in
accordance with this métion, and performs processing in a
manner similar to the case in which the cobject correspohdiﬁg

20 to the background is stationary. If the image corresponding
to-the backgtound areé includes locally different motions;
the area specifying uﬁit 101 selects the pixels
corresponding to the motions, and executes the above-
described processing.

25 - Fig. 34 is a block diagram illustrating another example




The correl ation-val ue cal cul ator 321 sends the absolute 15 val ue of the
di fferences cal cul ated as descri bed above to the threshokghﬁggggsprocessor
322 as the correlation value. The threshol d-val ue processor comnpar es

the pi xel value of the correlation image with a threshold value thO If
the correlation value is smaller than or equal to the 20 threshold val ue
thO 1 is set in the pixel value of the binary object image. If the '
correlation value is greater 13 May 2005 105 than the threshold value thQ
O is set in the pixel value of thel®inary object inmage. The '

t hreshol d- val ue processor 322 then outputs the binary object inage whose
pi xel value is set to O or 1. The threshol d-val ue processor 322 may store
5 the r o] thergin i d ce,. Or.may. us he _threshold

B? @ﬁ@ bgn%\grgéﬂga%bg}l Q? gllllig 408 .%/S%Jgfyﬁ%glﬁl ]Ugtf%é

val ue thO I nput m an éxt érnal source, es an exanpl e of

t he bi ieqt ;. i i he.i t i
e 'BéEKE?Qhﬁg imh§BI§LOFL ESPOREY ?ﬁgryegs ng@k?;lsclg@féwgd IRk ! Toe

shown in g. 35. 1nh the binary obje I mage, 7 ixel 10
val uescgtrbbgonBing! £oNaNi DGL@: hi GRGE  cofgelathon yd th. ackground
i-mage. Fig. glnis g bl ock g?%gran1i IUstrat%ndat&gmné##%%hﬁ%?ion of the

time chanRgréehacinEgs08e Wielna ARLEH GOt DIIHE BF 2 Of 18y Rhaelidd frame

#n, a frame nmenory 15 341 stores a binary object inmage of frane #n-1, frane
#n,25 aBd2fr anke #DatkGLOEnd r Dd b egdn &l o P} EC ek MBPE SXLFRELI NG portion
302 example, an image object ﬁorrespopding to a background
object included in the input image, and generates the
background image. |
An example of a model obtained by developing in the
10 time direction the pixel values of pixels. aligned side-by-
side.in the moving direction of an image corresponding to a
foreground object is shown in Fig. 35. For example, if the
moving direction of the image corresponding to the |
foreground object is horizontal wifh respect to the screen,
““15”““thé“médél“showﬁ“iﬂ”Figi“35”ié"é*mdaél“bbféihéd”by'déﬁélbpiﬁg”“”“”“““”
the pixel values of pixels disposed side-by-side on a single
line in the time domain.
In Fig. 35, the'lihe in frame #n is the same as the
line in frame #n-1 and the line in frame #n+1.
20 . In frame‘#n, the foreground components. corresponding to '
the'object included iﬁ the sixth through seventeenth pixels
from the left are included in the second through thirteenth
pixels from the left in frame #n-1 and are also included in
the tenth through twenty-first pixel from the left in frame

25  #n+1.




An area determ ning portion 342 determ nes the area of each pixel of frane
#n based on the binary object image of 20 frame #n-1, fragma#noognd frane
_#n+l so as to generate area information, and outputs the generated area’
information. Fig. 42 illustrates the determ nations nade by the area -
determ ning portion 342- Wen the designated pixel of the binary object
image in frame #n is O, the area determ ning 25 portion 342 determ nes that
t he designated pixel in frame #n 13 May 2005 106 bel ongs to the background
area, \Wen the designated pixel of tl8€ binary object image in frame #n is
1, and when the correspondi ng pi xel of the binary object image in frame
#n-1 is 1, and when the 5 correspondi ng pixel of the binary object inmage in
frame #n+l 1S he.area det et gi.pi.N Lon 342 determ nes that the

desi gnat ed g?xg%aﬁﬁ ?Pa%é %ﬂgbgﬁghgg gggghéiggrgﬁrggﬁdcﬁ¥%ﬁ? Waen t he

desi ghadRdgrioila @frash | Ray, j i i I, is.l nd when the
correspondfﬁg pixelE%?%?%2Q?ﬁySﬁggﬁﬁh%%ﬁggﬁn#ﬁﬁgglgggﬁgg#eg#ﬁ?igis 0, the
ared detr@ndighieNd e fRON RN +342 A&la1m ' e Si: ixel in frame
#n belongs to a covered backéﬁbungnggggﬁb%%gh%Fhgﬂgegggggggaﬁpier of the
bi nar y belajkeaiounige eian arkr ae #@dosidl thaddgtheBure pOKkEESPeRdihng pi xel of
‘the 15 binary object image in frane #n+l is O, the area determ ning

por¥i orth@42 edet. er Mnndsatikatint, hehdepiigeakedepioxglingnthr aAE #Hvebghongs to an
uncover ed background area. Fig. 43 illustrates an exanple of the

- det er mbagkigspynd area are the fifteenth through seventeenth pixels

from the left, and the pixels belonging to the uncovered
background area are the sixth through eighth pixels fromlthe
left. 1In frame #n+l, the pixels belongiﬁg to the covered
10 background area are the nineteenth through twenty-first
pixels from the left, and the pixels belonging to the
uncovered background area are the tenth through twelfth
pixels from the left.
In frame #n-1, thé pixels belonging to the background
“f*15“”area"are“thE*first“piXél“ffbm”fhé“léffj”éﬁa“fhé”fdﬁffééhth““”””“me'
through twenty-first pixels from the left. In frame #n, the.
pixels bélonging to the background area are the first
through fifth pixels ffom the left, and the eighteenth
through twenty-first pixels from the left. in ffame #n+1,
20 the pixels belonging to the background.areé are the first
thfough ninth pixels from the left.
An example of the background image corresponding to the
exampie shown in Fig. 35 generated by the background image
generator 301 is shown.in Fig. 36. The background image

25 consists of the pixels corresponding to the background




made by the tinme change detector 303 on the binary object 20 inage
corresponding to the nodel of the input inmage shown in Fig QOBFG tinme
change detector 303 deternmines that the first through fif?h i'xel's from
the left in frame #n belong to the background area since the corresponding
pi xel s of the binary object inmage in frame #n are 0 25 The tinme change
detector 303 determ nes that the sixth 13 May 2005 107 through ninth

pi xels fromthe |l eft belong to the uncovered background area since the
-pixels of the binary object imge- ia3frane #n-are 1, and the correspondi ng
pixels in frame #n+l are 0. 5 The time change detector 303 determ nes that
the tenth through thirteenth pixels fromthe |eft belong to the

. foreggpypdar ' [ X of the binary opject image .in frame #n
are 1, tae gérgggpgﬁggnéggigé ghﬁﬁ fare %ﬂ??oxg?g 1?°5ﬁﬁs$ﬂ%dﬁ%gresponding
pi xel s +bn thea®d (#RtbuAkColiedP The tinme change detector 303 determnes that
the fourteenth through se%entéenth pi xels fromthe |eft belong to the

covered bacﬁgéoygga§¥fgb§gé¥xaﬁgg%[gg%%éb{gqéjgé¥¢gdgngm bj ect image in

frame #n are 1, and the corresponding pixe rame #n-1 are 0. 15 The

ti ne changeadekest pin3P 8t €on 1 9t h |
bangea 3Py 818871 NRSgEhBL LB one£Q% @ﬁ%%gﬂéﬁéﬁﬁg since the

twenty-first pixels fromthe left belong to the backgroun
corg espendieag phxebackirébivd Dhige YaRlj €6é 1 APGE idhdd anBnd &g 0. The

area specifying processing perfornmed by the area
the generated binary object image to a time change detector
303.
Fig. 37.is a block'diagram illustrating the
configuration of the binary-object-image extracting portion
10 302. A correlation-value calculator 321 calculates the

correlation between the,background.image sent from the
background image generator 301 and the input i@age s0 as to

generate a correlation value, and sends the generated

correlation value to a threshold-value processor 2322.

S B PR SO Fre At 1SRV AT e calculator321app11es equatlon e

(4) to, for example, 3x3-background image blocks having X,
~at the center, as shown in Fig. 383, aﬁd to, for example,
3x3-background image biocks having Y, at the center which
corresponds to the background image blocks, as shown in Fig.
20 38R, thereby calculating a correlation.value'corresponding
to Y,. | |
!

__B —
DXL = XY (i - )

Correlation value = im0 150 {4)

8 . 2 8 _ 2
.JEE(Xi — X D (¥i - Y
i=0 ) i=0




20 determ ning portion 103 is described below with reference to the
flowchart of Fig. 44. In step S301, the background i nmage %ﬁfer gg 301 of
the area determ ning portion 103 extracts, for exanple, é %%%; obj ect
corresponding to a background object included in an input imge based on
the 25 input inmage so as to generate a background i nage, and sends 13 My
2005 108 the generated background i mage to the binary-object-inmage
extracting portion 302. In step S302, the binary-object-inmge extracting
portion 302 cal culates a correl ationgyalue between the input 5 inmge and

t he background i mage sent fromthe background i mage generator 301 according
to, for exanple, calculation discussed wth reference to Fig. 38B- In step
S303, the binary-object-imge extracting portion 302 conputes a binary

obj ect imgefromthe correlation value and the threshold 10 val ue thO by,
for exanmpl e 5anar|ng the correlation value wth the threshold value thQO
I n stepxseoﬁcmthe time change detector 303 executes the area degerm ning
pr.ocessi ng, - ahd the processing is conpleted. Details. of the area

determ ning processing in step S304 15 are described bel ow wi th reference
to the flom§? ;t of Fig. 45. In step S321, the area determining portion
342 of the i'me change detector 303 determ nes whether the designated

pi xel ih FTrang #n stored in the frane menory 341 is 0. if it is&6determ ned
that the designated pixel in frame #n is 0, 20 the process proceeds to step

S322. In StQﬁeséggre£5t£§nwvalue calculator 321 sends the
correlation value calculated for each pixel as discussed
5 above to the threshold-value processor 322.

Alternatively, the correlation-value calculator 321 may

~apply equation (7) to, for example, 3%x3-background image
_blocks having X, at the center, as shown in Fig. 39A, and to,
for example; 3x3-background image blccks having Y, at the

10 center which corresponds to the background image blocks, as

shown in Fig. 39B, thereby calculating the sum of absolute

“yalues of differences cor respondlng : to Y4 -

8
Sum of absolute values of differences = };I@j.— Yﬂ| . (7)

The correlation—value calculator 321 sends the absolute
15 value of the differences calculated as descrlbed above. to
the threshold —value processor 322 as the correlation value.
The threshold-value processor 322 compares the pixel
-value of the correlation image with a threshold value thO.
'If the correlation value is smaller than or equal to the
20 threshold value th0, 1 is set in the pixel vdlue of the

binary object image. If the correlation value is greater



determ ned that the designated pixel in frame #n bel ongs to t he background
area, .and the processing is conpleted. If it is determ ned gggﬁ S321
that. the designated pixel in frame #n is 1, the process proc S'to step

- S323. 25 In step S323, the area determ ning portion 342 of the tinme 13 My
2005 109 change detector 303 determ nes whether the designated pixel in
frame in stored in the frame nmenory 341 is 1, and whether the

. corresponding pixel in frame #n-1 is 0. If it is determned that the

- designated pixel in frame inis 1L apgs 5 the corresponding pixel in franme
#n-1 is 0, the process proceeds to step S324. In step S324, it is
deternined that the designated pixel in frame in belongs to the covered
backgrgg ea, and the processing is conpleted. If it is determned in
step S323%t haf F%Eeﬂ%%}%hﬁ%%ﬂe E@Op|9e¥3|ﬁe¥rhﬁet¢% pixol wrlushaf t he

corres nd frame #n-1 is 1, the process proceeds to step S325.
st opresabe Py e Eh UERERm iy DOFTIon GaLS DI NS ET RO e

det ect 0] nes, whet her, t he desi nated ixel in frame in stored in
t he frgér%;%n‘%ngﬁlggénﬁhesbjln AN het™ ‘ge r?’e’%eﬁﬂon‘ﬂ?lﬁrge piel in frame
#n+l i foid i r t hat e de5| nat ed pj in frane inis 1
and tﬁggc%éres%%ngl ndﬁtﬁ)(?xgllllpgéjh ir](gme '+ PFY %Sscflﬁeﬂp{d?:aé’sss Yroceeds to

step SgR6. tﬂlf'e§ﬂ@fhsg‘<¥ﬁ1e'ﬁhést}ﬁ%§% ﬂ?da&m; the deS'g,nat %1&0' xel In

frame in belongs to the uncovere backgrou area n ocessi ng

5. ConBhesab1d fvd tud SRPLARNIDeEkdm i & S328, 1 Al fhe. desi gnat ed

‘Fig. 40 illustrates an example of the binary object
image corresponding to the model of the input image shown in
Fig. 35. 1In the binary object image, 0 is set in the pPixel

10 values of the pixels having a higher correlation with the.
background image.

Fig. 41 is a block diagram illustrating the
configuration of the time change detector 303. When
determining the area of a pixel in frame #n,'a frame memory

IWT15”TT3diméﬁ6féé”émbiﬁéiymabfééfmiﬁéééméfmffgﬁém#ﬁ;ijmf£55éu#ﬁ:m”“'m“m“”“m”m
and frame #n+l sent from the binary-object-image extracting
portion 302.

An area determining portion 342 determines the area of

each pixel of frame #n based on the binary iject image of
20 frame #n-1, frame #n, and frame #n+l so as to generate area
infbrmation _and outputs the generated area information.

Fig. 42 illustrates the determinations made by the area

- determining portion 342. When the designated pixel of the
binary:objectrimage in frame #n is 0, the area determining

25 portion 342 determines that the designated pixel in frame #n




}
\

pixelrin frame inis 0, or that the corresponding pixel in frame #n+l is
1, the process proceeds to step S327. In step S327, the q?%&y %rnining
portion 342 of the tinme change 25 detector 303 determ nes tha e :

‘designated pixel in frame 13 May 2005 110 #n bel ongs to the foreground

area, and the processing is conpleted. As discussed above, the area
specifying unit 101 is able to specify, based on the correl ation val ue
between the 5 input inmage and the correspondi ng background i mage, to which
of the foreground area, the backgroundg area, the covered background area,
or the uncovered background area each pixel of the input inmage bel ongs,
and generates area information corresponding to the specified result. 10

Fi g. 460él_s l_g%sbltocfccu}fieiaa}an[ca]m i Iul%ﬁtar ating the configuration of the

m xture-ratio ca t'ot Etimated-mi xture-rati o processor 401

cal cul ates estimat m.xture.ratio f each pi xe|l by a cal cul ation
correspondiﬁ@epo%geg§§§ﬁ98P§§%C VEr dogagbﬁrg&ﬁﬂrarQQJSﬁgeamigeohnthe i nput

i mge, @ndhsends; 4 he %&%fﬂetenedc eestd'orprtc?_esd Oﬁ@i@%g?ﬁreg[“ﬁ&ot a mxture-ratio

determ ni ng portion 403. estimate u sor 401

cal cul ¥agmA8n Otgggm dotd o) \ﬁ%ctﬁglr_lag]%or ding { Q;the gstimted mxture
ratio cal culated for eac pixelaby t he cal cul‘at’i on corresponding to the

mods! aod e ROMRIRA NACKOIH N AR Ra AU SN0 IRE. 43 AkeGny! | Mt ed
moti'on vector to the mxture-ratio deferm™ning portion 5
is 1, the area determining portion 342 determines that the
designated pixel in frame #n belongs to the foreground area.
When the designated pixel of the binary object image‘in
frame #n is 1, and when the corresponding pixel of the
10 binary object image in frame #n-1 is 0, the area determining
portion 342 determines that the designated pixel in frame #n
belongs to a covered background area.

When the designated pixel of the binary object image in

frame #n is 1, and when the corresponding pixel of the

ST Binary object image in Frame’ #n+1130,theareadetemlnlng e e

portion 342 determines that the designated pixel in frame #n
'7 :belongs to amn uncovered'backgrdund area.
Fid. 43 illustratés an example of the determinations

made by the time change detector 303 on the binary object
20 image corresponding to the modei of the input image shown in

Fig. 35. The time chénge detector 303 determines that the

first through fifth pixels from the left in frame #n belong

to the background area since the corresponding.pixels of the

binary object image in frame #n are 0.

25 .. The time change detector 303 determines that the sixth




An estimated-m xture-rati o processor 402 cal cul ates an estimted m xture
ratio for each pixel by a cal culation 25 correspondi ng to, of an
uncover ed background area 13 May 2005 based on the input |#§§e, and sends
the calculated estimated mxture ratio to the mxture-ratio deternining
portion 403. The estimated-m xture-rati o processor 402 cal culates an
estimated notion vector according to the estimated mxture 5 ratio

cal cul ated for each pixel by the calculation corresponding to the nodel of
.the uncovered background area, and;gends the calcul ated estimted notion
vector to the mxture-ratio determ ning portion 403. The m xture-ratio
~determ ning portion 403 sets the 10 m xture ratio a based on the area

i nfor ion sent fromthe area specjifying unit 101 and indicating to which
of the* FBP%BerﬂHhaPéﬁ?l?h@r%%ckg?oﬁﬁgta BLONFhEC cHhR rEFPHRIGS ound  ar ea,
or the_uncovered background area the pixel for. . which the mxture ratio (X
"5 1o hECE SRR, SRSEF ERES. PhRce LESHE PR s TEe SR R P IHA 1§ on 403
sets t i re ratio, a_t when. t he cor,respondi pixel belongs to the
foregrgﬁngléééa%na%ﬁes%tsa?§e9%$x %?58?%?P%159t%1ﬁegﬁe té%?m%orresponding
pi xel pelongs tg t he background area. When the correspondi ng pi xel bel ongs
to the' covered ackground 20 area, the m xture-ratio determning portion

40% sets ! o aslddRlehdll M AR IR P U e dLANING 2! IR fdplfhxt ure-

rati o processor 401 as the mxture ratio a. correspondi ng pi xe

bel ongsn tQugher HDEPNEHES HACkDL OBACh AFRE. 1o FPe 8 Kid'r&s ald 0 deterni ning

portion 403 sets the estinmated
‘foreground area since the pixels of the binary object image

in frame #n are 1, the corresponding bixels in frame #n-1
are 1, and the-correspondiﬁg pixels in frame #n+l are 1,

10 The time change detector 303 determines that the
fourteenth thfough seventéenth pixels from the left belong
to the covered background area since the pixels of the |
binary object image in frame #n are 1, and the corresponding

pixels in frame #n-1 are 0.

e change detector303 determlnes . that the e e

eighteenth through twenty-first pixels from the left belong
to the background_a;ea since the corresponding pixels of the
binary object image inlframe #n are 0. |
| The area specifying ﬁrocessing pgrformed by the area

20 determining portion 103 is described below with reference to
the flowéhart of Fig.r44. In step $301, the background
‘image generatof 301 of the area determining portion 103
extracts, for example, an image object corresponding to a
background object included in aﬁ input image bésed on the

25 - input image so as to generate a background image, and sends



25 m xture ratio sent fromthe estimted-mxture-ratio 13 May 2005 112
processor 402 as the mxture ratio a. The m xture-ratio SWWHV@G@B”Q‘
~portion 403 outputs the mxture ratio cc specified according'to the area .
information. Wien the correspondi ng pi xel belongs to the covered 5
background area according to the area information sent from the area
specifying unit 101, the m xture-ratio determning. portion 403 sets the
estimated notion vector sent fromthe estinmated-mxture-ratio processor
401 as the notion vector. Wen theigaerrespondi ng pi xel belongs to the
uncovered 10 background area according to the area information sent from
the area specifying unit 101, the mxture-ratio determning portion 403

sets t i tion vector. sent fromthe estimated-m xture-ratio
proces?%%§}%g a§5%ﬁggﬁﬁiﬁgﬁu€bcﬁgpge'fﬁbqﬁ$&fﬁf@gW5P?8e&éfé@ﬁﬁﬁing portion
403 out i 5 ctor specified according to the area

AUl d (%4T§§f%1o 392

i nformation and positional information of the notion vector. Since it

‘can be assumgd t object, e in Q the foreground is noving
‘at a const ant gﬁggdsa??highgh% 8§E8t§gggg%ng?a% eeﬁf§?ﬁ£%ggatio a of the

pi xel s oekangi n92t ead@usaFiexed 6ea<ashish! 5508 Lollauing,chaagteristics.

That 1is, the mxture ratio (X linearly changes according

pos$t i dmalgec havig e hien bkbe gRbxals 1 mhfyet BenROSLORAL BQéggﬁouhH the pixels is
. one-di nensional, a change in the mxture ratio a can represent ed

|'i near liynagief gieherpesict Bonahc2braiaggeoi nrhhecRhnghs, i 82w diigpsi onal, a
change in the
discussed with reference to Fig. 38B. 1In step S$303, the
binary-object-image extracting portion 302 computes a binary
object image from the correlation value and the threshold
10 _ value tho by, for example, comparing the correlation wvalue
with the threshold ﬁalue tho.
In step S304, the time change detector 303 executes the

area determining processing, and the processing is completed.

Details of the area determining processing in step S$304

45. In step 8321, the area determining portion 342 of the
time change detgctqr 303 determines whether the designated
pixel in frame #n storéd ip the frame memory 341 is 0. 1If
it is determined that the designated pixel iﬁ frame #n is 0,
20 the process proceeds to step S$322. 1In step S$322, it is
determined ﬁhat the designated pixel in frame #n bélongs to
the background area, .and the processing is comﬁleted.
If it is determined in step S321 that the designated

pixel in frame:#n is 1, the process proceeds to step $323.

- 25 In step S$323, the area determining portion 342 of the time




13 May 2005 113 mixture ratio a can be represented on a plane. Since the’

period of one franme is short, it can be assumed that the @Rl 605
corresponding-to the foreground is a rigid body and is nDV|ﬁ§ at a
constant speed. 5 The (gradient of the mxture ratio a is inversely
‘proportional to the ambunt v of .novenment within the shutter tinme of the
foreground. An exanple of the ideal mxture ratio a is shown in Fig. 47.
The gradient 1 of the ideal m xture ratio a in the 10 m xed area can be
represented by the reciprocal of +heoganrount v of novenent. As shown in
Fig. 47, the ideal mxture ratio U has the value of 1 in the background
area, the value of 0 in the foreground ar ea, and the value of greater than

a0 "SRRG ac LR LORGads B REnThEET A BRue) But e FHETRLR TRAY e car
b b 8 PO h
o el PR opr e Y paLetLanud Byl kal o, P iel Vel ES@V&%%% 2 Fo21

- POSIYnE BOBLUsioR@Y #3k021vn2eradVaR0P #o Y0 | vidty papation (8), the
plxel value C06 is indicated by a pixel value. he prxel in the m xed
area, Mﬁtégmiﬂ@d that the designated pixel in frame #n is -1 and
5  the corresponding pixel in frame #n-1 is 0, the process
proceeds to step S324. 1In step 8324, it is determined that
the designated pixel in frame #n belongs to the covered
background area, and the processing is completed.
If it is determined in step S$323 that the designated
10 pixel in frame #n is 0, or that the corresponding pixel in
frame {#n-1 is.l, the process proceeds to step S325. 1In step
5325, the area determining portion 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

.determined that the designated pixel in frame #n is 1 and

the cor;esponding p;xel in frame #n+l is 0, the process

proceeds to step S326.' In step 5326, it is determined that

.the designated pixel in frame #n belongs to the uncovered
2Q backgrouﬁd area, and the_pfocessing is completed.

If it is_determiﬁed in step 8325 that the designatéd
pixel in frame #n is 0, or that the corresponding pixel in
frame #n}l is 1, the process proceeds to éfep 5327. In step
3327, the area deterﬁining portion 342 of the time change

25 detector 303 determines that the designated pixel in frame



13 May 2005 114 pixel value P06 is indicated by a pixel value B of the

pi xel in the background area. That is, the pixel value N%ghakaﬁospixel in
the m xed area and the pixel value B of the pixel in the background area

" can be represented by equations (9) 5 and (10), respectively M= C06 (9) B
= P06 (10) In equation (8), 2/v corresponds to the mxture ratio (X ~ Since
t he anmount v of novenent within the shutter tinme is 10 four, the m xture
-ratio a of the seventh pixel fromthe left in frame #n is 0.5. As

..di scussed above, the pixel value C imothe designated frame #n is
considered as the pixel value in the nmxed area, while the pixel value P
of frame #n-1 prior to franme #n is 15 considered as the pixel value in the

backgr qun rea. .Accordingly, equation,(3) indicating the m.xture ratio (X
o O B Beto8ls, 100 B ehilrsh i b P Shel BBl Bt b ep Miets 1 i
equati%%m%a£kehndicates the sum of the foreground 20 conponents ZiFi/v

i ncl ude n the ‘designated pixel. The variables included in equation (11)

e M Bstateen BT LA e |
time 2p1di keckperithe Bhxeh ¥al vas (oL WHL¢H LhG 3 TRUBL Y 8f {3-Mry 2005
5 input image and the corresponding background image, to which
of the foreground area, the background area, the covered
background area, or the uncovered background area each pixel
of the input image belongs, and generates area informaticn
corresponding to the specified result.
10 Fig. 46 is a block diagram illustrating the
configuration of the_mixture—ratio calculator 102.  An
estimated-mixture-ratio processor 401 calculates an

estimated mixture ratio for each pixel by a calculation

corresponding to-a model of a covered background area based

15T on the input image. and sends the calculated estlmated

mixture ratio to a mixture—ratio determining portion 403.
The estimated-mixture-ratio processor 401 calculates an
estimated motion véctof according to the estimated mixture
rétio calculated for éach pixel by the calculation

20 corresponding fo the model of the covered backgrouﬁd area,
and - sends the calculated estimated motion vector to the
mixture~ratio determining portion 403.

An estimated-mixture-ratio processor 402 calculates an

estimated mixture ratio  for each pixel by a calculation

25 corresponding to a model of an uncovered background area




5 in the uncovered background area, the pixel value C of the designated

115 novenent within the shutter time is four and the virtual divisioen
‘nunber is four in the tinme direction in an uncovered backgnpyndosrea is
shown in Fig. 49. As in the representation of the covered background area,

frame #n is considered as the pixel value in the mxed area, while the

pi xel value N of frame #n+l subsequent to franme #n is considered as the
background area. Accordingly, equation (3) indicating the mxture ratio (X
can 10 be represented by equation ¥4R)r C = (XGN + f (12) The enbodi nent
has been described, assum ng that the background object is stationary.
However, equations (8) through (12) can be applied to the case in which

the 15036k 05RuAge ODISEL 1Sad®Vi 094 DYeNgE NEnt hea PixEl + &@l U8 Bfia@eq P Xel
“located corresponding to the anount v of novenent Wthin the shutter tine

-of thanbﬂﬂﬁgéoﬂ@ﬂio|£oiﬁhémmﬁx@@ﬁénﬁgti$Oﬁeﬁgﬁﬁqﬂfhgiﬁbf%ﬁbn‘@bjhat t he
anount v of novenent within the shutter time of the object corresponding
20 to Tie backgsoddenistline-ranth theoyéssoal 40k Vsl @mAwsdeimis two. In
this case, when the object corresponding to the background i's noving to
t he rigdtinatédendtjot evedber phaebrdind ueo Bripd ddweinpiteel nidk e backgr ound
area in equation (10) 1is represented by a pixel value P04. 25 Since
eqbat i orsig 1d3 lanth{d@) feacdadcmgbixiel thp 13 Ml AOQE:iorar i abl es, the
m xture ratio (X cannot be determ ned wi thout

corresponding to the model of the uncovered background area, .

and sends the calculated estimated motion vector to the

mixture-ratio determining portion 403.

The mixture-ratio determining portion 403 sets the
10 mixture ratio o based on the area information sent 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 fof‘which

the mixture ratio « is to be calculated belongs. The

“”15*“mixture#ratio“determining“pdrtion”403“5ét3“thé”mixtﬁfe”raﬁiO““““'““”“““””
o to 0 when the corresponding pixel belongs toc the
'foreground area, and sets the mixture ratio o to 1 when the
correspoﬁding pixel beiongs to the background area. When
the corresponding pixel belongs to the covered background

20 area, thé mixture-ratio determining poﬁtion:403 sets the

estimated mixture ratio sent from the estimated—-mixture-
ratio processor 401 as the mixture ratib . When the
corresponding pixel belongs to the uncovered background area,
‘the mixture—;atio determining portion 403 sets the estimated

25 mixture ratio sent from the estimated-mixture-ratio




nodi fying the equations. The m xture ratio a linearly changes in accordance
with a change in the position of the pixels, caused by th@wé g@y gment  of
~the object corresponding to the foreground at a constant speéd W thin t he
shutter tine. By utilizing this characteristic, an equation in which the
m xture ratio cc and the sumf of the foreground conponents are
approximated in the spatial direction is fornulated. By utilizing a 10
plurality of sets of the pixel values of the pixels belonging to the m xed
area and the pi xel values of the —pilXel s bel onging to the background area,
the equation in which the mxture ratio a and the sumf of the foreground
_ conponents are approxi mted is solved. 15 Wien the changes of the m xture
ratio %u@kﬁﬁs@EDMQ&l%%t%ﬂebml%t%&%a&%th lone, fae q&?%%ger%%EFO a can be
expressed by equation (13). il p (13) In equation ndi cates the

spatlabeﬂﬁim&ﬂwﬁgﬂpb&ﬁloﬁo4@@5bh%9%t%ft%@ﬁnﬁ%%h&@a&%QlB'&?| is set to 0, 1
designates the gradient of the straight line of the mxture ratio (X, and

p desi gpaica< itelde aicabereapt tof thle aglhaiighbdiateoafl, the nixture ratio (X
and also indicates the mxture ratio a of the designated pixel. in

equation (1Bhent heei ndexespbsd2hgkpowsl bulohbe €6adhentodennd the
intercept p are unknown. 13 May 2005 117 The rel ationship anmong the index
i, *®hebgr&direnndl arandacthedingetoephep areashaiorinatEbg. s8Qt kFooki g. 50, a
Whltethe area specifying unit 101, the mixture-ratio determining
portion 403 sets the estimated motion vector sent from the
estimated—mikturewratio processor 401 as the motion vectﬁr.
When the corresponding pixel belongs to the uncovered
10 backgroupd area according to the area information sent from
the area specifying unit 101, the mixture-ratio determining
portign 403 sets the esfimated motion vector sent from the

estimated-mixture-ratio processor 402 as the motion vector.

- The mixture-ratio determining portion 403 outputs the motion

positional informatiop of the motion. vector.

Since it_can be assumed that the object corresponding
to the foreground ié mbving at a constant speed within the
shutter time, the.mixture ratio d of the pixélé belonging to

20 a mixeq,area exhibits the following characteristics. That
is, the mixture ratiq-a linearly changes according to the
- positional change in the pixels. If the,positional change
in the pixels is one-dimensional, a change in the mixture
ratio a-can be representéq linearly. 'If the positionél

25 ‘change in the pixels is two—dimernsional, a change in the




circle indicates the designated pixel, and black circles indicate pixels
close to the designated pixel. 5 By approxinmating the nixq#&ﬁy565'o a as
equation (13), a plurality of different m xture ratios a plurality
of pixels are expressed by two variables. In the exanple shown in Fig.

50, the five mxture ratios for five pixels are expressed by the two
variables, i.e., the gradient 1 and the 10 intercept p. Wien the m xture
ratio ais approxi mated by a plane shown in Fig. 51, equation (13) is.
expanded into the plane by considering-the novenent v corresponding to the

two directions, i.e., the horizontal direction and the vertical 15
direction of the image, and the mxture ratio (X is expressed by equation
(14). g white circle indicates the designated pixel. (x j m+
kq + %i ?r?nr%ﬁﬁ%lqoﬂa?lﬁ? r?pF%S%%t?%d%& FrPt®Rehori zontal direction 20
and k is a |nde in the vi cal rectlon when the osition of the

" desi gnat ednspl &I &1 d’é 1% Sﬂﬁrt'm]tﬁas‘lp &%s the

the verreufRCEhER i SFeRE e%]‘-ﬁ’%ﬂ%ért‘ nﬁé‘[ﬁ? Fafr i dat fon
oy 20055 4 H D e anpra %‘ﬁé?ﬁ?ﬁ%e hD @ﬁ PRy, ae. equations (15
t hsough (17ﬁhé’“rge:a§ﬂtér§§ gt Y QALY QUah O 5 s ri‘?ﬁz%@:@él%' y- |
proportional to the amount v of movément within the shutter
time of the foréground. |
An exXample of the ideal mixture ratio @ is shown in Fig.
47. The gradient 1 of the ideal mixture ratio @ in the
10 mixed area can be represented by the reciprocal of the
amount v of movement.
.As shown in Fig. 47, the ideal mixture ratio o has the

value of 1 in the background area, the value of 0 in the

foreground area, and the value of greater than 0 and smaller

T T e e

In the example shown in Fig.l48, the pixel value C06 of
the seventh pixel from the left in frame #n_can be expressed
by equation (8) by usiﬂg the pixel value P06 of the seventh
pixel from the left in frame #n-1.

20 :
C06 = BO6/v + BO6/v + FOl/v + FO2lv

=P06lv'+P062/v+F011v+F021v _
=2/v-P06 + Y, Filv (8
- i=r

In equation (8), the pixel value C06 is indicated by a

pixel value M of the pixel in the mixed area, while the




C05 = (x05*BOB/v + f05-(15) 5 C06 = a0GEEB06/v + f06 (16) CO7 = a070BO7/v
+ f07 (117) Assuming that the foreground conponents posrth@nﬁ Jpps cl ose

proximty with each other are equal to each other, i.e., that FO1 through
FO3 are equal, equation (18) holds 10 true by replacing FO through FO3 by
Fc. f (x) = (1 - a (x) ) *Fc (18) In equation (18), x indicates the

position in the spatial direction. Wien (X(x) is replaced by equation

(14), equation (18) 15 can be expressed by equation (19). f (x) = (l.- (jm
-+ kq +p)) Gc =) 0 (-mFc) + ke qaq*Fc) + ( (1 p) Oc) =js + kt +u
(19) In equation (19), (-nmeFC), (-g*Fc), and (1-p)*Fc have 20 been

repl aced, as expressed by equations (20) through (22), respectively. s =

TEFC S0 i b il B SRR L,
e ek sl Sl i, et o, Uhe des ol el 1 set (o
CorreseﬂﬂghDQJgQﬁ&pﬁd&%ﬁe%&%%n%nh§t%%vkﬂ%eﬁpv%lue B of the pixel
' in the background area can be represented by equations (9)
$ and {10), respectively.
M = CO06 E (9)
B = P06 . (10)
In equation (8}, 2/v correspdnds to the mixture ratio «.
Since the amount v of movement within the shutter time is
10 four, the mixture ratio & of the seventh pixel from the left
in framé #n is 0.5.
As discussed above, tﬁe pixel value C in the designated

frame #n is considered as the pixel value in the mixed area,

while the'pixel value P of frame #n-1 prior to frame #n is

15 considered as the pixel value in the background area.
Accordingly, equation (3) indicating the mixture ratio o can
.be represented by equation (11} :
C = oep + f | | (11)
where f in equation (ll)_indicétes the sum of the foreground
20 components Z;Fi/v included in the designated pixel. The |
variables iﬁcluded in equation {11} are £wo féctors, i.e.,
the_mixtﬁre'ratié o and the sum £ of the foreground
components.,
Similarly, a model obtained by developing in the time

25 direction the pixel values for which the amount v of




5 constant speed within the shutter tine, and that the foreground
conmponents positioned in close proximty with each other, 658 sane,
sum of the foreground conponents is approxi mated by equatlon ? v%en

" the mixture ratio cc is approximated by a straight 10 line, the sumof the-
foreground conponents can be expressed by equation (23). f(x) =is + u
(23) By replacing the mxture ratio (X and the sumof the foreground
conponents in equation (13) by using equations 15 (14) and (19), the pixel
value Mis expressed by equation -(244.-M= (jm+ kg + p)eB + js + kt + u =
jB*m+ kBeq + B-p + jes + ket + u (24) 1In equation (24), six variables are
unknown,. the 20 horizontal gradient mof the plane of the mxture ratio (X,
t he vertlcal | ape of .the mixture ratipo a, _and the

t f th
i nt er cEPYST Bgr ﬁgnaqﬁg SthtgﬁetbmﬁnésOFOPﬁeanﬂ1??%r%lFEP?% a. The
t | cul ated by sett el 25 value Mor the el
_-C;rugr lé%g%ﬁe nornaa ggug ?on %ZE?Q h9%§ £h§gé€b%n 1%0X%cgordance mﬁtﬁlx
pi xel s, .} aga ggdlga%ﬁsrgﬁg MLy }gm% “ngﬁélppgéfg%plxel and by solving a

plurallty of normal “e ua ions’in alue Mor the pixel

value B ge ﬁtt@%O%%r@é@Qtfén' S@Sttha%%@%%eéback'gmu QY assued, for

exanpl e, that the ont a
5 in the uncovered background area, the pixel value C of the

designated frame #n is considered as the pixel value in the

mixed_area, while the pixel value N of frame #n+l subsequent
to frame #n is considered as the background area. |
Accordingly, equation (3) indicating the mixture ratio o can
10 be represented by equation (12).‘

C = a;N + f _ (12)

The embodiment has been described, assuming that the
background object is stationary. However, equations (8)
through (12) can be applied to the case in which the

“Tlsn““béékgfbﬁﬁdmbﬁjééfmigmﬁ6§iﬁéuby”ﬁgiﬁdmﬁﬁéméigéinﬁéiﬁémafmémmm”mm“mw'”"mw'm

pixel located corresponding to the amount v of movement
within the shutﬁér time of the background. It is now
assuméd, for example, in Fig. 48 that the amount v of
movement within the shutter time of the ébject corresponding

20 to the backgroupd is two, and the virtual division number is
two. In thié éase, when the object corpesponding to the
background is moving to the right in the figure, the pixel
value B of the pixel in the background area in equation (10)
is representea by a pixel value P04. |

25 - Since eguations (11) and (12) each include two




i ndex j of the designated pixel is set to 0, and the wvertical index k of
the designated pixel is set to 0. In this case, when theT@[;lPé §loysl ue M or

the pixel value Bis set in the nornmal equation expressed

equation (24)

‘for 10 three-by-three pixels located in the proxinmty with the deS|gnated
pi xel , equations (25) through (33) are obtained. .+ + + (-1) *s + (-1) St
+ U (25 M'-] (0)*BO-j*m+ (-1)0OBO -]eq + BO-jep + (Oes + (-l)ot + u

15 (26) (+l)*B+,,-lom+ (-1)0B+,,-,0g + B+,,-lep + (+l)os + (-1)ot

+ U

(27) M1,0 (-1)4B-1,00m + (O OB-| ~oeqe+-B-j _,Cop + (-1)os + (Oet + u (28)

20 MO, O (0) OBo,O*m+ (0) OBO,()og + Bo,oep + (0) es + (0) St + u

(29)

MHl, O (+l) *B+1, 0*n1+ (0) *B+l,0Coq + B+tl,Qep + (+l) es + (0) et + u (30

12(1+:\/%5"a%1(a(5’)i(%% # i e ét%é % 56(‘5-15_% be B8rgetinbiekitRght! 2

- M#l, + dSﬁﬁff%Bg:th% quS%££n§+”+|°q + B+,,+|op + (+I)os + (+1)ot

The mixture ratio o linearly changes in accordance with
a change in the position of the pixels, caused by the.
5 movement of the object corresponding to the foreground at a
- constant speed within the shutter time. By utilizing this
characteristic, an equation in which the mixture ratio « and
the sum f of the foreground components are approximated in
the spatial direction is fogmulated. By utilizing a
10 plurality of sets of the pixel values of the pixels
_belonging to the mixed area and the pixel values of the
pixels belonging to the background area, the eguation in
which the mixture ratio @ and the sum f of the foreground

compeonents are approximated is solved.

2005
+ u (33)

ST Hhen the changes of the mixture ratie o ape e

approximated by a straight line; the mixture ratio « can be
expressed by equation (13).
@ =il +p | (13)

In equation (13), i1 indicates the spatial index when the

20 position of the designated pixel is set to 0, 1 designates
the gradient of fhe straight line of the mixture ratio «,
ahd,p designates the intércept of the straight line of the
mixture ratio a and also indicates the mixture ratio a of
the designated pixel. In eguation (13), the index i is

25 known, but the gradient 1 and the intercept p are unknown.




5 Since the horizontal index j of the designated pixel is 0, and the
vertical index k of the designated pixel is 0, the nlxtquwkgtg cc of the
desi gnated pixel is equal to the value obtained when j is is 0in
equation (14), i.e., the mxture ratio (x is equal to the intercept pin
equation 10 (14). Accordingly, based on nine equations (25) to (33), the
‘hori zontal gradient m the vertical gradient g, and the intercepts p, s,

t, and u are calculated by the nmethod of |east squares, and the intercept
pis output as the mxture 15 ratipia.—-A specific procedure for
calculating the mxture ratio a by applying the nethod of |east squares is
as follows. Wen the index i and the i ndex k are expressed by a single

i ndex X, hﬁ1re| tlonshl i nde 20 i ndex Kk, and t he i ndex

X is expressed At olr? g = J(l]“ii%o’?, Gkﬁ’iactlﬁ") I1tf i&1how
h t d h di t , dth
S i s g i e oL oy . o e

Intercepts p, s, u are expre ,

and ws Kk ssed b aO 13
May 20%152&1%2 i ééggg g%hgq%ﬁf%r#d I?le%élebt‘f’i‘?/‘gl?/%a %on%f%l%r ati gn of an

- error %1@9&@%%15( hod N Y0 2o £50a P8 MPEREL 80 Tnto equation (35).
MX Zay - w + ex (
5 : By approx1mat1ng the mixture ratio a as equation (13),
a plurality of different mixture ratios a for a plurality of
pixels are expresaed by two variables. In the example shown
in Fig. 50, the five mixture ratios for five pixels are
expressed by the two variables, i.e., the gradient 1 and the
10 intercept p.
When the mixture,ratio a is appfoximated by a plane
shown in Fig. 51, equation (13) is expanded into the plane

by considering the movement v corresponding to the two

directions, i.e., the horizontal direction and the vertical

m'lsmmdifééfidhmdfmfhé”iﬁédélwéﬁamfﬁé'ﬁiiﬁﬁfémféfié'dmiémégéféééééuwmwmmm”'”'Mm

by equation (14). In Fig. 51, a white circle indicates the
designated pixel.
o = jm + kg + p | ‘ (14)
In equation (14), j is an index in the horizontal direction
20 and k is an index in the vertical direction when the

position of.therdesigﬁated'piXel is set to 0. -In egquation
(14) , m designates the horizontal gradient of the plane of
the mixture ratio o, and g indicates the vertical gradient
of the plane of the mixture ratio a. In equation (14), p

25 indicates thé intercept of the plane of the mixture ratio do.




5 In equation (35), x is any one of the integers fromO to 8  Equation
(36) can be found fromequation (35). 5 .ex nx - Y, ay - yﬁgg 5 Y=0 Slnce
t he nmethod of |east squares is applied, the square sumE © e error
defined as follows, as 10 expressed by equation (37). 8 E 2; exl (37) X—O-
In order to mnimze the error, the partial differential value of the
variable W with respect to the square sumE of the error should be 0. v
is any one of the 15 integers fromO to 5. Thus, wy is deternined so that
~equation (38) is satisfied. dE dex 3% Ze dW 1=0 ~ aW 8 =2-Eex-av=0 (38)
-X=0 By substituting equation (36) into equation (38), equation (39) is
obtained. - - ------- 13 May 2005 123 8 5 8

For example, in frame #n shown in Fig. 48, equations

(15) through (17) are satisfied for C05 through C07,

respectively,
C05 = a05eB05/v + f0S5 : {15)-
5 C06 = a06eBO6/v + f06 - (16)

C07 = al7eB07/v + f07 {17

Assuming thét the foreground components positioned in
close proximity with each other are equal to each other,
i.e., that FO01 through F03 are equal, equation (18) holds

10 true by replacing FO1 through'FOB by Fc.

f(x) = (1 — a{x))eFc (18)
In equation (18), x indicates the position in the spatial
direction.

When a(x) is replaced by equation (14), equatlon {18)

15 Ycan be expressed by equatlon (19)

f{x) = (1- (jm + kg + p))e*Fc

jO(-m!FQ) + ke (—g*Fc) + ({1 - p)eFc)
= js + kt + u - (19)
In equation (19),.(~m'Fc), (-gq*Fc), and (1-p)eFc have

20 Dbeen replaced, as expressed by equations (20) through (22},

Irespectively.
5 = —meFc _ : (20)
t = -geFc (21)
u = (1 - p)eFc - (22)

25 . In equation (19), j is an index in the horizontal




E (av - lay - wy) Y, av - nx (39) X=0 Y=0O X=0O For exanple, the sweep-out
met hod (Gauss-Jordan elinmnation) is applied to six equaqgﬂﬂﬁzgggained by
substituting one of the integers fromO to 5 into v in 5 equation (39), -

" thereby obtaining w. As stated above, wOis the horizontal gradient m w
is the vertical gradient q, w2 is the intercept p, w83 is s, vd is t, and
W5 is u. As discussed above, by applying the nethod of |east squares to
the equations in which the pixel value Mand the 10 pixel value B are set,
the horizontal gradient m the vertiggal gradient g, and the intercepts p,
s, t, and u can be determ ned. The description has been given with
reference to equations (25) through (33), by assum ng that the pixel 15

val ue qf the.pixel .ipcluded in.the . mxed area.is_.M_ and the i xel val ue of
t he piQEFEFﬁé-ﬂd%Hdi theBatRGrduhB BpﬁavﬁgtlB?llFlF§Cﬁé€€s§g?9.to set

“nor mal uat | for.each of .cases . where. the designated pixel is included
in thet§%v§%%§9§ﬁgcﬁgrgﬁ% ar edne ?dtﬂéxﬁés?ﬁnﬁ?ﬁdgﬁi el is included in the

20, neover s SN AILANSE, (RSB AL RIS [l 2 o e
8 e o petea SRins 0100 08, PLOAEOMELE sl 0, T
the n0é6ﬁ$t§ﬂﬂa§ﬁé5§-withip the shutter time, and that the
foregrouhd components positioned in close proximity with.
gach other are the same, the sum of the foreground
components is appro#imated by equation (19).
- When the mixture ratio @ is approximated by‘a'straight
10 line, the sum of the foreground components can be expressed
by eguation (23).
f(x) = is + u , _ (23)
By replacing the mixture ratio & and the sum of the
foreground components in equation (13) by uéing eQuations
”m15MTYiéjméﬁ&uiiQYImfﬁé”ﬁikéimﬁéiﬁémﬂtiéwégbféégéd”biﬁééﬁé{i&ﬁ‘mummmmnmm”““””

(24} .

M (jm + kg + p)eB +.js + kt + u
= jBem + kBeq + élp + jes + ket + u (24)
In equation (24), six variables are unknown, the
20 horizontal gradient m of the plane of the mixture ratio a,
the‘vertical gradient g of the plane of the mixture ratio o,
Qnd the_intérCepts, p,'s, t, and u, of the plane of the
mixture ratio o.
Théﬁixture rafio o is calculated by setting'the pixel

25 wvalue M or the pixel value B in the normal equation (24) in




If the mixture ratio cc of the pixels included in the uncovered background
area in frame #n shown in Fig. 49 is determned, C28 thrg ﬂg of the
pi xels in franme #n and 5 the pixel values N28 through N32 o glxe?s in -
~frame #n+l are set in the normal equations. Mreover, if, for exanple, the
mxture ratio a of the pixel included in the covered background area shown
in Fig. 52 is calculated, the follow ng equations (40) through (48) 10 are
set. In Fig. 52, white circles indicate pixels regarded as the background,
and bl ack circles indicate pixels_ pegarded as those in the m xed area. The
pi xel value of the pixel for which the mxture ratio OCis calculated is
M5. Ml = (-1) *Bclom+ (-1) *Bclog + Bclep + (-1) as + (-1) at + u 15
(40) M2 = (0) *Bc2em + (-1) OBc2eq + Bc2ep + (0) as + % at + u (41
(a+cl‘3°’%5§’6§§rnw4~t{“ PiLxgBE3dqCAtBE3ep ih(e+p)roasm4ty ltp she+r u  (42) 20
Nt4 -1 )*Bcd*m &p *Bc4e% + Bc4gp + (-l)os + (Oat + u (43) M5 =
(O OB6 1(‘155@%&} Flpagey by E@)lé@ng (ﬂo))étlrﬁilatY( afyngpEmal (+])OBc6em +

(9 R IR A byt 6 ado R BB T D)

are set by the method of least sqguares.

5 It is now assumed, for example, that the horizontal
index j of the designated pixel is set to 0, and the
vertical index k of the designated pixel is set to 0. In

this case, when the pixel value M or the pixel value B is

set in the normal equation expressed by equation (24) for

10 three-by-three pixels located in the proximity with the
designated pixel, equations (25) through (33) are obtained.
Moj,.1= (-1)eB; ,em + (~1)eB_; _;oq + B_; _;%p + (- 1)03 + (-1)et
+ u (25)

My,.1 = (0)®By _yom + (=1)eB, _,oq + By _;%p + (0)es + (-l)et + u

ATy T T

My g = (#1)eB,, jem + (=1)eBy, yeq + By jop + (+1)es + (-1)st
+u (27) ' |
M;lA,= (=1)%B_; g*m + (OSOB_Lﬂ-q + By g®p + (~1)es + (0)et + u
(28)

20 Mg,g = (0)®Bg gom + (0)*Bg o*q + Bg,o*p + (0)°s + (O)et + u

(29)
Myy,0= (+i),-]3+1‘0-m + (0)®Byy,0°q + Byp %0 + (+1l)es + {0)et + u
(30) |
Moy,e1 = (S1)eBy yom + (+1)}eB_; ;8q + By 0p + (-1)es + (+1)et

25 + u. (31)



Mc8 (0) oBc8em + (+1) OBC80q + Bc8*p + (0) as + (+l) at + u (47) 5 M9
(+1) OBCO*m + (+l) OBC9-q + BC9&p + (+l) as + (+l) at u ?ﬁ,} yF H05
calculating the mxture ratio a of the pixel included in e covered

" background area in frame #n, the pixel values Bcl through Bc9 of pixels in

t he background 10 area of the pixel in frame #n-1 corresponding to the
pixel in frame #n for which the mxture ratio is to be calculated are

used in equations (40) through (48). WWen, for exanple, the mixture ratio

(X of a pixel included in the uncovered background area shown in Fig. 52
15 is calculated, the follow ng equations (49) through (57) are set. The
pi xel value of the pixel for which the mxture ratio ais calculated is

Mu5. I + o« Bul ul e (-] at + 49
20 lvug/ﬁﬂ +€0) kﬁ%eﬂlriflerm( |§ d @grli BJ[IZ}gpﬂ-F(O') %&’)‘4‘5 (- |()+(1e\t')6++ u (EO)(MJ%
= (+1)(§§ 3em+ (-1) OBu3eq Bu3ap + (+l) as + (-1) at + u (51) M4 ~ (-1)
aBudom + T *Bu4doq + Bu4op + (-I) as + (0) at + u 25 (52) 13 May 2005

126 M £ BuS 0 t y 2005
(+1) aBu]6§¥n%§)q% Leeg + Bu6ep Beacard & 69, o o s (03 Li+1$ x)

+ u {33)

5 Since the horizontal index j of the designatéd pixel is
0, and the vertical index k of the designated pixel is 0,
the mixture ratio @ of the designated pixel is equal to the
value obtained when j is 0 and k is 0 in equation {14}, i.e.,
the mixture ratio o is equal to thé intercept p in equation

10 {14) .

Accordingly{ based on nine equations (25) to (33), the
horizontal gradient m, the vertical gradient g, and the
intercepts p, s, t, and u are calculated by the method of
least_squares, and the intercept p ié'output as the mixture

15 ratio a.
A specific procedure for calculating the miXture ratio
o by applying the method of least sqﬁa;es is as follows.
| When the index i ahd the index k are expressed by a
single index_x, the relationship among the index i, the
- 20 index k, and the index x is expressed by equation (34).

X = (F+1)e3 + (k+1) (34) |

It is now assﬁmed that the horizontal gradient-m, the.
vertical gradient q, and the intercepts p, s; t, and u are
expressed by variables w0, wl, w2, w3, w4, and w5,

25 respectively, and jB, kB, B, j, k and 1 are expressed by ag,




(54.) 5 M7 = (-.1') *Bu7sm + (+l) *Bu7oq + Bu7ep + (-1) as + (+1) at + u_
(55) Mu8 (0) *Bu8sm + (+l) OBuB8eq + Bu8ep + (0) as + (+|)1§%+ g (56) M9
(+) -Bu9*m+ (+l) GBu9*q + Bu9-p + (+l) as + (+) at + u” y(2 9? For -

“calculating the mxture ratio a of the pixel included in the.uncovered

background area in frame #n, the pixel values Bul through Bu9 of pixels of

- the background area of the pixel in frame #n+l corresponding to the pixel

15 in franme #n for which the mxture ratio is to be calculated are used in
equations (49) through (57). Fig. -532ibs-a block diagramillustrating the
configuration of the estimated-m xture-ratio processor 401. An inmage,input
into the estimated-m xture-ratio processor 20 401 is sent to a del ay

ci rcui tal421a2and. n adder 422. The del ay circuit 421 del ays_the input inmge
for onéf rfire, 2 and sefdS fe FREHE ST VENY -add@r C8291d0KaE1PRARE #n s
sent as . .{ i nput_ i mage.t.o the_adder 422, t delay. circuit 421 sends
frame #n- | q‘:tlloor{)ﬁé(’a N 2‘§§$h§%§8&9ﬁ Af%%)s&f"& Pﬁemﬁﬁkéllegal ue of the
pi xel L3 .My 1 dj acent to the pixel for which the mxture ratio a
is cal Ctﬁggt e‘%%oér? tz(éeﬁpi xel value of frame On-1 in the normal equation.

For exa Ie,ZS@Bge adder 422 sets the pixel values Ml through M9 and the
pi xel TS [V t Wpdg8xBc9 in the (35) '
y=40
5 In eguation (35), x is any one of thé integers from 0 to 8.

Equation (36) can be found from equation (35).

€x=Mx —y; ay - Wy (36)

Since the method of least squares is applied, the
square sum E of the error is defined as follows, as

10 expressed by equation (37).
5 2
E = Ea', €x (37)
X = . '

In order to minimize the error, the partial
differential value dfnthe variable Wv with respect to the
square sum E of thé error should be 0. v is any one of the

15 intégers from 0 to 5. -Thus, wy is determined so that

equation (38) is satisfied.
- dE _ ., & dex
3WV ‘ :ZG €x awv

=2-Y ex-av=0 | 6

By substituting equation (36) into equation (38},

equation (39) is obtained.




5 normal equations based on equations (40) through (48), respectively. The
adder 422 sends the normal equations in which the pixel :fhgf Gfe set to
a cal cul ator 423. The cal cul ator 423 determ nes the estina mXxture
ratio by solving the normal equations sent fromthe adder 10 422, by the
sweep-out nethod or other nethods, and outputs the determ ned esti mated
‘m xture ratio. The cal cul ator 423 cal cul ates novenent v within the shutter
‘time according to the gradient .a of the mxture ratio by using equation
(58). 15 a = 1/v (58) More specificgiiy, the cal culator 423 cal cul ates
nmovenment vix within the shutter tinme in the x direction and novenent viy
within the shutter tine in the y direction according to the gradient min
t he horigzontal sdirection-ofg 20 the plane of the m xture ratio and the

gradie 71 v egigion of the plane of m xture ratio,
both g«'ﬂlcat ggi equ*a)tl 5?124 vix = 1/m(59) V|y(t3@?/q (60) 25 The

cal cul-ator 423 outputs an estimated m')ti on vector 13 May 2005 128

i ndi cat ed t he nopvemnme t VIX mnthl el ti in the x direction
and the nn\%?ren?xa\l/rﬁl%/le shu"p‘_[ r?g ¢r‘?ustsh§%rc% fection. As shown

in Fig, ﬂfsig_ﬂgg%oafgfgtﬁl%dt@g gsl! Q&&&&&Q‘%M&HS&@ output from the

cal cul at or res
substituting one of the integers from 0 to 5 into v in

5 equation (39), thereby obtaining wy. As stated above, w0 is
the horizontal gradient m, wl is the vertical gradient q, w2
- is the intercept p, w3 is s, w4 is t, and w5 is u.
| As discussed above, by.applying the method of least
sgquares to the equations in which the pixel value M and the
10 pixel value B are set, the horizontal gradient m, the
vertical gradient g, and thé intercepts p, s, t, and u can
be determined.
The description has been given with refereﬁce to
équationé (25)'throu§h (33)} by'asSuming fhat the pixel
15 wvalue of the pixel included in the mixed area is M, and the
.pixel value of the‘pixel included in the background area is
"B. It is necessary tolset normal equations forreach of
cases where the designated pixel is included in the covered
background area, or the designatedxpiXel is-included in the
20 uncovered background area. |
For example, if the mixture ratio d of the pixel
included in the covered background area in frame -#n shown in
Fig. 48 is determined, C04 through C08 of the pixels in

frame #n and the pixel values P04 through P08 of pixels in




the nmovenent v within the shutter tine. The anount vf of interframe
movenent indicates the novenent of an object between tmoﬂ?ﬂ%aﬁs frames.
When the image of the object corresponding to the foregroun YEs™io novi ng
"such that the inmage is displayed at a position eight pixels apart between
a certain franme and the next franme, for exanple, the anmpbunt vf of
interframe novenent of the inmage of the object corresponding to the
foreground is eight. In Fig. 54, A indicates background objects. 15 In
this way, the estimated-m xture-ratij@gprocessor 401 calculates the
estinmated m xture ration and the estimated notion vector according to the
i nput image, and sends them to the mixture-ratio determ ning portion 403.
Si nce the estjmated-m xture-rati o processor 402 has the 20 sane structure
as the é??Fﬁé%gg;ﬁﬁftﬁFﬁiFékﬁg“bfﬁHﬁ?éoﬁq@@f}oné~description thereof is
omtted. Fig, is.a,view show ng ex le.,estimated mxture ratios

cal cul at ed g; ?ﬁ% &3 Fﬁﬁ?eﬁ?ﬁ%ﬁtﬁrBErggBopb¥8&§s§BF1UQB@.1WhEh%stinated

m xt ur i in Fig. 55 are for 25 one line, calcul ated by
fornu|g??%§%5n3$%%ﬁ@?ﬁ%“&&unggn%niErf§ew§§fgﬁgn $39FdHit 890fs

seven iseusn ol Xehgbhackiaineast e Rrelent )y 0f Lhe.f gregrqund

correspondi ng to an object at an e As shown in

Figs 6khd bike1undenakondst hatoLBR R3eshi-npted, Ml xfuke ratios, are changed
alnost linearly in a mxed area.
set in the normal equations.
Moreover, if, for example, the mixture ratio o of the
pixel included in the covered background area shown in Fig.
52 is calculated, the following equations (40) through (48}
10 are set. In Fig. 52, white circles indicate pixels regarded
aé ﬁhe background, and black circles indicate pixels
regarded as those in the miked area. The pixél value of the
pixel for which the mixture ratio o is calculéted is Mc5h.
Mcl = (—l)OBciGm + (-1)eBcleg + Bclep + {(—1)es + (—-1)set } u
15 . (10} e o
Mc2 = (0)eBc2em + {—-1)eBc2eg + Bc2ep + (0)es + (—1)et + u
(41)-
Mc3 = (+1)eBc3em + (-1)sBc3eq + Belep + (+1)es + (<1)et + u.
(42)
20 Mc4 = (-1)eBcdem + (O)eBcdeq + Bcdep +-(—1)Os + (0)et + u
(43) | |
McS = (0)-Bé50m + (0} eBcS5eg + BeSep + (0)es + (0)et + u
(44)
Mcé = (+1)-BCGOm + (0)-éc60q'+ Bc6-p + (+lyes + (0)et + 1

25 (45)




Fig. 56 is a block diagramillustrating another configuration of the

m xture-ratio calculator 102. The sane portions as thoseﬁ§pgmg 6§ Fig. 46
are 10 indicated by the sanme reference nunerals, and an exp aﬂa9|on )
thereof is omtted. A selector 441 sends a pixel belonging to the covered
background area and the corresponding pixels in the previous -and
followng frames to the estimated-m xture-ratio 15 processor 401 based on
the area information sent fromthe area specifying unit 101. The sel ector
441 sends a pi xel belonging to theauncovered background area and the
corresponding p ixels in the previous and following frames to the
estimated-m xture-rati o processor 402 based on the area 20 infornmation sent
fromthe area specifying unit 101. The estimted-m xture-ratio processor
401 cafell at st P8 ifndttdd *Rf4tare AR * vt *dedi il &8 bi kel which
bel ongs todﬁge covered background area according to the pixel val ues

i nput fromb sel ector 441, and sends the calculated 25 estinmated m xture

‘ratio to,a sele 442. The estimted - ---------- 005 130
mi xt ur%‘ﬁ ati gé)p%ocgsré sgr (Ztgi g‘é?c th%gB'é’n Test®) TEt é’dj(%és/?%nz Yvect or
accordi ng t@l)he calculated estimated m xture ratio, and sends the
cal cul ated estimted notion vector to the selector 442. 5 The

ests mygesl-01 KT AedRh @ RGA§EBIOLG 4D% SR U! 4499 43N+ Q31 BRLRd, M Xt ure
ratio for a designated pixel i ch be onég
(48)
For calculating the mixture ratio a of the pixel
included in the covered background area in frame #n, the
pixel values Bcl through Be9 of pixels in the background
10 area of the pixel in frame {§n~1 corresponding to the pixel

in frame #n for which the mixture ratio is to be calculated

are used in equations (40} through (48).

When, for example, the mixture ratio a of a pixel
included in.the uncovered background afea shown in Fig. 52
15 is caicuiatéd,'the foilowihg eqﬁatioﬁs (49) through'(57)'afé
set. The pixellvalue_of the pixél for which the mixture
ratio @ is calculated is Mu5.
Mul = (~1)eBulem + (-1)*Buleq + Bulep + (-l)es + (-1)et + u
49) |
20 Mu2 = (0)e*Bulem + (—1)eBuleq + Bulep + (0)es.+ (—-1)et + u
o (50) |
Mu3 = (+1)eBu3em + (-1l)eBu3eq + Bul3ep + (+l)es + (-1)et + u
(51)
Mu4 = (-1)eBudem + (0)eBudsq + Budep + (~1)es + (0)et + u

25 . (52)




- selector 442. The estimated 10 m xture-rati o processor 40

to the uncovered background area according to the pixel values input from
the selector 441, and sends the calculated estimted nixgyﬁﬁ 56?50 to the
J caf culates an
“estimated notion vector according to the calculated estimated m xture
“ratio, and sends the calculated estimted notion vector to the selector
442, Based on the area information sent fromthe area 15 specifying unit .
101, the selector 442 selects an estimated mixture ratio of 0 and sets the
m xture ratio a to O when the desi gdated pi xel belongs to the foreground
area, and selects an estimated mlixture ratio of 1 an d sets the m xture
ratio a to 1 when the designated pixel belongs to the 2,0 background area.

When t g gdesi gnakedeRi xelopal &g +cqug§d+bggfggqpqp area, the

sel ector 442 selects the ‘estimated m xture tio s romthe
estimat ed- mixgyre- ratio processor 442 and sets it as the mxture ratio a.
When t he designated pixel belongs to the uncovered 25 background area, the

sel ect ofueA42 (sal)eehigehhe e5fiaTRieed ﬂ:ﬁulmg?)zOQﬁl)lgl]Ln% f{r § ratio sent from

the estimated-m xture-ratio processor 4 and sets it as the mxture ratio

a- The sel gsapr 442 then outputs the mixture ratio a which has been
sel ected and set based on the area information. 5 Based on the area
i nfr miwi7or et *Boom t-he(aljleBuped Byi7ag unit1j&d, + when dctheg gdesi gnat ed
pi xel belon%ESEO t he covered background, area, the selector 442 selects the
Mu8 = (0)eBuSem + (+1)eBuBeq + BuBep + (0)es + (+1)et + u
(56)
Mud = (+1)eBu9em + (+1)eBuleq + Bu9ep + (+1l)es + (+1)et + u
10 ' (57)
For calculating the hixture ratio o of the pixel
included in the uncovefed background area in frame #n, the
pixel values Bul through Bu9 of pixels of the background
area of the-pixel in frame #n+l corresponding to the pixei
15 © in frame #n for which the nixture ratio is to be calculated
are used in equations (49) through (57).
Fig. 53 is a block diégram illustrating the
configuration of the eétimated—mixture—r&tib processor 401,
An-image,input into the estimated-mixture-ratio processor
20'. 401 is sent to a delay circuit‘421 and an adder 422.
| The delay circuif 421 delays the input imagé for one
frame, and éends the image to the adder 422.'.When-frame #n
is sent as the input image to the ‘adder 422, the delay

circuit 421 sends frame #n-1 to the adder 422.

25 . The adder 422 sets the pixel value of the pixel




estimated notion vector sent fromthe estimated-m xture- rati o processor
401 and sets it as the notion vector. Wen 10 the desi gnaiflgl ﬁbé@é bel ongs
to the uncovered background area, the selector 442 selects fhé“est i mat-ed
notion vector sent-fromthe estinmated-m xture-ratio processor 402 and sets.
it as the notion vector- The sel ector 442 then outputs the notion vector
whi ch has been sel ected and set based on the 15 area information. As

- di scussed above, the mixture-ratio cal culator 102 calculates the m xture
ratio a for each pixel included in;4-he inage, calculates the notion
vector, and outputs the cal cul atedlm'xture ratio (X and the cal cul ated .
notion vector. 20 Processing for calculating the mxture ratio cc and
motion vector performed by the mxture-ratio calculator 102 wll be

descr i d&tR e bvi the rieherlenfer tvihich | Gy et twiowrRtich OFilE 57. In step
S401, the mixture-ratio calculator 102 obtains area information sent from
the arealepeeiedi mpdnfie I5iaoh valieteh S 4md &9t it st ure-rati o
processor 13 May 2005 132 401 cal cul ates an estinmated nixture ratio and an

esti met@W LHRR i orf Ve PRI ustty 2 Hdet 2% ot Fies fotulitig o YR MFer ed
cal ol S bt BETRBE T o QBT (LT ol re S LAY et aif i ng-
DO | o 98, LRI 5 LSRR 0] ALY (0 e T
step Ség%aeé{'ﬁlgﬁ}' ”Bitr?ed'alﬂci%w&i agé-rpdeprﬁ?ee%socymaﬁo%_quations in
which the pixel values ére set to a calculator 423.
The calculator 423 determines the estimated mixture
ratio by solving the normal equations sent from the adder
10 422, by the sweep-out method or other methods, and outputs
the determined estimated mixture ratio.
The calculator 423 calculates movement v within the
.shutter time according to the gradient a of the mixture
ratio by using equation (58);
15 a=1/~ (58
More specifically, the calculator 423 calculates
mdvement vix withiﬁ_the shut£er time in the x direction and’
movement viy within thé shutter time in the y direction
according to the gradient m in the horizontal direction of
20 the plane of the mixture ratio and the gradient g in the
| vertical direction-ofrthe plane of the mixture ratio, both
indicafed in equation (24).
vix = 1/m (59)
viy = 1/q (60)

25 . ‘The calculator 423'outputs an estimated motion vector




calcul ates an estimated m xture ratio and an estimated 10 notion vector by
‘using a nodel corresponding to an uncovered background a{%ﬂa Z sends the
cal cul ated estimted mxture ratio and.the cal cul ated estd Mgy tion-
~vector to the mxture-ratio determning portion 403. In step S404, the

m xture-ratio cal culator 102 15 determ nes whether the m xture ratios a
have been estimated for the whole frane. If it is determ ned.that the

‘m xture ratios a have not yet been estimated for the whole frane, the
process returns to step S402, and_thggprocessing for estimating the

m xture ratio a for the subsequent pixel is ~20 executed. If it is de
termned in step S404 that the mxture ratios (X have been estimated for
the whole frame, the process proceeds to step S405- In step S405, the

mi xt ur &RHRtE 9 e thien ey SHGNt oA x403 thénetiiensbutive rnitimar énr aheo a 25
and the nption vector according to the area information sent 13 May 2005
133 frdmAHEAreR epecithy AgVERent10ivand thiai saei ajutsernténeotn the
foregr%'nd area, the background area, the covered background area, or the
uncoverxﬁ?Qag%éﬁﬁdﬁdnarea the pixel for which the nixture ratio (X and the

por (1 on 403 EctBthatih §Fdr o°Fat FBCa"t5" BOURBrOf HERE CF ORI ng pi el |
corooRsnahg Sryer PRePdroETin PE SEkRyrohRa 4P e BuhEnbtadsclhr eopondi ng
the movement v within the shutter time.
The amount vf of interframe movement ‘indicates the
movement of an object between two adjacent frames. When the

image of the object corresponding to the foreground is

10 moving such that the image is displayed at a position eight

pixels apart between a certain frame and the next frame, for
example, the amount vf of interframe movement of the image
of the object corresponding to the foreground is eight. In

Fig. 54, A indicates background objects.

15' ' In this‘way;‘tﬁe eetimatedﬁmikture—ratio ptoceeeor 401
calculates the estimated mixture ration and the estimated
motion vectortaccording to the input image, aﬁd sends them
to the mixture-ratio determining portion 403.

Since the_estimated—mixture—ratio processor 402 has the

20 same structure as the estimated-mixture-ratio proceseor 401,
a description thereof is omitted.

Fig. 55 is a view showing example estimated mixture
ratios calculated by the estimated-mixture-ratio processor
401. The estimated mixture ratios shown in Fig. 55 are_for

25 one line, calculated by formulating and solving equations in




10 pixel belongs to the covered background area, the nixture- ratio
determ ning portion 403 sets the estinmated m xture ratlo 26@£n1the
estimated-m xture-ratio processor 401 as the m xture rat en the
correspondi ng pi xel belongs to the uncovered background area t he '
m xture-ratio 15 determ ning portion 403 sets the estimated m xture ratio
sent fromthe estimted-m xture-ratio.processor 402 as the mxture ratio
‘a. Based on the area infornmation sent fromthe area specifying unit 101,
when the designated pixel belongs tg,g20 the covered background area, the
m xture-ratio determ ning portion 403 selects the estinmated notion vector
sent from the estinmated-nm xture-ratio processor 401 and sets it as the
moti on vector. \Wen the designated pixel belongs to the uncovered
backgr BOHRHES af EaseTr Py xF ey el rRt ¥o! deterhs Nty Zthedravanedd s ects the
estimated notion vector sent from 13 May 2005 134 the
esti matBE- HPXEATRURAL PR PPIRRILLRY 462 hPRIREE | TOWNY E Abt9BIF ect or
The processin term nated. As discussed above, the m xture-ratio
cal cul @PoF bg i% Tt ates the nixture ratlo (X and the notion vector,
which 5 are feature quantiti.es .gor.res i xel, based on the
area i nfor it i% §%Hflﬁﬁﬁﬁlt arted S @' |E$ dbﬁﬁFilﬁ and the i nput
[ e. 0 u [ td erformed by the
mage. e PEQE SRAL AR ]!ng{Lg A &gar%g'ed Uifsee 1Al Iaorlgz Rel y

m Xt ur e- I‘aIOC conlgure is simlar

to tha; discussed mnth reference

Fig. 56 is a block diagram illustrating another
configuration of the mixture-ratio calculator 102.
The same portions as those shown in Fig. 46 are
10 indicated by the same reference numerals, and an explanation
ﬁhereof is omitted.

A selector 441 sends a pixel belonging to the covered

background area and the corresponding pixels in the previous
- and following frames to the estimated-mixture-ratio
15 .processdr 401 baééd on the area ihfbrﬁation.sent'ffdm the
area specifying unit 101. rThe selector 441 sends a pixel
belonging to the uncovered backgfound'area and the
corresponding pixels iﬁ the previous and foilowing frameslto
fhe estimated—mixture—;atio processor 402‘baéad‘on the area
20 information sent from the area specifying unit 101.
The estimated—miﬁture—ratio processor-401'calcﬁlates an
estimated ﬁixtufe fatio_for a designated pixei-which belangs
" to the covered background area accbrding to fhe pixel values
inpqt from the selector 441, and sénds the calculated

25 estimated mixtuie ratib to a selector 442. The estimated-




to the flowhart of Fig- 57, and an explanation thereof is thus,omtted. A
description is now given, with reference to a flowhart shown in Fig. 58,
of mixture-ratio and notion- 15 vector estimating processlh¥apef®odrmed by
the estimated m xture-ratio processor 401 by using a nodel corresponding
to the covered background area, the processing corresponding to the
process of step S402. In step S421, the adder 422 sets the pixel value 20
included in the input image and the pixel value included in the inage sent
fromthe delay circuit 421 in a norngh —equation corresponding to a nodel
of the covered background area In step S422, the estimated-m xture-ratio
processor 401 25 determ nes whether the setting of the target pixels is 13
May 2005 135 finished- If it is determ ned that the setting of the target
pixelsWﬁ?ﬁﬂﬁ??ﬁ@ﬁ%ﬁéﬂ?“fﬁ@oﬁké@és§i G EtFEng ™ §5tdmese84B9tiqRd t he
rocess_faqr setting.the pixel values in  the normal equation is repeated. 5
Ff it S@“%%?éfﬁ%ﬁb lﬁﬁ'soe§%§ﬂfflfﬁ HFﬁeefgﬁFPﬁg%fﬁﬁg%Pﬁs £8F48r pixels is
finished,, t r SSj r t.o .ste 23. In step S423, a cal cul ator
423 ca%gh 5%%§%t%%% Eéﬁgﬁﬁfﬁﬁgﬁ?%ﬁawgtﬁa %8 lggegegﬁofhgonS%ﬁal equat i ons

in  whiggh Jhe Piggel s val ues are set, and outputs the calculated 10 mixture
ratio. In step S424, the calcul ator 423 cal cul ates an

5 The estimated-mixture-ratio processor 402 calculates an

estimated mixture ratio for a designated pixel which belongs

to the uncovered background area according to the pixel

values input from the selector 441, and sends the calculated

estimated mixture ratio to the selector 442. The estimated-

10 mixture-ratio processor 402 calculates an estimated motion
vector according to the calculated estimated mixture ratio,
‘and sends the calculated eétimated motion wvector to the
selector 442, |

Based on the area information sent from the area

15 specifyingﬁunitVIOI, the selector 442'selects an estimated
mixture ratio of 0 and sets the mixture ratio a ﬁo 0 when
the designated pixel belongs to the foreground area, and
.selects an estimatéd mixture ratio of 1 aﬁd sets the mixture
ratio a to 1 when the designated pixel belongs to the

20 background area. When the designated pixel beloﬁgs to the
covéred background area, tﬁe selector 442 selects the
‘estimated mixture ratio sent from the estimated—mixture-
ratio processor 442 and sets it as the mixture ratio «.
When the designated pixel belongs fo the unco&ered

25 Dbackground area, the selector 442 selects the estimated




estimated notion vector according to the gradient of the obtained ‘
estimated m xture ratio, and the processing is terninateﬁ%N%SZAﬁ di scussed
above, the estimated-m xture-ratio processor 401 having e OR ?gurarion
shown in Fig. 53 calculates the estinated m xture ratio and the esti mated
notion vector based on the input inage. Mxture-ratio and notion-vector
estimating processing 20 by using a nodel correspondi ng tothe uncovered
"background area is simlar to the processing indicated by the flowchart

of Fig. 58, which uses the normal-emmtions corresponding to a nodel of

t he 'uncovered background area, and an explanation thereof is thus omtted.
25 The enbodi ment has been described, assunming that the 13 May 2005 136

bj ect di ng_to the back dis staf] .. Ho . th
ab0vo-BLSEY FBOT X LTSt rH . 57 COF ot POReSph ERLET T 6 b appl i ed even

if the_inmage cor pondi ng. to. the background area incl|ud notion. For
exanpl REORTSrhe 167 PR Put oty Fot PR b tnd e i o uni forn y

movi “QSeiQSt(??t&{?t@ﬁér{“&ﬁﬁ;‘Pﬁé o Rf f@?é%aﬁ)& Sl e wugall imge
i's notion, and perforns ~ proce e

i n accordance w ssi'ng i.n a nmanher

siml aéei@cbgtg %Sc?teshé@ﬂ}ﬂ&é‘ dihechObl £1 f‘%‘gtﬁﬁ%ng to the background is

stationary. e image corresponding to kground area includes
logal Iy di fHRILN MO RS el fl%f%%da'ﬁtﬁﬁ{j‘éﬂd@ Y@ @hle0 arldpocessor 401

sel ects the pixels corresponding to the _
'specifying unit 101, when the designated pixel belongs to
the covered background.area, the selector 442 selects the
estimated motion vector sent from the estimated-mixture-
ratio processor 401 and sets it as the motion vector. When
- 10 the designated pixel belongs to the uncovered background
| area, the selector 442 selects the estimafed motion wvector
sent from the estimated-mixture-ratio processor 402 and sets
it as the motion vector. The selector 442 then outputs the
motion Qector which has been selected and set based on the
15 area iﬁformation.
As discussed'above, the mixture-ratio calculator 102
calculates the mixture ratio o for each pixel indiuded in
‘the image, calculates‘the ﬁotion vector,.and outputs the
éalculated mixture ratio @ and the calculated motion vector.
20 Processing for calculating the mixture ratio o and
‘motion vector performéd byrthe mixture-ratio palculatof 102
will be described below with referenﬁe to alflowchart shown
in Fig. 57. 1In step S401, the mixture-ratio calculator 102
obtains area information sent from the area specifying unit

25 101, In step 5402, the estimated-mixture-ratio processor




notions as the pixels belonging to the m xed area, and executes the
above-descri bed processing. 15 The mixture-ratio calculat éméﬁ y execut e
only the mxture-ratio estimating processing on all the prxels using a
"nmodel corresponding to the covered background area, and outputs the

cal cul ated estimated m xture ratio as the mxture ratio a- In this case,
the m xture ratio 20 indicates the ratio of the background conponents for
the pixels belonging to the covered background area, and indicates the
ratio of the foreground conponentsi arizhe pixels belonging to the uncovered
background area. = Concerning the pixels belonging to the uncovered
background 25 area mhen t he absol ute val ue of the di fference between the

13 May 290 aab]%%? nateesdurylgteucg Eimt}h du:o(_}aa1 a ds drteteriirglﬁngecd dand t he

cal cul at ed e va ue 1S se e 'm Xture ratd o |nage
processing 4p r he, [ ng the

rati o of the Eg%: grou dmc%ﬁ{ﬁgnégﬁpgiél d{%}fg%f pI xédsocbel on%g}ng Cio t he
uncovengg PUILAT G s3ld A e U R Q. PTAG 102 may
execute on he m xt'ure-ratio estimating proceSS|ng on al pi xel s by

usi ng acmdfltnchrcraqsmraddéw et it i GRME R Mrw%@&&%t&%d out put s
the calculated estimated 10 m xture ratio as the mxture ratio (X As

dessr i hed iab ete rinfie INK pdire-iica 14D Pr ogrssan <103 ¢l PHARLES it i Xt ur e

ratio a and the notion vector, which area feature quantities for each

pi xel , faocediingtding e mixture ratio are discussed later with
reference to a flowchart shown in Fig. 58.

In step 5403, the estimated—mixturefratio processor 402

calculates an estimated mixture ratio and an estimated
10 motion vector by using a model corresponding to an uncovered
background area, -and sends the calculated estimated mixture
ratio and. the calculated estimated moticon vector to the
mixture-ratio determining portion 403. |

In step 5404, the mixtﬁre-ratio calculator 102

15" determines whether the mixture ratios o have been'estimated
.for the whole frame, _If it is détermined_that the mixture
ratios a have not yet been eetimated for the whole frame,
the process returﬁe to‘step.S402, and tﬁe processing for
estimating the mixture ratio a for the.subseQuent pixel is

20 executea.

If it is determiﬁed in step 5404 that the mixture
ratios « haee been estimated for the whole frame, the
process proceeds to step 8405; In step 8405, the mixture—
ratio determining portion 403 determines the mixture ratio o

25 and the motion vector accordihg to the area information sent




area information sent fromthe area specifying unit 101 and 15 the input
image Wth the user of.the mxture ratio (X cal cul ated by %

‘m xture-ratio processor 102, foreground conponents and ba E%N&BR%
conponents can be separated in a pixel value while notion-blur information-
i ncluded in an object 20 corresponding to a noving object is left. An inmage
whi ch includes correct notion blur matching the speed of a noving object
can be synthesized according to the notion ratios (X as if the real world
were actually captured. 25 The moti®dh vector cal cul ated by the

m xture-ratio 13 May 2005 138 processor 102 indicates the anount v of
novement within the shutter tinme, which conventionally could not be

detected,, Wih,fhe use of,10e aRLEODoYeLhO 1 £RLE Yk & of
% , ?h d? udedfln an

m xture-ratro processor: e anpunt of notion I nc

I mage £RET £SPORHL MG t Or8a MOV DU Q0K §EL LSRN PES , 2 USL S rdlie M xture-ratio

processor 102 may set the notion vector to an estimated vector

correspoRRRGut® ARc£StorRtRE uRbXArEdBiéRg Pl ulatfrda Rt XLl uding. In
this case, the 10 m xture-rati o processor -102 can generate the notion

Vect or foii Delh 18d g therar £aci of @r amd i one Ther { 6% ek oLpd/ backgs ound
separator 103 is discussed below Fig. 59 is a block diagramillustrating
an sexapPl €al efldhed aosl o at | Tie ahit-her d-of LG © uislf dacigiopnd separ at or
portion 403 sets the mixture ratio a to 0 when the
corresponding pixel belongs to the foreground afea, and sets
the mixture ratio @ to 1 when the corresponding pixel |
belongs to the background area. When the corresponding
10 pixel belongs to the covered baékground area, the mixture—
ratio determining portion 403 sets the estimated mixture
ratio sent from the estimated-mixture-ratio processor 401 as
the mixture ratio «. When the corresponding pixél belongs
to the uncovered background area, the mixture—-ratio
15 determining portion 403 sets the estimated mixture ratio
sent from the estimatg&—mixture—ratio_processor 402 as tﬁe
mixture ratio «.
Based on the afea information sent froﬁ the area
specifying unit 101, when the designdted pixel belongs to
20 the covered baékground area, the mixture-ratio determining
_portion 403 selects the estimated motion vector sen£ from
the estimated—mixture-ratio processor 401 and sets it as the
motion vector. When the designated pixel belongs to the |
uncovered background area, the mixture-~ratio determining

25 portion 403 selects the estimated motion vector sent from




15 103. The'input image sent to the foreground/ background separator 103 is
sent to a separating portion 601, a switch 602, and a qué ? 65 The area
information sent fromthe area specifying unit 161 and |nd|c§ I'ng the -
“information of the covered background area and the uncovered background 20
area is sent to the separating portion 601. The area information
indicating the foreground area is sent to the switch 602. The area
information indicating the background area sent to the switch 604. The
. mxture ratio a sent fromthe m xtung4ratio 25 calculator 102 is sent to
the separating portion 601. 13 May 2005 139 The separating portion 601
separates the foreground conponents fromthe input inage based on the area

i nfor r’rat'.tl on | ndl ctatcl é‘%é}d:he cov rleod braocclgrsoogggfl@t%d Eﬁh%e(ttsﬁ: etaraaqt Q:f ornmati on

|nd|cat|nge?%e uncov ckgroun&)area %a, and

sends gﬂ) §§qu§h:q%for r ent %éggnhe5|zer 603. The

separating portlon o separa es the ékground conponents fromthe

input i naggg Ogngfé(;‘%%ﬁ aﬁsvaepgggt 79 AGkarg WE@ cayRERants (9,2

synt hesi zer e swtch I's closed when & pi xel  corresponding to

the foreground dss duiPuls Hased I%rtltoh%u aarn‘%ﬁ dgy QJd@itdeQzedM Cafiing, the

foreground area, and sends only the pixels correspondi ng t'o the f or eground

i nchudedd Feh@ N piladtiRde s (@ i@ povdliRRp 2Ll K98 pil2 1Theawdt ¢l 604 is
cl osed when a pixel corresponding to

the area information sent from the area specifying unit 101,
and the input image,

The processing for calculating the mixture ratioc o
performed by the mixture-ratio calculator 102 configured as

10 shown in Fig. 56 is similar to.that discussed with reference
to the flowchart of Fig. 57, and an explanation thereof is
thus omitted.

A description is now given, with reference to a
flowchart shown ianig. 58, of mixture-ratio and motion-

15 = vector estimating processing performed by the estimated-
mixture-ratio processor 401 by using a model corresponding
to the covered background area,. the processing correspohding
to the process of étep's402.

In step 5421, the adder 422 Sets the pixel value

20 includéd in the input image and the pixel value included in
the image sent from the delay circuit 421 in a normail
equation corresponding to a mﬁdel of the covered babkgroﬁnd
area. | |

In step 5422,‘the.estimated—mixture—ratio processor 401

25 determines whether the setting of the target pixels is




t he background is input based on the area information indicating the
background area, and sends only the pixels Jcorresponding3E@ggﬂ@
background included in the input imge to the synthesizer .. 30 The-
synt hesi zer 603 synt hesi zes a foreground conponent inage based on the
foreground conponents sent fromthe separating portion 601 and the pixels
corresponding to the foreground sent fromthe switch 602, and outputs the
synt hesi zed foreground conponent inage- Since the 25 foreground area and
the m xed area do not overlap, the 135My 2005 140 synthesizer 603
applies, for exanple, logical ORto the foreground conponents and the
foreground pixels, thereby synthesizing the foreground conponent image. In
the inktjializing processin u _thestart _of = 5 the synthesizing
procesg%%g£¥%§'thgffﬁge%%o%%gé%%ﬁ%gﬁeﬁ%a%iﬁéﬁe?eFﬁ%ngy%%hgg?zer.603 st or es
The To0aJOOSEIRLIS 1o VAGLEIRLEnSn PrbloPallliinh L ALaR, TEADY. Then. I
~the synthesizing processing for thé roreground conponent i mage, the

synt hesi ggr s $93 saﬁae§héh§r$@5§9r9&9d589€P95¢959i§§9 110, {Qyerygites the

previ ous 1 mage by the foreground conponént ~image). Accordingly, O is

storedehd AdEmP] X&hSat LK I £5PPRGL LG40 t he background area in the
foreground conponent inage output fromthe synthesizer 603. The

' syst hesi zerr60% Syideesireased ackareundiconmonenthe LeduiBee dased on the
background conponents sent fromthe separating portion 601 and the pixels
corr espondtawyd® pieels is finished, the processing proceeds. to

step S423. In step S423, a calculator 423 calculates the

estimated mixture ratio based on the normal equations in

which the pixels values are set, and outputs the calculated

10 mixture ratio.

In step S424, the calculator 423 calculates an
estimated motion vector achfding to the gradient of the
obtained estimated mixture ratio, and the processing is
terminated.

15 " 'As discussed'above, the estimated-mixture—ratio
processor 4b1 having the configuration shown in Fig. 53
calculates the estimated mixture ratio and the estimated
motion vector based on fhe input image.

Mixture-ratio and motion-vector estimating processing

20 by using a model éorresponding toc the uncovered background

| area is gimilar to‘thé processing indicated by the flowchart

- of Fig. 58, which uses the normal equations corresponding to
a model of the uncovered background.area, and an explanation
thereof is thus omitted. |

25 . The embodiment has been described, assuming that the




background sent fromthe switch 604, and outputs the synthesized
background conponent inmage. Since the background area angs,fs Jgpxed area
do not overla p, the 20 synthesizer 605 applies, for exanple, 'logical ORto
“the background conponents and the background pi xels, thereby synthesizin. -
g the background conponent image. In the initializing processing executed
at the start of the synthesizing processing for the background conponent
25 image, the synthesizer 605 stores an i mage whose pixel 13 May 2005 141
‘values are all 0 in a built-in frame3serory. Then, in the synthesizing
processing for the background conmponent image, the synthesizer 605 stores
t he background conponent inage (overwites the previous inmage by the

backgr d _conponent .Lmage) Accordingly, .0 is.staored in the pixels
corresggﬁgfﬁggggxfﬁgoPg%gargﬁn hgrégcﬁﬁrp%g égkﬁrgﬁﬁanaggﬁponent i mage

out put gLam.the gunthesizar 605, i g SOALLLUSE ales j e ipput | mage input
03 &

into the forégroun ackground separator 1 and oreground 10

conpon i a t u O[RO t sl e t
mponent, LaRgeand,at B Bagkgequadeq Eﬁgﬁﬁgolhggglc8¥&8§§8559ggd2§

f or egr ound/ background separator 103. Fi B ustrat

correspardbagxheohie LPBHt i hPRUGekNRBEiohNt OFbhekarnpgroung/ packgr ound
separator 103 and the foreground conponent image and the background

conponenkgdScbiegepeHliphy thoenkhpategeguaundirbackgr aundogsapgrat or 103.
Fig.,60A is a schematic diagramillustrating the inmage to be displayed,
and Fi govBfB,i thustsainstadmmigtuebt-ahned processor 401 shifts the
overall image in accordance with this motion, and performs
processing in a manner similar to the case in which the
object corresponding to the background is stationary. If

10 the image corresponding to the background area includes
_locally differént motions, the estimated“mixturewratio
processor 401 selects the pixels corresponding to the
motions as the pixels belonging to the mixed area; and
executeé the above-described processing.

15 The mixture-ratio calculator 102 may execute only the
mixture-ratio estimating processing on all the pixels by
using a model corrésponding to the covered baCkground area,
and-outputs the calculéted estimated miiture ratioras the
mixture ratio . In this case, the mixture ratio «

20 indicates the ratio of the background compoﬂents for the

 pixels belonging to the covered background area, and
indiéates the ratio of the foreground componentszfor_fhe
pixels belonging to the uncovered background area.
Concerning the pixels'beionging to the uncovered background

25 area, when the absolute value of the difference between the




- by developing inthe tine direction the pixels disposed in one |ine
‘including the pixels belonging to the foreground 20 area, ng Bbﬁ | s
"bel ongi ng to the background area, and the pixels belongiﬁg $ m xed
area corresponding to Fig. 73A. As shown in Figs. 60A and 60B, the
background conmponent inmage output fromthe foreground/ background separator
103 consists of the pixels belonging to the background area and 25 the
‘background conponents included in the pixels of the 13 May 2005 142 mi xed
area. As shown in Figs. 60A and 60B,54he foreground conponent inmage output
fromthe foreground/ background separator 103 consists of the pixel

bel onging to the foreground area and 5 the foreground conponents included
inthe pixels of the mxed area. The pixel values of the pixels in the

m xed @rbauhpked sebarated i hi® ¥handatkys odnbcEBipodentd Egﬁ t he foreground
conponents by the foreground/ background seEaratpr 103. The 10 separated

backgr et tdRpAMEnt 3L ¥ of niYd hee bhe kpbund thonpbhEntei rabke tBgether with

t he pixels belonging to the background area. The separated foreground
conporrefREe fRF PFEITENY FRRF HURYS coOMponeht ‘T i et ko gBt BV G TRETPe™ pi xel s

bel ongj ng. to, the foreground area. .15 di scussed above, _in the foreground
comportEFREES T b 3ol 06 ahie L RFRTRR Yar oY S ph T t o t ho
bagkarolpch ared AL e Seted O AL ILADN T LN BlA§ Ayl Ues  are set in the
pi Xel sT°COFT esponcﬁ‘%g Yo he™$ of eground ar ea

Similarly, the mixture-ratio processor 102 may execute
conly  the mixture-ratio estimating processing on all the
pixels by using a model correéponding to the uncovered
background area, and outputs the calculated estimated

10 mixture ratio as the mixture ratio o.

As described above, the mixture—ratio processor 102

calculates the mixture ratio ¢ and the motion wvector, which
area feature.quantities for each pixel, aﬁcording to the
area information sent from the area specifying unit 101 and
15 ‘the input image. |
With the user of the mixture ratio « calculated by the
mixture-ratio processor 102, foreground components and
ibackground compénents éan'be separated in a.pixel value
while motion—blur information included in an object
20 corresponding to a moving object is left.
 An image which includes correct motion blur matching
the speed of a moving object can be synthesized according fo-.
the motion ratios o as if the real world were actually
.Vcaptured.

25 : . The motion vector calculated by the mixtiure-ratio




‘and the pixels corresponding to the m xed area. Simlarly, 20 in the
background conponent i nage, the.pixel values of the pixetfw@orr pondi ng
to the foreground area are set to 0, and significant pix 3@8 are set
“in the pixels corresponding to the background area and the pixels
corresponding to the m xed area. 25 A description is given bel ow of
processi ng executed by ----------------- 13 May 2005 143 the separating
‘portion 601 for separating the foreground conponents and the background
conponents fromthe pixels belongingste the m xed area when a frane
interval tine is equal to a shutter tine. 5 Fig. 61 illustrates a nodel of
an i mage indicating foreground conponents and background conponents in two

frames includin are ro ect movi ng omthe left tq t right in
the fi dUie"® ﬁsrﬁ”?r@z %ﬂ%@%mq mqyeg’j“e“glw t&’el t v of

novene 1.t h he er four nd .a,viriuyal division nunber
i's setr%hgﬁéﬁﬁ'q'%"fra Hl No Jﬂ%ﬁlqﬁéa ﬁﬁQQe Iﬁﬁokfhe l%:our é%nth t hr ough

ei ght eent h pisxgl 5y, gL tB% gﬁgtmsegﬁhs5F8E09n§xlaﬁﬁatgachggngd conponent s

and belong to the roun area rane e seco rough fourth

DWWM%@?%%%%meW%%%MUﬁﬁ%ﬁwwm

conponent s bel ong to the uncovere area. In frame #n, the

el egentiih il nt Bin’ teaReh Rirt@lspohiamdt ke Iaefnrmal@l@l Wie ecRackgr gend
conmponents and foreground conponents, and bel on

adjusted.

The mixture-ratio processor 102 may set the motion

vector to an estimated vector corresponding to an estimated

mixture ratio of 0 to 1, both excludihg. In this case, the
10 mixture-ratio processor 102 can generate the motion vector
without using the aroa_information.
| The foreground/backgroood separator 103 is discussed
below. Fig. 59 is a block diagram illostrating an example
of the configuration of the foreground/background separator
15 103. The input image sent to the foreground/background
separator 103 is sentlto a separating portion 601, a switch
602, and a switch 604. Therarea information sent from the
area specifying unit 101 and indicating the information of
the covered background area and the uncovered background
20 area is sent to the separating portion 601, The area
information indicating the.foreground area is sent to the
switch 602. The areé information indicating the background
area sent to the switch 604.
The mixture ratio o sent from the mixture-ratio

25 calculator 102 is sent to the separating portion 601.




to the covered background area. in franme #n, the fifth 20 through tenth

pi xels fromthe left consist of only the foreground conp%?ﬁg&%o gnd bel ong
to the foreground area. 1In frame #n+l, the first through B'xels from
the left and the eighteenth pixel fromthe left consist of only the -
background conponents, and belong to the background area. 25 In frane

#n+l, the sixth through eighth pixels fromthe left 13 May 2005 144

‘i ncl ude background components and foreground conponents, and belong to the
uncover ed background area. In frameij#s+l, the fifteenth through
seventeenth pixels fromthe left include background conponents and

f or egr ound conponents, and belong 5 to the covered background area. In

frame #n+l, the ninth hr ou h fou eenth pi xel s fron1the | eft consi st of
only the f']a}eegsr‘?ﬁ?rﬁ? b%?%ﬁ]g‘”f%s t Hee 15t War ea.. Fig. 62

illustrat t h f t th d ts f
the. pi SOMEOREN GRGT RGN L BT et ig’ggﬁggdbﬁggﬁgggu{igr P nFg 62 ()

throug ndi cat fure. |os of t ndi Vi uaI i xgl s of franme #n.
I Fi gt MR RS PR R o8 SEe Err e BRekORe Yl o3t PhE Fh7¢ hel ong

Lot he SRyt Gackes aund ag can JNe,DLYEL AL UEL EIS, 00 LhgaTidggenth pixe

fromt N can be expresse ron’ ( Cl15 =

Bly v end&QR{¥edrEOBLY; & £O7A9{d §e§&§0€’ljré §e599é¥ea* E9§é<yr5ux'fc97/ v = al5*P15

+ FO9/v + FO8/v + F07/v 61) where al5 indicates the nixture ratio of the
fifteeddpdhe®ts to a synthe51zer 603. The separating portion 601

also separates the background components from the input
image, and sends the separated background components to a
synthesizer 605.

10 The switch 602 is closed when a pixel corresponding to
the foreground is input based on the area information
indicating the foreground afea, and sends only the pixels
corresponding to the foreground included in the input image
to the synthesizer 603.

15 ' The switch 604 is closed when a pixél correspdhding to
the background is input based on the area information
indicating the béckgrouﬁd area, and sends only the pixels
.corresponding to the béckground includéd in the input image
to the synthesizer 605.

20 . The synthesizer 6063 syﬁthésizes a foreground component
image based on the fdteground components sent from the |

.separating portion 601 and the pixels corresponding to the
- foreground sent from tbe switch 602, and outputs the
synthesized foreground componenit image. Since the

25 foreground area and the mixed area do not overlap, the




20 fromthe left in frame #n, and P15 designates the pixel value of the
fifteenth pixel fromthe left. in frame #n-1. The sun1f151ih1tgﬁO%oreground
conponents of the fifteenth pixel fromthe left in frane #f% e :
expressed by equation (62) based on equation (61). 25 f15 F09/v + FO8/v +
B O -- 13 May 2005 - 145 C15 al 5sP15 (62) Simlarly,

the sumf16 of the foreground conponents of the sixteenth pixel fromthe
‘left in frame #n can be expressed by equation (63), and the sumf17 of the
5 foreground conponents of the seventsgenth pixel fromthe left in frame #n
can be expressed by equation (64). f16 Cl6 al6*P16 (63) f17 Cl7 al 7*PI 7
(64) In this manner, the foreground conponents fc included 10 in the pixel
val ue C of

Vol b S A B e gIang s e odhackurgulg sgem can be
Ual e, SRR SRR By e R el S
et e T A
In Fig. 63, rhhensecnpd;Liougl) SPYELDPhYCLSLLLORINE LRb start of
5 the synthesizing processing for the foreground component
image, the synthesizer 603 stores an image whose pixel
values are all 0 in a built-in frame memory. Then, in the
synthesizing processing for the foregréund‘component image,
the synthesizer 603 stores the fofeground component image
10 (overwrites the previous image by the foreground component
image}. Accordingly, 0 is stcored in the pixels |
corresponding to the background area in the foreground
component image output from the synthesizer 603.
The synthesizer 605 synthesizes a background component
15 image based on the background components sent from the
separating portion 601 and the pixels corresponding to the
~ background sent from the switch 604, and outputs the
synthesized backgréund'component image. Since the
background area and the mixed area do not overlép, the
20 synthesizer 605 applies, for example, logical OR to the
- background components and the background pixels, thereby
synthesiziné the background component image.
In the initializing processing executed at the start of

the synthesizing processing for the background component

25 image, the synthesizer.605 stores an image whose pixel




20 belong to the uncovered background area. The pixel value C02 of the
second pixel fromthe left in.frame #n can be expressed bgwggqgmgon (66):
.C02 = B02/v + B02/v + B02/v + FOl/v . = U . 20BO2 + FO1l/v 25 = a20N02 + FO /v
(66) 13 May 2005 146 where a2 indicates the mxture ratio of the second
pixel fromthe left in frame #n, and NO2 desi gnates the pixel value of
.the second pixel fromthe left in franme #n+l The sum f02 of the foreground
conponents of the second 5 pixel fromthe left in franme #n can be
expressed by equation (67) based oh4kquation (66). f02 = FO1/v = C02 -
a2eN02 (67) Simlarly, the sumf03 of the foreground conponents of 10 the
third pixel fromthe left in franme #n can be expressed by equation (68),
and theasuskfQde0f1ihe {RreopQUNE-1 ROFPARENLSMEL theTB@Hrthnptﬁsl from the
left in frame #n can be expressed by equation (% C03 - a3*NO03
(68) 3bntRdsEzCRd prod@dbang68pr! BnkhbscREABBAG &BﬁpégéﬁgrQMQgeconponentS
fu included in the pixel value C of the pixel belonging to the Uncovered
backgr thadsanehResanebec@xpsessed bieehHaky0uhidOrompdnan€ imaghl (70) 20
where N designates the pixel value of the corresponding
(overwrites the previous image by the background component

5 image). Accordingly, 0 is stored in the pixels
corresponding to the foreground area in the background

component image output from the synthesizer 605.

Fig. &60A illustrates the input image input into the
foreground/backgtound separator 103 and the foreground
10 component image and the background component image output

from the foreground/background separator 103. Fig. 60B

illustrates a model corresponding to tﬁe input image input
into the foreground/background separator 103 and the
foreground compeonent image and the background component
ls image output from the foreground/background separator 103.
Fig. 60A is a schematic diagram illustrating the image
to be displayed, and Fig. 60B illustrates a model obtained
by developing in the time direction the pixels dispoéed in
one line including the pixels belonging to the foreground
20 area, the pixels belonging to the background area, and the
pixels belonging to the mixed area corresponding to Fig. 73A.
As shown in Figs. 60A and 60B, the background comﬁonent
image output from tﬁe fareground/backgroﬁnd‘separator 103
consists of the pixels belonging to the background area and

25 the background components included in the pixels of the




pi xel in the subsequent frane. As discussed above, the separating portion
601 is able to separate the foreground conponents fronltqggﬁjéﬁbg

bel onging to the m xed area and the background conponents Yot he
"pixels belonging to the m xed area based on the 13 May 2005 147

- information indicating the covered background area and the information

‘indicating the uncovered background area included in the area information,
and the.m xture ratio (X for each pixel. 5 Fig. 64 is a block diagram
illustrating an exanple of the cenfiggurati on of the separating portion
60.1 for executing the above-described processing. An image input into
the separating portion 601 is sent to a frame nenory 621, and the area
infornqﬁiénhié¥géxﬂj ng the covered 10 background area and the uncovered
--backgroun&earea sent from the m xture-ratio calculator 102 and the m xture

(2010, (X 2" e 38Mnl 9n2p360° Boho AT 8EESSLNG PLOGK;O%% Ihsolhanp eory

621 stores i'nput "I nmageés ‘i nuni frames. nafra

res , obe
R e e L L P

the framongd ramf tp‘%.@ceflr @’éﬁo#l@'%nyq%of LALE f%%&?uﬁalaﬁ?@gdénhhe

corresponding pixels in frame #n-1, frame #n, ¢ rame #n+l to the
separ atirn 20-recRss iddehpneelk s62ac1ThRdSepakabl pRxRIAC8eStAg bl ock 622

applies the
nmixed area.

The pixel values of the pixels in the mixed area ére
separated into the background components and the foreground
6omp0nents by the foreground/backéround separatof 103. The

10 separated backgrouﬁd components form the background
component image together with the pixeis belonging to the
background area. Tﬁe separated foreground components form
the foreground cémponent image together with the pixels
belonging to the foreground area. -

15 'As discussed above, in the fdreground:compohehtAimagé}
the pixel values of the pixels corresponding to the
background area are set to 0, and significant pixel wvalues
are set in the pixéls éorresponding to the foreground area
‘and the pixels corresponding to the mixed area. Similarly,

20 in the background component image, the pixel values of the
pixels corresponding to the foreground area are sét to O,
and signifiéant pixel yalues are set in the pixels
corresponding to the background area and the pixels
corresponding to the mixed area.

25 - A description is given below of processing executed by




cal cul ations discussed with reference to Figs. 62 and 63 to the pixel
val ues of the corresponding pixels in frane #n-1, frane #5 agggograne #n+l
sent fromthe frame nmenory 621 25 based on the area infornaM NI ndicating

-~ the covered 13 May 2005 148 background area and the uncovered background

area and the mxture ratio a so as to separate the foreground conponents
and t he background conponents fromthe pixels belonging to the m xed area
in frame #n, and sends themto a frane nenory 5 623. The separation

. processing block 622 is formed of-ang3uacovered area processor 631, a
covered area processor 632, a synthesizer 633, and a synthesizer 634. A
multiplier 641 of the uncovered area processor 631 10 nultiplies the pixel
value of the pixel in frame #n+| sent fromthe frane nenory. 621 by the

i xt ur B0 oP PBEES EL PO Bt Har G0t nEST cSBPE b -BRxErv P REOFB AT owi (2h 642.
The switch 642 is close en_the.pixel of frape #n corr onding to the
el PhhbPagafe I G5 b1 R onEe DS aRtnt i FoR asnt pREEEERCTC The
uncove kgr oun r e t he-pi xel . iplied by the

it ur EoraReEiy e End Fhsen PREeS TP Sn ) ACr PRl 1 PRt ST LR 5G4 and  he
synt hegj 4 . obtained by nmultiplying the pixel value of the
pi xel §ﬁa%¥ag§ n%@&%§é%ﬁguﬁ$kture ratio 20 a output fromthe switch 642 is
eq gli val entp4p _dlelibl,aiqh&r&% ;cmergﬁ A eyl gy of the

correspondi ng pixel in frame #n.
foreground components and background components in two
frames including a foreground object moving from the left to

the right in the figure. In the model of the image shown in

Fig. 61, the amount v of movement within the shutter time is

10 four, and a virtual division number is set to four.
In frame #n, thé_leftmost pixel and the fourteenth
through eighteenth pixels from the left consist of only the
background components and belong to the backgiound area. In

frame #n, the second through fourth pixels from the left

15 include background components and foreground components, and
belong to the uncovered background area. in frame #n, the
eleventh through thirteenth pixels from the left include
background components énd foreground components, and belong
to the covered’background area. In frame #n, the fifth

- 20 through'tenth pixels from the left consist of only the
fofeground cbmponents,-and belong to. the foreground area.

In framé #n+l, the first through fifth pixels from £he
left and the eighteenth pixel from. the léft consist of only
the background components, and belong to the background area.

25 In frame #n+l1, the sixth through eighth pixels from the left




The cal cul ator 643 subtracts the background components sent fromthe.
swtch 642 fromthe pixel value of the pixel 25 in frane:fMaEQQésfron1the
frame nmenory 621 so as to obtain 13 May 2005 149 the foregroun :
“conmponents. The cal cul ator 643 sends the foreground conponents of the

pi xel in frame in belonging to the uncovered background area to the

synt hesi zer 633. A nmultiplier 651 of the covered area processor 632 5

mul tiplies the pixel value of the pixel in frane #n-1 sent fromthe frane
menory 621 by the mixture ratio a~ amd -outputs the resulting pixel value
to a swwtch 652. The switch 652 is closed when the pixel of franme in
(corresponding to the pixel in frane *n-1) sent fromthe 10 franme nenory

621 bel th d back , d ds th | |
L o S S AL R e r?f?am%?rﬁgnﬁﬁEp?nappép@‘eéiapéaa“e

| | th 634.. Th | bt ai d It |
CpeS BSloPE AN U e AP R 0 LReaYa U aPaRbr E5r LY, BHeg B V' 9
out put f oy %A}glzcm 19225, 159 t%a'pﬂ % ftr@% hagkgr %mrﬂcio onents of

t he p|xe corres on frame n € calcul ator 653

subtraq&ascﬁg}%m w%g%nct%m%egs% ngsf%%dfr Fﬁ}ahﬂénéﬁ‘é gndfiﬁéléﬁ m the

pi xel value of the pixe 20 In in sent fromt rane nenory. 621 so
as 60 aly aine t&a)eref&ae%%@%%@og&%ats ﬂih%rsalecy#haiortﬁé?»n%ﬁeﬂs the

f oreground conmponents of the pixel in frane in belonging to the covered
-backgr aimibuyre F o telke thy ptiRkesisZ¢rof33he left consist of only the
foreground components, and belong to the foreground area.

Fig. 62 illustrates the processing for separating the

foreground components from the pixels belonging to the

10 covered background area. In Fig. 62, al through alB8
indicate mixture ratios of the individual pixels of frame #n.

In Fig. 62, the fifteenth through seventeenth pikels from

the left belong to the covered background area.
The pixel value C15 of the fifteenth pixel from the
15 ~left in frame #n can be expressed by equation (61):

Cl5 = B15/v + FOQ/V + F08/v + FQ7/v

alS'B15.+'FO9/v + FOB}V + FO7/v
= 015eP15 + FO9/v + FO8/v + FOT/v (61)
where «al5 indicates the mixture ratio of the fifteenth pixel
20 from the left in frame #n, and P15 designates the pixel
'value of the fifteenth pixel from the left in frame #n-1.
‘The sum f15 of the foreground components of the
fifteenth pixel from the left in fréme #n can be expressed
by eqﬁafion (62) based on equation (61).

25 . £15 = F09/v + F08/v + FO7/v




The synt hesizer 633 conbi nes the foreground conponents 25 of the pixels
bel ongi ng to the uncovered background area and 13 My 200§3M£2?0§%nt from
the cal cul ator 643 with the foreground conponents of the piXxel's bel onging
- to the covered background area and sent fromthe cal cul ator 653, and sends -
the synthesized foreground conponents to the frame nenory 623. 5 The

synt hesi zer 634 conbi nes the background conponents of the pixels bel onging
'to the uncovered background area and sent fromthe switch 642 with the
background conponents of the pixelgzbelonging to the covered background
area and sent fromthe switch 652, and sends the synthesized background 10
conponents to the frame nenory 623. The frane nmenory 623 stores the
foreground conponents and the background conponents of the pixels in the
m xed area of Trahe Tr*5eM15romthe separation procdéédng bl ock 622. 15
The frame nepory 623 outputs the stored foreground  conponents of the

pi xel's in tPEFR XY arkle i fUR ke ¢h R fPHORI RS LRIV P omponent s

ati o 6B= BRFERSRHH DRSS £RE™ Bbef baFhr SahaRER Y ERE Phreground
be T CoRBPBERry s BiaParentotnaCalnt RELI 8 603 bbRbPReE The foreground
corpongnt 8 r8linhiNERLEELR tE Mo ENEnD! 260REE8N LR HEBRE FRRUERYT SFpM the
in frame #n can be expressed by eguation (64). ‘
£16 = C16 — a16eP16 . (63)

£17 Cl7 — al7«p1l7 . (64)

i

In this manner, the foreground components fc included
10 in the pixel wvalue C of the pixel belonging to the covered
background area can be expressed by equation ({65):
fc = C - OeP | (65)
~whére P designates the pixel value of the corresponding
pikel in the previous frame.
.15 rFigﬂ 63 iilﬁsttétesrthe prdcessing for séparétiné.ther
foreground components from the pixels belonging to the
"~ uncovered background area:--In Fig. 63, ol through ol8
indicate mixture ratioé of the individual pixels of frame #n.
In Fig. 63, the_second through fourth pixels from the left
20 belong td the uncovered background area. |
" The pixél value C02 of the second pixel from ‘the left
. in frame #n can be expressed by equation (66):
€02 = BO2/v + BO2/v + B02/v + FOl/v

a2eB02 + FOl/v

b

25 a2eN02 + FOL/v (66)




25 separating portion 601 with the pixels belonging to the 13 May 2005 151
foreground area so-as to generate a foreground conponent q{iRBYSoodhe

synt hesi zer 605 conbi nes t he background conponents of the pixels in the
‘m xed area in frame #n output fromthe separating portion 601 with the

pi xel s 5 bel onging to the background area so as to generate a background
.conponent inmage. Fig. 65A illustrates an exanple of the foreground
conponent image corresponding to frane #n in Fig. 61. The |eftnost pixel
and the fourteenth pixel fromthe-|l et 20 consi st of only the background
conponents before the foreground and the background are separated, and
thus, the pixel values are set to 0. The second and fourth pixels fromthe

| eft bel.an .the uncavered background.are fore the foreground and the
15 bacE%%%%hé&aﬁggégﬁgth3&? KE%%P%Fn&F%}Otﬁg %§8k§FSBH§ Bofifdnents are set
“to O, fQreqrqun en a i.ntained. . The_el eyventh through
thirtegﬁgﬂ{gﬁfeﬁg%grgﬁl%ﬁg%gF%Bf %gﬁoﬁgztggfﬁg%%8§gr5 eb8%§8¥ound ar ea

pef or € vhligie Ler egkoundoand pihi1ackar anadiare sePgLatedgnagcordingly, 20

t he background conponents are se hé foreground "~conponents are

mai nt ai ned. oifbes Gh 8> L7 0uaD FSRLBXE! SompeamEDS) effe canshay of only

the foreground conponents, which are thus maintained. Fig. 65B illustrates
an exapaikel1ofrbhethackereund 22amenpaAnenh LABEQLERLLESPRPIERGat fodir AME #N

in Fig. 61. The
(67) based on equation (66).
£f02 = FO1/v
= C02 - a2eNO2 (67)
Similarly, the sum f03rof the foreground components of
10 the third pixel from the left in frame #n can be expressed
by equation {68), and the sum f04 of the foreground
-componenté-of the fourth pixel from the left in frame #n can
be expressed by equation (69). |
f03 = C03 - «3eN03 : (68)
15 £04 = C04 - w4eN04 - (89
In this manner, the foreground compenents fu included
in the pixel valuelC of the pixél belonging to the uncovered
background area can be‘expressed by equation (70):
fu = ¢C —_aOﬁ ' : (70)
20 where N designates the pixel value of the correspondiﬁg
| pixel in the subsequent frame,
As discussed above, the separating portion 601 is able.
to separate the fbreground'cqmponehts from the pixels
beloﬁging to_fhe mixed area and the background componeﬁts

25 from the pixels belonging to the mixed area based on the




13 May 2005 152 leftnost pixel and the fourteenth pixel fromthe left

- consist of only the background conponents before the foregfRyn@ognd the
background are separated, and thus, the background conponents”are

" mai ntai ned 5 The second t hrough fourth pixels fromthe left belong to the
uncover ed background area before the foreground and the background are
separated. ‘Accordingly, the foreground conponents are set to O, and the
‘background conponents are maintained. The eleventh through thirteenth
pixels fromthe 10 left belong te the €overed background area before the
foreground and the background are separated. Accordingly, the foreground
conponents are set to 0, and the background conponents are nmai ntai ned. The

fifth through tenth f t ft { t he f d
cbnponénﬁiuglsﬁa%%slpﬁ' égt?ﬁa SRR SYartucoaPREakad o 60 T ph8eed ng for

separ a&h%r&h%mﬁr atee giggdtthunQS‘%erSUBgc Vﬁ%#{.}&re Yathe foregrou

nd/ bac groun separa I's-descri b erence to the

{1 owchaptglicaFid: 08 akfa S8R SA0L: obNeahhalRe TRIRLYx 621 0o L 20

separatlng portion tains an inpuf I nage, stores frane #n for
whi ch he gggggggggg and the background are separated together with the
previ ous frane and the subsequent frame #n+l. In step S602, the

separati on pIocessi N9 DI WCk-1622 DfraSi 1hes SePaIR} i0 Hitdien HO1 obt ai ns
area information sent 13 May 2005

the configuration of the separating portion 601 for
executing the above—described processing. An image input
into the separating portion 601 is sent to a frame memory
621, and the area information indicating the covered
10 Dbackground area and the uncovered background area sent from
the mixture-ratio calculator 102.and the migture ratio O are
sent to a sepafation‘processing block 622,
The frame ﬁemory 621 stores the input images in units
of frames. When a frame to be processéd is frame #n, the
15 frame memory 621 stores frame #n-1, which is the frame one
frame bhefore frame #nf frame #n, and frame #n+l, which is
the frame one frame after frame #n.
The frame memory 621 sends the corresponding pixels in
frame #n-1, frame #n, and frame #n+l to the separatiocn
20 . processing block 622. | |
| The séparation processing block 622 -applies the
calculations discussed with rgference to Figs. 62 and 63 to
the pixel values of the corresponding pixels in frame #n;l,
frame #n, and frame #n+l sent from the frame memory 621

. 25 based on the area information indicating the covered




153 fromthe mixture-ratio cal culator 102. In step S603, the separation

processing bl ock 622 of the separating portion 601 obtaigspih80H% Xt ure
ratio (X sent fromthe mxture-ratio calculator 102. 5 In step S604, the
“uncovered area processor 631 extracts the background conmponents fromthe
~pi xel values of the pixels belonging to the uncovered background area sent
from the frame nenory 621 based on the area information and the m xture
ratio (x. .10 In step S605, the uncovered area processor 631 extracts the
foreground conponents fromthe pixeliggalues of the pixels belonging to the
uncover ed background area sent from the franme nenory 621 based on the area
information and the mxture ratio (x. 15 In step S606, the covered area

processqr..6 racts __the:backaground mponent s from.the pixel val ues of
%%ﬁksq%%’eul%)&t S €85 e SR edc%acg(gﬁﬁugfiegr?@ntanpr the the frane

the pixe onging £0t he covered Hackgr

h i nf i d i xt ' . 20 |
menory ’ 43%2%1:(1% h %oara%a ﬂon s%gsggtf,aft%gi:%gx tf}p%%{;r@u%%ﬁﬁ%?;(r)n%% Iegtg n

-step S covered area proce S eground

Conpon%ﬂkﬁfﬁﬁpﬁbEQ%rBPﬁﬁlc e s H8n Qhéegiigﬁgogggﬁg?%ggtgg covered

background area sent from the frame nenory 6 base he-area
i nf or MBtHcOR 3G bhea ThXetiel 4,0 PG sendkN thbRP 3698 rhhe A¥RALPESi zer 633

conbi nes.the 13 May 2005
5 623.
The separation processing block 622 is formed of an
uncovered area processor 631, a covered area processor 632,
a synthesizer 633, and a synthesizer 634.
A multiplier 641 of the uncovered area processor 631
10 multip{ies the pixel value of the pixel in frame #n+l sent
from the frame memory 621 by the mixture ratio o, and
outputs the resulting pixel value to a switch 642. The
switch 642 is closed when the pixel of frame #n
(corresponding to the pixel in frame #n+l) sent from the
15 - frame memory 621 belongs to the uncovered backérdund'area;'
and sends the pixel value multiplied by the mixture ratio «
sent from the multiplier 641 to a calculator 643 and the
synthesizer 634. Thé value obtained by multiplying the
pixel value of the pixel in frame #n+l by the mixture ratio
20 o output from the switch 642 is eqﬁivalent to the background
components oflthe pixel wvalue of the correéponding pixelriﬁ
frame #n. |
The calculator 643 subtracts the background components
sent from the switch 642.from,the'pixel value of the pixel

253  in frame #n sent from the frame memory 621 so as to obtain




f oreground conponents of the pixels belonging to the uncovered background
area extracted in the processing of step S605 with the fof ‘
components of the pixels belonging to the covered backgroung area
“extracted in the 5 processing of step S607- The synthesized foreground
conponents are sent to the synthesizer 603. The synthesizer 603 further
conbi nes the pixels belonging to the foreground area sent via the switch
602 with the foreground conponents sent fromthe separating portion 601 so
as to generate a 10 foreground corponent inmage. In step S609, the

synt hesi zer 634 conbi nes the background conponents of the pixels bel onging
to the uncovered background area extracted in the processing of step S604

é“gigg?aﬁﬁ (EF EaPHNb e oBBRO TR ERe Brackblf f\a%?r%@“%%%% "B Synt hesi zed
005 FuPbRae EONR: RaReeRED e EFsthe %% ?%éﬁ% o TREE R AT T i

the SWheh,ROd0ELE E,Q E1BPCHME OLPLa o cparane SPOREN. pneiels PEOL §59M Lhe separating

portion SO as onponent inege. In step S610,
the synthesj Z&h&%ﬁ@& PE S dh&nd %&g&w%mﬁ&am In step S611,

t he synt hesi zer 05 out puts the background conponent i mage, The processing

254s ﬁb@elgpmg eﬂ%@ 13c Vo a 2005 £ 159 ASi £l B CUS SEFhRdOp e, 1 tdent

f oregr ound/ ackgroun separ at or
from the frame memory 621 by the mixture ratio o, and

outputs the resulting piXel value to a switch 652. The
switch 652 is closed when the pixel of frame #n

(corresponding to the pixel in frame #n-1) sent from the

10 frame memory 621 belongs to the covered background area, and

sends the pixel value multiplied by the mixture ratio @ sent
from the multiplier 651 to a calculater 653 and the
synthesizer 634. The value obfained by muitiplying the
pixel value of the pixel in frame #n—l by the mlxture ratio
15 o output from the switch 652 is equ1valent to the background'
components of the pixel value of the corresponding pixel in
frame #n..
The calculator 653dsubtracts the background components
sent from the switch 652 from the pixel value of the pixel
20 in frame #n sent from the frame memory 621 so as to obtain
the foreground components. The calculator 653 sends the
foreground'components-of the pixel in frame #n belonging to
the covered background area to the synthesizer 633.
The synthesizer 633 combines the foregiound components

25 of the pixels belonging to the uncovered background area and

i




103 separates the foreground conponents and the background conponents from
the input i'nage based on the area information and the m xj4aypasd 0 a, and
~outputs the 5 foreground conponent image consisting of only t%e foreground
~conponents and the background conponent inage consisting of only the
background conmponents. Adjustnents of the amount of notion blur in a
foreground conponent image are described below 10 Fig- 67 is a bl ock
diagramillustrating an exanple of the configuration of the notion-blur
adjusting unit 104. The notion vectigy and the positional information
thereof sent fromthe notion detector 102 are sent to a unit-of- '
processi ng determ ning portion 801, a nodel-formng portion 15 802, and a
cal cul at or 805. The ar ea i_nf or ‘%ﬁn s%ﬂt from the area specifying unit

[

101 is 3t Pt ddufidtarta T IR P iORPSHEN tPhe
foregro conponent i.mage sent fromthe fo r qund/ backgr ound ., separ at or
105°Ps kg PR D RUPEIT Jo T SR ror prstey stea 3

determ ning.portiqn 80 r at he unit o rocessi.ng hased on the

not i on é\)éergtgo’%om t*‘_‘r(ijé‘:3 ﬁgiji"ﬁﬁo%ﬁca t ies%}dr r?e{'tdng’r{?ntc%er &5 SYREERESSr ea

i nformgt] mﬁﬂggégﬂgﬁﬁ&gﬁﬁg%QFQﬁkg%ngéI&§“999%9§Sing to the nodel -

f ormi ng portion e unit-of-processing ermning 25 portion 801

sengs the geqer §Sxﬁghlé§i_é%e9f s@@oes;‘nﬁkﬂgst e?tehsaéﬁgh/ggnaogémp&é@n@gder 804 As

an exanple is indicated by Ain Fig- 68, the un
of the pixels bhelonging to the uncovered background area and

sent from the switch 642 with the background componenfs of
the pixels belonging to the coveréd background area and sent
from the switch 652, and sends the synthesized backgrbund
10 components to the frame memory 623.
The frame memory 623 stores the foreground componénts
- and the background components of the pixels in the mixed
area of frame #n sent from the separation processing block
622. o
15 . The frame'memorf 623 outputs the stored foreground
components of the pixels in the mixed area in frame #n and
the'storeq background components of the pixels in the mixed
area in frame #n. |
By utilizing the mixture ratio o, which indicates the
20 feature'quantity, the foreground compohénts and the
‘ background Componenfs included in the pixel values can be
comple£ely-sepératéd.
The synthesizer 603 combines the foregrdund componenté
of the pixels in the mixed area in frame #n output from the

25 separating portion 601 with the pixels belonging to the




processi ng generated by the unit-of-processing determning portion 801

i ndi cates consecutive pixels disposed in the 5 noving dirdé8Mayr086arting
fromthe pixel corresponding to the covered background area of the :

- foreground conponent image until the pixel corresponding to the uncovered
background area, or indicates consecutive pixels disposed in the noving
direction starting fromthe pixel corresponding 10 to the uncovered
background area until the pixel corresponding to the covered background
area. The unit of processing is forged-of two pieces of data which
indicate, for exanple, the upper left point (which is the position of the
| eft rost or the topnost pixel in the imge designated by 15 the unit of

' the | i ght int, Th del - f ' ti 802 f
2 oot °baszAlAa <Fre K on eaBaF AR EnEoRRREObR pr OlREST . More
ifi . del - ' ti 802 st [ d
o ur S0 o TG (B AR AR E G RSO ROPRRBEA Y Dl vel < i neuded

| heobbnghr R 9ECERL NG Ehe sl EhUahigbd sten munber,ofythe pixel val ue

inthe time direction, an nunber o conponents for each

pi xel . oubguBDgebnf OR a1 QQpQPéE%lQ@ ﬁ@?ﬂ@ﬁ%éf'@f # ehddale; 4N which the

correl ation between the pixel values and the 25 foredground conponents is

desi gneéBeng s1§ e @SthBaba ShOMuAD dBe MY 2005¢0 g%?né:f&_e 69, based on the
unit of processing and the virtual division nunber of the pixel value in
the tibeckyfesid Ofompénést NDagesumed, for exanple, that the nunber of
Fig. 65A illustrates an example of the foreground
component image corresponding to frame #n in Fig. 61. The
leftmost pixel and the fourteenth pixel from the left
10 consist of only the background components before the
foreground and the background are separated, and thus, the
pixel values are set to 0.
The second and fourth pixels from the left belong to
the uncovered background area before the foregrouﬁd and the
15 béckgrouhd are separated. Accordingly, the background
components are set to 0, and the foreground components are
maintained. The eleventh through thirteenth pixels from the
left belong to the covered background area befofe the
foreground and the background are separated. Accordingly,
20 the background components are set to 0, and the foreground
components are maintained. The fifth through tenth pixels
from the left consist of only the foreground components;
which are thUS'maintained. |
Fig. 65B iilustratés an example 6f the background

25 component image corresponding to frame #n in Fig. 61. The




. pixels corresponding to the unit of processing is 12, and 5 that the.
amount v of movement within the shutter time is 5. Then 13 Ry @gggl-fornlng,
portion 802 sets the virtual division nunber to 5, and selecgs a nodel
fornmed of eight types of foreground conponents so that the | eftnbst pixe
‘includes one foreground conponent, the second pixel fromthe 10 |eft
includes two foreground conponents, the third pixel fromthe left includes
three foreground conponents, the fourth pixel fromthe left includes four
pi xel conponents, the fifth pixel- fisgm-the left includes five foreground
conponents, the sixth pixel fromthe left includes five 15 foreground
conponents the seventh pier fronlthe | ef t includes five f or egr ound

. conpon the el t he .l efit ude reground
corrpongl Et é%¥1 §§1 %ﬁ?ﬁ?anﬁglﬁ%ﬁﬂﬁf dr egr ound
conpone |x f1 udes t hr foreground 20
.conponen E %ttF:eOfelogl\r;L ep%?ecik hCeO%T ec?r}enl%rlsc%’u?e GC% for egr ound
compon ngl ne f.reground
corrpongfr}%xse st eagﬁ% eIfectl #&%UJC{ A;L-;S{ ttéadpr(eél S %?‘é‘ e%l s, ,the

model -fggégc‘{lgmggitd o%%trgaﬁrggeq%rlqltﬁlqlerg)del based on 25 thermtl on
vector and unit of processing when the notion 13 May 2005 158 vector

andst he uni frpef sREEEAS $hPBudhe £58R kD gnee%d%koﬁx%ﬂbnge@erBé@8n§02 sends
the selected nodel to an equation generator 803. The equation generator
803 gengs aitRs Wt R PANERANd area before the foreground and
the background.are separated. Accordingly, the foreground
components are set to 0, and the background components are
maintained. The eleventh through thirteenth pixels from the
10 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 background
components are maintained. The fifth through tenth pixels
from the left consist of onlj the foreground compconents, and
15 thus, the pixel values are set to 0.
The processing for separating the foreground and the
background éxecuted by the foregfouhd/background separator
103 is described below‘with reference to the flowchart of
Fig. 66. In step S601, the frame memory 621 of the
20. separéting portion 601 cbhtains aﬁrinput image, and stores
frame #n for which the foreground and the backéreund are
separated. together with the previous frame #n-1 and the
subsequent frame #n+1.
In step S602; the separation processing block 622 of

25 the separating portion 601 obtains area information sent




5 on the nodel sent fromthe nodel -formng portion 802. A description is

gi ven below, with reference to the nodel of the f or egr outgimapopesent - i mage
shown in Fig. 69, of equations generated by the equation generator 803
when the nunber of foreground conponents is 8, the numbher of pixels 10
corresponding to the unit of processing is 12, the amobunt v of novenent
Wthin the shutter time is 5, and the virtual division nunber is 5. Wen

t he foreground conponents included in the foreground conponent inage
corresponding to the shutter 15 tinsggv-are FO1l/v through FO8/v, the

rel ationshi ps between FOl/v through FO08/v and the pixel values COl1 through
- Cl2 can be expressed by equations (71) through (82). C01 = FOl1/v (71) Q02

= F02/ 20 C03 03/ v F FO1/ v = F04/
Fo5r s Erpmhfye ts‘i;leezﬁaylo(ﬁ%fw%%% TR é%%(%g’d%o S+ Fol/v

75 06/v + FO5/v 0 + F02/ C07. = FO7/ + FOo6/
s/ §98aEahigh irasPe s Tng, Doattn 2L Pk erie Fabdyd 0 o%?rt%os& T Foarv
= FO08/v

b HO YRR HE AT ST A P ™
calculator 102.

5 In step S604, the uncovered area processor 631 extracts
the background components from the pixel values of the
pixels belonging to the uncovered background area sent from
the frame memory 621 based on the area information and the
mixture ratio o.

A0 In step S605, the uncovered area processor 631 extracts
the foreground components from the pixel falues-of the
pixels belonging to the uncovered background area sent from
the frame memory 621 based on the area information and the
mixture ratio o.

15 g In step S606, the covered area processor 632 extracts
the background components from the pixel wvalues of the
pixels belonging fq the covered backgroun& area sent from
the frame memory 621 besed on the area information and the
mixture ratio o.

ZO In step 5607, the covered area processer 632 extracts
the foreground components from the pixel values of the
pixels=belenging to the covered background area sent from
the frame memory 621 based on the area information and the
mixtufe ratio .

25 . In step $608, the synthesizer 633 combines .the




5 The equati on generator 803 generates an equation by nodifying the .
generated equations- The equations generated by the equaizgryaeosrator 803
are indicated by equations (83) though (94) C01 = 16FA /v + %[FOZ/V +
"O*F8/v + OGF04/v + OFFOB/v + 10 O*FO6/v + OGF07/v + OOF08/v (83) ~C02
10F0.1/v + 10F02/v + OFB/v + OFX4/v + OOF0O5/v + OFO6/v + CeFO7/v +
OG-08/v (84) C03 = I*FOL/v + | OF02/v + 10F03/v + OOF04/v + OOFO5/v +
O*FO6/v + OG07/v + OG08/v (85) 15 C04 = 10FA /v + 10F02/v + 10F03/v +

| OF04/v + OOF05/v + OGFOE v + CeFOd/svi + OFFOB/v (86) C05 = 10FA /v +
10F02/v + 10F03/v + 10F04/v + 10F05/v + OGF06/v + OOF07/v + OOF08/v (87)
C06 = OOF01/v + 1*F02/v + 10F03/v + DDF04/v + 10F05/v + 20 10F06/v +

OOF07/ v + 08/ . 38 7 = 01/ v. + . OOK02/ v + | oEQ3/ + 10F04/ v
ko5 e FE MY o, R T T B B i B he + Coros/ v +

OCF03/ v + + + V.ot A*FO7Ly, + : ) 25 Q09. =
QOF01/ v“ric"g'ge% backghaEid) a+reé %%ﬁ{/ac}el /‘%xhe+ Pf?%%%’/l%‘ﬁgg’(} 160 10F06/ v
10F07/ Vs dEF QR 0 (Rlon GHE QRO G PXG ot 1 QOR08/04, OFRQA OOF05/ v +
1FOB/ v+ 1OFO7/ v Pl*Fos/v (92) A1 = 00F01/ v -I?%éetF&?vl F OFFOB/ v OFFO4/ v

+ O FOYan shginPdORe ol dild babe kIRl 23 extracted in the

5 processing of step S607. The synthesized foreground
compeonents are sent to the'synthesizér 603. The synthesizer
603 further combines the pixels belonging to the foreground
area sent via the switch 602 with the foreground components
sent from the separating.portion 601 so as to generate a
10 foreground component image.

In step 5609, the synthesizer 634 combines the
background components of the pixels bélonging to the
uncovered backgroﬁnd area extracted in the processing of
step_SGOé with the'background components of the pixels

15 belOnging to the covered background area extracted in the
processing of step 8606. The synthesized background
compenents are senﬁ to the synthesizer 605. The synthesizer
605 further combines the pixels belonging to the background

~area sent via_thg switch 604 with the background components
- 20 sent from the Separéting.portion 601 so as to generaté a
| baékground component image.

In step S610, thé synthesizer 603 outputs the
foreground componeﬁt image. 1In step S611, the synthesiier
605 outputs the baékground‘cbmponent image. The processing

25 is then completed.




Cl2 = OOF01/v + OeFQR2/v + OOF03/v + O'FO4/v + 09F05/v OOF06/v + OOF07/v +
1*FO8/v (94) Equations (83) through (94) can be expressedi1pKayequgt i on
(95). G =Zaij-Filv (95) 10 i=01 In equation (95), j designates the

position of the pixel. In this exanple, j has one of the values from1 to
12. - In equation (95), i designates the position of the foreground value.
In this exanple, i has one of the values from1 to 8 15 In equation (95),
.aij has the value 0 or 1 according to the values of i and j. Equation (95)
can be expressed by equation (96)-ih55consideration of the error. 08 Q= Z
aij - Filv + e (96) i=01 20 In equation (96), ej designates the error

included in the designated pixel . Equation (96) can be nodified into

equation (97 .q 1%15@?3%%%161&9@ ﬁir%ro&@/ﬁic éo\hr&%)e 50, n order
to apply the net | east ‘squar es, e square un1 of The error is
definegdobys£9825+98 £88) foreground components and the background
components from the input image based on the area
information and the mixture ratio o, and outputs the
5 foreground component image consisting of only the foreground
components and the background component image censisting of
only the background components.
Adjustments of the amount of motion blur in a
foreground component image are described below.

10 Fig. 67 is a block diagram illustrating an example of

the configuration of the motion—-blur adjusting unit 104.

The motion vector and the positional information thereof
sent from the motion detector 102 are sent to a unit-of-
processing determining portion 801, a model-forming portion

15 802, and a calculator 805. The area information sent from
the area specifying unit 101 is sent to the unit-of—
processing determining portion 801. The foreground
component image sent ffdm the foregroﬁnd/backgroﬁnd
separator 103 is sent to the adder 804.

20 The-unit—of—procéssing determining‘poftion 801
generates thé unit of processing based on the motion vector,
the positional information thereof, and the area information
and sends the-generated unit of processing to the model-
forming portion 802. The Unit—of—procéssing deterﬁining

25 portion 801 sends the generated unit of proceSsing to the




12 E=Z¢e] 2 (98) =01 51n order to mnimze the error, the parti al
differential value using the variable Fk with respect to {higaysgosre sumEg
of the error should be 0. Fk is determ ned so that equation 399) i's )
satisfied. 12 dE 49ej' =2 -Z ej. aFk j=01 dFk 12 09 =2 -Zf(G -Z a
Ij-Filv)- (-a kjlv) 0 (99) =01 i=01 10 In equation (99), since the anount
v of novenent within the shutter tinme is a fixed val ue, equation (100) can
be deduced 08 akj-,(%Q -Z a ij-Filv) =0 (100) i=0_7 To devel op equation
(100) and transpose the terns, 15 eqéation (101) can be obtained. 12 08 12
Z(akj-Zaij-Fi) = v.Zakj. Q(70-1) j=o-, i=01 j=01 Equation (101) is

devel oped into eight equations by substituting the individual integers
from1_to 8 ispt,o k in equation (178). The obtai ned ei ght equations can be

As an example is indicated by A in Fig. 68, the unit of
processing generated by the unit—of—processing determining
portion 801 indicates consecutive pixels disposed in the

5 moving direction starting from the pixel corresponding to
' the covered background area of the foreground component

image until the pixel corresponding to the uncovered
background area, or indicates consecutive pixels disposed in
the moving direction starting from the pixel corresponding

10 to the uncovered background area until the pixel
corresponding tb the covered background area. The unit of
proéessing.ié formed of two pieces of data which indicate,
for example, the upper left péint {which is the position of
the leftmost or the topmost pixel in the image designated by

15 the unit of processing) and the lower right point.

The model—forming pertion 802 forms a model based on

the motion vector'and the unit of processing. que
" specifically, for examﬁle} the model-forming portion-SOZl
stores in advance a plurality of ﬁodels in accordance with
20 the number of pixéls included in the unit of processing, the
| virtual division number of the pixel value in the time

direction, and the number of foreground componénts for each
pixel. The model-forming portion 902 then selects a model

in which the correlation between thé pixel values and the

© 25 foreground components is designated, such as that. shown in




13 May 2005 162 expressed by one matrix equation. This equation is
referred to as a normal equation. An exanple of the nornﬁéwﬁgqgg5on
generated by the equation generator 803 based on the nethod 0

| east.squares 5 is indicated by equation (102). -543 210 0 0" -FAO G
45432100 F02 G 34543210 FO3 V. i=07 (102) G 23 454321F04
12345432F05GCG 01234543F06C 00123454 F07 07 XG
i=03 LO0O 0123 45J) LF08) es XCl i=02 05 | G Wen equation (102) is
expressed by AeF vOC, C, A and v Bs® known, and F is unknown. A and v are
known when the nodel is formed, while C becones known when the pixel value
10 is input in theaddition processing.

Fig. 69, based on the unit of processing and the virfual
division number of the pixel value in the time direction.
It is now assumed, for example, that the number of
pixels cdrresponding to the unit of processing is 12,_ahd
5 that the amount v of movement within the shutter time is 5.
Then, the model-forming portion 802 sets the virtual
division_number to 5, and selects a ﬁodel formed of eight
- types of foreground components so that the leftmost pixei
includes one foreground component, the second pixel from the
10 left includes two foreground components, the third pixel
from the left includes three foreground components, the
fourth pixel from the left includes four pixel components,
the fifth pixel from the left includes five foreground
components, the sixth pixel from the left includes five
15 foreground components, the seventh pixel from the left
includes five foreground components, the eighth pixel from
the left includes five foreground components, the nintﬁ
pixel from the left inéludes four foreground componenté, the
tenth pi#el from the left includes three foreground
20 components, thefeleventh pixel from the left includes two
| foréground.compoﬁents,_and the twelfth pixel from the left
includes one foreground component.
Instead of selecting a model from the pre—-stored models,
:the‘model;forming'porfion 802 may generate a model based on

25 - the motion vector and the unit of processing when the motion




"By calculating the foreground conponents according to the normal equation
~ based on the method of |east squares, the error includediigalbgopi xel C
- can be distributed. The equation generator 803 sends the nornal equation
15 generated as di scussed above to the adder 804. The adder 804 sets, based
~on the unit of processing sent fromthe unit-of-processing determning
portion 801, 13 May 2005 163 the pixel value Cincluded in the foreground
conponent image in the matrix equation sent fromthe equati on generator
803. The adder 804 sends the matFri x15Bn-which the pixel value Cis set to
a calculator 805. 5 The cal cul ator 805 cal cul ates the foreground conponent
Fi/v fromwhich notion blur is elimnated by the processing based on a

soILn|<q§cE%%cgn%§t%‘swee 6%%Ip%%t%%%i Ga%g§; Jordan elimnation), so as to

obt ai n cor respondi g to dicati vy “6i%e 55 the integers from1 to 8,

which 1S thendOnBhXel Xhiif! HOM YBh CBoIOLLARLDLHL L eLLILngled, The

cal cul at or en outputs~t or egr ound conponén mage consisting of

the pixgl waldes thiopWigbheyt, ¢t ig@s blur, such as that in Fig. 70, to a
not i on-bl ur adder 806 "and a sel ector 807. 15 In the foreground conponent

i mage W t hoghe MBELOR: Bh UsensPOVOri B0l GendParbbeaf eag0e{ jng FO1
t hr ough F08 iﬁ %D3 %hrggaﬁ Clo,rrespeg??ve?§, ig n%? t% g%a%ﬁ%é?he '

posjti o tak mbEefokegiowRdmC@RBORBAL1-FBERI Wt Bor@SBRCKORO the screen.
However, FO1 through FO8 may be set in any desired positions.
A description is given below, with reference to the
model of the foreground comﬁonent image shown in Fig. 69, of
~equations generated by the egquation generator 803 when thé
number of foreground components is 8, the number of pixels
10 correspending to the unit of processing is 12, the amount v
of movemenf within the shutter time is 5, and the virtual
divisiqn number is 5.
- When the foreground components included in the
foreground component image cofresponding to the shutter
15 time/v are F01/v through F08/v, the relationships between
F01/v through F08/v and the pixel values C01 through Cl12 can
be expressed by eqqations (71) through (82).

C0L = FOl/v | ' (71)

C02 = F02/v + FO1l/v - ' (72)
20 C03 = FO3/v + F02/v + FOl/v S (73)
C04 = FO04/v + FO3/v + FO2/v + FOl/v : (74)
C05 = FO05/v + F04/v + F03/v + F02/v + FOl/v (75)
C06 = FO6/v + FOS/v + F04/v + FO3/v + F02/v (76)
C07 = FO7/v + FO6/v + FOS5/v + FO4/v + FO3/v (77)

25 €08 = FO8/v + FO7/v + FO6/v + FOS5/v + FO4/v (78)




" which notion blur is

20 The notion-blur adder 806 is able to adjust the anmount of notion blur .
by adding the ampunt v' by which motion blur is adjustedq3yayoposs
~different fromthe anount v of novenent, for exanple, the ambunt v' by

adj usted, which is one half the value of the anmount v
of 25 novenent within the shutter tine, or the anobunt v' by which 13 May
2005 164 notion blur is adjusted, which is irrelevant to the anount v of
novenent within the shutter time. For exanple, as shown in Fig- 71, the

not i on-bl ur adder 806 divides the-fbseground pixel value Fi w thout notion
bl ur by the amount v' by which 5 notion blur is adjusted so as to obtain
the foreground conponent Fi/vl. The notion-blur adder 806 then cal cul ates

the sumof the f ofrﬁg;‘pupc%&p/g)op%é/‘gil VELOS}‘per eby gener %épg t he pi xel

val ue in mhl@f t he anount of notion ur 1s adjusted. For exanple, whén
t he -anount & by i 1Q. ot on is adjusted is 3, th | xel val ue C02
is set to (FOl)/v ,F{H% Sygil'ba J§AES is set to (FO + Fgg§$v', t he

pi xel val ue{P4 it f edFJ + FO2 + FO3)/v', and the pixg] value COS5 is
set to (FO2 + FO3 + FO04)/v'. The notion-blur adder 806 sends the foreground

15 conponeng1d nageyd A Whi ch the amount of notion blur is aghyusted to a
sel ector 807. The sele ctor 807 selects one of the foreground conponent

i mage W t hotie radfuadidil Wersaitdr @03 hfortd A0 ecBQ i Yyhe foreground
conponent image in which the amount 20 of notion blur is adjusted sent
from thed oy i om-bheirgatistesited equations. The equations generated

by the equation generator 803 are indicated by equations

C01 = 1eFQ1l/v + QeF02/v + 0eF03/v + QeF04/v 0*F0S5/v
10 QeF06/v + 0eF07/v + 0eF08/v (83)
C02 = 1eFQl/v + 1eF02/v + 0*F03/v + QeF04/v + QeF05/v
0SF06/v + 0sF07/v + 0F08/v (84)
C03 = 1eF01/v + 1eF02/v + 1eF03/v + 0eF04/v + 0eF05/v
0eFQ6/v + O'FO%/V + (QeF08/v (85)
15 €04 = 1eF01/v + 1eF02/v + 1eF03/v + 18F04/v + 0F05/v -
QeF06/v + QeF07/v + O'EOS/V {86)
CO5 = 1eF01/v + 1eF02/v + 1eF03/v + 1eF04/v + 1eFO5/v
0sF06/v + QeF07/v + 0eFO8/v ®7) |
C06 = Q0eF01/v + 1eF02/v + 1eF03/v + 1eF04/v + 1eF05/v
20 1eF06/v + (eF07/v + OsF08/v (88)
C07'= QeF01l/v + O-FOZ/V-+ 1eF03/v + 1leF04/v -.10F05/v
ler06/v + 1eF07/v + 0eF08/v (89)
C08 = QeFQl/v + 0eF02/v } 0eF03/v + leFQ4/v l1eFQ5/v
1-F06/§ + 1eF07/v + 1eF08/v (90) |
25 C09.= QeF0Ll/v + 0eF02/v + 0eFQ03/v + 0eF04/v + 1eF05/v

(83) though (94).




806 based on a sel ection signal feflecting a user's selection, and outputs

the selected foreground conponent image. As discussed abeyg,,big
notion-blur adjusting unit 104 25 is able to adjust the anount o? not i on

“blur based on the 13 May 2005 165 selection signal and the anmount v' by
which notion blur is adjusted. Al so, for exanple, when the nunber of
pixels corresponding to the unit of processing is 8 and the anobunt 5 v
of novenment within the shutter time is four, as shown in Fig. 72, the

noti on-blur adjusting unit 104 genengipes a matrix equati on expressed by
equation (103). -4 32 10 701 V. XC (103) 3432 1F0207 Eci 234
32F03 zci 12343F04i=03LO1234, LFO5J EG CJ J=011In this

T ) 5/ TEA, BB LI S 08 Agesl cul ates B w15 the
the eauqld an gefo1 AGCOM aREE/M | odfls ) POt ERf ANG WL 59L Rrocessing.
1eF06/v + 1eF07/v + 1eF08/v ‘(92)
Cll = 0er0Q1l/v + 0eF02/v + 0eF03/v + 0eF04/v + 0eF05/v +
5 0*F06/v + 1leFQ7/v + 1eF08/v {93)
Cl12 = 0eF01/v + 0eF02/v + 0eF03/v + 0eF04/v + 0eFO0S5/v +
O0eF06/v + 0eF07/v + 1eF08/v A {94)
Equations (83} through (94} can be expressed by
egquation (95).
08 ' . _
L, G =.-=>;; aij-Fily | (95)

In equation (95), j designates the position of the pixel.

- In this example, j has one of the values from 1 to 12. 1In
equation (95), i designates the position of the foreground
value. 1In this'exaﬁplé, i has éne of the values from 1 to 8.

15 1In equation (95f, aij has the value 0 or 1 according to the
values of i and j.
Eguation (95) can be expressed by equafion (96} in
consideration of the error.

68 ' 7 .
Cj=2,aij-Fily + & S (96)

i=01
20 In equation (96), ej designates the error included in the
- designated pixel Cj.

Equation (96) can be modified into equation (97).




‘Simlarly, for exanple, when the nunber of pixels included in the unit of

_processing is 100, the equation corresponding 15 to 100 phgwb§jg§5generated_
so as to calculate Fi. Fig. 73 illustrates an exanpl e of another g '

~configuration of the notion-blur adjusting unit 104.- The sane el enents as
~those shown in Fig- 67 are designated with |like reference nunerals, and an
expl anati-on thereof is thus omtted. 20 Based on a selection signal, a

selector 821 directly 13 May 2005 166 sends an input notion vector and a

posi tional signal thereof to the-upgi-of-processing determ ning portion

801 and the nodel-formng portion 802. Alternatively, the selector 821

may substitute the magnitude of the notion vector by the 5 anount v' by

whi ch notion blggr is adjusted, and then sends the notion vector and the

posi ti a{(gi.g@atiinep\mj to the unit-of-processing dg;grm‘ ni ng portion
801 and"the"nod@i - Tormng unit 802. Wth this arrangenent, the

unit-of -processing 10 determ ning portion 801 through the cal cul ator 805 of
the notion:pl justi i in Fig. 73 are |l e to adjust

t he anmount %043 cgrgt)cﬁ%in Ial&%g%“ynn%%%%?%}i%%%t eat‘%% SEANDUnt \a/tq_b? novemnent

W thin hutt e j n A jich. oot blur is
adjust3%Q§E%rg%&a%p+%?€aﬁe%r%ﬁg ?gng%%ﬁﬁgdvg%fgﬁgggﬁgﬁt(g?%hin the shutter
tine_iiafhﬁgnqzthe amount v' by which nmotion blur is adjusted is 3, the
unit- &= €¢ssing deternining portion 801 through t h€9&al cul ator 805 of

- the notioff®l ur adjusting unit 104 shown in Fig. 73

5 In order to minimize the error, the partial
differential value using the variable Fk with respect to the
square sum E of the error should be 0. Fk is determined so

that equation (99) is satisfied.
dE _, & ,. 0€
dFr 2 ,-;Ew A ,
J 7] 08
=23 {(C_] —_Z'aij-Fi/v)’(—dkj/v) =0 (99)

j=01 i=01

10 In equation (99), since the amount v of movement within

deduced. _

12 : 08 : _
2 akj- (Cj-Y aij-Fily) =0 (100)
J=o1 i=01 '

To develop eguation (100) and transpose the terms,

15 equation (101} can be obtained.

n 08 1z . . ’
Z (akj-zaij-Fi)=V92akj- Cj _ _ (101)
J=0I1 i=01 J=01 _

Equation (101) is developed into eight equations by
substituting the individual integers from 1 to 8 into k in

equation (178). The obtained eight equations can be




execut e conputation on the f oreground conponent image in 20 which the
anount v of novement within the shutter time is 5 shown kfpnal 20069
according to the nodel shown in Fig. 71 in which the anount Vv' by

‘notion blur is adjusted is 3. As a result, the inage including notion blur

havi ng the anmount v of novenent within the shutter tine of (amount v of 25

nmovenent within the shutter tine)/(anmount v' by which notion 13 May 2005

167 blur is adjusted) 5/3, i-e., about 1.7 is obtained. In this case, the
cal cul ated i mage does not include-matgzor bl ur corresponding to the anpunt
v of nmovenent within the shutter time of 3. Accordingly, it.should be

noted that the 5 relationship between the anmbunt v of novenent mﬁthin t he

shuttergg unt. v i ch 0N qur s adju
dlfferentﬂ#Tés tby]resu o’?l}ihci(l i Oh- gﬁfjr S S8 1oAF S

above, EJMégngl(yﬁﬁgfu j{usti ng unit 104 10 generates the equatlon in
accordance with anount v of novenment within the shutter tinme and the

unit of proggssi a S [ e foreground conponent
image in the Se%ggéfeggegggtP%%ﬁa?hégg éggglguﬁ%f%ggd ﬁg gbgreground

conponefjud fRGE dah MAth: e MWt of ¢ Wb Rlaun Jd:8 radiisted. The

processing for adjusting the anmount of notion blur included in the

: forsgrqundjﬁnﬁﬁQ@@nbyl@@@@tgx@cund}by the notion-blur adjusting unit 104

i's described below with_reference tog the flowhart of Fig. 74.
15 437210 o For;

2. Ci
45432100} F02 E“C
34543210|Fo3|l=v-|5 (102)
2345432 1| Fo4 2 Ci
112345432||F05 2Ci
|01234543| Fo6 $ci
0012345 4||Fo7 £ 0
0001234 51LFo8) o

2.Ci

pre]

“When eqUAtion (102) 18 expressed by AeF = Vet € A and T

. v are known, and F is_unknown. A and v are known when the
model is formed, while C becomes known when the pixel value
10 is input in the_additién processing.r
" By calculating the foregroﬁnd componenté according to
the normal equation based on the method of least squares,
the error included in the pixel C can be distributed.
The équation generator 803 sends the normal equatién
‘15 generated as discussed above to the adder 804.
The adder 804 séts, based on the unit of processing

sent from the unit-of-processing determining portion 801,




20 In step S801, the unit-of-processing determning portion 801 of the
notion-blur adjusting unit 104 generates the unit of progeggaypgodased on
. the notion vector and the area information, and sends the generated unit
- of processing to the nodel-formng portion 802 25 In step S802, the
nodel -form ng portion 802 of the 13 May 2005 168 notion-blur adjusting
unit 104 selects or generates the nodel in accordance with the anobunt v of
novenent within the shutter tine and the unit of processing. In step S803,
. the equation generator 803 generategzthe normal equation based 5 on the
selected nodel. In step S804, the adder 804 sets the pixel values of the
foreground conponent image in the generated nornmal equation. In step S805,
t-he adder 804 fete m nes whet her  the pixel values of all the, pixels
-corres_EBﬁdPh’ée oVRhBeuhi tPE8UBF ptBCcEEE| AGTEFECRRE. CPFPPRENE HBRER NI ned
that the pixel _val ues oé‘alr th gier% corres onding to the gght of
or ocestTnbar BaFbiy EEuEEo0 REM pr bERYs CPEt GAHE CLON sPEPSB869E AAd t he
processing r_sgtiin he, pi xel . val ues in.the _normal equation.is_repeated.
R Tl S LR S e TR0 s MRS S T R TR SH
pixelssg9r£gsgogQ%§g 10,3 hgyanit of processing are set, the process :
tep %. Th s? i

proceeds to ste ep S806, the calculator 805 cal cul ates the

pixel val usgofcdhign S eg@indid el e ammunlogls Wi ghalur 1S
adj usted 20 based on the normal equation.in e fﬁe pi xel” val ues are
Fi/v from which motion blur is eliminated by the processing
based on a solution, such as a sweep-out method (Gauséw
Jordan eliminétion), so as to obtain Fi corresponding to i
indicating one of the integers from 1 to 8, which is the
10 pixel value from which motion blur is eliminated. The
calculator 805 then outputs the foregropnd component image
consisting of the pixel values Fi without motion blur, such
as that in Fig. 70, to a motion-blur adder 806 and a
selectbr 807.
'ﬂTISHwammmfﬁmfhémfbfééiéﬁﬁdmébmbéﬂéﬁfmiﬁééémﬁiﬁhdﬁf'ﬁdfiéﬁnbiﬁfm'w'mm”mm”HWWHJ

shown in Fig. 70, the reason for setting FO0l through F08 in

C03 through C10, respectively; is not to change the position

of the foreground cdmponent image with respect to the screen.
'However, FO01 through F08 may be set in any desired positions,
20 The motion-blur adder 806 .is able to adjust the amount |
of motion blur by adding the amount v' by which motion blur i
is adjusted, which is different from the amqunt v of
movement, for examplé, the amount v' by which motion blur is
adjustéd, which is one half the wvalue of ﬁhe amount‘v of

25 movement within the shutter time, or the amount v' by which




- set sent fromthe adder 804.- The processing is then conpleted. As

- di scussed above, the notion-blur adjusting unit 104 is afj @aj 206 ust the
amount of notion blur of the 25 foreground i mage including notion bl ur
"based onthe notion 13 May 2005 169 vector and the area information. That
is, it is possible to adjust the anmpbunt of notion blur included in the

_pi xel. values, that is, included in sanpled data 5 Fig. 75 is a bl ock
diagramillustrating another exanple of the configuration of the
notion-blur adjusting unit 104. Fheenoti on vector and the positional
information thereof sent fromthe m xture-ratio calculator 102 are sent to
a unit-of-processing determ ning portion 901 and an adjusting 10 portion
205, The Alea ilfor Iatian senl LLOmithe ared) Speei Lyl pgounph, 01,0 sent
to the unit-of-procéssing et'erm ni ng porflon BI. “The ?oreground

COMPONYIK. B0 n:S ENLLEROMLNELakegr aupgl bagkgr oy $epaLat gpodRs |s sent

to a calculator 9 The unit-of-processing de nifng portion 901

gener atigs gile ynit +Qt PERGBASHAAPASAE 0BoENE: PPhEONLNECEBFeqrbifa
positional iI'nformation thereof, and the area i nformation, - agd sends it

t oget hgyi et Ratihe 0t LQRKH¥EE! AbtiBnaniMdehy £RENLRAGURE! {F 0By 90Ri RO The
nodel -form ng portion 902 forns a nodel based on the notion vector and the
i NpsIt  whiditdiodf ppheCesShAgusMBleso as to obtain the foreground

component Fi/v'. The motion-blur adder 806 then calculates

the sum of the foreground components Fi/v', thereby

generating the pixel value in which the amount of motion

blur is adjusted. For example, when the amount v' by which

10 motion blur is adjusted is 3, the pixel value CO2 is set to
(F01) /v', the pixel value C3 is set to (FO1 + FO02)/v', the
pixel wvalue C04 is set to (F0O1 + FO02Z + ¥F03) /v', and the

pixel value CO05 is set to (F02Z + FO3 + F04)/v'.

The motion-blur adder 806 sends the foreground

adjusted to a selecto; 807.

The sglebtor 307 selects one of the foreground
component image without motion.blur sent from the calculator
805 and the foreground component image in which the amount

20 of motion blur is adjusted sent from the motion-blur adder

806 based on a selection signal reflecting a user’'s
selection, and outputs the selected foreground .component
image. |

As discussed above, the motion—biur adjusting unit 104

25 -1is able to adjust the amount of motiom blur based on the




specifically, for exanple, the nodel-formng portion 902 stores in advance
a plurality of nodels in accordance with the nunber of phgﬁgg h&s! uded in
the unit of processing, a 25 virtual division nunber for piXx F val ues in
“‘the tinme 13 May 2005 170 direction, and the nunber of foreground
conponents for each pixel- The nodel-form ng portion 902 then selects a
nmodel in which the relationship between pixel values and foreground _
conponents i s designated, such as that showmn in 5 Fig. 76, based on the
unit of processing and the virtual igsvision nunber for the pixel values in
the tine direction. It is now assuned, for exanple, that the nunber of

pi xel s corresponding to the unit of processing is twelve, and that the
anount _y.of , tpvenent Tﬁth&n %he shut%er,t#ne Ls 0 five. TEen,.the
model - For i A Bof tFBR 9829sEPE FRE G r YuaPY WPYFBi BRUABRLBIUFoifive, and
sel ect g ﬁugggﬁl formed of eight foreground conponents such that the
‘Ieftnnsg pr Xél i ncl udes one foreground conponent, the second pixel from

the left id;g%yde&gv&g £91 Wﬁ‘?%%‘%%eéfg%ﬁ%w pi xel fromthe 15

left inclu three foreground conpone pi xel fromthe left

i ncl udgsriounoRixgl cQNPRLent s+ Lhe,fi : PLX rom.Lhe, Left. i ncludes
five forggrg%%d co%pongﬁ$s, thg 6.§?§?ﬁég?§§? %%o%ftﬁ%alg?% %ﬁ%+ﬁggs five
foregreustl mePameneny: schiecsevent ok xelntr o ther! eft Lpglydes five 20
f oreground conponents; the eighth pixel fromthe Ieft includes five
foregreugd ToppemenhsStiéhepnhAtiaphxelndrome ibe fehdripelugdes four
foreground conponents, the tenth -

matrix equation expressed by equation (;03).

4 3 2 1 0_ FO1 = gC" (103)
34321 F02. $ci
2343 2||Fo3 &t
1123 4 3| Fos G
07123 4llFos] |2
| pe]

In this manner, the motion-blur adjusting unit 104

S0 calcilates Fi which is theplxel T T e S P

of motion blur is adjusted, by setting up the-equation in

accordance with the lengthAof the unit of processing.

Similérly, for example; whén the number of pixels included

in the unit of processing is 100, the équation corresponding
_15 to 100 pixels is generated so as to calculate Fi.

Fig. 73 illustrafes an example of another configuration
of the motion-blur adjusting unit ld4.~ The same elements as
those shown in Fig. 67 are designated with like reference
numerals, and an explanation thereof is thus omitted.

20 - . Based on a selection signal, a selector 821 directly




pixel fromthe left includes three foreground conponents, the eleventh

pi xel fromthe left includes two foreground 25 conponent s13 gagobbe twel fth
‘pixel fromthe left includes one 13 May 2005 171 foreground conponent. -

"I nstead of selecting a nodel fromthe pre-stored nodels, the nodel-form ng
portion 902 may generate a nodel based on the notion vector and the unit

of processing when the notion 5 vector and the unit bf.processing are

‘sent. An equation generator 903 generates an equation based on the nodel
.sent fromthe nodel -formng portionig@2.. A description is now given, with
reference to the nodels of foreground conponent inmages shown in Figs. 76 :
10 through 78, of an exanple equation generated by the equation generator ;

903 when_ the nunber of fareground conmponents .is eight, the nunber of
pi xel s coffe ndiRvg P@tﬁﬁg UﬁCF°5fanﬁr@cé@?ﬁﬁdop§ltﬁé99€l 5R8TERE anmount v

f th h tt d t
Tnol uded P M o RigEaa ot 8&3%%%@@ pea?aggpﬁﬂéc”e t508he shut ter |
t / 1-R 0 / th h
i me V i, éﬁy%ﬁ %P%Q&%gfg %0& Q@f&%&%&’ p%he T%sgoequg¥lon20?gl)

FO8/ v and pi xe t hrough canpe-d resse

Lhr 0uglhlB2)an 3 cSlial aflcaRauRs ¢ ggeBxfCQHa' desig Last ixgl, vaLues CI2 and

dl, the pixel value Cl2 es only the.foregroun onent F08/v, as

eXP§ €S Sabudd equati @nicLhOhbei8Rdbt he @bxghj\ﬂgltge Chha £RBRI sbsqef the
product sum of the foreground conponent

the motion vector and the positional signal thereof to the

‘unit-of-processing determining portion 801 and the model-—

forming unit 802. -
With this arrangement, the unit-of-processing
'10. determining portion 801 through the calculator 805 of the
motion-blur adjusting unit 104 shown in Fig. 73 are able to-
adjust the amount of motion blur in accordance with the
amount v of movement within the shutter time and the amount
v' by which'motiﬁh blur is adijusted. For.example, when the
““15”Tféﬁbﬁﬁtmﬁwamﬁbﬁéﬁéﬁt”ﬁithiﬂ"Ehé”éhﬁttéfmfimémié”S;méﬁdmfﬁém"“mmmmu“MMMHWMJ
amount v' by which motion blur is adjusted is 3, the unit-
bfhprocessing.detefmining portion 801 through the calculator
805 of the motion—blur.édjuéting unit 104 shown in Fig; 73
execute computation on the foreground component image in
20 which the amount v of movement within the shutter time is 5
shown in Fig. 69 accofding to the model showﬁ in Fig. 71 in
which the amount v' by which motion bluf is adjusted is 3.
-~ As a result, the image including motion blur having ther
amount v of movement within the shutter time of (amount v of

25 - movement within the shutter time)/(amount v' by which motion



FO8/v and the foreground conponent FO7/v. Accordingly, -the 25 foreground
conponent FO7/v can be found by equation (105). 13 May 2095ma¥ 280408/ v =
Cl2 (104) FO7/v = dI C12 (105) Simlarly, by considering the foreground
~conponents included in the pixel values Cl10 through 1, the foreground 5
conponents FO06/v through FOl/v can be found by equations (106) through
(111), respectively. FO6/v = CO- Cl1 (106) FO5/v C09 C10 (107) FO4/v
COB C09 (108) 10 FO3/v CO7 CO8 + Cl2 (109) FO2/v = C06 - CO7 + Al - C12
(110) FO1l/v = C0O5 - Q06 + C10 - € te6¢l1l2l) The equation generator 903 ,
generates equations for calculating foreground conponents by the difference
between 15 pixel values, as indicated by the exanple equations (104)

Lo the A cOFaP8r U510 The CAr OBl St or 06K drd tReORLRAMeYal ud of the

to the ca The €ar cur &t 6r & val u

foregraund equpongdt LUROR1LRLNe.aGUaLLARS (82N ALY ORLI B, 120 BYHAL T ON

gener at or 6 as to obtarn regrouna conponents base

by PRERIpURShyt b, BhACLrAPLUSS, g ol SEby. P AL EIATELS, ileppauat ons
cal cul atige 8@43.sehschbbainbxp!l Yol YRSuEASHLENLOYER (A4l prequations (104)
5 relationship between the amoun£ v of movement within the o
shutter time and the amount v' by which motion blur is
adjusted is different from the result bf the motion-blur
adder 806. |
As discussed above, the motion-blur adjusting unit 104
10 generates the equation in accordance with the amount v of
movement within the shutter time and the unit of processing,
. and sets the pixel values O£ the foreground component iﬁage,

in the generated eduation, thereby calculating the

foreground component image in which the amount of motion

m__ls_”blurmis_adjﬁstéd;m m_”mmwm”mm_”mmmm_mnmm_mn__m“mmmm“”mmmm_m“wmwmm_m“m”mm

The procéssing qu adjusting the amount of motion blur
include¢ in-the.fofeground component image executed by the
motion-blur adjustiﬁg ﬁnit 104 is described below with
reference to the flowchart of Fig. 74.

20 In step 5801, the unit-of-processing determining-
porﬁion 801 of the moﬁion—blur adjusting unit 104 generates
the unit of processing based on the motion vector and tﬁe
area information, and sends the generated unit of processing
to the model-forming portion 802.

25 - In step 5802, the model-forming portion 802 of the



25 through (111). 13 May 2005 173 The cal cul ator 904 cal cul ates the .
foreground conponents based on the equations in which thﬁ;ﬂh%gbmyalues are
"set. For exanple, the cal culator 904 cal cul ates the foregrou ‘conmponent s
"FO1l/v through FO8/v, as shown in Fig. 77, based 5 on the cal cul ati ons of
equations (104) through (111) in which the pi xel values CO5 through Cl12
are set. The calculator 904 sends the foreground conponents FO1/v through
FO8/v to the adjusting portion 905. The adjusting portion 905 nultiplies
the foreground 10 conponents sent §ggm.the cal cul ator 904 by the anount v
of novenent within the shutter tine included in the notion vector sent
fromthe mxture-ratio calculator 102 so as to obtain the foreground pixe
val ues _fram ated. For exa when t he

foregrouﬁ&og Bﬁe%géL%glﬁglFQl?hhﬁhbgggﬁgF§ 8Fe?§%ﬁ¥nf?%n¥?he cal cul at or
904, 5
'conpohgﬁts F F%roﬁé%gggéﬁg tg% ?Wgugﬁngﬁg vggYéﬂ%QEgéﬁ roulfhﬁr t he

h , FO1
Chr oughESBoF %hﬁ%hﬁﬁﬁv "8a35058, BRORLEs 10E, PR oPREY i Sadan h Fio.
78. Thegadiyshi ﬁgngeawma895%}%55?33%?%@ﬁgﬁgout %gﬁ?c?&gtpésé&ﬁge

conS|st|ng of t or egr ound ues I'on cal cul at ed

as glesghi bad abo¥8te&Om@deiOti ON-bl ur adder 906 and a sel ector 907. 25 The
not i on- bl ur adder 906 adjusts the anobunt of notion

" In step $804, the adder 804 -sets the pixel values of

the foreground component image in the generated normal

equation. In step S805, the adder 804 determines whether

the pixel values of all the pixels corresponding to the unit
10  of processing are set. If it is determined that the pixel

values of all the pixels corresponding to the unit of

processing are not yet set, the process returns to step 8804,

and the processing for setting the pixel values in the

normal equation is repeated.

of all the pixels corresponding to the unit of processing
are set, the proceés proceeds to step S806. 1In step S806,
ﬁhe calculator 8b5 caléulates the pixel values of‘the
foreground in which the amount of motion blur is adjusted
20 based on the normal eéuation in which the;pixel values are'
set sent from the adder 804. The processing is then -
icompleted. |
As discussed above, the motion-blur adjusting unit 104
is able to adjust the émount of motion blur of the

25 foreground image including motion blur based on the motion :




13 May 2005 - 174 blur by using an anmobunt v' by which notion blur is
adj usted, . which is different fromthe anount v of anenEﬁ% mﬁ?&&g t he
shutter tine, for exanple, an amount vl by which notion b May ; dj ust ed,
“which is one half the value of the anbunt v of 5 novenent within the
shutter tinme, or an amount v' by which notion blur is adjusted, which is
irrelevant to the anount v of novenent within the shutter tine. For
~‘exanple, as shown in Fig. 71, the notion-blur adder 906 divides foreground
- pixel values Fi without notion bluriby the anount v' by 10 which notion
blur is adjusted so as to obtain foreground conponents Fi/vl. The

noti on- bl ur adder 906 then calculates the sums of foreground conponents
Fi/v' tg enerate i xel val yes in.which the anount of notion blur is

adj ust €4. | 8 SGhéR Pﬁ@aﬁﬁBBnt v' by which notion blur is adjuéted
15 th | 2 t t /v | 03
o e tge?llgajgge ‘?- % Y8 PRt S et ebate Snaphf oo P tiofty S

F03)/ vy @ndnthgaBlxeh YALUB; (B La188L LR,LFO2 +lﬁg§uaeF04L/V - _The

‘motion-blur a f oregroun cormponent in which the
anmount saf, qghlggtglur has been adjusted to the sel ector 907 The sel ector
907 selech either the foreground conponent i nage mﬁthout nDtion bl ur sent

frognthe adiusting ipok thph-190%: Ayrdhes  BEeor opNgy CONDORER i n which

the 25 anmount of notion blur has been adjusted sent fron1the I3 May 2005
of the configuration of the motion-blur adjusting unit 104.

The motion vector and the positional information thereof
sent from the mixture-ratio calculator 102 are sent to a
ﬁnit—ofﬁprocessing determining portion 901 ana an adjusting

10 portion 905. The area information sent from the area
specifying unit 161 is sent to the unit-of-processing
.determining portion 901. The foreground component image
sent from the foreground/background separator 103 is sent to
a calculétor 904 .

s e unitoof-processing determining portion 901
generates the unit'of‘processing based on the motion vector,
the positional information thereof,-and the area information,
and sends if together with the motion veétor to & model-
forming portion 902.

‘20 : ,The;model—foéming portion 902 forms a model based on
the motion vector and the input unit oflprocessing. More
specifically, for example, the model-forming portion 902
stores in advance a plurality of models in accordance with
the number of pixels 1ncluded in the unit of proce351ng, a

25 v1rtual lelSlOD number for pixel wvalues in the time




175 notion-blur adder 906, according to a selection signal reflecting a
user's selection, and outputs the selected foreground coypragnbos mage. As
di scussed above, the notion-blur adjusting unit 104 5 adjusts the anount
~of notion blur according to the selection signal and the anount v' by

. which nmotion blur is adj usted. The processing for adjusting the anmount of

nmotion blur in the foreground executed by the notion-blur adjusting unit
104 configured as shown in Fig.- 75 is descri bed below with 10 reference to
an flowhart shown in Fig. 79. In_steg S901, the unit-of-processing
determining portion 901 of the notion-blur adjusting unit 104 generates

- the unit of processing based on the notion vector and the area

i nformat.i on, .and sends the generated unit of processing 15 to the

model - %dﬁﬁ Stg Por 76 %@z@%@eﬁh@ aﬁ%wrﬁglﬂ,s’orcwﬂ@ﬁneg 5. PR 8RER S902, the
nodel - fornlng rtlog%gpg.of .the tlon glur adjusg uni t 104 selects or
gener atd&d ﬁElP§ Pﬁ BESGERENT @i PAARLt he shutter

25s ggﬁgfﬁ«%ﬁbzx@;ge& S b b TR g Qe
cal cU Ak SLGRLAUR CORISILAL BN U5 LLtgusC fElegn i i
90455e%§gthe69|E%Eeﬁabﬂe%hésuka¥ ggogro£g§31ng and the virtual
- division number for the pixel values in the time direction.
It is now assumed, for example, that the number of
pixels corresponding to the unit of processing is tweive,
and that the amount v of movement within the shutter time is
10 five. Then, the model-forming portion 902 sets the virtual
division number to five, and selects a model formed of eight
foreground components such that the leftmost pixel includes
one foreground component, theé second pixel from the left
includes two foreground components, the third pixel from the
ﬂiSMTmléffniﬁéiﬁdéé'fhféémféfégfdﬁﬁamééhbéﬂéﬁfs;mfﬁé”fbﬁf{ﬁfbiééimm”HUHMMM
from the left includes four pixel components,.thé fifth
pixel from the left includes five foreground components, the
" sixth pixel from the léft includes five foreground
components, the seventh pixel from the left includes five
20 foreground components, the eighth pixel from theAleft‘
includes five foreground components, the ninth pixel from
the left includes féﬁr foreground componeﬁts, thelfenth
pixel from the left includeé three foreground components,

the eleventh pixel from the left includes two foreground

25 components, and the twelfth pixel from the left includes one




of the foreground conponent inmage in the generated equations, and extracts
foreground conponents by using the difference between thespiageboyal ues
based on the equations in which the pixel values are set. In step S905,
the cal culator 904 5 determ nes whether all the foreground conponents

- ~corresponding to the unit of processing have been extracted. |[If it is
determned that all the foreground conponents corresponding to the unit of
processi ng have not been extracted, the processing returns to step S904,
and the 10 processing for extract+ng7foreground conponents is repeated. |If
it is determned in step S905 that all the foreground conponents
corresponding to the unit of processing have been extracted, the
proCes§$Q% proc edsmto gtgp S906. In step S906, the adjusting portion 905
adj ust 57713 84¢h 6f™¥He"For egr ound conponents FO1/v through FO8/v sent
fromthe o9 ed o f Vi i thin the
shutter tﬁ%%ﬁé%ﬁééggdggﬁgg?ﬁgghg %%?88?%3%@ %Pgepggvggﬁg%dF 0%%%%dugh'F08,
fromwhy {0 i i j n : i on- bl ur adder
006 car el M ae tpetidfin plo Lt M £lhad NoSh R TN mddp TR ST tht of

mot i ook %@tf&%l@géﬁb@diﬁ@_tﬁ% @nde the 58LEsi S POUhsel @t Sudheod mage

wi thout notion blur or the inmage in which the anount of nnpion_blur'has
begn agiass £dan@nchOULPLE Sot NerS@t£e1egl atdvgmmt The processing is then

conmpl eted 25 As descri bed above, the notion-blur adjusting unit 104 13 My
2005 177 canfdgtadmyesiawtom 30 .getleradidss e eh@atBibnoballedr of

on the model sent from the model-forming portion 902.

A aescription is nbw given, with reference to the
" raodels of foreground component imagés shown in Figs. 76
10 through 78, of an example equation generated by therequatiOn
generator 903 when the number of foreground components is
eight, the number of pixels corresponding to the unit of

processing is twelve, and the amount v of movement within

the shutter time is five.

-cqmponent image, corresponding to the shutter time/v are
F01/v through F08/v, the relationships-betﬁeen F01/v through
F08/vrand pixel values'COI through Ci2 cén be expressed by
equations-(?l) through (82), as stated above.

20 By considering the pixel values Cl2 and Cll,'therpixel

" value C12 ingludes only the foreground componént F08/v, as

‘expressed by equation (104), and the pixel value Cl1
consists of the product sum of the foreground component
F08/v and the foreground component F07/v. Accordingly, the

25 - foreground component F07/v can be found by equation (105).



the foreground i mage nore qui ckly according to sinpler calculations A
known technique for partially elimnating notion blur, 5 % 5a VVener
filter, is effective when being used in the ideal state ut |s not
~‘sufficient for an actual image quantized and including noise. In contrast,
‘it is proved that the notion-blur adjusting unit 104 configured as shown
in Fig. 75 is sufficiently effective for an actual i nage 10 quantized and
including noise. It is thus possible to elimnate notion blur with high
preci sion. As described above, the iyggge processing apparatus, the
structure of which is shown in Fig. 2, can adjust the anpbunt of notion
blur included in an input image. 15 Fig. 80 is a block diagramillustrating
anot her urati on of the function of the image processing apparatus.
The i mage pE8§g¥S|n6 5pparatus the structure of whicht9% shown in Fig.

~ 80, does no e ion ctor. Elements simlar to those shown in Fig. 2
are deS|gn§OHZ tﬂ?i giﬁe reference nunerals, and ﬁHniexplanation

t hereof is g ghtteg An arga sHecgaélg 1 send ea i nformation
to a nlxture ra Lutator Tﬁi @ﬁ?ﬁégFQ C?@Eﬁne @
m xt ur | .c tor 102 r a (
_foregrgﬁﬁa%tac 3?0&#% gépé?at%?“%%3 §I?%%O%§$w§§qzo ge ¥?§e§§ﬁPﬁgsi2er
1QQ§- components FO0&/v through F0l/v can be found by equations

(106) through (111), respectively. |

F06/v = C10 — Ci1 {106)

FOS5/v = C09 - C10 | , (107)
F04/v = CO8 - CO09 (108)
10 FO3/v = C07 - CO8 + CL2 - (109)
F02/v = C06 — C07 + Cli - Cl12 (110)
FOl/v = C05 ~ C06 +.C10 - CI1 (111)

The equation generator 903 generates equations for
calculating foreground components by the difference between

'misfwﬂﬁikéi'%élﬁéSluéémiﬁdiééﬁéawa'Eﬁéméﬁéﬁpié”éQﬁé£i6ﬂémfiddym”m”mmmmwmmmm””M

through (111}. The equation generator 903 sends the
generated equationg to the calculatof 904 . |

The calculaﬁor 904 sets the pixel values.of the
foreground cbmponent image in the equations-sent from the

.20 equation generator 203 so as to obtain. the -foreground

components based on the equations in.which the piiel values,
are set. For example, when equations (104) through {(111)
are sent froﬁ the eguation geﬁerator 903, the calculator 904
sets the pixel values CO5 through €12 in eguations (104)

25 through (111).




The foreground/ background separator 103 sends a . foreground conponent inage
to the synthesizer 1001. The synthesizer 1001 conbi nes any3 kiagkgo®und i mage
with 5 the foreground conponent image sent fromthe foreground/ background
separator 103 according to the mxture ratio a sent fromthe m xture-ratio-
cal cul ator 102 and the area information sent fromthe area specifying unit
101, and outputs a synthesized inmage in which the any background 10 i nmage
and the foreground conponent imge have been conbined. Fig- 81 illustrates
-the configuration of the synthesizgfz 1001- A background conponent
generator 1021 generates a background conponent inmage according to the

m xture ratio a and any background i nage, and sends the 15 background
conponent image to a m xed-area-imge synthesizing portion 1022. The

ni xed- ar ea-THagE LA Aty Fordd o ero 29 & diiasE unch & BRERGFSEnd
component i mage sent fromthe, background conponent generator 1021 with the
for egP}Bﬁﬁﬁdc‘B B}h%n?q‘i]%b%m?olgow%gdﬂ ot 5t WHISR AL 3 synt hesi zed

. , q " Xt : ' i sed | " n
B Y CE R T
~foregr corponen i e, f , xed- area synt hesi zed, J e sent from 25
t he g‘ige -%?%%gmge}%;ﬁ?%%%?%?ﬁ%g}p‘étellsons %ﬁ,l%ﬁ%{%hgﬁa’hyigéﬁe y 2005
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which the pixel values C05 through Cl2 are set. The
calculator-904 sends the foreground components_FOl/v_through
F08/v to the adjusting portion 905.
The adjusting pbrtion 905 multiplies the foreground
10 components sent from the calculator 904 by the amount v of
| movement within the shutter time included in the motion
veétorrsent from the mixture-ratio calculator 102 so as to

obtain the foreground pixel values from which motion blur is

eliminated. For example, when the foreground components

SR through FOS/varesent e P e 904’ e

adjusting portion 905 multiples each of the foreground
'components F0l/v through F08/v by the amcunt v of movement
within the shutter time, i.e., five, so as to obtain the
foreground pixel values F01 through FO08 from which motion
20 blur has been eliminated, as shown in Fig. 78.
- The adjusting portion 905 sends the foreground

component image-consisting of the foreground pixel values
" without motion blﬁr, calculated as described above, to a
motion-blur adder 906 énd a selector 907.

25 | The motion—blur adder 906 adjusts the amount of motion




As di scussed above, the synthesizer 1001 conbines a foreground conponent
image with any background inmage. 5 The inmage obtained by ¢Ppaiyr005 a
foreground conponent inmage with any background i mage according to the

m xture ratio a, which is a feature quantity, appears nore natural
conpared to an i nage obtained by sinply conbining pixels. Fig. 82 is a

bl ock diagramillustrating still another 10 configuration of the function
of the imge processing apparatus for adjusting the anount of notion blur.
. The. image processing apparatus showy4d n Fig. 2 sequentially perfornms the
area-speci fying operation and the calculation of a mxture ratio a- In
contrast, the inmage processing 15 apparatus shown in Fig. 82 sinultaneously

perf or t he area- specifying operatign and the calculation of a m xture
Tatio TR e @R Em a4 dHHOLdqn Fhe ide dedgrdslol Fi g, 2
are desj 3t ¢ j.th. the s reference .20 nuneral s, and.an.explanation

t her eof§J |-rs?:.%[ ﬁ%sw&nélﬁttetreedl.t r%:olmngtﬁ'te iFege i & & tmc"tvéema?n%i by g’kﬁeo

cal cul ahQft+ TN [ backgr.ound .separat or .1102, .and area
speci fyi ng Sﬁ%gﬁTﬁT. 3§Q%¥%§ﬂ§3e%¥#f¥%ﬁgﬁhsg fﬁiwaéﬁérgFggogrggur

i nfor matd QY+ 123 RCCUAINg ;L0 [ i 1@N S epgerated area
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ands  t eo¥ efRNIORRNYN adicUShiRG e#Nitimb103: The sfothyr &1 8l angahcul ator

1101 cal cul ates, based on the input image, an estimated mxture ratio
obt ai n@@twe@nbilur is adjusted, which is irrelevant to the amount v

of movement within the shutter time. For example, as shown

in Fig. 71, the motion-blur adder 906 divides foreground

pixel values Fi without motion blur by the amount v' by

10 which motion blur is adjusted so as to obtain foreground

~components Fi/v'. The motion-blur adder 906 then calculates

the sums of foreground components Fi/v' to generate pixel
values in which the amount of motion blur is adjusted. For

example, when the amount v' by which motion blur is adjusted

g :LS thiea ’ e plxel valueCO2ls set to (FO]_)/V', the plxel ettt < oo o
value C03 is set to (FO1 + F02)/v', the pixel value C04 is
set to (FO01 + FO02 + F03)/v', and the pixel value C05 is set
to (F02 + FO3 + FO4)/v;-
The motion-blur adder 9206 sends the foreground
20 component image in which the amount of-motidn blur has been
adjusted to.the selector 907.
‘The selector 907 selects either the foreground
component image without motion blur sent from the adjusting
portion 905 or the foreground componeﬁt image in which the

25 amount of motion blur has been adjusted sent from the



5 is assuned that each pixel included in the input inage belongs to a
covered background area, and an estimated m xture rati o ftbMaiyredswhen it
is assuned that each pixel included in the input inage belongs to an
uncovered background area, and sends the cal cul ated estimated m xture 10
rati o obtained when it is assuned that each pixel included in the input

i mage belongs to the covered background area, and the calcul ated estimated
m xture ratio obtained when it ~ is assunmed that each pixel included in the
input image belongs to the uncoverggsbackground area, to the 15

f oregr ound/ background separator 1102. The m xture-ratio cal cul ator 1101
calculates an estinmated notion vector obtained when it is assunmed that
each pixel included in the input image belongs to the covered background
area, BeEOPHIRGUEortferelPPapedoRikitr 6020 FELPELEARCHIERRY when it is
assumed that each pixel included, in the input inmage belongs.to the covered
backgr 58h4SSFeRY aaﬂﬂeénse§??ﬁﬁ?éﬂnnD?P8nQVEEFB? B%?a?ﬁ%ﬁcgﬁ%n it is
assuneg t hat each pixel in¢luded in the input image belongs to the

uncover 84eHALREF oEREPATFEET 4B2BFding to the estimated 25 m xture ratio

fhe imput IFRGESRITRE T6 e UREIVar st Batka bt Sreandnd Unds the |
caleul ahed- e8! LB SALAREI 0P n¥PELRTLOREALBCE, HNER LS Lfe AsgtlE SaL each
pi Xel Tncluded Tn e 'Irnput 1nage belongs to covere ackground area,
5 and the,cal cliatfd gRLLARLED HPLERDCNCRLLLoRPE PhRefs WigNudted.
The processing for adjusting the amount of motion blur
in the foreground executed by the motion-blur adjusting unit
104 configured as shown in Fig. 75 is described below with
10 reference to an flowchart shown in Fig. 79.
In step S901, the unit-of-processing determining
portion 901 of the motion-blur adjusting unit 104 generates
the unit of processing based on the motion vector and the
area informatién, and sends the generated unit of processing
'“Tismmmfdméﬂé”ﬁédéi;féfﬁiﬁguﬁéffiéﬁ“éﬁé'éﬁdmfﬂémédﬂﬁséiﬂéuﬁéffiéﬂmmmm”mm'mmm'”m"
ﬂ905.

In step 8902, the model-forming portion 902 of the
motion-blur adjusting unit 104 selects or generafes a model
according to the amount v of movement within the shutter

20 - time and the unit of processing. In step 5903, the equationr
generétor 903 generétes, based on the selected or generated
model, equations for calculating the foreground compenents
b& the difference between the.pixei values of the foréground
compoﬁent image.

25 . In step S904, the calculator 904 sets the pixel values




is assuned that each pixel included in the input imge belongs to the
uncovered background area, to the notion-blur adjusting y8iMaykbe3. Fig. 83
is a block diagramillustrating an exanple 10 configuration of the )

m xture-ratio calculator 1101. An estimated-m xture-ratio processor 401
"shown in Fig. 83 is the sane as the estinated-m xture-ratio processor 401
shown in Fig. 47. An estinmated-m xture-rati o processor 402 shown in Fig.
83 is the sane as the estimated-nixture-ratio 15 processor 402 shown in
Fig. 47. The estimated-m xture-rat+ afgocessor 401 cal cul ates an estinmated
m xture ratio for each pixel by the conputation corresponding to a nodel

of a covered background area according to an input imge, and outputs the
cal cul : ' ' ti he _estimted-m xture-ratio
procesg%fd%%% %g % éggémgﬁhgéf?%gtgﬁaﬁ%t%8n%b8c98Per3388r8ﬂﬁa%f8the

cal cul abell SIS Bdihofliths B RIS ML P algd estimated

. C
notion vector. The estimated-m x e-ratl o "processor cal CU, G?teS an

esti matipdewi o Wi r;?it;é&l W1 1RAC I N orbytﬁé‘eecf%é%}t 159N »%131&)@&%

corresponding to a nodel of an uncovered backgroun rea based on the

i nput  igmga wdieutgnd sdihe cgf gﬂ%@bgﬁstﬂ@tceanglgﬂg@ dJpatio. The

o estimated-m xture-ratio processor 2 calcul ates an estimted notion
vecbor detaonadsgHaa Hdie aqal aHatRg Rptdumt ednfoldie ratio, and outputs

t he cal cul ated estinmated noti on vector.

‘corresponding to the unit of procgssing have been extracted.
'If.it is determined that all the foreground components
corresponding to the unit of processing have nbt been
extracted, the processing returns to step $904, and the

10 processing for extracting foreground components is repeated.

If it is determined in step S905 that all the

foreground components corresponding to the wnit of

processing have been extracted, the processing proceeds to

step 5906. In step S906, the adjusting portion 905 adjusts

from the calculator 994 based on the amount v of movement
within the shutter_time S6 as to obtain the forégrqund pixel
values F(01 thfough FO8'from which motioﬂ Slur is éliminated.’
In step 5907, the motion-blur adder 906 calculates the

20 foreground pixel valueé ini which the amount of motion blur
_has been adjusted, and the selector 907 selects the image
without motion blur or the image in which the amount of
métion blur has been adjusted, and outputs the selected
image. Thé processing is then comﬁleted-

.25 - As described above, the motion-blur adjusting unit 104




The foreground/ background separator 1102 generates a foreground conponent
image fromthe input inmage according to the estinmted m X8day 20861 O

cal cul'ated when it is assunmed 10 that the pixel belongs to the covered -
background area, sent 'fromthe m xture-ratio calculator 1101, the
estimated mxture ratio calculated when it is assunmed that the pixe

bel ongs to the uncovered background area, sent fromthe mxture-ratio

cal cul ator 1101, and the area information sent 15 fromthe area specifying
unit 101, and sends the generated- feoreground conmponent image to the-
notion-blur adjusting unit 1103 and a selector 105. Fig. 84 is a block
diagramillustrating an exanple configuration of the foreground/ background

separator _1102. = 20 enments simlar.tq.those of the_ foreground/ background
separ af8PT 183 ERoRA £ OEPg??Sglﬁre?EntéHFEB E?etHQt%SﬂebgPEf% ence

nurreralﬁé gnd an exalanation t her eof hs t hus onit%ed..A ;elector 1121

sel ect $7°pa2E895R PR T ERES "RFSr FEEFERY 35C8EAL Er 5th tHBPLFEa speci fyi ng
uni t 1?;108i59§5n he estimated 13 May 2005 183 mixture ratio cal cul at.ed
when i{ i's assuned that the pixel belongs to the covered background area,

t f m - i | [ at. 1 Kol j d.m ti
cal cul at ed- vz EHERRLGRLD (67 Bt L S B T 8 e K e P o™
backgr oupfl. 85ea. wSeNb-f FOMLLPE PLXLEEE-EabLOynER! SU AL OhsddOdn @nd sends

the selected estimated mxture ratio to a separating portion 601 as the
”1Xturﬁdé§i|9t§te, but is not sufficient for an actual image ' -
guantized and including noise. In contrast, it is proved
that the motion-blur adjusting unit 104 cdnfigured as shown
in Fig. 75 is sufficiently effective for an actual image
10 qguantized and including noise. It is thus poséible to
- eliminate motion blur with high precision.
As described above, the image processing apparatus, the
structure of wﬁich is shown in Fig. 2, can adjust the amount
of motion blur included in an input image. -
“15mTT¥TTmFi§f”80“15”éﬁbibékmdiééféﬁmiliﬁéfféfinéméﬁéﬁﬁéﬁmm”m B,
configuratibn of the function of the image proceésing
apparatus. The image processiﬁg apparatus, the structure of
which is shown in Fig.‘SO,rdoes not use a motion vector.
Elements similar to those shown in Fig. 2 are
20 -designated with the same reference numerals, and an
explanation thereof is thus'omitted.
An area specifying unit 101 sends area iﬁformation to a
mixture-ratio calculator 102 and a-synthesizer 1001.
The mixture-ratio calculator 102 sends a mixture ratio

25 o to a foreground/background separator 103 and the




The separating portion 601 extracts foreground conponents and background
conponents fromthe pixel values 10 of the pixels bel ongimgalyeobhe m xed
area according to the mxture ratio a sent fromthe selector 1121 and the
~area information, and sends the extracted foreground conponents to a
synt hesi zer 603 and al so sends the background conponents to a synthesi zer
605. 15 The separating portion 601 can have the sane structure as that
shown in Fig. 64. The synthesizer 603 synthesizes a foreground conponent

i mage and outputs it. The synt hesizergbQ5 synt hesi zes a background
conponent image and outputs it. 20 The notion-blur adjusting unit 1103

adj usts the anount of notion blur included in the foreground conponent

i mge se from the foreground/ background separator 1102 according to the
area iﬁ%@ﬁ&ﬁﬁ%%ﬁ?ﬁs O omthe area specifying unit 101, the esti mated

ti t | cul at ed it is.25 d t th i xel bel t
the cover ed BRcRBFSHRICTS Ray*Ib0L 1890ar BRo sble PFBAFL Ao m xture-rati o
cal cul O?EE%QQ%%%%%%§%$£%be§h%g%:%% %%%'%%n %%oge%ahggﬁated when it is

assumne 0 t he "uncover eabackground area, sent

component | sage VA CARAERCE ne GhoaRi o e efots oo brafofad SBARTEAME oo kg

conmponent i mage ch the anount of noti .
85 &S anhl %&e@f%gl%@maoknw%w i RGgkNg eBlr YGLH €ne0f the motion-Dblur

adj usting unit
foreground/background separator 103 according to the mixture

ratib o sent from the mixture-ratio calculator 102 and the
area information sent from the area specifying unit 101, and
outputs a synthesized image in which the any background
10 image and the foreground component image have been combined.
Fig. 81 illustrates the configuration of the

synthesizer 1001. A background component generator 1021

generates a background component image according to the

mixture ratio ® and any background image, and sends the

S background componsnt image to & mixedoareasimage e
synthesizing portion 1022.
The mixed—areafimagé synthesizing-portion 1022 combines
the background_componeﬁt image sent from the background
component generator 1021 with the foreground component image
20 so0 as to generate a mixed-area synthesized image, and sends
the generéted mixture;area synthesized image to- an image
éynthesizing portion 1023.
The image synthesizer 1023 combines the foreground
component image, the mixeanrea syntﬁesized image sent from

25 the mixed-area-image synthesizing portion 1022, and the any




Functional elenents simlar to those shown in Fig. 67 10 are designated
with the sanme reference nunerals, and an explanation thengafayizeoshus
omtted. A selector 1131 selects, based on the area information sent from
the area specifying unit 101, either the estimted notion vector

calcul ated when it is assuned that the pixel 15 belongs to the covered
.background area, sent fromthe mxture-ratio calculator 1101 or the
estimated notion vector calculated when it is assunmed that the pixe

bel ongs to the uncovered backgroungarea, sent fromthe mxture-ratio

cal cul ator 1101; specifies the selected estinmated notion 20 vector. as the
notion vector; and sends the notion vector to a unit-of-processing
deternmining portion 801, a nodel- formng portion 802, and a cal cul at or
805. BERRKUBORPG- 182Uet HRCQBRERY okOC 10k seredt snEpEnaF PR gFOUNY EDrponent

i mage sent fromthe 25 foreground/ background separator 1102 or the

f or egr BERETE5S My S P0BB=S 138 c PRt 2 nageP e whf ch the anount of notion
bl ur has been . adjusted, .sent fromthe notion-hblyr adjysting unit 1103
accor di ng t%bfj qﬁé‘ﬁfﬁfglaﬁovf'seqh&tﬁydﬁ@sg‘ﬁaﬁr trjlé]f%llecf’[ e Fser' s

sel ect ] d outputs the sel ected foreground 5 conponent inmage. As
discusggge g@%%& PIHEYe Prefestiiy ApparartesOwid & 9%ct ure of which is

e ety e S e B A B L, o L0
image with any background image according to the mixture |
ratio o, which is a feature quantity, appears more natural
compared to an image obtained by simply combining pixels.

Fig. 82 is a block diagram illustrating still another
10 : configuration of the function of the image processing
_apparatus for adjusting the amount of motién blur. The
image processing apparatus.sﬁown in Fig. 2 sequentially
pe;forms the area-specifyving operation and the calculation
of a mixture rétio a. 1In contrast, the image processing

Twiémw'éﬁbéiéfﬁsuShaﬁﬁmiﬁuﬁidlLééméiﬁﬁiﬁéﬁébﬁéiy”béffdfﬁé”fhé'éféé:mmmmmmum"m
specifying operation and the calculation of a mixture ratio
o.

Functional elements similar to those in the block
diagram of Fig. 2 are designated with the.same reference
20 numerals, and an explanation thereof is thus omitied.
An input image is sent to a mixture-ratio calculator
1101, a foreground/background separator 1102, and an area
specifying unit 101. | |
The area specifying unit 101 éeneratés area information

25 according to an input image, and sends the generated area




10 resulting foreground object inmage. The enbodi nent has been di scussed
above by setting the mxture ratio Ex to the ratio of bagkefQuods _
conmponents included in pixel values. However, the m xture ratio cc may ' be
‘set to the ratio of foreground conponents included in 15 pixel values. The
enbodi nrent has been di scussed above by setting the noving direction of the
- foreground object to the direction fromthe left to the right. However,
the noving direction is not restricted to the above-described direction.
20 In the above description, a real-igrace i mage having a three-di mensional
space and tine-axis information is projected onto a tinme space having a

t wo- di nensi onal space and tine-axis information by using a video canera.

FbweVer the resent nve tion is restricted to this case, d 25
can. be %ﬁ%%?a.ca Rﬁﬁ?ﬁ?n ?F%QFQHnérﬁ?ﬁ%ﬁﬁF?ﬁl% é”%gy 2005

186 a | er en first,.di n5|onal Eﬂff is projected onto second
i nform |g% fﬁygqena 1era-dr?uﬁi:)lm%econdsllrrenS|onaI space, distortion

gener at od byHENGREQ:ECtLeD:! GRSty 10N %elchga@geh' NLQLIRL LN i S

extracted, or a nore natural image 1S synt hesi é sensor 'I's not

restri C&r?&'g\g&@t %Bgea”%n”%\%ma?&ﬁ ey LiPJé q:asélaé Ct O%%&@Hﬁgb' if}g device,

-such as a (Conpl’enentary Met al Senlcon (Bucket

Bri gade; Pad fifded %k@@e(ag?ﬁ&ﬁ%élnlﬁﬁlﬁé@q\ﬂ 8o ¥piA: GRRAGLO. (Charge

Primng Device). Also, the sensor does not have to
belongs to a covered background area, and an estimated

- mixture ratio obtained when it is assumed that each pixel
included in the input image belongs to an uncovered
background area, and sends fhe calculated estimated mixture

10 ratio obtained when it is assumed that each pixel included
‘in the input image belongs to the covered background area,
and the caiculated estimated mixture ratio obtained when it
is assumed that each pixel included in the input image
beloegs to the uncovered background area, to the

15 ESTeground/background Separator 1102,

| The mixture—ratie calculator 110l calculates an
eetimated motion vector obtained when it is assumed that
each pixel included in-the input image belongs to the
covered background area, according to the estimated mixture

,20' .ratio caiculated when it is assumed that each pixel included.
in.the‘input image beiongs to the covered background area,
~and an estimated motion vector obtained when it is assumed
that each pixel included in the input image belongs to the’
uncovered background area, according'to the estimated-

25 mixture ratio calculated when it is assumed that each pixel




be a sensor in which detection elenents are arranged in a matrix, and may
- be a sensor in which detection elenents are arranged in ¢RRIaki2005 A
recording mediumin which a programfor performng 15 the signa

processing of the present invention is recorded may be formed of a package
medi um i n which the programis recorded and which is distributed for
.providing the program for a user separately fromthe conputer, such as the
magneti c disk 51 (including a floppy (registered trade nane) 20 disk), the
. optical disk 52 (CD-ROM (Conpact Bi $8iRead Only Menory) and a DVD (Digital
Versatile Disc)), the magneto- optical disk 53 (including MD (M ni-Disc)
(registered trade nane)), or the sem conductor nenory 54, as shown in Fig.

: di dl t he .ROM 25 hard
i sk 1 Agragade; AR HEECHAPLERY ndbB n T o R SRR, e MEs SRy 8005 167 program
o o e0BLRdroBtANa L EEO! 81 A5 IRAL MTMOCLAGRT Ol 1AL cEhepURgE N T € Deing
pre- stored”in the corrputer n the present speciftication e steps

descri bpgothgntREREAANHERCOE ded hQsémé@CQEQE“QaEBdeQbi“EhHﬁﬁdQ&ocess'“9
5 executed tinme-sequentially according to a described order, and al so

processhnghBOoinpReesnagt| Yo BXRENL € tHedchi BR2aSBAHRYELRha MRPBE! but
executed in parallel or individually. Industrial Applicability 10

Accor ding thet B8] PEESESE &8veRELEea, mbBeoaMdEBtos! obBBYEERNGhYAI £h | ndi cat es
the nmovenment of an object within an exposure period can be obtained.
is assumed that each pixel included in the input image
belongs to.the uncovered background area, to the motion-blur
adjusting unif 1103.
Fig. 83 is a block diagram illustrating an example
- 10 configuration of the mixture-ratio calculator 1101.
| An estimated-mixture-ratio processor 401 shown in Fig.
83 is the same as the estimeted—mixture~ratio processor 401
shown in Fig. 47. An estimated-mixture-ratio processor 402
shown in Fig. 83 is the same as the estimated-mixture—-ratio
LS P GEEESEE 02 SHOWR AR FAG AT
| The estimated—migture—ratio processor 401 calculates aﬁ
estimated mixture ratio for each pixel by the computation
corresponding to a mpdel of a covered background area
.according te an input image, and outputs the.ealculafed '
.20 estimated mixture retio. The estimated-mixture-ratio-
processor 401 calculaﬁes-an estimated motion vector
-raccording to the calculated estimated mixture ratio, and
outputs the Calcuiated estimated motion vector.
The estimated—mikturefratio-proceseor 402 calculates-an

25 estimated mixture ratio foi each pixel -by the computation




13 May 2005 188 CLAIMS 1. An inmage processing apparatus for processing
i mage data which is formed of a predeterni ned nunber of ABRly Zbaba
obt ai ned by an inage-capturing device that includes a 5 predeternlned
nunber of pixels having a tine integrating function, the inmage processing
apparatus characterized by conprising: niXture-ratio detection neans for
detecting, in a mxture area where a foreground object conponent 10
constituting a foreground object and a background object conponent
constituting a background object arasgm xed in the inmage data, a m xture
ratio indicating the ratio of a mxture between the foreground object
conponent and the background object conponent, and 15 novenent - anpunt

obj ect T el & B at%h”‘él‘ﬁgéoxvi re@%&”‘i%tﬁgﬂw AEEE e | mage

obj ect ‘1 n an expos e® perlo mhen

data has,ccdean Gl aifed. skl LOTLesPonence With the mdure ratio. - 2. An

i mage processi ng appara ing to a|n1 A& erized in that

the m ddyigid@ld hidahee! 1,07 iTBaANS Y, L U383 4~ 1§cttlu(2‘@a|ra Rr ession

generating nmeans for extracting, in correspondence W th a designated pixel
in a gagenalad donage el ithes TR0 sdatdtdd okl xel v@%tc%ﬂ.” a nearby frame

.cl ose to the designated frame as background 25 pi xel data corresponding to
t hes back@oauigoethe ag@uiohelS MY md®@3 mixture ratio, and
dutputs the calculated estimated motion vector.
The foreground/background separator 1102 generates a
foreground component image from the input image accordingrto
the estimated mixture ratio calculated when it is assumed
i0 that the pixel belongs to the covered background area, sent
‘from the mixture-ratio calculator 1101, the estimated
. mixture ratio calculated when it is assumed that the pixel

belongs to the uncovered background area, sent from the

mixture-ratio calculator 1101, and the area information sent

foreground component image to the motion-blur adjusting unit
1103 and a selector 105.

Fig. 84.is a block diagram 1llustrat1ng an -example

configuration Qf the foreground/background separator 1102,
20 Elements similar to those of the foreground/backgrdund

sepafator 103 shown iﬁ Fig. 59 are indicated by the same
reference numerals, and an explanation thereof is thus
omitted.

A seiector 1121 selects, based on the area information -

25 sent from the area specifying unit 101, either the estimated




- 189 extracti.ng the designated-pi xel data of the designated pixel and
vicinity-pixel data of a vicinity pixel in a vicinity of 14 kmaydessgnated

pi xel in the designated frame; and for generating a plurality of rel ational
expressions indicating 5 relationships anong the desi gnated-pi xel data,
the vicinity- pixel data, and the background pixel data corresponding to
the designated pixel and the vicinity pixel, and m xture ratios of the.
desi gnated pixel and the vicinity pixel are detected according to the

rel ational expressions. 10 3. An-in®ge-processi ng apparatus according to
Claim 2, characterized in that the rel ational -expression generating neans
generates the relational expressions according to a first approximtion in

which th I f f the ' th , th

15 CorPUREHES ERrHy HETBURR- T ERE Abst natBUpEie haf Ao aRi e tha
5_comBORERTS B2 i gnar AT xel fat Ba the T

changek S PREE, 1§ Wt Bl Rad TERERRREBEI AP onebl FRBEORIGIS I the

m xt ur ig{ggé_gat¥¥¥é5§§§i§{8£eff@?90§p9ﬁé3%€§%§£98&d&PQtEQ%g%gﬁgésihezo

characterized Tn € novenent -anoun I Oon  neans

T ec pr@&f‘éu?&té&'%kﬂéz@di@.”is O‘;Sé&g‘?éiﬂgﬁ' tﬁ?gﬁﬂa‘é‘él %ei@ﬁ?g‘" ¥LUERerati os

corresponding to the positions pI xe I'n phe m xture area as the
anunty RE o PRVENEM ck Ploddte 4P6£97 9bRd PPLARCERM Dk Putde - gxposure period

when the 25 inage data has been obtained, and outputs the detected 13 Ma
2005 d&0culator 1101, and sends the selected estimated mixture '
ratio to a separating portion 601 as the mixture ratio «.
The separating portion 601 éxtracts foreground
components and background components from the pixel values
10 of the pixels belonging to the mixed area according to the
mixture ratio « sent from the selector 1121 and the area
information, and sends the extracted foreground components

to a synthesizer 603 and also sends the background

components to a synthesizer 605.

as that shown in Fig._64.
The synthesizer 603 synthesizes a foreground component
image and ouﬁputs it. .The_synthesizer 605 synthesizes a
background-comppnent image and outputs it.
20 The motion-blur adjusting unit 1103 adjusts the émount
| of motion blur included in the foreground component image
sent from the foreground/background separator 1102 according
to the area information sent from the area specifying unit
101, the estimated motion vector calculated when if is

25 assumed that the pixel belongs to the covered background



anount of novenent. 5. An inage processing nethod for processing i nage data
which is forned of a predeterm ned nunber of pixel data odMay@edsby an

i mge-capturing device that includes a 5 predeterm ned nunber of pixels -
‘having a tinme integrating function, the inmage processing nethod
characterized by conprising: a mxture-ratio detection step of detecting,
in a mxture area where a foreground object conponent 10 constituting a
foreground object and a background object conponent constituting a
-background object are m xed in the igmge data, a mxture ratio indicating
the ratio of a mxture between the foreground object conponent and the
background obj ect conponent, and 15 a novenent-anount detection step of

det ect i he__a nt of, movement of the fareground object in an exposure
or 0 Shghr Pt B Kt e HEREH T (ha TP 1 SR A bagbddie obt ai ned.
in corr ith t] 1 Xt ure. ratio, 6. An i.mage processi met hod
accor di %getﬂg afmm J}Qo‘peg 1%argr]?ic aef(fuzlea % ik ltqlnelsmg‘%&%‘fr%e-‘féctsrlaydet ection

step CQHQrfh@l@él%({]ﬂaﬁdge%lfﬁé(ﬁfr{eé@%bcg%ﬁe&ﬁfg%ds%e%aﬂ <Sxfracting, in

correspondence wt signated pixel 1na gnate ame of the inmge

data, {heoitel Maluldl fe NPALDNL AT oligse Lad be designat ed frame as
C n (0]

background 25 pi xel data corresponding to the backgro object; also of 13
- May 520080 r &t daed | igagdiferdesingial ads mw&;ﬂn AHA sHouie SHegiHAdLed pixel  and

vicinity-p i xel data of a vicinity pixel in a vicinity of
blur has been adjusted.
Fig. 85 is a bleck diagram illustrating the structure
qf the motion-blur adjusting unit 1103. |
Functional elements similar ﬁo those shown in Fig. 67
10 are designated with the same reference numerals, and an
explanation thereof is thus omitted.
‘A selector 1131 selects, based on the area information

sent from the area specifying unit 101, either the estimated

motion vector calculated when it is assumed that the pixel

'15MTbélbﬁQS“tO“thé“éd&éfédmbéékgféﬁﬁd“éféa?mgéﬂtmffémmiﬂémmm””mwm”mm“mmmmmmﬂi

mixture~ratio calculator 1101 or the estimated motion vector
calculated when it is assumed that the pixel belbngs to the
uncovered background area, sent  from the mixture-ratio
calculator 1101; specifies the selected estimated motion

20 vector as the motion vector; and sendS'the'mofion vector to
a unit-of-processing determining portion 801, a ﬁodel— |
forming portion 802, and a calculator 805.

Back to Fig. 82, the selector 105 selects the

foreground component image sent erm the |

25 foreground/background separator 1102 or the foreground



“the designated pixel in the designated frane; and of generating a
‘plurality of relational expressions indicating 5 rel ati ons$hiMay 2006ng

t hedesi gnat ed- pi xel data,, the vicinity- pixel data, and the background"’

" pixel data corresponding to .the designated pixel and the vicinity pixel,
and m xture ratios of the de5|gnated pi xel and the vicinity pixel are
-detected according to the relational expressions 10 in the m xture-ratio
detection step. 7. An inage processing nmethod according to O aim 6,
characterized in that, in the rel atiepal-expression generating step, the
rel ati onal expressions are generated according to a first approximation in
whi ch the val ues of 15 conponents of the foreground object are t he sane,

P L S 0 g Lt T S
Changeadghgeaa' YsEhtheLBRPEAL hBrhBg- bﬁae' £h903fhg gsit' Yebg In the

m xture area. 2 I'mage processi ng me I'ng aim7,

char aCE@Eb%Q@n{;ntB hageyi Bx&ﬂ?l@vé‘z”@@ief@@ﬁﬂt sggkgit k%ﬁleé%?ﬂ Lhe

reci procal of the gradient of the |Inear change e nlxt re ratios

corresegeghQgsgpetheoﬁosahaoaetﬁﬁtthehepséftetba EBefLyhipe area is
detected as the anobunt of 25 novenent of foreground object within the

- exsueempenind idadBy 2005 192 when the |nage dat a has been obtai ned, and
the detected anount of novenent is output. 9. A recording: nedlunthaV|ng
recorded tfﬁﬂéﬂMhéhéHé&NéﬂBve, the image processing apparatus, the -

structure of which is shown in Fig. 82, adjusts the amount
of motion blur included in an image corresponding to a |
foreground object of the input image, and outputs the
10 resulting foreground object image.
The embodiment has been discussed above by setting the
mixture ratio a to the ratio of background components |
included in.pixel values. However, the mixture ratio ¢ may

be set to the ratio of foreground components included in

The embodiment has been discussed above by setting the
‘moving direction of the foreground object to the direction
from the left to the right. However, the moving direction
is not restricted to the‘above—described-direction.

20 In the above deecription, a real—spaee image having a
three-aimensional space and time-axis information is
projected onto a time space having a twe—dimensional space
and time-axis information by-esing‘a video camera. However,
the present invention is not restricted to this case, and

25 can.be applied to a case in which, when first information in




readabl e by a conputer, for inage processing processing for 5 processing

i mage data which is formed of a predeterm ned nunber of pix®laydaba obtai ned
by an image-capturing device that includes a predeterm ned nunber of )
"pixels having a tine integrating function, the program characterized by
conprising: 10 a mxture-ratio detection step of detecting, in a mxture
‘area where a foreground object conponent constituting a foreground object
and a background object conponent constituting a background object are
.mxed in the imge data, a m xtureigatio indicating the ratio of- a 15

m xture between the foreground object conponent and the background object
conponent, and a novenent-anount detection step of detecting the anount. of
novenent of the foreground object in an exposure period when the pixel
data cdhst3TIRT Y i g KAOT9G FEETobtaited 2 St e 6Mt@spondence
with the mxture ratio. 10. A recqrdi ng nedium according to C.aim?9

char act TFTZEY HH T e 1 & G & 6 IRSE e Siese st G3MESRiPrgds a

relatiao - exps.essiqn generati e f _ext.racting, in correspondence
with a %g%‘?egna WS igﬁenéerag%d;%)%’{) &%&t EF P4 O ltshgoirﬁgﬁgﬁ a, the

pi xel it a . . 1 rhy.fr cl.o 0 signated frane
as bac%g#%ﬁﬁg‘gﬁﬁgékﬁﬁﬁﬁggggfr3%p%%§ﬁ%§tfgﬂgﬁ% gaﬁﬁé%oﬂ%ggggﬁect; al so of

ext sactiggd he dgsignatiedpi xel data of the designated pixel and
vicinity-pixel data of a vicinity pixel in a vicinity of
' The sensor is not restricted to a CCD, and may be

another solid-state image-capturing device, such as a CMOS

(Complementary Metal Oxide Semiconductor), a BBD (Bucket
Brigade Device); a CID {(Charge Injection Device), or a CPD
10 {(Charge Priming Device). Also, the sensor does not have to
| be a sensor in which detection elements are arranged in a
matrix, and may be a sensor in which detection elements are
arranged in one-line.

A reCordihg medium in which a program for performing -

m:15”T%ﬁéméiéﬁéimﬁféééééiﬁémbf'thémbiéééﬁt'iﬁ%éﬁtidﬁmiémfééafdédm” “mmmmM”mmmm

may be formed of a package medium in which the program is

recorded and which is distributed for préviding the program

for.a user séparately %rom the computer, such as the

magnetic disk 51 (including a floppy {(registered trade nane)

20 disk), the optical disk 52 (CD-ROM (Cémﬁact Disc—Read Only

Meﬁory) and a DVD (Digital Versatile Disc)), the magneto-

optical disk 53 (including MDP (Mini-Disc) (registered trade

namey}}, of the semiéonductor memory 54, as shown iﬁ.Fig. 1.
- The regbrding medium may also be forﬁed of the ROM 22 or a

25 hard disk included in the storage unit 28 in which the



5 the designated pixel in the designated frame; and of generating a
plurality of relational expressions indicating relationshBpiayR006g the

~ desi gnat ed- pi xel data, the vicinity- pixel data, and the background pi xel
data corresponding to the designated pixel and the vicinity pixel, and 10
.m xture ratios of the designated pixel and the vicinity pixel are detected
according to the relational expressions in the mxture-ratio detection
step. 11. A recording nmedium according to Caim110, characterized in that,
~in the relational -expression 15 geh®fating step, the relational
expressions are generated according to a first approximtion in which the
val ues of conponents of the foreground object are the sane, the

-conpongpb§-Rai Bg EQEBH&@Q,iQu&ﬁergéékaﬂﬁﬁeﬂéﬁﬁﬁﬁ!bgahgcﬁgggi?ﬁg i xtur e

vicinity-pi xel data, and a second approximation in

rati o ebangrs Ls8arhy1 M bb; KeSPRELstorbhe: nPPRLt LGRS Pt he pixels in the
m xture area. 12. A recording nediumaccording to Claim1ll, characterized

in that, indhendmpresmnit apuditsdeiecdd ONehStShpd M doCivRsalnof the
gradient of the linear changes 25 of the m xture ratios corresponding to
. the poprbdgoas pécéh@edIidby 20E85rdifd medxehSihOLENE Prytessingea is
detected as the anount of novenent of the foreground object wthin the
exgosuerepeteddt imdresedinen t tagey dat @ hasndeen oHhiasaeiheansrdde, det ect ed
anount of novenent is output. 5 13. A program for causi ng aconputer that
processed &hmgeprocessing not necessarily executed in a time-—

sequential manner but.executed in parallel or individually.

Industrial Applicability
10 According to the present invention,'the amount of

movement which indicates the movement of an object within an

exposure period can be obtained.




"data which is fornmed of a predeterm ned nunber of pixel data obtained by
an image-capturing device that includes a predeterm ned ffgRgr006 PiXxels
having a tinme integrating function, to execute: 10 a mi xture-ratio
detection step of detecting, in a mxture area where -a foreground object
conponent constituting a foreground object and a background object
.conponent constituting a background object are mxed in the inmage data, a
m xture ratio indicating the ratio of a 15 m xture between the foreground

- obj ect conponent and the background opjgct conponent, and a
novenent - anount detection step of detecting the amount of novenment of the
foreground object in an exposure period when the pixel data constituting
the i mage data has 20 been obtained, in correspondence with the m xture
ratio. 14. A program according to CF&PM83, characterized in that the
m xture-ratio detection step  conprises a rel ati-onal -expressi on generating
step of ,]ext P tRRAS R T DD PR TR T hEQr des &Pt ¥ pihage i #eke 25
designated franme of the. inmge data, .the pixel data in a 13 May 2005 - 195
nearby fraEHEtIiose I he Ui R RURRK o b e hi 92t dat a

correspondi.ng to, the background object: also of . extract. t he |
desi.gnat eocdlatrﬁ%}{beld 2t £ oft e_cﬁaasf?td%ﬁ][% %?‘Q’ecfe Wﬁé\ﬁrb‘f]ﬁﬁ(?%pﬁ‘xel data of a
vi ci ity gigel: 4,991 LY. ofe § 408 o5l gnat ed pixel, Lo dhe desi gnat ed
frame; and O generating a plura Tty of re iona expreé%lons ndi cati ng
function, the image processing appératus characterized by
comprising:
mixture-~ratio detection means for detecting, in a
mixture area where a foreground object component
10 constituting a foreground object and a background object
component constituting a background object are mixed in the
image data, a mixture ratio indicating the ratio of a
mixture between the foreground object component and the
background object component, and
m LfigWLMMTMmﬁ6§eﬁéﬁ£;aﬁéﬂﬂ£mdé£éé£isﬁmﬁééﬁémfégmaé£é§£i£§m£ﬁém'””m
amount of movement of the'foreground object in an exposure
period when the pixel data constituting the imdge data has
- been obtained, in correspondence with the mixture ratio.
2. An image prbcessing apparatus according to Claim 1,
20 characterized in that the mixture-ratio detection_means
_comprises,relatioﬁal—expression generating means.for
extracting, in correspondence with a designated pixel in a
designated frame of the image daﬁa, the ﬁixel data in a
neafby frame clése to the designéted frame as background

25 pixel data corresponding to the background-object; also for




‘rel ationshi ps anong t he desi gnat ed- pi xel data, the vicinity- pixel data,
and the background pixel data corresponding to the desigfajmgopbxel and
the vicinity pixel, and 10 m xture ratios of the designated pixel and the -
vicinity pixel are detected according to the rel ational expressions in
the m xture-ratio detection step. 15. A program according to C aim 14,
characterized in that, in the rel ational -expression 15 generating step,
the rel ati onal expressions are generated according to a first '
~approxi mation in which the values of. ;ggmonents of the foreground object
are the sane, the conponents being included in the designated-pixel data
and -the vicinity-pixel. data, and a second approxi mation in which 20 the

m xture ratio changes linearly with respect to the positions of the pixels
in the mS&thactameh. ths dog IsPpradniictdr dai tof dhe riasiaetwdqeigked in
that, in the novenent-anount detection  step, the recjprocal of the

gradi ent 19 (HEMHaaPicitdhgita & & i ity Reehiivs cor¢idgsdehditg to

t he positions. of, the 13. NMay 2005 196 pixels i he m xture area i s
det eot od I CF AR 3 Refovdhirite GBI GHIEASM ¢ hi n t he

exposure period. when the i e data .has been obtained, and the detected
anount of2 5V 9 % Paftsu 50%?]:‘3&? lr?é"gf@ SRS HP L pHt 1 g _
char agt erled 8t h s AP il e i RS GARNE- I LI L0 Ml RULIG AN | mge
pixel data, and the background pixel data corresponding to
the designated pixel and the vicinity pixel, and
minure ratios of the designated pixel and the vicinity
pixel are detected according to the relational expressions.
10 3. An image processing apparatus according to Claim 2,
characterized -in that the relational-expression
generating means generates the relational expre;sions
according to a first approximation in which the values of
compénehts of the foreground object are the same, the.
_mﬁiém.wéaﬁééﬁéﬁﬁémbéiﬁémihéiﬁaéamih_£ﬂéwdégiéﬁéééa;bigéimaé£éméﬁa_”
the vicinity-pixel data, and a second appréxiﬁation in which
. the mixture ratio changes linearly with respect to the
positions of the pixels in the mixture area.
4. An image processing apparatus according to €Claim 3,
- 20 _éharacterized in that the.movemént—amount detection
means detects the reciprocal of the gradient of the linear
éhanges of the mixture ratios corresponding to the positions
of the pixels in the mixture area as the amcunt of movement
of the foreground object within the exposure period when the

- 25 image data has been'obtained, and outputs the detected




‘obj ect captured by an inmage-capturing device that includes a predetermnined -
nunber of pixels having a tine integrating 10 function, as3 Nﬁgggogata
formed of a predeterm ned nunber of . pixel data; mixture-ratio detection
nmeans for detecting, in a mxture area where a foreground object conponent
constituting a foreground object and a background object 15 conponent
.constituting a background object are mxed in the inmage data, a m xture
ratio indicating the ratio of a mxture between the foreground obj ect

- conponent and the background object_ gagpanent, and novenent - anount

detection neans for detecting the 20 anount of novenment of the foreground
object in an exposure period when the pixel data constituting the inage
data has been obtained, in correspondence with the nmixture ratio. 18. An
i mge- captti4Hy ofppervaniaitaccor ding to O aim 17, characterized in that the

m xture-ratio detection neans, 25 caqnpri ses rel at| onal - expressi on '
gener ati ny néghsinase ﬁrq\%ﬁﬁm methogh £ %&t?’é&‘t"?""rﬁf—ng NS eghdence with

e SearE e st 4 % RS R e L D R DR pr el daia
cor resporn he back ound bject; also for 5 extrac ing the
demgnateg)tpﬁqf’eqd at &of* %djr‘F ‘% ]T'HCE %}xel data of a
RELGR vhePv bk il iy aée;ﬂgcreik% B et g
' function, the 1mage_pr006331ng method characterized by
~comprising: |
a mixture-ratio detection‘step of detecting, in a
mixture area where a foreground object component
- 10 constifuting a foreground‘object and a background object
component constituting a background objéct are mixed in the
image data, a mixture ratio indicating the ratio of a
mixture between the foreground object component and the
5ackground object component, and |
'miémmmWMMmémﬁdﬁéﬁéﬁf;éﬁSQﬁf”défébfidh”séééméfmdéféétiﬁémtﬁémm
amount of movement of the foreground object iﬁ an exposure
period when the pixe; data constitﬁting the image data has
been obtained, in correspondence with the mixture ratio.
6. An image processing method according to Claim 5,
20 characterized in that the mixture-ratio detection step
comprises a relational-expression generating step of
extracting, in correspondence with a designated pixel in a
designated frame of the image data, the pixel data in a
nearby frame close to th.e Vdesigzilated frame as background

. 25 pixel data corresponding to the background‘object; also of




“rel ati'onshi ps ampng the desi gnat ed- pi xel data, the vicinity 10 pixel data,
and t he- background pi xel data corresponding to the designaneg 2005el and
the vicinity pixel, and m xture rati.os of the designated pixel and the
vicinity pixel are detected according to the relational expressions. 19.
An i mage-capturing apparatus according to Caim 18, 15 characterized in
that the relational -expression generating neans generates the rel ational
expressions according to a first approximtion in which the val ues of
.conmponents of the foreground object -angit he same, the conponents being

i ncluded .in the designated-pixel data and 20 the vicinity-pixel data, and a
second approximation in which the mxture ratio changes linearly wth

o N e e 1 S G P A dh o e st S o m i hat (e
movenent - nt detectlon 2 nea detects. the re rocal .of, t| di ent
of the Ii %ﬁggflﬁnﬁé{?’ drﬁgaes‘”b?lrflhté’ rﬁ%ﬁeicllr gmr at |Vo]sC]6b]rn?%gcb€ndi ng

to the pqsjd tlcﬁ%igfnoregr QJ elﬁ1 %ﬂﬁ&ﬁ{eed afrreaerlneas tth aj_m)unt of’

novenent obj ec e exposur'e perlod when t he
- image data @%ﬂ@@n %ﬁ@&%ﬂ%@#ﬁﬁ%&ﬁe dEAAG . AR g
- nmovenent . ] e prese i vent |on he
anmung OEeQB%S%%@hlps among the designated-pixel data, the vicinity-
- pixel data, and the background pixel data corresponding to
'fhe designated pixel and the vicinity pixel, and
mixture ratios of the designated pixel and the vicinity
pixei.are detected according té the relational expressions
10 . in the mixture—ratio detection step.
7. BAn image processing method according to Claim 6,
characterized in that, in ihe relational-expression
generating step, the relational expressions are genérated
according to a first approximation in which the values of
""MiSmm“ééﬁﬁéﬁéﬁféméf'fﬁé'fdfégfaﬁﬂdméﬁjéét”éféfthéWSAﬁé;“££émm”“”m””m"m”“m
components being included in the designated-pixel data and
the vicinity-pixel data, and a second approximation in which
the mixture ratio changes linearly with respect t&.the |
bositions of the pixels in the mixture area.
20 8. Ah.image processing method according to Claim 7,
characterized in that, in the movement-amount detection
step, the reciprocal‘of.the gradient of the linear changes
of the mixture ratios corresponding to the positions of the
pixels in the mixture area is detected aé the amount of

25 -movement of the foreground object within the exposure period




‘indicating the novenent of an object within an exposure period to be
obt ai ned. An estimated-m xture-rati o processor 401 calcuhawggzaosestrnated
m xture ratio for each pixel and an estimated notion vector by a

cal cul ation corresponding to a nodel of a covered background area, and
sends the calculated estinmated mixture ratio and the cal cul ated estiimted
nmotion vector to a mxture-ratio determning portion 403. An

estimated-m xture-rati o processor 402 calculates an estimted m xture
ratio for each pixel and an estimtedgption vector by a cal cul ation
corresponding to a- nodel of an uncovered background area, and sends the
calculated estinated m xture ratio and the calculated estimated notion

vector ta xt.ure-r et er,m ni n on 3., The mixture=ratio

det er m nr"llbe Ei dﬁ“aﬂﬁsa‘iaeiiasqlaas rﬁ’%ﬁrur‘gmrag’t Cg %ﬁ t%eedr according
to area &9 %%Jé%gn trnq} o] Wg'Ch of a foreground area, a

“backgroun area he coveredjbac'Eﬁ nd area, or the uncovered background
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i mage processing ap tu
readable by a computer, for image processing processing for

5 processing image data which is formed of a predetermined
number of pixel data obtained by an image-capturing device
that includes a predetermined number of pixels having a time
integrating function, the program characterized by
comprising:

| io a mixture-ratio detection step of detecting, in a .
nixture area where. a foreground object component
‘constituting a foreground object and a background object
component constituting a background object are mixed in the
image data, a mixture ratio indicating the ratio of a

"”“iS““ﬁikfufé”bééwééﬁ”£hé”fdfég£5uﬁd”abjé¢£”ééﬁ@bﬁéﬁ{“&ﬁa”éﬁé”“””““””m””
background object component, and
a movement—amount detection step of detecting the
amount of movement of the foreground cobject in an exposure
period when the ?ixel data constituting the image data has
ZOl'been obtained, io_correspondence with the mixture rafio.
-iO. A recording medium accordiﬁg to Ciaim 9,
characterized in that the mixture—ratio detection step
comprises a relational-expression generating step of
extracting, in cofrespondence with a designated pixel in a

‘25 designated frame of the image data, the piXel data in a




10

e

20

25

13 May 2005

- 193 -

nearbj frame close to the designated frame as background
pixel data corresponding to the background object; also of
extracting the designated-pixel data of the designated pixel
and vicinity-pixel data of a vicinity pixel in a vicinity of
the designated pixel in the designated frame; and oﬁ
generating a plurality of relational expressions indicating
relationships among the designated-pixel data, the vicinity-
pixel-data,'and tﬁe background pixel data-corresponding to
the designated pixel and the vicinity pixel, and |
mixture ratios of the designated pixel and the vicinity
pixel are detected according to the relational expressions
in the mixture—-ratio detection step.
11. A recording medium according to Claim 10,

characterized in that, in the relational-expression

'Tgéﬁéféfiﬁé“éiép;mfﬁémféiéfiaﬁéimégbféééidhéméré”ééﬁéféféa””mmmmmm”

according to a first approximation in which the wvalues of

components of the foreground object are the same, the

Componehts being included in the designated-pixel data and

-the vicinity-pixel data, and a second approximation in which

the mixture rafio changes linearly with respect to the

positions of the pixels in the mixture area. |

12. A recording médium according'to Claim 11,
characterized in that, in the movement-amocunt detection

step, the recipfocal of thergradient'of the linear changes

of the mixture ratios corresponding to the‘positions of the
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pixels in the mixture area is detected as the amount of
movement of the foregrbund object within the exposure period
when the image data has been obtained, and the detected

amount of movement is output.

13. A program for causing a computer that processes image

" data which is formed of a predetermined number of pixel data

obtained by an image—captufing device that inciudes a

predetermined number of pixels having a time integrating

function, to execute:

a mixture-ratio detection step of detecting, in a
mixture area where -a foreground object component

coﬁstifuting-a foreground object and a background object

‘component constituting a background object are mixed in the

image data, a mixture ratio indicating the ratio of a

'Eigtﬁfémgé£§ééﬁ”££é.fafégfaﬁﬁamsbfééf”ééﬁbéﬁéﬁ£HAham£ﬁé”m'””

background object component, and

a movement-amount detection step of detecting the

-amount of movement of the foreground object in an exposure

period when the pixel data constituting the image data has

been dbtained, in correspondence with the mixturé ratio.

~14. A program according to Claim 13,

characterized in that the mixture-ratio detection step

- comprises a relational-expression generating step of

extracting, in correspondence with a designated pixel in a

designated frame of the image data, the pikel data in a
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' hearby frame close to the designated‘frame as background

pixel data corresponding to the background object; also of

extracting the designated-pixel data of the designated pixel

- and vicinity-pixel data of a vicinity pixel in a vicinity of

the designated pixel in the designated frame; and of
generating a plurality of relational expressions indicating
relationships among the designated—pixel data, the vicinity-
pixel data, and the background pixel data corresponding to
the designated pixel and the vicinity pixel, and

mixture ratios of the designated pixel and the vicinity

pixel are detected according to the relational expressions

-in the mixture-ratio detection step.

15. A program according to Claim 14,

characterized in that, in the relational-expression

generat J_ng e tep, Ry g expres sions are generated e

according to a first approximation in which the values of

- components of the foreground object are the same, the

components being included in the designated-pixel data and’
the vicinity-pixel data, and a second approximation in which
the mi#ture ratio changes linearly with réspect to the
positions_of the pixels in the mixture area.
16; A progrém éccofding to Claim 15,

characterized in thaf, in the movement-—amount detectibn
step, thé reciprocal of the gradient of thé linear changes

of the mixture ratios-cdrresponding to the'positions of the
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pixels in the mixture area is detected as the amount of

movement of the foreground object within the exposure,period

“when the image data has been obtained, and the detected

amount of movement is output.
17. An image—capturing apparatus characteri?ed_by
comprising:

image—capturing means for outputting an image of an
object captured by an image-capturing device that includes a
predetermined number of pixeis having a time integrating
function, as image data formed.of a predetermined number of -
pixel data;

mixtufe—ratio detection means for detecting, in a
mixture area where a foreground object component

constituting a foreground object and a background object

component constituting a background object are mixed in the

image data, a mixture ratio indicating the rafio of a

mixture between the foreground object component and the

background object component} and |
movement—amount detection means for detecting the

amount of movement of the foreground objéect in an exposure

period when the pixel data constituting the-image data has

been obtained, in correspondence with the mixture ratio.
18. An image—capturing apparatus according to Claim 17,

characterized in that the mixture-ratio detection means

‘comprises relational-expression. generating means for
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extracting, in correspondence with a designated pixel in a.
designated frame of the image data, the pixel déta in a
nearby frame close to the designated framé as background
pizxel data corresponding to the background object; also for
extracting the designated-pixel data ofrthe designated pixel
and vicinity-pixel data of a vicinity pixel in a wvicinity of
'the designated pixel in the designated frame; and for
génerating a plurality of relational expressions indicating
relationships among the designated-pixel data, the vicinity-
pixel data, and the background pixel data corresponding to
the designated pixel and the vicinity pixel, and
mixture ratios of the designated pixel and the vicinity

pixel are detected‘according to the relational expressions.
19. An image-—capturing appératus according to Claim lé,

'“6ﬁ5£éé£éti£é&miﬁmfﬁéﬁﬂ£ﬁémféiéfiéﬂél;éxﬁréééiéﬁm”'mmm
generating means generates the relational expressions
according to a first‘approximation~in which the wvalues of
components of the foreground object are the same, the

components being included in the designated-pixel data and

the vicinity—pixel data, and a second approximationrin which

the mixture ratio changes linearly with rESpect_to the

positions of the pixels in the mixture area.

2b. An image-—capturing apparatus according to Claim 19,
| characterized in that the movemenf—amount detection

means detects the reciprocal of the gradient of the linear
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. changes of the mixture ratios corresponding to the positions
of the pixels in the mixture area as the amount of movement
of the foreground object within the exposure period when the

image data has been obtained, and outputs the detected

amount of movement.






