2 Decenber 2005 1 DESCRIPTICN | MAGE PROCESSI NG APPARATUS AND METHOD, AND

| MAGE- CAPTURI NG APPARATUS 5-- Technical Field The present invention
rel ates to i mage processi ng apparatuses and net hods, and i mage--capturing

apparatuses, and nore particularly, to an inage proces$idgmdePsigat us 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 A technique for detecting incidents occurring
inthe 15 real world by a sensor and for processing sanpled data .output
fron1the i mge sensor is wdely uséed.l For exanpl e, notion blur occurs in an
i mage obtained by capturing an object noving in front of a predeternined
stationary background with a video canera if. the noving 20 speed is
rel.atively high. However, when aEsu®mcaiIons noving in front of a

stationary background, not only does notion blur caused by the m xture of
t he nMOVUMAGHIHREONESSISE fAFRRIRATUD IKNIAIMETHOTE, NG UIMAGHE -¢ARTRING ound

i mge-and the object inmage occurs. 25 Hitherto, the processing for dealing
with t B@PARATIISe state. 2 Decenber 2005 - 2

_5.- Technical Field
The present invention relates to image processing
apparatuses and ﬁethods, and image-capturing apparatuses,
aﬁdrmore particulariy, t0o an image processing apparatus and
method, and an image—capturing apparatus in which a
10 difference between a signal detected by a sensor and the

real world is taken into consideration.

Background Art
A technique for detecting incidents occurring in the
15‘ real world by a sensor and for processing sampled data
output from the image sepsor-is widely used.
Fof example, motion blur occuﬁs in an-image obtained by
i Capturing'an object moving in fronﬁ of a predetermined
statiohary background with a video camera if. the moving
26 | speed is rélatively'high.
However, when an object is moving in front of a
stationary background, not only does motiqn_blur_caused by
" the mixture of the moving object itself occur, but alSo'the
mixture of the background image. and £he object image occurs.

25 Hitherto, the processing for dealing with the mixture state



of the background i mage and the novi ng obj ect has not been consi dered.

Di scl osure of Invention The present invention has been made in view of the
above- described background. Accordingly, it is an object of the present
invention to make it possible to detect the m xture sbadRemBeFoosnage. | n
accordance wth one aspect of the present invention, there is provided an
i mage processing apparatus for processing imge data which is fornmed of a
pr edet er mi ned nunber of pixel data OBt i ned by an i nmage- capturing device

ol uding 3¢ RhedelengdaYsE ohapiie! soothe ghxele having. a

i ntegrating func ion, sal roceSS|ng ap r|5|ng area
speC|fy|ng(ﬂ§ng ﬁi_speC|fy|ng in correspondence with inmage data, a

m xed area I n o f oreground object conponents form ng a foreground

obj ect and background object conponents form ng a background object are
m xed and a non-m xed area formed of a foreground area consisting of only

the foregraqurdlebhestorcanponeidrs and a background area consisting of only
the background object conponents; and m xture-ratio estimting nmeans for

estimating, basedpoesdiie inabhoiod Hdre bakett haoé iheviewerdt aheaabove-
predeterm ned direction with respect to the noving direction of the
f or egr ound delsicetibed obpokertundt. he dahirhlioffivheim Xed arar elajdusi ngf spieei fi ed
by the area information, to 2 Decenber 2005 -- 2a -

present invention to make it possible to detect the mixture

state in an image.

In accordance with one aspect of the present invention,
there is provided an image processing apparatus for processing
image data which is formed of a predetermined number of pixel
data obtained by an image-capturing device including a
predetermined number of pixels, the pixels having a time
‘integrating function, said image processing  apparatus
comprising: area specifying means for specifving, in
correspondence with image data, a mixed area in which
foreground object components forming a foreground object and
background object components forming a background obiject are
mixed and a non-mixed area formed of a foreground area
consisting of only the foreground object components and a
background area consisting of only the background object
components; and mixture-ratic estimating means for estimating,
based on .the ratio of the width of the mixed area in a
predetermined direction with respect to the moving direction

of the foreground object component, the width of the mixed

. area being specified by the area information, to



the distance fromthe position of a designated pixel to the edge of the
m xed area in the predetermned direction, a mxture ratio indicating the
rati o between the foreground object conmponents and the background object
conponents of 2 Decenber 2005 the designated pixel. The gdiBg®ePIEEELSSI NY
apparatus may further include notion-vector detection neans for detecting
a notion vector of the foreground obj ct The m xture-ratio estimating 5
means nay detect the width of the nixed®area and the distance fron1the

positi on of ey desh,gnatedy PLYE! pi01 LG qlde, ofe IR NLECH; ALPAL) LA

nmovi ng dlrectlon 0 e noti on or and may e nlxture ratio

based on thgyger ab 0cQl tfigeW diaa0 nﬁ h%h@‘ %d%rt%i‘mhﬁ’e& hg; fi stance from 10

t he position of the designated pixel to the edge of the m xed area. The

i mage proceasicige apRAiat UsndiR¥tiHgt Nee | PEl U peAPYANgLEL T etdregRodRg ECt i ON
means for detecting the noving direction of the foreground object. The

m xt ure-ratdbgetd estpomhitBgan®ats BRYkgehatt cbhecwi cinpodbntheosr xed area
and the distance fromthe position of the designated pixel-to the edge of
the m xed area in the noving direction, and may estimate the mxture ratio
based on the ratio of the wwdth of the m xed area to the. distance from
the position of the 20 designated pixel to the edge of the m xed area. The
novi ng-di rection detection nmeans nay include nption-vector generating
means for generating a notion



vector based on the area information and the position of the mxed area in
a designated frane and the position of the 25 mxed area in a franme in the
vicinity of the designated 2 Decenber 2005 -- 4 frane, thereby making it
possible to detect the noving direction based on the geneLatefddmtion
vector. In accordance with a second aspect of the present 1 nvention, there
is provided an i nage processing nethod for an imge processing apparatus
for processing image data which is fornmed of a predeterm ned nunber of

pi xel data obtained by an inmage- captyring device including a predeternned
nunber of pixels, the pixels having a time integrating function, said

i mage processing nethod conprising: an area specifying step of specifying,
in correspgndence with image data, a mxed area in which foreground

obj ect EgﬁpgﬁéhggaF%?nPhﬁeh-foreground obj ect and background obj ect

conponents fqQrm.ng a background object are m xed and a non-m xed area
np #h) g J .
formed of a ?éj‘?acﬂﬁ]é’ré’rcé‘a‘ssc‘&%iaﬁﬁaffga%#s oWy fnrehenriagriodsd obj ect
conponq&%giggg a Qacgground,area consisting of —only the background object
conponent §; UreS T JRedRt | hati Agtecerara aeethen i vRGtdEsed on
np
the ratip pf. the wdth of the mxed area in a predetermned direction with
respect to the nD ]i"chumgi?%}:‘??%h )(;fmfl‘fg“%‘r”é rotintP obj etta onent, the
p g
Wi dish qfeadden 0 X8 ALea hei ecified b tie area information, to the
di stance from{%e osfi on o atstge%# %%Gt’ e%él TXxet™ 9 4 e of the mixed
p g
area i midhepredet st rg'}{éegmdgir@fgﬂ oy g Mxture ratio . indicating the ratio
bet ween t he foreground obj ect conponé%%s fﬁfgnated plXéh to thg
edge of the mixed area in the moving direction of the motion
vector, and may estimate the mixture ratio based on the
ratio of the width of the mixed area to the distance from
10 the position of the designated pixel to thé edge of the
mixed area.
The image processing apparatus may further include
moving-direction detection means for detecting the moving
direction of the foreground object. The mixture-ratio
15 estimating means may detect the width of the mixed area and
the distance from the position of the designated pixel to
the edge of the mixed area in the moving direction, and may
~estimate the mixture ratio based on the ratio of the width
of the mixed area to the distance from the position of the
20 designated pixel to the edge of the mixed area.
The moving-direction detection means may include
motion-vector generating means for generating a motion
vector based on the area information and the position of the
- mixed area in a designated frame and the poéition of the

25 mixed‘area in a frame in the vicinity of the designated



t he background obj ect conponents of the designated pixel. The inage
processi ng nmethod may further include a notion 2 Decenber 2005 - 5 vector
detection step of detecting a notion vector of the foreground object. In
the m xture-ratio estimating step, the wdth of the ”EfEQeQBS@Q d the

di stance fromthe position of the designated pixel to the edge of the

m xed area may be detected in the noving direction of the notion vector,
and the m xture ratio nay be estinated based on the ratio of the w dth of
the m xed area to the distance fromthe position of the designated pixe
to the edge of the m xed area. The inange processi ng nethod may further

i nclude a nmoving- direction detection step of detecting the noving

di rection dirahdie tHeaebygrmoakichgohfepdssiliet he detddtr ehe ahdwirestiradtiing st ep,
the w dth of the m xed area and the distance fromthe position of the
desi gnat ed bppselont he hgersgeedfnatiennvxebrar ea may be detected in the
noving direction, and the mxture ratio may be estinmated based on the
rati o of the WHtAFEFIepee Hitbd2afesrnd 2aPRRCHI Yt dheePreiUth ttRESPoSIYi on of

t he designated pi.xel to .the edge.of the nixed area.. The_novi ng-direction
dotectton SPEhe ms | TS e Hot HORES v BER LTS Lo or BetIo5 SEoh 6P gdiSPating a

motion Vecﬁaggcgﬁ%gegﬂgéﬂﬁ:us' %dle?‘ﬁ]omegém iiﬂg%(fgr%ﬁéah%h}?&?ij}si ggrlgéd tol}e m xed

areain a_ _e_S|gna rane_an ep05|t|on e_mxe_d area!naframa
in the vigi Nide0brtiRdeginreat e f page t BeEebYpiBKADY bl ROSSiRlL- to

detect the noving direction based on the generated notion

capturing device including a predetermined number of pixels, the
pixels having a time integrating function, said image processing
method comprising: an area specifying step of specifying, in
correspondence with image data, a mixed area in which foreground
object components forming a foreground object and background
object components forming a background object are mixed and a
non-mixed area formed of a foreground area consisting of only the
foreground object components and a background area consisting of
only the background object components; and a mixture-ratio
estimating step of estimating, based on the ratio of the width of
the mixed area in a predetermined direction with respect to the
moving direction of the foreground object component, the width of
the mixed area being specified by the area information, to the
distance from the position of a designated pixel to the edge of
the mixed area in the predetermined direction, a mixture ratio
indicating the ratio between the foreground object components and
the background object components of the designated pixel.

The image processing method may further include a motion-



vector. In accordance with a third aspect of the present invention, 2
Decenber 2005 5a there is provided a recording nediumin which a
conput er -readabl e program for processing image data which is forned of a
predet er mi ned nunber of pixel data obtai ned by an img?t%%@ﬁ]t!&jﬂﬂ)s devi ce
including a predeterm ned nunber of pixels, the pixels aving a tine
integrating function, is recorded, said program conprising: an area
specifying step of specifying, in correspondence with image data, a mxed
area in which 2 Decenber 2005 6 foreground object conponents formng a
foreground object and background objec{ conponents form ng a background
object are mxed and a non-m xed area fornmed of a foreground area

consi sti ngvettanl ylethet for egtaundrobjeaeictingpenentsiandvactdr backgheund
area consisting of only the background object conponents; and a

m xt ur e- r atfpoegstindatdigest ep Iof tést imbertivng; rdideedstand figar agtiep, ofthiehe
width of the mixed area in a predeterm ned direction with respect to the
nmovi ng di Megth gt Shetecadorest ARG the| Eertagsfpbirdnthetprsikilge hobftheo t he
m xed area bein | ecified by the area infor,rraéi on, to the distapce from

the posi t 1 8RBT “deSt Gilati8a it 2819ot OF {HE Tutige Bt P iS(88 arEet 1 the
predet o 060 ALI56L LB or ToEL P ARULR, LA L3R e i tepuen the
may be estimated based on the ratic of the width of the mixed
area to the distance from the position of the designated pixel to
the edge of the mixed area.

The image processing method may further include a moving-
‘direction detection step of detecting the moving direction of the
foreground object, In the mixture-ratio estimating step, the
width of the mixed area and the distance from the position of the
designated pixel to the edge of the mixed area may be detected in
the moving direction, and the mixture ratio may be estimated
based on the ratio of the width of the mixed area to the distance
from the position of the designated pixel to the edge of the
mixed area.

The moving-direction detection step may include a motion-
vector generating step of generating a motion vector based on the
area information and the position of the mixed area in a
designated frame and the position of the mixed area in a frame in
the vicinity of the designated frame thereby making it possible
to detect the moving direction based on the generated motion
vector.

In accordance with a third aspect of the present invention,



|

15 the designated pixel. The program may further include a notion-vector
detection step of detecting a notion vector of the foreground object. In
the m xture-ratio estimating step, the width of the m xed area and the

di stance fromthe 20 position of the designated pixel b@¢dBanedamsof the

m xed area may be detected in the. noving direction of the notion.

vector, and the mxture ratio may be estinated based on the ratio of the
wi dth of the m xed area to the distance from the position of the

desi gnated pixel to the edge of the 25 m xed area. 2 Decenber 2005 - 7 The
program may further include a noving-disgecstion detection step of detecting
the noving direction of the foreground object. In the mxture-ratio

esti mati ngthéep,ist pbeowidlidhaotedtdrelinyxecdiamedn wnidht heconattane ecddabiret he
position of the designated pixel to the edge of the m xed area nay be

det ect ed i rregwamp\fiong dirresstsiion, imaud t lWetai xvhirad r asi ofaryede odst Bmat ed
based on the ratio of the wdth of the m xed area to the distance fromthe
posi tion oPTERRFETHEBFYTERT pPi&ixed e oh§ainid PHea R Mgearapturing

nmovi ng-directjon detection step nay i.nclude not Lon: vector. generating
Step of geREFH(d N e dbPToR VECHOroBULEs GRTPRE Ohr Bt Hi-or AL BIteafid t he

osition o 1 X r i ._desj ted f.ra he_posit]o f the
ﬁixed ar eag?‘tﬁﬂgg P;raﬁgm?anf% ea\%f%(?n?{lgé%’f&f he sdre%cggg?&e'd ?éf)lanel?écf eagl eby

WHF! Ng it pomstidligy:t0 dgheckrdhe Jpuirg:dl r esldon Jasedeehr gy, gengr at ed
mot i on

correspondence with image data, a mixed area in which



vector. In accordance with a fourth aspect of the present invention, there
is provided a programfor allowing a conputer that processes inmage data
which is formed of a predeterm ned nunber of pixel data obtained by an

i mge-capturing device including a predetermnm ned nunbgipeeEmpir®os, the

pi xel s having a tine integrating function, to execute: an area specifying
step of specifying, in correspondence with inmage data, a mxed area-in

-whi ch foreground obj ect conponents formng a foreground object and
background obj ect conponents form ng background object are mxed and a
non-m xed 2 Decenber 2005 - 7a area tformed of a foreground area consisting
of only the foreground object conponents and a background area consi sting
of only the background object conmponents; and a m xture-ratio estimating
st ep of f@rPgrenheroRZPOSt Scesponahtagfohabeg Hnféhegroind &bjddwe aMat h of
the m xed area in a predetermned direction with respect to the noving

di r ect i backgrowed f opegr ouncpbpect s chmpenents Hdekqicitd ofbjdde adexed area
being specified by the area information, to 5 the distance fromthe

posi ti oRi¥edaapeés: gherddlipecetred fhomeddye of fetmymiwed @rea in the
predetermned direction, a mxture ratio indicating the ratio between the
f or egr oGPES 1 dbj eEtoE Pipbnekite EekeYHeuld et Cotpentn tompohent s of '

5 background area consisting of only the background cbhject
. components: and a-mixture—gatio estimating step of

estimating, based on the ratio of the width of the mixed
area in a predetérmined direction with respect to the moving
direction of the foreground object component, the width of

10- the mixed area being specified by the area information, to
the distance from the position of a designated pixel to the
‘edge of the mixed area in the predetermined direction, a
mixture ratio indicating the ratio between the foreground
obiject components and the background object compohents of

.15 the designated pixel. B
| " The program may further include a motion-vector

detection step of detecting a motion vector of fhe
foreground object. In the mixture-ratio estimating step,
the width of the mixed area and the distance from the

20 position of the designated pixel to the edge of.the mixed
area may be detected in thé.moving direétion of the motion_
vector, and the mixture ratio may be estimated based on the
ratio of the width of the mixed area to the distance from

" the position of the designated pixel to the edgé of the

25 mixed area.



t he designated pixel. 10 The program may further include a notion-vector
detection step of detecting a notion vector of the foreground object. In
the m xture-ratio estimating step, the wdth of the m xed area and the
di stance fromthe position of the designated pixel to bhecegesr ®iost he m xed
15 area may. be detected in the noving direction of the notion vector, and
the mxture ratio may be estinated based on the ratio of the wdth of the
m xed area to the distance fromthe position of the designated pixel to the
edge of the m xed area. 20 The program may further include a
novi ng-direction detection step of detecting the noving direction of the
foreground object. In the mxture-ratio estinmating step, the wdth of the
m xed area andricherdigstrance; fauenhéheindlodet & aoviligtberaesiognasedtyioxel to’
the edge of the mixed 25 area nmaybe detected in the noving direction, and
the 2 Decenber F0CBtechingritheuneving iddraayide dstthanfexkdraved drigdie ratio
of the wwdth of the mxed area to the distance fromthe position of the
desi gnat edIbl*S@EEI g TR %‘&@@ it ifMRELINT & GPar B2 Wﬁ@éhnﬁf/l% E}H‘%%:ﬁr@ﬁ
det ection st i ncl ug rrthlon- vect or ene atin nratlnga
rOIar

noti on vecf?d %1553&55?‘??% PREBY R |°<§n etsﬁgn%b%ci tplléﬁ € ni xed

area in a ogesignaned f1aie, AN Lhe,RosiLid @doa al B e aa%eea og frame

in the V|C|§|tyo tfr1ne esignat e Prama erey maki ng rt possi bl é
and the mixture ratio may be estimated based on the ratio of the
width of the mixed area to the distance from the position of the
designated pixel to the edge of the mixed area.

The moving-direction detection step may include a motion-
vector generating step of generating a motion vector based on the
area information and the position of the mixed area in a
designated frame and the position of the mixed area in a frame in
the vicinity of the designated frame, thereby making it possible
to detect the moving direction based on the generated motion
vector.
In accordance with a fourth aspect of the present invention,

‘there 1is provided a program for allowing a computer that
processes image data which is formed of a predetermined number of
pixel data obtained by an image-capturing device including a
predetermined number of pixels, +the pixels having a time
integrating function, to execute: an area specifying step of
specifying, in correspondence.with image data, a mixed area in
which fbreground object components forming a foreground object
and background cbject components forming a background object are

mixed and a non—mixed



to the noving direction based on the generated notion vector. |In accordance
with a fifth aspect of the present invention, there is provided an

i mage-capturing apparatus conprising: inage-capturing nmeans for outputting
a subject image captured by an inmage-capturing devi cezipDpebmeenzn®
predet erm ned nunber of pixels, the pixels having a tine integrating
function, as inage data fornmed of a predeterm ned nunber of pixel data;
area specifying nmeans for specifying, in correspondence with the inmge
data, a m xed area in which foreground object conponents formng a

f oreground object and background obj ectraconponents formng a background
obj ect are m xed and a non-m xed area forned of a foreground area

consi sting eftean|fiprinhé fait egr ofmckgabpedt areanposrentssiand < baskygr aed area
consisting of only the background object components; and m xture-ratio

est i mat i ng ftAsegcurftlopbpstt rremparentirased snbeadiwnocapioaydfa tdeashbeiny ¢f t he.

m xed area in a _predetermned direction with respect to the 2 Decenber
2005 - 10 °RbYi ridiedi PREIITOHBf TREEor EYERREt D] SO cANPHFERES X3 wi dt h
of the nixedtarqg beigg)sgecified by the area information, to the distance
fromthe pS&8rtTon"df *5™P dési gnated pixel to the edge of the nixed area in
the predetermned direction, a mxture ratio indicating the ratio between
t he foreground object conponents and the background object conponents of

t he designated pixel. The image-capturing apparatus may further include
noti on-vector detection neans for detecting a notion vector -



of the foreground object. The m xture-ratio estimating neans nmay detect
the width of the m xed area and the distance fromthe position of the
designated pixel to the edge of the m xed area in the noving direction of
the notion vector, and may .estimate the m xture rati®pbasgerangshe ratio
of the wwdth of the m xed area to the distance from the position of the
desi gnated pi xel to the edge of the m xed area. The image-capturing
apparatus may further include noving-direction detection neans for
detecting the-nmoving 20 direction of the foreground object. The :
m xture-ratio estimating means may detect the width of the m xed area and
the distance fromthe position of the designated pixel to the edge of the
m xed area in the noving direction, and may estimate the mxture ratio
based oastheatatdgp lodsédieon thid 25t0d & hetine xerdiak asf tthd heitk&t ance from
the position of the 2 Decenber 2005 - 11 designated pixel to the edge of

t he ni xadear em. a Theedwwd nyinkd edi rent et eet thne-esmsest ney thee | uskei mpt i on-
vecto:m(g_enerajti ng nmeans for generating a notion vector based on the area

i nf or me®i BRACERCD t e Posi foorooiundeoli xet eempenents, tesiwgndtedf rane and
the position of the mxed area in a frame in the vicinity of the

desi gnated TR, 2¥errd\ngexiert fiepdesi bre axen detfermmatiompving
direction based on the generated nption vector. In accordance with a sixth
aspéct Eﬁet¢%§?ﬁ%%%nﬁﬂyﬁv%hﬁiRﬁﬁltlon of a designated pixel to the '

edge of the mixed area in the predetermined direction, a
mixture ratio indicating the ratio between the foreground
object components and the background object components of
the designated pixel.

10 The program may further include a motion-vector
detection step of detecting a motion vector of the
foreground object. _In the mixture-ratio estimating step,
the width of the mixed area and ﬁhe distance from the
pdsition of the designated pixel to the edge of the mixed

15 area may be detected in the mdving direction of the motion
vector, and the mixture ratio may be estimated based on the
ratio of the width of the mixed area to the distaﬁce from
the position of the designated pixel to thé edge of the
mixed area.

20 The'prbgram may further include a moving-direction
detection step of detecting the moving direction 6f the
foreground object. In the mixture-ratio estimating step,
the width of the mixed area and the distance from the
position of the designated pixel to the edge of the mixed

25 area may be detected in the moving direction, and the



there is provided an i mage processing apparatus for processing inage data
which is forned of a predeterm ned nunber of pixel data obtained by an

i mge-capturing device including a predeterm ned nunber of pixels, the

pi xel s having a tine integrating function, said inagezgﬂggﬁﬁg}ﬂﬂﬁapparatus
conprising: area specifying nmeans for outputting area intormation used for
specifying, in correspondence with imge data, a mxed area in which

f oreground object conponents form ng a foreground object and background
obj ect components form ng a background object are mxed; and m xture-ratio
estimating neans for estimating a mxtdre ratio indicating the ratio of
the foreground object conponents and the background object conponents in

the mxed atigeurdlaseds oinyt be as@d-itBlosdRId 68 and arhY dhenroyisng dier ection
of the foreground object by assuming that the m xture ratio changes

subst anti althy Inixedr | yras t hor egpectiitbaddie posht it0R ObothE opi xef . the
Decenber 2005 - 12 The m xture-ratio estinmating neans may estinmate, based
on the podetiomted nixdgtenthawoge ofhetendiked posiati oned at a f oreground
area consisting of only the foreground object conponents and the other end
i s positioned Ht® d"PYACRGHBIRT &P edeEBASIN | PlgFFof Mh| ynckude backericnnd

obj ect conponents, t he segnent traversingﬁthe m xed area, the mxture

ratio of tRKEPIXEF e r'e8YpShtlR My E6PEHE- 08 PPN EHer SBgREM™ “PhRe

m xture-ratig, e%'{ﬁﬁﬁét@%n”?gﬁé rgg¥ estinat e tot}e [gxture %r atio o:.fn t Qe pi xel
corresponding to e position on The ségnent ~~based on the position~on the

segment papaliflack FhEJMKLENG e position of the mixed area in a frame in

the vicinity of the designated frame, thereby making it possible
to the moving direction based on the generated motion vector.

In accordance with a fifth aspect of the present invention,
there 1is provided an image-capturing apparatus comprising:
image-capturing means for outputting a subject image captured by
an image-capturing device including a predetermined number of
pixels, the pixels having a time integrating function, as image
data formed of a predetermined number of pixel data; area
specifying means for specifying, in correspondence with the image
data, a mixed area in which foreground cbject components forming
a foreground object and background object components forming a
background object are mixed and a non-mixed area formed of a
foreground area consisting of only the foreground object
components and a background area consisting of only the
background object components; and mixture-ratio estimating means
for estimating, based on the ratic of the width of the mixed area

in a predetermined direction with respect to the



direction of the foreground object. The m xture-ratio estinmating neans nmay
estimate the mixture ratio of the pixel corresponding to the position on
t he segnent based on the position on the segnent obliquely intersecting

with the noving direction of the foreground object. |BResoEdREG Wth a

seventh aspect of the present invention, there is provided an I nmage
processi ng nethod for processing imge data which is fornmed of a
predet erm ned nunber of pixel data obtained by an inmage-capturing device
including a predeterm ned nunber of pixels, the pixels having a tine
integrating function, said i mage processing -nethod conprising: an area
speci fying step of outputting area information used for specifying, in
correspondence with inmage data, a mxed area in which foreground object
conponemtvifigrdingchibor efr thadfobggebunandbhaekgeenpenenPecemder 2005 - 13
obj ect conponents form ng a background object are mxed; and a :
m xt ur evt@dthocésthenningdstepaobesyi specngiadnbyt une saého indicating the
rati o of the foreground object conponents and the background object _
conmponeht5oFRathen ni kedthe edipbaede ofirohetheeposihionmafi@an and only 't he
moving direction of the foreground object by assuming that the mxture
ratio chaht@R2sebspinel abpytheiedae| 9f wieh mexpdcerea thmetiposition of the
pixel. In %he m xture-ratio estimating step, based on the position on a
segnentPRRGSECOREN &N T 5o pbiPR | oh BBt URE f 67 BYP olmdiarebng cUmsi sting of
only the foreground opject conponents and the other ‘
y ratloqggtween Eﬂe %oreg ound object components and the
background object components of the designated pixel.
The image-capturing apparatus may further include
motion-vector detection means for detecting a motion vector
10 of the foreground object. The mixture-ratio estimating
‘means may detect the width of the mixed area and the
distance from the position of the designated pixel to the
edge of the mixed area in the moving direction of the motion
vector, and may estimate the mixture ratio based on the
15 ratio of the width of the mixed area to the distancerfrbm
the position of the designated pixel to the édge of the
mixed area. |
The image-capturing apparatus may further include
moving-direction detection means for detecting the moving
20 'direction of the foreground object. The mixture-ratio
. estimating means may detect the width of the mixed area and
the distance from the position of the designated pixel to
the ‘edge of the mixed area in the moving direétion, and may

estimate the mixture ratio based on the ratio of the width

-25 'of the mixed area to the distance from the position of the



end is positioned at a background area consisting of only the background
obj ect conponents, the segnent traversing the mxed area, the m xture
ratio of the pixel corresponding to the position on the segment may be
estimated. In the mxture-ratio estimating step, the mygdiLppb@sdds of the
pi xel corresponding to the position on the segnent may be estinmated based
on the position on the segnent parallel to the noving direction of the
foreground object. In the mxture-ratio estimating step, the mxture ratio
of the pixel corresponding to the position on the segnent may be

estimated based on the position on thejsegnent obliquely intersecting with
the noving direction of the foreground object. In accordance with an eighth
aspect of tkeigiaseanpixzslyenbt tion edgeher ecHssmpreviaded.a recordi ng nmedi umin
whi ch a computer- readabl e program for processing i mage data which 2
Decenber 2005 Thel4moving-figraeicsf detpradenemmaned mrynbéncbidepi neficgat a
obt ai ned by an image-capturing device including a predeterm ned nunber of
pi xel s, t h&Spr¥el LNeaRFHY dPrfelPht SPUECARIf AnNBRTHER VRStoF dedicded™ sai d
program conprising: .ap area specifyjng step of outputting area i.nformation
used for sp EiF§?%g}nf?Fm%6??egﬁ%nﬁéﬁcgoﬁiJﬁniﬁﬁgé&ﬁhﬁﬁ?eg fi*X&d*8ré&a in
whi ch foreqr bj ents.form f orear d .obje
backgroundgegg %%Fgc%ﬁ%%%%ﬁgggg%?ﬁ%ﬁ%uquggEg?3ﬁﬁ% o%%%%fgbﬁeg%$§£g? and a
m xture-rathe £8tiTRLI 8 SlLRf geslddRLLRY, gtr{'éﬁébyrxﬁaﬁi%tg' 9t poHegaking the

ratio of the foreground object conponents an
to detect the noving direction based on the generated motion
vector.

In accordance with a sixth aspect of the present invention,
there is provided an image preocessing apparatus for processing
image data which is formed of a predetermined number of pixel
data obtained by an image-capturing device including a
predetermined number of pixels, the pixels having a time
integrating function, said image processing apparatus comprising:
area specifying means for outputting area information used fdr
specifying, in correspondence with image data, a mixed area in
which foreground object components forming a foreground object
and background object components forming a background cbject are
mixed; and mixture-ratio estimating means for estimating a
mixture ratio indicating the ratio of the foreground object
components and the background object components in the mixed area
based on the area information and only the moving direction of

the foreground object by assuming that the mixture ratio changes

substantially linearly with respect to the position of the pixel.



background obj ect conponents in the m xed area based on the area
information and only a noving direction of the foreground object by
assum ng that the mxture ratio changes substantially linearly wth
respect to a position of the pixel. In the m xture-ratb¢LstbaPsdgag St ep,
based on the position on a segnent whose one end is positioned at a
foreground area consisting of only the foreground object conponents and
the other end is positioned at a background area consisting of only the
background obj ect conponents, the segnment traversing the m xed area, the
m xture ratio of the pixel corresponding-to the position on the segnent
may be estinated. In the mixture-ratio estimating step, the mxture ratio
of the pixel Tormegporeiragit cedtdigmaposd ticaisomayt ketsegentasay d&e the
estimated based on the position on the segnment parallel to the 2 Decenber
2005 - 15 poabviangodi & exsoiment ofhasigeohoraygr danpoglijiened 4 af Heredsaupde-rati o
estimating step, the mxture ratio of the pixel corresponding to the
posi ti on oﬁr?%ecog’é@ﬁ%mg iy OBéY B iTPECEC WS SRIBAT t FREINIHSTEF AP DribEhe

segnent obljigu |ntersect| with the noving direction of the fqQreground
obi ot . | nohitehds RPERC I RInEh Aspec gr&fm?ﬁ@repare%o@ﬁﬁsrm%n%ﬁ SV ther e

is provi de@hé BL20S A0 dpeb%'e'c%waglp%n%g{eggut% QLam chéaS'enr%mgﬂqudata

which is forne a predetermn pIX ta obtain

i mage- capt k& HeXi Cend NGl Md-R0 rari Predater ?%Q@ﬁ Shen o0 B X&) Sret he

pi xel s having a tine integrating function, execute: an area specifying
step of position on the segment.

The mixture-ratio estimating means may estimate the mixture
ratio of the pixel corresponding to the position on the segment
based on the position on the segment parallel to the moving
direction of the foreground object.

The mixture-ratio estimating means may estimate the mixture
ratio of the pixel corresponding to the position on the segment
based- on the position on the segment obliquely intersecting with
the moving direction of the foreground object.

In accordance with a seventh aspect of the present invention,
there 1is provided an image processing method for processing
image data which is formed of a predetermined number of pixel
data obtained by an image-capturing device including a
predetermined number of pixels, the pixels having a time
integrating functiocn, said image processing method comprising: an
‘area specifying step of outputting area information used for
specifying, in correspondence with image data, a mixed area in
which foreground object components fprming a'foreground‘object

and background



outputting area information used for specifying, in correspondence with
i mage data, a mxed area in which foreground object conponents formng a
f oreground object and background object conponents form ng a background

object are mxed; and a mxture-ratio estimating step g&xps%ir (%pg a
m xture ratio indicating the ratio of the foreground 8 jegp o nents and

the background object conmponents in the m xed area based on the area
information and only the noving direction of the foreground object by
assum ng that the m xture ratio changes substantially linearly with
respect to a position of the pixel. In;ghe m xture-ratio estimating step,
based on the position on a segnent whose one end is positioned at a

foregroundcafedr €aBnshiNgromienl ¥ thexsaneer awndcobhest ncamponant s and
the other 2 Decenber 2005 - 16 end is positioned at a background area
consi sti ngmoktard-yrathe dsackgroundsody eof cormpenents, at heigegaentatio
traversing the mxed area, the mxture ratio of the pixel corresponding to
the positilsAiertinkge thegmeric wdythe Esegrated . odigcthecmiouente-arat ithe
estimating step, the mxture ratio of the pixel corresponding to the

posi ti on oR2FRE VEGnehi TN it Bl HEised anet neassdsPhi Bke GFerhe
segnent parallel to the  noving directjon qf the f?rgground obéect. In the

m xt ur e- r at oo EE Bt i WY TP, the BPXIRFF edFERGT8f °%F hERpi fareground

corr eSpondioB?%ct.tpségeaﬁ%ii %?‘%baenytthg.e msggunxeentra@.%' %ﬁﬁncie?ist isr{%tsggngiaﬁ?d on the

position on e ment o i nfersecting w e Toving diréction
of the for Q%Q&ﬂ@; ngﬁcﬁespect to the position of the pixel.

In the mixture-ratio estimating step, based on the position
on a segment whose one end is positioned at a foreground area
consisting of only the foreground cbject components and the other
end is positioned at a background area consisting of only the
background object components, the segment traversing the mixed
area, the mixture ratio of the pixel corresponding to the
position on the segment may be estimated.

In the mixture-ratioc estimating step, the mixture ratio of
the pixel corresponding to the position on the segment may be
estimated based on the position on the segment parallel to the
moving direction of the -foreground object.

In the mixture-ratio estimating step, the mixture ratio of
the pixel corresponding to the position on the segment may be
estimated based on the position on the segment obliquely
intersecting with the moving direction of the foreground object.

In accordance with an eighth aspect of the present invention,
there is provided a recording medium 1n which a computer-

readable program for processing image data which



In accordance with a tenth aspect of the present invention, thereis
provided an image-capturing apparatus conprising: inage-capturing means
for outputting a subject inmage captured by an inmage-capturing device
including a predeterm ned nunber of Pixels, the pixelspassnp& ok me
integrating function, as inmage data fornmed of a predeterm ned nunber of

pi xel data; area specifying neans for outputting area information used for
speci fying, in correspondence with the inmage data, a mxed area in which

f oreground object conponents form ng a foreground object and background
obj ect conponents form ng a backgroundiabject are m xed; and m xture-ratio
estimating neans for estinmating a mxture ratio indicating the ratio of

t he foregroundfahjeeicbf 2a Revdrbermi2@85numtiba of cpigdneats anaihheé ackgr ound
obj ect components in the m xed area based on the area information and only
t he novi ngikgectarenrofg tdwvifer egraduddnobj @ctrisfehssumedg phmlent hefni xt ure
rati o changes _substantially linearly with respect to a position of the

pi xel . ThePhiktir etpét iRDREEI BRTIRG nBarsMPay 1BEIINRELRY AEEHIOW t HE

position on _a ose one end is. 05|t|oned at a f round rea
conS|st|ngr8?°’6c%%{m Rt B St rBe} B Contontifis KA FFES Giiter Bnd i s

poSI t | Onedoﬁlt_%e a2 dekar gppd arﬁ%?ﬁ&? osnt' ”%s%g onkyy @g:e%‘f‘{}ﬂ{gound 1@b) ect

component s, ment traversing t m xed ar ea, ur€ ratio of 2
Decenber 2@Qprespbhdehbie Jlﬁﬁehm§§grd§%89ng'ﬂgxé&)éﬂaﬁ @QsWﬁldﬂnf@?e&fﬁ%dﬁegnent-

object components forming a foreground object and background
object components forming a background object are mixed; and a
mixture~ratio estimating step of estimating a mixture ratio
indicating the ratio of the foreground object components and the
Background object components in the mixed area based on the area
information and only a moving direction of the foreground object
by assuming that the mixture ratio changes substantially linearly
with respect to a position of the pixel.

In the mixture-ratio estimating step, based on the position
on a segment whose one end is positioned at a foreground area
consisting of only the foreground object components and the other
end is positioned at a background area consisting of only the
background object compconents, the segment traversing the mixed
area, the mixture ratio of the pixel corresponding to the
positién'on the segment may be estimated.

In the mixture-ratic estimating step, the mixture ratio of
the pixel corresponding to the position on the segment may be

estimated based on the position on the segment parallel to the



The m xture-ratio estimating means may estimate the mxture ratio of the
pi xel corresponding to the position on the segnent based on the position on
the segnment parallel to 5 the noving direction of the foreground object.
The m xture--ratio estimating nmeans may estinmate the #gipgdehmBer Ajgs0 of the
pi xel corresponding to the position on the segnent based on the position
on the segnent obliquely intersecting with the noving direction of the
foreground 10 object. In correspondence with imge data, a m xed area in
-whi ch foreground object conponents form ng a foreground object and
background obj ect conponents form ng-aidackground object are m xed and a
non-m xed area forned of a foreground 15 area consisting of only the

f or egr oundmobirec ticenponenf sttendoragbacidgpbiret .ar ea consi sting of only the
background object conponents are specified. Based on the ratio of the

wi dth of the Aitxblee arieduira-we Predettématrad hiapecttheon mWkthre esgdet °fto t he
nmovi ng direction of the foreground object conponent, 20 the width of the

ni xed ar ea B8 RG*SLpELTASSBA"BE heP ableda PISHftOPIaPT oRle t ST Hi™adCe from
the position_of a designated pixel to the edge qQf the m xed area in the

Pr edot of i SRHLR AL PERE o Bt kEhiFe PRI Al battig FRETat PBT LRI Men t he

e oahy o Pl SRR LR S . baghon 2100 ol gl samepan s "o

In accordance with a ninth aspect of the present invention,
there is provided a program for allowing a computer for
processing image data which is formed of a predetermined number
of pixel data obtained by an image-capturing dewvice including a
predetermined number of pixels, the pixels having a time
integrating function, to execute: an area specifying step of
outputting area information used for specifying, in
correspondence with image data, a mixed area in which foreground
object components forming a foreground object and background
object components forming a background object are mixed; and a
mixture-ratio estimating step of estimating a mixture ratio
indicating the ratio of the foreground object components and the
background object components in the mixed area based on the area
information and only the moving direction of the foreground
object by assuming that the mixture ratio changes substantially
linearly with respect to a position of the pixel. -

In the mixture-ratio estimating.step, based on the position
on a segment whose one end is positioned at a foreground area

consisting of only the foreground object components and the other



Area information used for specifying, in correspondence with image data, a
m xed area in which foreground object conponents formng a foreground

obj ect and background object 5 conponents form ng a background object are
mxed is output. A mxture ratio indicating the ratio 9hdcbgbbosggr ound

obj ect components and the background object conponents in the m xed area
is estinmated based on the area information and the noving direction of the
foreground object by 10 assuming that the m xture rati o changes
substantially linearly with respect to the position of the pixel. Wth this
arrangenment, the mxture state in an-dnmgge can be detected. 15 Bri ef
Description of the Drawings Fig. 1 illustrates an enbodi nent of an inmage
processi ng eappas apersitdoceddangat badlhpopnésenta i cveiicong & gonld ithea bl ock
diagramillustrating the image processing apparatus. 20 Fig. 3 illustrates
the i mage &aptardung pbifer nedrinpeatssehber se@iqpt Anaveusingt g tihered
arrangenent of pixels. Fig. 5 illustrates the operation of a detection
device. Fi2g26AHF l}%‘t"rtélf-’@s %ﬁ?ana% 5BE aiM&qLbycirregROBS Waptar ithg§ an

obj ect correspondl ng t,0 a novi ngw %egr ound and 2 Decenber 2005 an object
cor r espondfiig lfoonaost1<%11% SRS b ARG POUHT *R#FG 6B i Il ustrates a model of an

' mage obt ai nedhpythé r}-ﬁg{%uggp}a“glon%s%:.mgpineg(:tst%gl: r %%Qoﬁg!{&gret Ora%igo\éifng

the pixel corresponding to the position on the segment may be
estimated based on the position on the segment parallel to the
‘moving direction of the foreground object.

In the mixture-ratio estimating step, the mixture ratioc of
the pixel corresponding to the position on the segment may.be
estimated based on the position on the segment obliquely
intersecting with the moving direction of the foreground object.

In accordance with a tenth aspect of the present invention,
there- is provided an image-capturing apparatus comprising:
image-capturing means for outputting a subject image captured by
an image-capturing device including a predetermined number of
pixels, the pixels having a time integrating function, as image
data formed of a predetermined number of pixel data; area
specifying means for outputting area dinformation wused for
specifying, in correspondence with the image data, a mixed aréa
in which foreground object components forming a foreground object
and background object components forming a background object are
mixed; and mixture-ratic estimating means for estimating a

mixture ratio indicating the ratio of the foieground object



foreground and an object corresponding to a stationary 5 background. Fig.
7 illustrates a background area, a foreground area, a nmixed area, a
covered background area, and an uncovered background area. Fig. 8
illustrates a nodel obtained by expanding in the 10 tbmdEmbectagy the

pi xel val ues of pixels aligned side-by- side in an inmage obtained by

i mage--capturing an object <corresponding to a stationary foreground and an
the object corresponding to a stationary background. Fig. 9 illustrates a
nodel in which pixel values are 15 expanded in the tinme direction and the
period corresponding to the shutter-tigedis divided. Fig. 10 illustrates a
nodel in which pixel values are expanded in the tine direction and the
peri od cor resporghitsgand ccieh@askhyiduan dbhime-t sotpanaed. i20tHe aixdd area
illustrates a nodel in which pixel values are expanded in the tine

di recti on &aded hen pelrd crkegorinéspmridiong antlooniy etishutawimgt diveedtsiogi wifded.
Fig. 12 illustrates an _exanple in which pixels in a foreground area, a
backgr ound Fgr E2reEREnY PRIGSH BY e BRI PHrlexieadisfure PédenpAnI®605 - 20

Fig. 13 illustrate he rel ati onshi bet ween pi xel an nodel. obt ai ned
by “expandi RESTHEBrAS! VACGRLY (11 hESeRTThe g  drgqgnon oF ehe BhfeL. 07

The mixture-~ratio estimating means may estimate, based on the
position on a segment whose one end is positioned at a foreground
area consisting of only the foreground object components and the
other end is positioned at a background area consisting of only
the background object components, the segment traversing the

mixed area, the mixture ratio of



Fig. 14 iIIustfates a nodel in which pfxel val ues are expanded in the tine
direction and the period corresponding to the shutter tine is divided. Fig.

15 illustrates a nodel in which pixel values are expanded in the tine
direction and the period corresponding to the shutter 5t j iAd ded. 10
Fig. 16 illustrates a nodel in which pixel values are Zg¥%§ﬁJ§BE@Q$ the tine
direction and the period corresponding to the shutter tinme is divided.
Fig.. 17 illustrates a nodel in which pixel values are expanded in the tine
direction and the period correspondin 15 to the shutter tine is divided.
Fig. 18 illustrates a nodel in whitchlpiXel values are expanded in.the tine
direction and the period corresponding to the shutter tinme is divided.

Fig. 19 is a flowhart illustrating the processing for 20 adjusting the

amount tdfe noitdedn dalntesgeinglin20 tios thelpanki i @gramild usigmditng an exanpl e

of the configuration of an area specifying unit 103. Fig. 21 illustrates
~an i mge wh&heamisbpeetratoor esponditigat aeanksonegr esndmhsenvieng. 25 .. Fig.

22 illustrates a nodel in which pixel values are 2 Decenber 2005 - 21
expand@d- ¥t reheattiioe odi rtdet pdmedndotrhee sremdicha drar espondisigido drhe shutter
time is divided.
the segment based on the position on the segment parallel to
5 the moving direction of the foreground object.

The mixture-ratio estimating ﬁeans may estimate the
mixtﬁre ratio of the pixel corresponding to the position on
the segment based on the position on the segment obliquely
intersecting with the moving direction of the foreground

10 object.

In correspondence with image data, a mixed area in
which foreground cbject components forming a fofegrouhd
object and background object components forming a background
object are mixed and a non—-mixed area formed‘df a foreground

15 area conéisting of only the.foreground object components and
a backgfound area consisting of only the background object
.compdnents'are speéified. Based on the ratio of the width
of the mixed atea~in a predetermined direction with respect
to the moving direction of the foreground objeét component,
_20 the width of the mixed areé being_specified by the area

information, to the distance from the position of a
designated pixel to the edge of the mixed'a;ea in the

. predetermined direction, a mixture rﬁtio’indicating the
ratio between the foregrouhd.object components and the

25 ‘background object components of the designated pixel is



Fig. 23 illustrates a nodel in which pixel values are. expanded in the
time direction and the period corresponding 5 to the shutter tine is
divided. Fig. 24 illustrates a nodel in which pixel values are expanded in

the time direction and the period corresponding .to the.shUbiSioos Me is.
divided. Fig. 25 illustrates the conditions for detern?nfng t%e 1% area. .

Fig. 26A illustrate's an exanple of the result obtained by specifying the
area by the area specifying unit 1,03. Fig. 26B illustrates an exanpl e of
the result obtained by specifying'tﬁg area by the area specifying unit
103. 1'5 Fig. 26Cillustrates an exanple of the result obtained~ by
specifying the area by the area specifying unit 103. Fig. 26D illustrates
an exanple of the result obtained by specifying the area by the area

speci f yesgimaitedl03 Fig. 27 illustrates an exanple of the result obtained
20 by specifying the area by the area specifying unit 103. Fig. 28 is a
fl owchart ilfuseraefogsabhonresed pbet fsperi fypmaressi nprrdEmpn®hds a

bl ock, diagramillustrating another exanple of the configuration of the
area sp¥éitfyi-Rgdenfatansa. pExfFflgargd in| vkiclht tsregrwaed objebich pi xel

val ues are 2 Decenber 2005 22 expanded in the tinme direction and the

peri od E6PPEESBAdI AGr™iBTIt AefSRATFeENE| pRl ¢qt ARG deackground object

5 components forming a background object are mixed is output.
A mixture ratio indicating the ratio of the foreground
. object componeﬁts and the background object components in
the mixed area is estimated based on the area informatioﬁ
and the moving direction of the foreground object by
10 assuming that the mixture ratio changes substan£ially
linearly with respect to the position of the pixel.
With this arrangéﬁént, theAmixtuie state in an image

can be detected.

15 Brief Des¢ription of the Drawings
Fig. 1 illuétrates an embodiment of an image processing
apparatus according to the present invention.
Fig. 2 is a block diagram illustrating the image
processing apparatus.
720 Fig. 3 illustrateé‘ﬁhe image capturing performed by a
Sensor. | |
Fig. 4 illustrates the arrangement of pixels.
Fig. 5 illustrates the operation of a detection device.
Fig. 6A.illustrateé-an image obtained by image-

25 capturing an object corresponding to a moving foreground and.



Fig. 31 illustrates an exanple of a background image. Fig. 32 is a block

diagramillustrating the 5 configuration of a binary-object-inage
extracting portion 302. Fig. 33A illustrates. the calculation of a
correlation value. Fig. - 33B illustrates the calculatio ? 3QP | ation 10
value. Fig. 34Aillustrates the calculation of a corre E?F%ﬂ ef Fig_
34B illustrates the calculati.on of a correlation value. 15 Fig 35

illustrates an exanple of the binary object imge. Fig. 36 is a bl ock

diagramillustrating the configuration. of a tine change detector 303.

Fig. 37 illustrates deterninations_néae”by an area 20 determ ning portion

342. Fig. 38 illustrates an exanple of determ nations made by the tine

change detector 303. Fig. 39 is a flowhart illustrating the area

speci f yamgobj rocessiagpfed {0f mesl dys tdeiehLdy Speskdybmeq unit 103. 25

Fig. 40 is a flowhart illustrating details of the area 2 Decenber 2005 -

23 speci f yifg .predc ésdivsgrafiegr Ahddel, & blaacknticggrarmadilddstyyating stil |

anOtherimage-capturing an object correspdnding to a moving

foreground and an object corresponding to a stationary
5 background.
Fig. 7 illustrates a background area, a foreground area,

" a mixed area, a covered'badkground area, and an uncovered
background area. |
| Fig. 8 illustrates a model obtained by expanding in the

10 time direction the pixel values of pixels aligned side-by-

. side in an image obtained by image-capturing an object
corresponding to a stationary foreground and an the object
corresponding to a stationary background.

Fig: 9 illustrates a model in ﬁhich pixel'values are

15 ekpanded in the time direction and the period corresponding

. to the shutter time is divided. |

Fig. 10 illustrates a model in whlch plxel values are

'expanded in the time direction and the’ perlod correspondlng
to the shutter time is divided.

20. Fig. llrillus£rétes a model in which pixel values are
expanded in the time diréction and the pefiod corresponding '
to the shutter time is divided.r |

Fig. 12 illustrates an example in which pixéls in a

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

- 25 extracted.



configuration of the area specifying unit 103. Fig. 42 is a block diagram
illustrating the 5 configuration of a robust-processing portion 361. Fig.
43 illustrates notion conpensation perforned by a notion conpensator 381.
Fig. 44 illustrates notion conpensation perforned by Qﬂbéﬁﬁbos
conmpensator 381. 10 Fig. 45 is a flowhart illustrating the area Speci fyi ng
processing. Fig. 46 is a flowhart illustrating details of the robust
processing. Fig. 47 is a block diagramillustrating the 15 configuration
of a mxture-ratio calculator 104. Fig. 48 illustrates an exanple of the
ideal mixture ratio a. Fig. 49 illusttates a nodel in which pixel val ues
are expanded in the tine direction and the period corresponding 20 to the
shutter time is divided. Fig. 50 illustrates a nodel in which pixel values

are expande@iign. 18helthperditeecthenrandci BEsREPL OB £REELSPOAI 19 to the

shutter tinme is divided. Fig. 51 illustrates a nodel i n whiich pixel values
are 25 asxpandedidln obhe ihiete b eephhaingndntheipeni odigesr espenadi ng 2
Decenber 2005 24 to the shutter tine is divided. Fig. 52 illustrates a
nodel i rFiwe chi.ygiotélonval ues are
Fig. 14 illustrates a model in which pixel values are
5 expaﬁded in the time direction and the period correSpOnding
to the shutter time is divided.
Fig. 15 illustrates a model in which pixel valués are
expanded in the time direction and the period corresponding
to the shutter time is divided.
i0 Fig. 16 illustrates a mpdel in which pixel values are
equnded in the time direction and the period corresponding
to the shutter time is divided.
Fig. 17 illustrates a model in which pixel valueé are
expanded in the time direction and the period corresponding
15  to the shutter time is divided.
Fig. 18 illustrates a model in which pixel values are
expanded in the timg direcﬁion and the period corresponding
to the shutter time is divided. | |
Fig. 19 is a flowchart iliustrating the processing for
20 adjusting the ambunt;of motion blur.
Fig. 20'15 arblock'diagrém illuétrating an example of
the configuration of an area specifying unit 103.
- Fig. 21 illustrateé an image Qhen an_objeét
borresponding to a foregroﬁnd is moving.

25 . Fig. 22 illustrates a model in which pixel values are



expanded in the time direction and the period corresponding to the shutter
tinme is divided. 5 Fig. 53 illustrates the processing for calculating the
m xture ratio a. Fig. 54 is a flowhart illustrating the processing for
calculating the mxture ratio a. Fig. 55 is a flomcharétkkgME%;%kkng t he
processing for 10 calculating the m xture, ratio a of a pixe el onging to
the mxed area. Fig. 56 is a block diagramillustrating an exanple of the
configuration of a foreground/ background separator 105. Fig. 57A
illustrates an input inmage, a foreground 15 conponent image, and a
background conponent image Fig. 57B ElLl astrates a nodel of an input .i mage.,
a foreground conponent image, and a background conponent image. Fig. 58
illustrates a nodel in which pixel values are expanded in the tine :

directi h i od: cor %ﬁgg% . shut t t] is_divided.
Fig_ 59@??%%?(5522@? Orrgld[g‘% clilﬁls IC g%&%%@%léjﬁloﬁ]e&%ﬁ%ﬁlﬁ%%% the tine

‘directipn end she-eri©g.Cofd esppglidlg to the shutter time is divided.
Fig. 60 illustrates a nodel in which pixel values are 25 expanded- in the

time directimy.and tihe pemrae¢scor RANAING HesHRer 3@ s 4% to the
shutter tinme is divided.
expanded in the time direction and the period corresponding
5 to the shutter time is divided.
| Fig.'24 illustrates a model in which pixel values are
' expanded in the time direction and the period corresponding
" to the shutter timé is dividéd. |
Fig. 25 illustrates the conditions for determining the
10 area.
Fig. 26A illﬁstrates an éxample'of the result obtained
by specifying the area by the area'specifying unit 103,
Fig; 26B illustrates an exampie of the result obtéined
by épecifying the area by the area spécifying unit 103.
15 Fig. 26C illustrates an example of the result obtained
by.sbecifying-the area by the area specifying unit 103.
Fig. 26D illustrates anréxample of the result obtained
_by specifying the area by thé'area specifying unif 163.
Fig. 27 illustrates an example of-the result obtained
26 by specifyihgrthe'area by the area specifying unif 103.
Fig. 28 is a flowchart illustrating thé area specifying
proéessing.
Fig. 29 is a block diagram illustrating another example
of the configuration of the afea'5pecifying unit 103.

25 - Fig. 30 illustrates a model in which pixel values are



Fig. 61 is a block diagramillustrating an exanple of the configuration of
a separating portion 601. Fig. 62A illustrates an exanple of a separated 5
foreground conponent image. Fig. 62B illustrates an exanple of a separated
background conponent image. Fig. 63 is a flowhart illy Z} ?@b%QZ

processing for separating a foreground and a backgroun ig. 64 is a
bl ock diagramillustrating another configuration of the inage processing
apparatus according to .the present invention Fig: 65 is a block diagram
illustrating the configuration of a_noving-direction estimating unit-701.

15 Fig. 66 illustrates block natchrnazof a notion-vector detector 721.
Fig. 67A illustrates an evaluation block. Fig. 67B illustrates an
eval uation block. Fig. 67Cillustrates an evaluation block. 20 Fig. 67D

Ji Il ustespasdeh byathmttion bliocketidn gand&hes pediler kdirgmndihgust rating
the configuration of a mxture-ratio calculator 702. Fig. 69 is a

f1 owchafe the ushutdidmd-inre ¥oraigrioladl/ background separation processing. .25
" Fig. 70 is a flowhart illustrating the noving 2 Decenber 2005 - 26

direction obtis- nﬁﬁgléﬁy§§g§¢@g an example of a background image.

Fig. 32 is a block diagram illustrating the
5 configuration of a binary-object-image extracting poption
302.
Fig. 33A illustrates the calculation of a correlation
.value. |
Fig. 33B illustrates the calculation of a correlation
10 wvalue.
Fig. 34A illustrates the calculation of a correlation
value.
‘Fig. 34B illustrates the calculation of a correlation
value.
15 Fig. 35 illustrates an_examﬁle of the binary object
image.
Fig. 36 is a block-diagram illustrating the
configuration of a time change detector 303. |
Fig. 37 illustrates determinations made‘by an area
20 determining portion 342.
Fig..38.illustrates an example of determinations made
by the time change detector 303.
fig.'39 is a flowchart illustrating the area épecifying
processing performed by the area specifyiﬁg unit 103.

25+ . . Fig. 40°is a flowchart illustrating details of the area



Fig. 71 is a flowhart illustrating the processing for calculating the
mxture ratio a. Fig. 72 is a flowhart illustrating the processing for 5
calculating the mxture ratio a of a pixel belonging to the mxed area.
Fig. 73 is a block diagramillustrating still another egpfLtsdgan of the
i mage processing apparatus according to the present invention. 10 Fig. 74
is a flowhart illustrating the foreground/ background separation
processi ng. Best Mdde for Carrying Qut the Invention Fig. 1 illustrates an
enbodi ment of an inmage processing .15 . apparatus according to the
present: invention. A CPU (Central PPotessing Unit) 21 executes various
types of processing according to prograns stored in a ROM (Read Only
Menmory) 22 or in a storage unit 28. Prograns executed by the CPU 21 and

dat a ar gpstofednd nprolAM {lRgndom Access 24 Menory) 23 as required.. The CPU
21, the ROM 22, and the RAM 23 are connected to each other by a bus 24. An

i nput / out putEigt erff dee bliceialdagernaaties thadihgy &RY 12hndmdhe bus 24,
An input unit 2.6, which is formed of a keyboard, a nouse, a mnicrophone,

and soonen fihgiusmt Dot poif Dide Uaibda 29pemhiwing safor negs of a display, a .
- speaker, and so on, 2 Decenber 2005 - 27 are connected to the input/output
interface 2FidThel2CRY 21 bleddc utiegyrear iidUsisttyead nof tPre0CesSi ng i n response
to % configuration of a robust-processing portion 361. |
Fig. 43 illustrates motion compensation pérformed by a
motion compensator 381.
Fig. 44 illustrates motion compensation performed by
the motion compensator 381.
16 Fig. 45 is a flowchart illustrating the area specifying
processing. | |
Fig. 46 is a flowchart illustrating details of the
robust processing.
Fig. 47 is é block diagram illustrating the
15 configuration of a mixture-ratio calculator 104.
Fig. 48 illustrates an example of the ideal mixture
ratio «.
Fig. 49 illustrates a model in which pixél values are
expanded in the time direction and the period corresponding
20 to the shutter time is divided.
Fig. 50 illustrates a model in which pixel values are
expanded in the time direction and the period éorresponding
to the shutter time is divided.
fig..Sl illustrates a model in which pixel values are

25 expanded in the time direction and the period corresponding



command input fromthe input unit 26. The CPU 21 then outputs an inage or
sound obtained as a result of the 5 processing to the output unit 27. The
storage unit 28 connected to the input/output interface 25 is formed of,
for exanple, a hard disk, and stores progranms executed; B¥.¢H6rFdds21 and
vari ous types of data. A conmunication unit 29 conmunicates with an
external 10 device via the Internet or another network- In this exanple,

t he conmuni cation unit 29 serves as an obtaining unit for obtaining an
out put of a sensor. Alternatively, a _program nay be obtained via the
comuni cation unit 29 and stored in ?ﬁe"storage unit 28. 15 A drive 30
connected to the input/output interface 25 drives a magnetic di sk 51, an
optical disc 52, a magneto- optical disk 53, a sem conductor nenory 54, or
the |ikey thheshsticdr atimeoislidigvig@eiumis attached to the drive 30, and
obtains a programor data stored in the corresponding 20 nmedium The
obt ai ned prdgream% idates tirs tasars frerdedd itro wihieh $tiGkagealbek 28eand stored
therein if necessary. Fig. 2 is a block diagramillustrating the imge
pr ocessE¥RApPEr Bt ushe | timeedl rottivat tard whet hesr tde dodiesipdualifqunct i ons
of 25 the inage processing apparatus are inplenented by hardware 2
Decenbet® 280 Bresofinmres dHaided, the bl ock diagranms of this

.sp%cificatiqn may be hardware bl ock di agranms or .software
Fig. 53 illustrates the processing for calculating the

mixture ratio wo.

Fig. 54 is a flowchart illustrating the processing fdr
calculating the mixture ratio a. |

Fig. 55 is a flowchart illustrating the processing for

10 calculating the mixture ratio o of a pixel belonging to the
mixed area. |

Fig. 56 is a block diagram illusﬁrating an example of
the configuration of a foreground/background separator 105:

Fig. 57A illustrates an input image, a foreground

15 component image, and a background component image.

Fig. 578 illustrates a modei of an input image, a
foregrouﬁd‘COmponeht‘image, and-a backgrouﬁd'component image.

Fig. 58 illustrates a model in wﬁich pixel values are

_ expanded in the time direction and the period corresponding
20 to the shutter time is divided.

Fig. 59 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.

Fig. 60 illustrates a model in whiéh—pixel values are

25 expanded: in the time direction_and the period corresponding



functional block diagranms. In this specification, an inmage to be captured 5
corresponding to an object in the real world is referred to as an inmage
object. An input inmage supplied to the inmage processing apparatus is
supplied to an object extracting unit 101, an area spepeiathbhs 2oast 103,
and a foreground/ background 10 separator 105. The object extracting unit
101 extracts a rough i mge object corresponding to a foreground object
contained in the input imge, and supplies the extracted-inmage object to a
notion detector 102.  The object extracting unit 101 detects 15 for exanple,
an outline of the foreground i mage—oBfect contained in the input inmage so
as to extract a rough inage object corresponding to the foreground object.
The object extracting unit 101 extracts a rough image object correspondi ng

to a bagkorwsnsh@bieet Gantal ned, iddhe 20 input inmage, and supplies the
extracted i mage object to the notion detector 102. The object extracting

unit 101 extriagt $1a is0Ugib1loRIe iy rRef 1AaRRSRANIGNY At @xhiRe1Ragkground .
object from for exanple, the difference between "the inpul inmage and the

ext r actitke | aagei phjeciorc G es posh g in Hd o tdie doareground object. 2
Decenber 2005 - 29 Alternatively, for exanple, the object extracting unit
101 nmay extIFdgt. W2 ridightiramge abj ectangakr e¥pandichd rhectihe
5 foreground component image.
Fig. 62B illustrates an example of a separated
' background componént image.
Fig. 63 is a flowchart illusfratiﬁg the processing for
separating a foreground and a background.
10 _ lFig. 64 is é block diagram illustrating another
configuration of the image processing apparatus according to
_the present'inventibn. |
Fig: 65 is a block diagram illustrating the
configuration of a moving-direction estimating unit 701.
15 Fig. 66 illustrates block matching of a.motion—vector
| detector 721.
Fig. 67A illustrates an evaluation block.
Fig. 67B illustrates an evalﬁatiéﬁ block.
Fig. 67C illustrates an evaluation block.
7 26' : '_ Fig. STD.illustrates an evaluation block.
Fig. 68 is a block diagram illustrating the
configurationAof-a mixture-ratio calcuiator,?OQ.
Fig.r69 is a flowchart illustrating the
foreground/baékground separation procéssing.

25+ - Fig. 70 is a flowchart illustrating'the moving-—



f oreground object and t he rough inagé obj ect corresponding to the
background object fromthe difference between the 5 background inmage stored
in a built-in background nenory and the input image. The notion detector

102 cal cul ates a notion vector of the roughly extractge..ongs Rpikect
corresponding to the foreground object according to a technique, such as
bl ock 10 matching, gradient, phase correlation, or pel-recursive
techni que, and supplies the cal culated notion vector and the -notion-vector
posi tional information (which is infg%nation .for specifying the positions
of the pixels corresponding to the ABtion vector). to the area specifying
unit 103 and the 15 m xture-ratio cal cul ator 104. The notion vector output
fromthe notion detector 102 contains information corresponding to the
anount @&freovemendbivaimiey mtocmssidgct or 102 nay out put the notion vector
of- 20 each inmage object, together with the pixel positional information
for specifyifiigt Wd pgisxel & Moorchelre: iindge talgjteaty, thieo pirbecakdagsgeei f yi ng
unit 103 and the m xture-ratio calculator 104. The anmpunt. of novenent v
is a vatueCHhrired iHe aip8ipmsiational. change in an i mage corresponding to
a -moving 2 Decenber 2005 - 30 object in units of the pixel pitch. For
exanpl e, if Fa®W- dj &t & Fdgwchenitedgdnditag tioda ther pgroesd ing Mowi ng such
5 calculating the mixture ratio o of a pixel belonging to the
mixed area.
Fig. 73 is a block diagram illustrating still another
configuration of the imagé processing apparatus according to
the present invention.
10 Fig. 74 is a flowchart illustrating the

foreground/background separation processing.

‘Best Mode for Carrying Out the Invention
Eig.'lrillustrates an embodiment of én image processing
15  apparatus according to the present invention. A CPU
(Central Processing Unit) 21 executes various types of
pbrocessing according to programs stofed in a ROM.(Read Only
Memory) 22 or-ih a storége unit 2é; Programs executed by
the CPU 21 and data are stored in a RAM {(Random Access
20 Memory) 23 as'requited. fhe CPU 21,=the ROM 22, and the RAM
',723 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, which is formed of
a-keyboard, a mouse, a microphone, and so .on, an& an cutput

.25 unit 27, which is formed of a display, a speaker, and éo on,



that it is displayed at a position four pixels away froma reference frane
when it is positioned in the subsequent 5 frane, the anount of novenent v
of the object image corresponding to the foreground is 4. The area
specifying unit 103 determ nes to which of a foregrouqugéﬁger é% ckground
area, or a mxed area each pixel of the input inmage bel ongs, suppl i es
i nformation 10 indicating to which area each pixel bel ongs (hereinafter
referred to as "area infornmation") to the m xture-ratio calculator 104 and
t he foreground/ background. separator 105. The m xture-ratio cal cul ator 104
calculates the mxture ratio corresgénding to the pi xel s contained in a

m xed area 15 (hereinafter referred to as the "mxture ratio a") based on
the notion vector and the positional information thereof supplied fromthe

ot i on deéecowniedOd @@dtﬁ@elﬁﬁbt@@/oﬁfﬁ@tf B £ ORESpP) 8 ed FOdNG ar ea
specifying unit 103, and supplies the calculated mxture ratio to the 20

f or egr oexedbaek gvatinch s epapes 06 £ 1Pk cddei g X{urCd@dnd ad & a val ue
indicating the ratio of the imge conponents corresponding to the

backgr ouerinaid etitpuf hereh nali¢ etnmbis airbier raf er rede tap@s2 1' bagkgr ound
conponents”) to the pixel value as expressed by equation (3), which-is 25
shown betevet Decewbepe 2005o0undlobthhiemddragraurst backgr aiel separat or 105

separates the input image into a foreground conponent image fornmed of only
proce331ng to the output unit 27.

The storage unit 28 connected to the input/output
interface 25 is formed of, for example, a hard disk, and
stores programs executed by the CPU 21 and various tYpes of
data. A communication unit 29 communicates with an external

10 device v1a the Internet or another network. In this example,
the communication unit 29 serves as an obtaining unit for
obtaining an output of a sensor;

Alternatively, a program may be obtained via the
communication_unit 29 and stored in the etorage unit 28.

15 A drive 30 connected to the input/eutput interface 25
drives a magnetic disk 51, an optical disc 52, a magneto-
~optical disk 53, a semiconductorrmemory 54, or the like,

- when such a recording medium is attached to the drive 30,
-and obtains a program or data stored in the corresponding

Zﬁ ‘medium. The obtained program or data is transferfed to the
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

25 the. image processing apparatus are implemented by hardware



t he i mage conponents corresponding to the foreground object (hereinafter
al so be referred to as "foreground conponents'.') 5 and a background
conponent image forned of only the background conponents based on the area
information supplied fromthe area specifying unit 103 rdmnbheodhsxt ure
ratio a supplied fromthe m xture-ratio calculator 104, and outputs the
foreground conponent image and the background conponent 10 inmage. A nore
preci se foreground and background can be . obtai ned conpared to a known
met hod in which only a foreground and a background are specified w thout
consi dering the mixed area. 15 An inp8t 7i mage supplied to the inmge '
processing .apparatus is discussed below with reference to Figs. 3 through
18. Fig. 3 illustrates- imge capturing perforned by a sensor. The sensor
is forned séftfarcexanphe, ia, GOk 201 ¢6had geganpl €d Devd ce) vi deo canera
provided with a CCD area sensor, which is a solid-state inmage-capturing
devi ce-spacbbjegatidd Imzprbe sipondivange tiol ack od egyoamsl ¢ ddecwasad worl d
noves, for exanple, horizontally fromthe left to the right, between an
obj ect flurctbenatpohaiihngdiagmammckgr ound 25 and the sensor. 2 Decenber 2005
- 3 2 - The sensor captures the image of the object 111 corresponding to
t he foregrourtl ttgetsmacifiide tise i raydmsfge to be captured

5 corresponding to an object in the real world is referred to
as an image object.

An input image supplied to the:image processing
apparatus is supplied to an object extracting unit 101, an
area specifying unit 103, and a foreground/background

10 separator 105.

The object extracting unit 101 extracts a rough image
object correspénding to a foreground object containéd in the
input image, and supplies the extracted: image object to a
motioﬁ detectqr 102. The cbject extracting unit 101 detects,

15 for example, an outline of the foreground image object
confaiﬁed in the input image so as to extract a rough image
. object corresponding to the fqreground object.
The object extracting unit 101 extracts a rough image
object corresponding to a background object contained in the
20 input image, and supplies the extracted image object to the
motion detector 102. The object extracting unit 101
extracts a rough image object corresponding‘to the
badkground object from, for example, the differenée between
the inpqt image and the extracted image object corresponding

© 25 to the foreground object.



t he- obj ect 112 corresponding to the background. The sensor outputs the
captured inmage in units of frames. For exanple, 5 the sensor outputs an

i mge having 30 frames per second. The exposure tine of the sensor can be
1/ 30 second. The exposure tine is a period from when % hecs&fpsaoost arts
converting input light into electrical charge until when the conversion
fromthe input light to the electrical charge is 10 finished- The exposure
time is also referred to as a "shutter time". Fig. 4 illustrates the
arrangenment of pixels. In Fig. 4, Athrough |I indicate the jndividual.

pi xel s. The pixels are disposed on 59prane of a correspondi ng i rage. One
15 detection device corresponding to each pixel is disposed on the sensor.

‘When the sensor perforns inmage capturing, each detection device outputs a

pi xel val ue Adfterhe tiorlgsp@adi REampleg! ther B@cithexicFage ingounexanpl e, the
position of the detection device in the X direction corresponds to the 20
hori zont®l iy ezt taconitdherdupyeimads |doider pasitdpomfiddeo detect i on
device in the Y direction corresponds to the vertical direction on the

i mge. ¥eregesind reiEigrt Sind Hdhaetweodt dmadeyiaeeathicthr iespdmyingxanpl e, a
CCD, converts input light into electrical charge 25 during a period '
cor r espghdiity Rarkgeimd ebiate, f rawl Eteordist £21Becentbertw2@05 the33 t he
conyerted el ectrjical charge. The anpbunt of charge is al nbst proportiona

to Phe BARHQURF dmadte Stpwd |irglt hiid t—in background memory and .

the input image.

The motion detector 102 calculates a motion vector-of
the roughly extracted image object corresponding to ﬁhe '
foreground object accofding to é technique, such as block

10 matqhing, gradient, phase correlation, or pel-recursive
technique; and supplies the calculated motion vector and-the
mqtiOn—vector-positional information (which is information
_for specifying the positions of the pixels corresponding to
the motion vector) to the area specifying unit 103 and.the

15 mixture-ratio calculator 104.
'.The motion vector output from the motion detector 102
qontains information éorresponding to the amount -of movement
3 o
Ihe motion'détector‘102 may output the motion vector of
, 2O each iﬁage 6bject; together with the pixel positional
information for specifying the pixels for the image oﬁject,
to the area specifying unif 103 .and the mixture-ratio
calculator 104.
The amount of movement v is a value indicating a

25  positional change in an .image corresponding to a moving



the period for which the light is input. The detection device sequentially
adds the electrical charge converted fromthe input light to the stored

el ectrical charge during the period corresponding to the shutter tine.
That is, the detection device integrates the input |i i he
period corresponding to the shutter tinme and stores th%h%g%ﬁ%r?%ggl charge
corresponding to the amobunt of integrated 10. light. It can be consi dered
that the detection device has an integrating function with respect to
time. The electrical charge Stored_j§ the detection device is converted
into a voltage value by a circuit (n 0 shown), and the voltage value is
further converted into a pixel value, 15 such.as digital data, and is

out put. Accordingly, each pixel value output fromthe sensor is a value
proj ectedieatain| inths shatkee mhkeh pstahreskbt eftampliegratiag a certain

t hree-di nensi onal portion of the object corresponding to the foreground or
t he bacRBiBGhdinpeh tespesrordintietehat fere@oundrels Thevimpgeuqir ocessi ng
apparatus extracts significant information enbedded in the output signal,
for exahpfe, 1fhes #selrredaator apopitior Eewr agexoberatavrfoim the sensor.
The. inag? grocessing apparat us_adj usts the anount of 25 distortion, for
exanpl e* St HESBRDUhTaB? WRE oht bl fiIrboshtkerrd MecidimeiulposBient3dd by t he
nix%ure QA thetfore round %gﬁge oq%ect itself. The inage processing. .
appar at 58P s ot 4] FEVLE HRt AADUFESHF v of the object image '

corresponding to the foreground is 4.

The area specifying unit 103 determines to which of a
fofeground area, a background area, or a mixed afea each‘
pixel of the input image belongs, and supplies information

10 indicafiﬁg to which area each pixel belongs (hereinafter
referred to as "area information") to the mixture-ratio
calculator 104 and the foreground/backgrpund,separatof 105.

The mixture-ratio calculator 104 calculates the mixture

- ratio corresponding to the pixels contained in a mixed area

15 {hereinafter referred to as the "mixture ratio ") based on
the motion vector and the positional informatién thereof
suppliéd'from the motion detector 102, and- the area
information supﬁlied from the area specifying unit 163, and
supplies the calculated mixture ratio to the

20 'foreground/background separator 105.

Thé mixture ratio a,ié a value indicating the ratio of
the image components corresponding té the background object
(hereinafter also be referred to as "background components")
to the pixel value as expressed by equaticn (3), which is

25 shown below.



di stortion caused by the m xture of the foreground inmage bject and the
background i mage object. Fig. 6A illustrates an i nage obtai ned by capturing
a novi ng object corresponding to a foreground and a stationary object
corresponding to a background. Fig. 6B illustrates anzgﬁ@g@bggﬁﬁgned by
capturing a noving object corresponding to a foreground and a stationary
obj ect corresponding to a 10 background. Fig. 6A illustrates an inmage
obtai ned by capturing a noving object corresponding to a foreground and a
stationary object corresponding to 2 background. In-the exanple shown in
Fig. 6A, the object corresponding to the foreground is 15 novi ng

hori zontally fromthe left to the right with respect to the. screen. Fig.
6B il lustrates a nodel obtained by expandi ng pi xel values corresponding to
one |ine of Thke fomegeoshdibaickgEiognd GAparatthe tliose sépaeateenthé&he

hori zontal direction shown in 20 Fig.6B.corresponds to the spati al

di rect igWPUt iiradieg ingk a Twragiawesl cfonpwe gixelmgean fAdendshckEgoallyd ar ea.
are formed only fromthe background conponents, that is, the inmage.
conponéiitss IEsIGCe SRTRANRY ttso ade asaskygticun ¢ objlec tforefhmural wbg eoft t he

pi xel s i.n the foreground area are forned 25 only fromthe foreground
conponefteEeimiditars alsge Rarggd X mst dhars 2005 28 owshseneenends’d espondi ng

to the fg{eground obj ect. The values of the pixels of the nixed area are
for hed 274 @ background component image formed of only the

background components based on thé area informaﬁion supplied
frpm the area specifying unit 103 and the mixture ratio «
supplied from the mixture-ratio calculator 104,_and outputs
the foregfound component image and the background component

10 image.

A more precise foreground and background can be
obtained compared to a known method in which only a
foreground and a background are specified without
considering the mixed area.

15 " An input image suppliéd to the image processing
Aapparatus is discﬁssed below with reference to Figs. 3
throﬁgh 18. |
| Fig. 3 illust:ateslimage capturing performed by a

-sensor. The senso; is formed of, for example, a CCD

20 (Charge—Coupled Device) video camera provided with a CCD
‘area éensor, which is a solid—étate image~capturing device.
An objecf 111 corresponding to a foreground in tﬁe real
world moves, for éxample,‘horizontally from the left to the
right, between an object 112 corresponding to a béckground

25 and the sensor.



fromthe background conponents and the foreground conponents. Since the
val ues of the pixels in the mxed area are fornmed 5 fromthe background
conponent s-and the foreground conponents, .it nay be referred to as a
"distortion area".. The m xed area is further classified pdbmbar Sg0&£r ed
background area .and an uncovered background area. The covered background
area is a mxed area at a 10 position corresponding to the |leading end in

"the direction in which the foreground object is noving, where the

background conmponents are gradually covered with the foreground over tine.
In contrast, the uncovered backgrodhd”%féa is a mxed .15 area
corresponding to the trailing end in the direction in which the foreground
obj ect is nmoving, where the background conponents gradually appear over
time. As di stussednabovesptinecs neige toeagai of nghé hebfereground area, the
background area, or the covered background area or 20 the -

uncover é8rbaekgrdind apeashesfonpgroiuntotbhetheeawspecthyi bgagai 6£103, the

m xture-ratio cal cul ator 104, and the foreground/background separator 105
as the FRBuPPiifgE§ell2Frgrresppndingatesthhebbakggoondd area, séheofor eground
area, the m xed area, the covered, background area, and the 25 uncovered,
backgr oBH8PEFeatBrsEaBBEcdbbnge| int Helspeas ProwesnheFo2065ampB6,

cor%fspgﬂdin% to the image shown in Fig. 6A, the background area is a
stat] onal§ POPEPENORERBLE 0RRGIRYAE ARBANGs3Q frames per second. o

© The exposure time of the sensor can be 1/30 second. The
exposure time is a period from when the sensor starts
converting input light into electrical charge until when the
conversion from the input light to the electrical charge is
10 finished. The exposure time is also referred to as a
"shutter time".
Fig. 4 illustrates the arrangement of pixels. 1In Fig.
4, A through T indicate the individual pixels. The pixels
are disposed on a plane of a corresponding image. One
" 15 detection device co;reéponding to each pixél is disposed on
the_sensor. When the sensor performs image capturing, each
.detection device outputs a pixel valﬁe of the corresponding
pixel forming the image. For example, the position of the
detection device iﬁ the X direction corresponds to the
20 horizontal direction on the image,-while the position of the
detection device'in'thé Y direction corresponds tolthe
vertical direction on the image;
As shown in Fig. 5, the detection device, which is, for
example, a CCD, converts input light—into-eiectrical charge

25 during a period corresponding to a shutter time, and stores



nmovi ng portion, the covered background area of the mxed area is a portion
t hat changes fromthe background to the 5 foreground, and the uncovered
background area of the m xed area is a portion that changes fromthe
foreground to the background. Fig. 8 illustrates a nogelecohbaisted by
expanding in the time direction the pixel values of the pixels aligned
side 10 by-side in the inage obtained by capturing the inmage of the object
corresponding to the stationary foreground and the image of the object
corresponding to the stationary ba_ckgg ound. For exanple, as the pixels

al i gned side-by-side, pixels arranged”in one line on the screen can be

sel ected. 15 The pixel values indicated by FO1l through FO4 shown in Fig. 8
are val ues of the pixels corresponding to the object of the stationary

f or egr iR .COMveE yiiede le healtuds a Indibeatgsd  byrheBainoumtowgh di@4gehdwn in Fig. 8
are values of the pixels corresponding to the object of the stationary
backgr GURPS 2 @rAneE tdioagde Fof rtdva tindargd tvo otfhéhisotingpmt A ikihg. a®din  t he
vertical direction in Fig. 8 The position at the top side of the

rect andi® HFTEOE f9TcHiEdpdhgs Hahthd st iimPust: whheh deftecddrsor starts
convertjng input light into _ electrical charge, and the position at the
| bottomdéai & S epid aldet 3dgice the Elgctaicsdr 68psaas coaverded ne at whi ch

the: 2 r. 2005 - .37 .conversion fromthe input light into the
el 35ct r ?%g)ﬁ' c%éar J&PULs L hits i FrPh At ored € 8‘3&?%?3%8%131’:8@1 fiNeingp side to

the the period corresponding to the shutter time. That is, the
detection device integrates the inputilight during the
period corresponding to the shutter time and stores the
electrical charge corresponding to the amount of integrated
10 light. It can be considered that the detection device has
an integrating function with respect to time.

. The electrical charge stored in the detection device is
converted into a voltage value by a circuit {not shown), and
the voltage value is further converted into a ﬁiXel Qalue,

15 such as digital data, and is output. Accordingly, each
pixel value output from the sensor is a value ﬁrojected on a
1inearispace, which-is a result of integrating a certain

-three—dimensional portion of the Objectrcofresponding“to the
foregfound or the background with respect to the shutter

20 time.

Tﬁe image processing apparatus extracts significant
information émbedded in the output signal, for example, the
mixture ratio o, by the storage operation of the sensor.

The image processing apparatus adjusts the amount of

25 distortion, for example, the amount of motion blur, caused



bottom side of the rectangle in Fig. 8 corresponds to the

shutter tine. 5

The pixels shown in Fig. 8 are descri bed bel ow assum ng that, for exanple,
the shutter time is equal to the frame size. The horizontal direction in
Fig. 8 corresponds to the spatial direction X in Fig. 2@fhceMBEE2005
specifically, in the 10 exanple showmn in Fig. 8, the distance fromthe |eft
side of the rectangle indicated by "FO1" in Fig. 8 to the right side of
the rectangle indicated by "1304" is eight tines the pixel pitch,

obj ect

15 are stationary, the |light~i'nput into the sensor does-not

during the: period corresponding to the shutter tine. The period
corresponding to the shutter tinme is divided into two or nore portions of
peyi bde. mfotuexandl thei foreheonudbinagé objeonl idsvided Poztions is
4, the nodel shown 20 in Fig. 8 can be represented by the nodel shown in

equal

Fig. 9.imJ%ie pum®e?sbigvirpabhtes vebee pdlusbastianabeusetoficcor di ng
t he anmount of novenment v of the object corresponding to _
withi n thetehtieercavsed Iprtexanpreure hef thenberegtovidt imdgeli vi ded

.e.,
ei ght consecutive pixels. Wen the f%heground obj ect and t he background

change

to

t he foreground

portions is set to 4 when the 25 anmobunt of novenent v is 4, and the period

corrgsp%}ﬁ?j‘cr"hb TR 2t by T Qob 3B39% ePRttter time is divided into four
por tSI ons. T@%gl{p%f};\r %Sfusj ér%ei\:elsn a'fll gg.'maggec %rlartea?ipnoenéj Sb}} Oca:[phteuxfi!nrgs ta

10

15

20

- 25

moving object corresponding to a foreground and a stationary
object corresponding to a background. Fig. 6B illustrates
an image obtained by capturing a mbving object corresponding
to a.foreground and a stationary object corresponding to a
background. |

Fig. 6A illustrates an image obtained by capturing a

moving object correéponding to a foreground and a stationary

obiject corresponding to a background. In the example shown
in Fig. 6A, the object corresponding to the foreground is
moving horizontally from the left to the right with respect
to the screen.

Fig. 6B illustrates a model obtained by expanding pixel

values corresponding to one line of the image shown in Fig.

6A in the time direction. The horizontal direction shown in .

Fig. 6B corresponds to the spatial direction X in Fig. 6A.
The values ofrthé pixels in the background area. are
formed only from the background'éomponents; that is, the
image components corresponding to the background object.
The values of,tnerpixels in the foreground area are formed

only from the foreground components, that is, the image



di vi ded period fromwhen the shutter has opened. The second line in Fig: 9
corresponds to the second divided period from 5 when the shutter has
opened. The third line in Fig. 9 corresponds to the third divided period
fromwhen the shutter has opened. The fourth line in FbgceBb&OIgogsponds
to the fourth divided period fromwhen the shutter has opened 10 The
shutter tine divided in accordance with the anount of novenent v is also
hereinafter referred to as the "shutter tinme/v". Wen the object.
corresponding to the foreground is statlonary, the light input into the
sensor does not change, 15 and t hus32t fe f oreground conponent FOLl/v is
equal to the value obtained by dividing the pixel value FOL by the nunber
of virtual divided portions. Simlarly, when the object corresponding to
the foregmeunshtis ciatdgraldindg e iy e @b FO2/v is equal to.
t he val ue obtai ned by 20 dividing the pixel value FO2 by the nunber of
virtual di Theedapaesi oifis theheikelegpduntiec atpedentrcE03f¢ Fsragual to the
val ue. obt ai ned by dividing the pixel value FO3 by the nunber of virtual

di vi ded gsor tilon hackaraured f ormgyroemids  @aodpohentoE84tvund equpbnentkhe val ue

‘obt ai ned by dividing 25 the. pi xel value FO4 by the nunber of virtual :
di vi dednBeddthéral2zees of Ihe pigels dms. theNmxachersh ece donmespondi ng to

the background is
from the background components. and the foreground components,

_ it may be referred to as a "distortion area". The mixed
area is further classified into a covered backgrdund area
and an uncovered background area.- | |

The covered background area is a mixed area at a
16 position cofresponding to the leading end in the direction
in which the foregrquﬁd cbject is moving,lwhere the
background components are gradually covered with the
foreground over time.
In contrast, the uncovered background area is a mixed
15 area corresponding to the trailing end in the direétion in
which the £ore§round object is moving, where fhé background
components gradually appear over time. |
As discussed above, the imagé containing the foregroﬁnd
area, the background area, or the covered background aréea or
26 - the uncdvered.background area is input.into the area

: specifying_unit1103, the mixture;ratio calculator 104, and

the foreground/background separator 105 as the input image.
Fig. 7 illustrates the background area, the foreground
area; thermixed area, the covered background area, and the

25 - uncovered background area discussed above. 1In the areas



stationary, the light input into the sensor does not change, and thus, the
background conponent BO1/v is equal to the 5 value obtai ned by dividing the
pi xel value B0l by the nunber of virtual divided portions... Simlarly,
when the abject corresponding to the background is st atj-eaabYs 2ddae
background conmponent B02/v is equal to the value obtained by dividing the

pi xel value B02 by the nunber of virtual 10 divided portions, the

background conmponent B03/v is equal to the value obtained by dividing the
pi xel -val ue BO3 by the nunber of vir%yal di vided portions, and the
background conponent BO4/v is equé]:%o'ihe val ue obtained by dividing the
pi xel value B04 by the nunber of virtual divided 15 portions. More :
specifically, when the object corresponding to the foreground is

st at i ongpyresbentight toothespoagienghbent he FiqregrpunHeobherfrbnpdt into

t he sensor does not change during the period corresponding to the shutter
time. .2geAcéér di aghyionheyfpeegioundtbenponegtoEdd/ wreartesponding to the
first portion of. the shutter tinme/v fromwhen the shutter has opened, the
f or egr oBRYLBENBBREAPNFOING ceveredpbadkagonndt Aeesecbnthpomiked of the
shutter tine/v fromwhen the shutter has opened, the foreground conponent

. 25 FO1PVSBor-FedpBRAthgnt Bhehechangas pbreRohlef bapeashurdeto2tDecenber 2005

- 4 %ine/v frqgqm when _the shutter has opened, and the foreground
conﬁgne ?rﬁgf?vngor?ﬁ pB%ﬂiﬂ@C?Befﬁﬁ PatkeROpREt #6R2 0P Lt Hae mixed

area is a portion that changes from the foregrouﬁd to the

background. |
Fig. 8 illustrates a model obtained by expanding inr£he

time direction the pixel values of the pixels aligned side-—

10 Dby-side in the image obtained by capturing the image of the
object corresponding to the stationary foreground and the
'image of the object corresponding to the stationary
backgréund. For example, as the pixels aligned sidemby;side,
pixels arranged in one line on the screen can be selected?

15 The pixel values indicated by FO01 through F04 shown in
Fig. 8_are.values of the pixels corresponding to the object
of the stationary foregrpund.. The pixel valﬁes indicated by
B01 through'B04 shown in Fig. 8 are values of the pixels
corresponding to the object of the stationary background.

20 Time elapses from the top to the bottom_in Fig. 8 in.
the vertical direction in Fig. 8. The position at the top
side of.thé rectangle in Fig. 8 corresponds‘to the_time.at
which the sensor starts convérting input light into |
electrical charge, and the position at the bottom side of -

25 the rectangle in Fig. 8 corresponds to the. time at which‘the



shutter. time/v fromwhen the shutter has opened becone the sanme val ue. The
~sane applies to FO2/v through FO4/v, as in the case of FO01l/v. Wen the

obj ect corresponding to the background is stationary, the |ight
correspondi ng to the background object input into thesseRSAberd@Bs nNOt
change during the period corresponding to the shutter tinme. Accordingly,
the Dbackground conponent BOl/v corresponding to the first portion of the
shutter tine/v fromwhen the shutter has opened, the background conponent
BO1l/v corresponding to the second 5§ tion of the shutter time/v from when
t he shutter has opened, the backgro ‘conponent B01/v corresponding to 15
the third portion of the shutter tine/v fromwhen the shutter has opened,
and the background conponent BO1l/v corresponding to the fourth portion of
t he shuomere rsilioe/ £ roro mhwh émptite 1siigiitt em tva s heperied drdeaire dhe-geane val ue.
The sane applies to B02/v through B04/v. 20 A description is given of the
case i Aswiiglistied.obfTéet: isor ridspoliditagcteo firoan ftdreedgrogusd des twovihrg and t he
obj ect corresponding to the background is stationary. Fig. 10 illustrates
a nodelbodiiesl gédebpf Ehpangictrgniod-e time Fiigve 8diqoantssprendse tpi stdle val ues of
the pixels in one 25 line, including a:covered background area, when the

obj ect SBubé€&ntréPe2005 - 41 corresponding to the foreground is moving to

the_right in Pig. 10. In Fig. 10, the anmount of novenent v is 4. Since
5 The pIxels shown iIn Fig. 8 are described below assuming

that, for example, the shutter time is egual to the frame
~size.
The horizontal direction in Fig. 8 corresponds to the
spatial direction X in Fig. 6A. More specifically, in the
10. example shown in Fig. 8, the distance'from the left side of
the rectangle indicated-by "FO1" in Fig. 8 to the right side
of the rectangle indicated by "B04"‘is eight times the pixel
pitch, i.e., eight consecutive pixels.
VWhen,the foreground object and the background object
15 are stationary, the light input into the sensor does not
ﬁhange during the period corresponding to the shutter time.
The period correspoﬁdiﬁg to the shutter time is divided
into two or more portions of.equal periods. For example, if
the number of virtual divided bortions is 4, the model.shown
20 in Fig. 8 can be represented by the model shown in Fig. 9.
‘The number of virtual divided portions can be éet according
to the amount of movement v of the objéct-corresponding to
‘the foreground within the shutter time. For example, the
number of virtual divided portions is set -to 4 when the

25 amount of movement v is 4, and the period corresponding to



one frame is a short period, it can be assuned that t he obj ect
corresponding to the foreground is a rigid body 5 noving with constant
velocity. In Fig. 10, the object inmage corresponding to the foreground is

moving such that it is positioned four pixels to the piggabmpedIbogsespect to
a reference frame when it is displayed in the subsequent franme. In Fig.

10, the pixels fromthe |eftnost pixel to the 10 fourth pixel belong to
the foreground area. In Fig. 10, the pixels fromthe fifth pixel to the
seventh pixel fromthe |left belong tg the mxed area, which is the covered
background area. In Fig. 10, the rightnost pixel belongs to the background
area. 15 The object corresponding to the foreground is noving such that ‘it
gradual |y covers the object corresponding to the background over tine.
Accor di rigley shirtdegoriigweritss ddoridaidnéd tion folme poxélional.ues of the pixel s

bel onging to_the covered background area change from the background 20
conponent s t GREhBPPEEBEESuRdNEoRPOREat SO aconreeponin té mehe dikTay t he
period cagrresponding to the shutter time. For exanple, the pixel value-M
sur r ounded 1% RETERCC K Tofy akeni fhpi ghuthershegpeessed - by Thquaerend( 1)

bel ow. .= BQ2/y+B02/ v+FO7/ v+FQO6/ v gl) 25 For exanple, the fifth pixel from
the |ef t'E6nta] \rﬁ}ga 7 BREER5RPRIG0EC- the SBSEREr BaHdde8nBeREAd from

O ARk AL RO 12 BEnt  HRUMLRE Y TBRY 3ROl eground
corresponds to the third divided period from when the
shutter has opened. The fourth line in Fig. 9 corresponds
to the fourth divided period from when the shutter has |
opened.

10 The shutter time divided in accordénce with the amount
of movement v is also hereinafter referred to as the
“shutter time/v".

When the object corresponding to the foreground is
stationary, the light input into the sensor doés not chénge,
- 15 and thus, the foreground component FOi/v is equal to the
value obtained by dividing the pixel value F0l by the number
Qf virtual divided portions. Similarly, when the object
corresponding to the foreground is stationary, the
foreground componenp FO02/v is eqﬁal to the value cbtained by

20 dividing the pixel value F02 by the number of virtual
divided portions, the foreground component F03/v is equal to
the value obtained by dividing the pixel value F03 by the |
number of virtual divided portions, and the foreground.
component F04/v is equal to the value obtained by dividing

25 the pixel value F04 by the number of virtual divided



three portions of the shutter tinme/v, and thus, the mxture ratio a of the
fifth pixel fromthe left is 1/4. The sixth 5 pixel fromthe left contains
background conmponents corresponding to two portions of the shutter tinme/v
and foreground conponents corresponding to. two porti 2meceibbh@osshutter
tine/v, and thus, the mxture ratio a of the sixth pixel fromthe left is
1/2. The seventh pixel fromthe left 10 contai ns background conponents
corresponding to three portions of the shutter tine/v and a .foreground
conponent corresponding to one poltggn“of the shutter tine/v, and thus,
the. mxture ratio a of the fifth pixel fromthe left is 3/4. It can be
assuned that the object corresponding to the 15 foreground is a rigid
body, and the foreground object is .noving with constant velocity such that
it is deptesed four pixels to the right in the subsequent frane.. '
Accordingly, for exanple, the foreground conponent FO7/v of the fourth
“pi xel from hen dhe okiEicy. cegresprasiioaditeg the bhekpirpend2dsporti on of the
‘shutter tinme/v fromwhen the shutter has opened is equal to the foreground
conponetitd ofoRHe 4 i i 1igihée i EmiHe 1die §ansG.dors a8t eBppoitfing to the
second rtion of the shutter tine/v fromwhen the shutter has opened. ,
Siml aﬂr{}f T o+ dritsy AT ROoRsh ramPaneiy By e diialeauwr (%8 (e f or egr ound
conponent, of tbne .sixc{h i xel. fromthe |eft -Zaﬁfﬁe{%ﬁr 2005 - 43 1 in Fig.
10n§or rESSh A S fli)ép tﬁivf'ﬁilﬁl@r tiSh B the by the number
of virtual divided portions. = Similarly, when the object
- corresponding to the background is stationary, the
background component BOZ/v'is equal to the value obtained by
dividing the pixel value B02 by the number of wvirtual
10 divided portions, the background component B03/v is equal to
the value obtained by dividing the pixel.value B03 by the
number of virtual divided portions, and the background .
component B04/v is equal to the value obtained by dividing
the pixel value B0O4 by the number of virtual divided
15 portions. |
More specifically, when the object correspohding to- the
foreground is stationary, the light corresponding to the
foreground object input into the sensor does not change
during the period corresponding to the Shutter time.
20 Accordingly, the foreground component FQ01l/v cdrresponding to |
the first portion of the shutter time/v from when the
shutter has opened, the foreground componeﬂt FQl/v
corresponding to the second portion of the shutter time/v

from when the shutter has opened, the foreground component

25 F0l/v corresponding to the third portion of the shutter



time/v fromwhen the shutter has opened, and the foreground conponent of
the seventh pixel fromthe left in Fig. 10 corresponding to the fourth
portion of the shutter tinme/v 5. fromwhen the shutter has opened. It can

be assumed that the object corresponding to the foregp@dadmbs: osi 9i d
body, and the foreground object is noving with constant vel ocity such that
it is displayed four pixels to the right in the subsequent frane. '

~ Accordingly, 10 for exanple, the foreground conponent FO06/v of the third
pixel fromthe left in Fig. 10 corresponding to the first portion of the
shutter tine/v fromwhen the shutter “ras opened is-equal to the foreground
conponent of the fourth pixel fromthe left in Fig. 10 corresponding to. -
the second 15 portion of the shutter tine/v fromwhen the shutter has '
opened. t$mei/Vafirpm whenf thegsbuhtecohpenepen&dp/ ynd stRgubbredtoti®

f oreground conponent of the-fifth pixel-fromthe left in Fig.. 10

corr esp6REPAGeRs FAd/vYhiedrpopondhngf tohehshfivteth poneianfobmihen the
shutter has opened, and the foreground -20 conponent of the sixth pixel

© from thé&lpéter fippdv fpomovhespbhdi agutbet heas cepehegopecame ofhe he shutter
time/v fromwhen the shutter has opened. It can be assuned that the object
cor r espBABFNG2EBet helhe of @87 oBPRIL 185 ate | B4/ Doklyrousll K/ ¥ oragriound obj ect
is ving with_c ant velocity such that it is displayed four 2
Decgﬁbgghﬁoggsg % p@f&%ts to the right in the subsequent frane.

Accordingly’When the object corresponding to the background is
sfationary, the light corresponding to the background object
input into the sensor does not change during the period |
corresponding to the shutter time. Accordingly, thé

10  background component BO0l/v corresponding to ﬁhe first
'portion of the shutter time/v from when the shutter has
opened, the background component B0Ol/v corresponding to the
second portion of the shutter time/v from when the shutter
has opened, the background component B0l/v corresponding to

15 the third portion of the shutter time/v from when the
shutter has opened, and the background component BOl/v
cbrresponding to fhe fourth portion of the shutter time/w
from when the shutter has oﬁened becéme the same value. The

‘lsame applies to B02/v through B04/v.

20‘ A description is given of the case in'whichrfhe object
corresponding to the fdreground is moving and the object
borrespondingrto the background is stationaﬁy.

Fig.'lO-illustrates a model obtalned by expanding in
the‘fime direction the pixel values of the pixels in one

- 25 line, including a .covered background area, when the object



for exanple, the foreground conponent FO5/v of the second pixel fromthe
left in Fig. 10 corresponding to the first portion of the shutter tine/v
fromwhen the shutter has 5 opened is equal to the foreground conponent of
the third pixel fromthe left in Fig. 10 correspondi ngdeRehbs Fpgond
portion of the shutter tine/v fromwhen the shutter has opened. Simlarly,
the foreground conponent FO5/v is equal to the foreground conponent of the
fourth pixel fromthe 10 left in Fig. 10 corresponding. to the third
portion of the shutter time/v fromwhen the shutter has opened, and the
f oreground conponent of the fifth pi &l fromthe left in Fig. 10
corresponding to the fourth portion of the shutter tinme/v fromwhen the
shutter has opened. 15 It can be assuned that.the object corresponding to
the. fopegespoddisgatsi ghd botygramddthe fiovegs otndtodj Cdht Sinnovi ng with
constant velocity such that it is displayed four pixels to the right in
t he subBaqueh® . f r meridcch? di tig yamodwr ek anpvemetihev f 0s egr oudtheoONponent
FO4/v of the Jeftnost 20 pixel in Fig. 10 corresponding to the first
portioncde fhemeshuta eshormeperiodm ivheran hize shetreerd halsaopened i s equa
to. .the foreground conponent of the second pixel fromthe left in Fig.
10 cor r e8poftli AR FOSRRRAsRE oFel e tioreotowkd ishuttkyidilmedw from when the
shutter has opened. Sinilarly, 25 the-foreground conponent FO04/v.is equal
to the FOYERY ofihth CeRtermervebosity 45 I nekl . ofhe Hebient diga@l from
the left in and 10 . ]
: corresponding to the foreground is moving such that it is
positioned four pixels to the right with respect to a
reference frame when it is displayed iﬁ the subséquent ffame;'
In Fig. 10, the pixels from the leftmost pixel to the
10 fourth pixel belong to the foreground area. InJFig. 10, the
pixels from the fifth pixel to the seventh pixel from the
left belong to the mixed area, which - is the covered
background area. In Fig. 10, the rightmost pixel belongs to
the background area.
15 The object corresponding to the foreground is moving
such that. it gradually covers the object corresponding to
the background over time. Accordingly,. the components
contained in the pixel values of the pixels belonging to the
-covered backgfound area change from. the bhackground
20 components to the foreground components at a certain time
during the period corresponding to the shutter time.
For example, the pixel value M surrounded by the thick
frame in Fig. 10 is expressed by equation (1) below.

M = BO2/v+B02/v+FO7/v+F06/v NS

25 ~ For example, the fifth pixel from the left contains a



corresponding to the third portion of the shutter tinme/v from when thé
from

t in Fig. 10 5 corresponding to the fourth portion of the shutter

shutter
the | ef
timel/v

correspondi ng to the noving

above,

val ues

when t he object

has opened, and the foreground conponent of the fourth pixel

from when the shutter has opened Since the forzpeesmskrainea

obj ect contains notion blur as di scussed

it-can also be referred to as a "distortion area". 10 Fig. 11
“illustrates a nodel obtained by expanding in the time direction the pixel

of the pixels in one |line in%!uding an uncovered background area
corresponding to fhezfdreground is noving to the right in

Fig. 11. In Fig. 11, the anpbunt of novenent v is 4. Since 15 one frane is a
short period, it can be assuned that the object corresponding to the
f or egr obagkozound| gbupbodyt enpveagonitihgcoasbaat pyetDsh tye te Fi g.
i mmge corresponding to the foreground is noving to the right such
t hat itshytpesi tivadd fodr fprgersund theponghtswithregspetin@Ooto a
‘reference frame when it is displayed in the subsequent frane. In Fig. 11,
the pi xBhRseerBRFEhenFepfnbbe phxbierotime/ v oamd htipixel tibelming e t he

- obj ect

cevent nEBEKEI & PFoRRERELEDS pireL

sevent h I oht*€hetl PereLb

uncqvered 2 cenber 2005 4 6 background area. In Fig. 11, the rightnost
%SE ?e?t :

pi X

10

15

t he gixels fromthe fifth pixel to the
Fefgthe 1REt M xell 4r edlhavsdictth s

B rom the contains "background components
corresponding to two portions of the shutter time/v and
foreg;ound-éomponents corresponding tq.two portions.of the-
shutter time/v, and thus, the mixture ratio o of the sixtﬁ
pixel from the left is 1/2. The seventh pixel from the left
contains background components corresponding to three
portions of the shutter time/v and a foreground component
corresponding‘to one portion of the shutter time/v, and thus,
the mixture ratio o of the fifth pixel from the left is 3/4.

It can be assumed that the object correéponding to the

foreground is a rigid body, and the foreground object is

~moving with constant veiocity such that it is displayed four

20

pixéls to the right in the sﬁbsequent frame. Accordingly,
for example, the foreground component F07/v of the fourth
pixel from fhe left in Fig. 10 corresponding to the first
portion of the shutter time/v from when the shutter has

opened is equal to the foreground component of the fifth

. pixel from the left in Fig. 10 corresponding to the second

portion of the shutter time/v from when the-shutter has

25

opened. Similarly, the foreground component FO07/v is equal

to the foreground component of the sixth pixel from the left

11,

an

t he



the foreground area. The object corresponding to the foreground which
covers the object corresponding to the background is noving such 5 that it
is gradually renmoved fromthe object corresponding to the background over
time. Accordingly, the conponents contained in the pigégu¥ﬁ&§%ﬁ gf the

pi xel s belonging to the uncovered background area change ron1tRe
foreground conponents to the background conponents at a certain tinme of 10
the period corresponding to the shutter tinme.. For exanple, the. pixel
val.ue M surrounded by the thick frame in Fig. 11 is expressed by equation
(2). M.= F02/v+F01/ v+B26/v+B26/v (2%3For exanple, the fifth pixel. from
the left contains 15 background conponents corresponding to three portions
of the shutter tine/v and a foreground conponent corresponding to one

shut t ers popid om @f cd hee shuHd Blg tidelve @N0-d NSt 4 oM pHUrGAd,0 a of
the fifth pixel fromthe left 1s 3/4. The sixth pixel fromthe left

cont ai NEiMELK Of B driCPONe s £ 2 QS @SRANH NG 40 ROFddAHPf the
shutter tine/v and foreground conmponents corresponding to two portions. of

the shitbiesnénted¥, o sdduisch thiecdl xtntne f1ad 1@ Gin tHigy sizg h  pixel from
the left is 1/2. The seventh pixel fromthe left contains a background
conpone r cespaspiongi tg thoe dwnpol tpart iz off tdtee Hhittierr tdied Av and
foreground conponents 2 Decenber 2005 -- 4 7 corresponding to three

por bi onray whven sthe tsfrutitemelag apmhed.

It can be assumed that the object corresponding to the
foreground is a rigid body, and the foreground object is
moving with constant velocity such that it is displayed four
pixels to the right in the subsequent frame. Accordingly,

10 for example, the foreground component F06/v of the third |
pixel from the left in Fig. 10 corresponding to the first
portion of the shutter time/v ffom when the shutter has
opened is equal to the foreground component of the fourth
pixel from the leff in Fig. 10 corresponding to the second

15 portion of the shutter time/v from when the shutter has
opened. Similarly, the foregrbund component F06/v is equal
to thé'foreground Compoﬁent of the . fifth pixel from the left
in Fig. 10 correspondiﬁg-to the third portion of the shutter
time/v from when the shutter has opened, and the foreground

20  component of the sixth pixel from the left in Fig. 10 |
correéponding to the fourth portion of the shufter time/v
from when_thé shutter has opened.

| It can be assumed that the object corresponding to the

foreground is a rigid body, and the foreground object is

25  moving with constant velocity such that it is displayed four



thus, the mxture ratio a of the seventh pixel fromthe left 1is 1/4. Wen
equations (1) and (2) are generalized, the pixel 5 value M.can be
expressed by equation (3): Mea B+Fi/v (3) where a is the mxture ratio, B
i ndi cates a pixel value of the background, and Fi/v de§.00aL&SHR
foreground conponent. It can be assunmed that the object corresponging to

.the foreground is-a rigid body, which is noving with constant velocity,

and 't he amount of novenent is 4. Accordingly, for exanple, the foreground
conmponent FO1/v of the fifth pixel fromthe left in Fig. 11 correspondi ng
to the first portion of the shuttef ¢*ng/v from when the shutter has opened
is equal to the foreground conmponent of the sixth pixel from the left in
Fig. 11 corresponding to the second portion of the shutter tine/v from
when thpigkltt es bAs opgwedin Sthe | sibyeqhdet f orags ounkbeorpangnt, FO1/v is
equal to the foreground conponent of the seventh pixel fromthe left in 20
Fi g. l1llfooresspphdi nghe ofthegtdind ponpowenofrddher shtittles sdddmi v from when
the shutter has opened, and the foreground conponent of the eighth pixel
fromt heikelt framFilye Ndft com réspontd ngotoedhendiour tio pard ifinrsaf t he
shutter tine/v fromwhen the shutter has opened 2 Decenber 2005 -- 4 8 It
can be B5LARH Phathe hehwbierttime fespormiwken cchdeshdoregrtesnd is a rigid
body, which is_noving with constant
5 . opened is equal to the foreground component of the third
pixel from the left in Fig. 10 corresponding to the second
'portion of the shutter time/v from when the shutter has
' opened. Similarly, the foreground component FO05/v is equal
to the foreground component of the_fourth pixel from the
10 left in Fig. 10 corresponding to the‘third portion of the
shutter time/v from when the shutter has opened, and the
foreground component of the fifth pixel from the left in-Fiq.
10 corresponding to the fourth portion of the shutter time/v
from when the shutter has opened.‘
15 It can be assumed that the object corresponding to the
foreground is a rigid body, and the fbreground object is
moving with constant velocity such that it is displayed four
pixels to the right in the subsequent frame. Acébrdingly,
for example, the foreground component F04/v of the leftmost
20 ‘pixel 'in Fig. 10 corresponding to the first portion of the
shutter time/v from when the shutter has opened is equal to.
thé foreground component of the second pixel from the left
in Fig. 10 corresponding to the second portioﬁ of the

shutter time/v from when the shutter has opened.' Similarly,'

25 the.foreground component F04/v. is equal to the foreground



vel ocity, and the anount of novenent v is 4. Accordingly, for exanple, the
f oreground conponent FO02/v of the sixth 5 pixel fromthe left in Fig. 11
corresponding to the first "~ portion of the shutter tinme/v fromwhen the
shutter has opened is equal to the foreground conponesppdhdi&oggvent h

pi xel fromthe left in Fig. 11 corresponding to the second portion of the
‘shutter time/v fromwhen the shutter has 10 opened. Simlarly, the

f oreground conponent FO02/v is equal to the foreground conmponent of the
eighth pixel fromthe left in Fig. 11 corresponding to the third portion
of the shutter time/v fromwen the23hutter has opened. It can be assuned
that the object corresponding to the 15 foreground is a rigid body, which
is noving with constant velocity, and the anount of novenment v is 4.

Accor di dgthponer{©ro X1l #h i A& fare g dHeonRanentn, A3/ v 1@f the seventh
pi xel fromthe left in Fig. 11 corresponding to the first portion of the

shut t ercddredporidiong whertHdecisind tirdias: H¥ apenethdicaqudmd/e t he
foreground conponent .of the eighth pixel fromthe left in Fig. 11 .
- corr espornsh nghert acthestagoond hapordpearedf ddie tshutfcatedriomay from when t he
shutter has opened. It has been described with reference to Figs. 9
t hr oughlron@forent lveft tthwe frourddr pofxedi riingsl tdievileegid por tFiens 10s 4. The 2
Decenber 2005 - 49 nunber of virtual divided portions corresponds to the
anmobnt cOreARAATEMY o Ghrrerfadunth tive tamoumt dfhemsverbder time/v -
‘from when the shutter has opened.
Since the foreground area corresponding to theAmoving
object contains motion blur as discussed above, it can aiso
be referred to as a "distortion area".
10 | Fig. 11 illustrates a model obtained by expanding -in
| the time direction the pixel values of the pixels in one
~line including an uncovered background area whep_the object
corresponding to ﬁhe foregréund is moving to the right in
Fig. 11. In Fig. 11, the amount of movement v isr4. VSince
15 one frame is a short period, it can be_aésumed that the
object corresponding to the foreground is a rigid body
moving with constant velocity. 1In Fig. 11, the object image
‘corresponding to the foréground is moving to the.right such _
that it is positioned four pixels to the right with respect
:.2b "to a reference frame when it is displayed in the sﬁbseéuent
frame.
In Fig. 11, the pixels from the leftmost pixel to the
fourth pixel belong to the background area. In Fig. 11, the

pixels from the £ifth pixel to the seventh pixels from the

25 left belong to the mixed area, which is an uncovered -



corresponds to the noving speed of the object corresponding to the
foreground. For exanple, if the object corresponding 5 to the foreground is
novi ng such that it is displayed four pixels to the right with respect to
a certain frane when it is positioned in the subsequept,f e .anmount
of novenent v is set to 4. The nunber of virtual diviggﬁmggggyygﬁs is set
to 4 in accordance wth the anobunt of 10 novenent v. Simlarly, when the
obj ect corresponding to the foreground is noving such that it is displayed
six pixels to the left with respect to a certain frame when it is
positioned in the subsequent frame” #fe—ampunt of novenent v' is set to 6,
and the nunber of virtual divided portions is 15 set to 6., Figs. 12 and
13 illustrate the relationship of the foreground area, the background area,

-and thebatkgdoah@aanbhch eANBigt s10f Bn&OVEYREHAE G LUNTLO1 oA UngOVer ed

background,. which are di scussed above, to the foreground 20 conponents

and t hethackgregndus@npoagnt s corresponding to the divided periods of the
shutter tine. Fig. 12 illustrates an exanple in which pixels in the

“foreground drea,ctijer haskgranprhdirea, tanthd ragethal e iae coeeidsact ed

froman i mage containing a foreground 25 corresponding to an object. noving
i n fronthef oljstht conaeypéndecenber ti20 (A5 G0y r dack gt ®umslyind 4ieh exanpl e
shown in Fig. 12, the object corresponding to the foreground indicated by
Ai$  that it is gradually removed from the object corresponding :
to the background over time.. Accordingly, the components
contained in the pixel values of the pixels belonging to the
uncovered background area change from the foreground |
components to the baCkground components at a certain time of
-10 the period corresponding to the shutter time. .
For example, the pixel value M' surrounded by thé thick
frame in Fig. 11 is expressed by equation (2}.
M' = F02/v+F01/v+B26/v+B26/v (2)
For example, the fifth pixel from the léft contains
15 .background components corresponding to three porfions of the
shutter time/v and a-forégroﬁnd component corresponding to
one shutter portion‘éf the.shutter time/v, and thus, the
mixture ratio « of the fifth-pikel from the left is 3/4.
'  The sixth ﬁiiel from the left contains baékground components
20 corresponding to two portions of the shutter tiﬁe/v7and
-fofeground components corresponding to two portions of the
shutter fime/v, énd‘thus, thermixture ratio o of the‘sixfh'
pixel from the left is 1/2. The seventh pixel-from the left

contains a background component corresponding to one portion

25 of the shutter time/v and foreground components



hori zontally noving with respect to the screen. Frane #n+l is a frane
subsequent to frane #n, and frane 5 #n+2 is a frane subsequent to frane
#n+l . Pixels in the foreground area, the background area, and the m xed
area are extracted fromone of franes #n through #n+2,_an h unt of
novenent v is set to 4. A nodel obtained by expandingzgﬁggﬁé?§¥ﬁsglues of
the extracted 10 pixels in the tine direction is shown in Fig. 13. Since

t he object corresponding to the foreground is noving, the pixel values in
the foreground area are formed of four. different foreground conponents
corresponding to the shutter tinetv4a7Fer exanple, the | eftnost pixel of
the 15 pixels in the foreground area shown in Fig. 13 consists of FO01/v,
F02/v, FO03/v, and FO04/v. That is, the pixels in the foreground contain

AR : - i back d J
Ul on BhieoSieed e, oblest sarcespond nad Gdle dackground dey

stationary, € Sensor correspondl

during {ies SNt as LLIE, does; Do SHANL. < VLU 15858 £ LAe i Glogal ues

t he background area do not contain .nobtion pi Xel "val'ues in the
m xed afgar/£onsisting of a covered background area or an uncovered
background area are 25 formed of foreground conponents and background

-cg{rppnegt E . WhenDeeeEReLnd003 )- 228 Azdesell Rln@Ralll 84V eRnRe,9w.9f a nodel
obt al ne y :
5 value M can be expressed by equation (3):

M=o-B+ )Fi/v ©(3)

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
10 foregroﬁnd is-a rigid bcdy; which is moving with constant
velocity, énd the amount of movement is 4.  Accordingly, for
example,-the foreground component F0l/v of the fifth pixel
from the left in Fig. 11 coﬁresponding to the first portion
of the shutter time/v from when the shutter hés opened is
15 equal to the foreground component of the sixth piiel from -
_the left in Fig. 11 corresponding to the second portion of
the shutter time/v from when the shutter has opened.
Similarly, the foreground component FOl/v is equal to the
foreground compqnent of the seventh pixel from the left in
20 Fig. 11 corrésponding to the third portion of the shutter
timé/v from when the shuttér has opened, and‘the_foreground
component'of the eighth pixel from the left in Fig. 11
corresponding to the fourth portion of the éhutter time/v

from when the shutter has opened.



expanding in the tinme direction the pixel values of the pixels which are
aligned side-by-side in a plurality of franmes and which are |ocated at the
sanme positions in the 5 franes when the i mage corresponding to the object
is noving. For:exanple, when the image correspondi ng the ohjegct is
nmovi ng horizontally with respect to the screen, pixelsﬁegF?BR%gkﬁﬁ t he
screen can be selected as the pixels aligned side-by-side. 10 Fig. 14
illustrates a nodel obtained by expanding in the time direction the pixels
which are aligned side-by-side in three frames of an inmge-obtai ned-by
capturing an object correspondi ngtd8a-stationary background and which are
| ocated at the sane positions in the franes. Frane #n is 15 the frane .
subsequent to frame #n-1, and frame #n+l is the frame subsequent to frane
#n. The saner@p@i 6e tasdiiRedtiRlt fHANBS; edhecdi Xl p il Uks B Hrough B12
shown in Fig. 14 are pixel values corresponding to the stationary
backgr onadeg@Boahiiect . a Stilgedt Bedphj @6t cBOLEenpending: £ tdespackground is
stationary, the pixel values of the corresponding pixels in frame #n-1
t hr oughvétamet#n+andothet avbangeof Fasvexanpl €, ist he pixebrdimdrame #n and
the pixel in frame #n+l | ocated at the corresponding position of the pixel
havi ng fbe gkxwple25thal fier89boumd f canportant hagevtbhe phaedixeah ue BO5. 2
Decenber 2005 - 52 Fig. 15 illustrates a nodel obtai ned by expanding in

5 pixel from the left in Fig. 11 corresponding to the first

portion of the shutter time/v from when the shutter has
opened is equal to the foreground component of the seventh
pixel from'the left in Fig. 11 corresponding to the secon&
portion of the shutter time/v from when the shutter has
10 opened. Similarlf, the foreground component F(02/v is egual
to the foreground component of the eighth pixel from the
left in Fig. 11 corresponding to the third portion‘of the
shutter time/v from when the shutter has opened.
It cén be assumed that the object corresponding to the
15 foreground is a rigid body, which is moving with constant
vélocity, and the amount of movement v is 4. Accordingly,r
for example, the foreground component F03/v of the seventh
pixel from the left in Fig. 11 corresponding to the first
portion of the shutter time/v from when the shutter ﬁas
20 opened is equal to the foreground compdnént cf-the eighth
pixel from the left in Fig. 11 corresponding.to the second
‘portion of the shutter time/v from when the shutter has
opened.
It has beenldescribed with reference to Figs.'9 through.

’ -25 11 that the number of virtual divided portions is 4. The
E
|
|



the tine direction the pixels which are aligned side-by-side in three
frames of an inage obtained by capturing an object corresponding to a
foreground that is noving to the right in 5 Fig. 15 together mﬁth an obj ect
corresponding to a stationary background and which arfD t he sane
positions in the franes. The nodel shown in Fig. 15. °‘¢ton alns a covered
background area. In Fig. 15, it can be assuned that the object 10
corresponding to the foreground is a rigid body noving with constant
‘velocity, and that it is nmoving such that it is displayed four pixels to
the right in the subsequent frame.—- #¢cordingly, the anount of novenent v
is 4, and the nunber of virtual divided portions is 4. 15 For exanple, the
foreground conponent of the |eftnost pixel of franme #n-1 in Fig. .15

corr espRRAdI 30 e Jdir $hividdy gso%ioing he shultdflad WR/vhd amwhen the

shutter has opened is F12/v, t he. foreground conponent of the second

pi xel fgomdgndaf ty i n d:érﬁbrajliycorﬁr?é%&ﬂlﬂg 410 ridRnzegonrd 20 portion of
the shutter tine/v fromwhen the shutter has opened is al so F12/v. The

foregr adregmuNatt e e iy rshedd &t dHOMY R drded F'ar@lnlgﬁ
corresponding to the third portion of the shutter tinme/v om when t he

shut t ercchashe dpanert-candl .t hedoreghgind, comonrenibieict he frewddndaingel from
25 the left in Fig. 15 corresponding to the fourth portion of 2 Decenber
2005 - th3 thehd sfmgiricama iime moviimgmswivdn ttHeet situtitserd ilsad agpendduar e
pixels to the rigbt'with respect to a certain frame when it
is positioned in the subsequent,frame, the amount of
movement v is set to 4. The number of virtual divided
pertions is set to 4 in accordance with the amoﬁnt of
10 movement v. Similarly, when therobject corresponding to the
foregroﬁnd is movihg such that it is displayed six pixels to
the left with respect to a certain frame wheniit is
positioned in the_subseqﬁent frame, the amount of movement v
is set to 6,-and the number of virtual divided portions is
15 'set to 6. o
‘Figs. 12 and 13 illustrate the relationship of ﬁhe‘
foreground area, the background area, and the mixed area
“ which consists of a covered background or an uncovered
.background, whieh are discussed above, to the foregreund
26 Compoﬁents aﬁd‘the background components'correepoﬁding to
the divided-periods of the shutter time.
Fig{ 12 illustrates an example in which pixels in the
foreground area, the background area, and the mixed area are
extracted from an image bontaiﬁing'e foreground

25 corresponding to an object moving in front of a stationary



F12/v. The foreground conponent of the |eftnost pixel of frane #n-1in
Fig. 15 corresponding to the second portion of the 5 shutter tine/v from
when the shutter has opened is F11/v. The foreground conponent of the
second pixel fromthe left in Fig. 15 correspondi ng tg[&gg %h;£@¥portion
of the shutter tinme/v fromwhen the shutter has opene §€6°F1/v. The
foreground conponent of the third pixel fromthe left in Fig. 10 15

~corresponding to the fourth portion of the shutter tine/v fromwhen the

shutter has opened is F11/v. The foreground conponent of the |eftnost pixel
of frame #n-1 in Fig. 15 correspondidig-to the third portion'of the

shutter time/v fromwhen the shutter has opened is F10/v. 15 The foreground
conponent of the second pixel fromthe left in Fig.15 corresponding to the
fourth packh@dugl th t h e/ Ng aen e tLeL s opened is
al'so FlO/v?thE'forgarggﬁdégéﬁ%gggﬁﬁogﬁ ?ﬁgﬁﬁgft%gét%ggxéﬁﬁgp% frane
##n- 1. kbriegpohdiagr £6SpARAERGbRoLAG ERHEEQtQBngOK @t 20 the shutter
time/v fromwhen the shutter has opened is FO9/v. Since the object :
correspandingntalihembackgr ued isspsbat k8NahX, skpgehackground conponent of
the second pixel fromthe left of‘?rane #n-1 in fig. 15 corresponding to
the first poramentnof ihes shdmerstbsedvesf ord Wiednd hen shuld efr 2 has
opened is BOl/v. The background conponents of the third 2 Decenber 2005 -

- 54 i xéh+er dm ehérkwét sobségaapt#holficambi gn+15 correspondi ng

Pixels in the foreground area, the background area, and
the mixed area are extracted from one of frames #n through
#n+2, and the amount of movement v is set ro 4. A modelr
obtained by expanding the pixel'values of the extracted

10 pixels in the time direction is shown in Fig. 13.

Since the'object corresponding to the foregroﬁnd is
moving, thé_pixel values in the'foreground area are formed
of four different foreground components correspondiné to the
shutter time/v. For example, the leftmost pixel of the

15 pixels in the foreground'area shown in Fig. 137consists of
F01/v, F02/v, FO03/v, and FO4/v. That is, the pixels in the
foreground contain motion blur.

Since the object corresponding to the background'ié
stationary, light input into the sensor.corresponding_tO'the

20 background during the shutter tiﬁe does mnot changé. In this
éase, the pixel values in the background area do not contain
.motion blur. |

The pixel values in the mixed area consisting of a

- covered background area or an ﬁﬁcévered background area are

25 formed of foreground components and -background components.




to the first and second poftions of the shutter time/v from when the
shutter has opened are B02/v. The background conponents of the fourth pixel
fromthe left of frame #n-1 5 in Fig. 15 corresponding to the first through

third portions of the shutter tine/v fromwhen the sh ened are
BO3/v. In frame #n-1 in Fig. 15, the leftnost pixel fr%E%FﬁEB&ﬁ%@? bel ongs
~to the foreground area, and the second through 10 fourth pixels fromthe
| eft belong to the m xed area, which is a covered background area. The :
fifth through twelfth pixels fromthe left of frame #n-1 in Fig. 15 bel ong
to the background area, and the pixebl val ues thereof are B04 through Bl1,
respectively. 15 The first through fifth pixels fromthe left in frame #n
in Fig. 15 belong to the foreground area. The foreground - conponent in the

shutter time \yddtihe o agr %Q%I?th%ﬁ of 2nR 487 io%t%r%egflw%gof FO5/ v

through F12/v. It can be assu e object correspon to the 20

for eqr auighisi.fy il €hbodhinamy AG L Lh ASHARG UelRld Yor @pdl that Tt is
|

nmovi ng such that the foreground inmage is spl aye our pixels to the

- right iphtdes sebs@quent d1aded AGOryNHye ides foreaound gomponent  of
the fifth pixel fromthe left of frame #n in Fig. 15 corresponding to the
25 firstrqmsd iond ofhidie Staticefatededty fHomaephddie: idnl tar whdecenber

2005 - 55 has opened is F12/v, and the foreground conponent of the
5 frames when the image corresponding tolthe object is moving.
For example, when the image corresponding to the object is
moving horizontally with respect to the screen, pixels
aligned on the screen can be selec£ed as the pixels alignéd
side-by-side.
 10 Fig. 14 illustratés a model obtained by expanding in
the time direction the pixels which are aligned side-by-side
iﬁ three‘frames of an image 0btained-by capturing an object
corresponding to a stationary background and which are
located at the same positions in the frames. Frame #n is
15 the frame subsequent to frame #n-1, and frame #n+l is the
framé subsequent to frame #n. The same applies to the other
frames. |
The pixel values B0l through B12 shéwn in Fig. 14 are
pixel values corresponding to the statiOnéry background
Zb object. Since the object cofresponding to the background is-
stationary, the pixel values of the corresponding pixels in
 frame #n—1 throﬁgh frame #n+i do not change. For example,
thé pixel in frame #n gnd the pixel.in frame #ﬁ+1 lopated at
.the corresponding position of the pixel having the pixel

25 value BOS5 in frame. #n-1 have the pixel value B0S5.



sixth pixel fromthe left in Fig. 15 corresponding to the second portion
of the shutter tine/v fromwhen the shutter has opened is also F12/v. The
foreground conponent of the 5 seventh pixel fromthe left in Fig. 15
corresponding to the third portion of the shutter ti &y ffgﬁhﬂﬁ%“ t he
shutter has opened and the foreground conponent of th é?aﬂ f prXel from
the left in Fig. 15 corresponding to the fourth portion of the shutter
time/v fromwhen the shutter has opened are 10 F12/v. The foreground
conponent of the fifth pixel fromthe left of frame #n in Fig. 15
corresponding to the second .porti-oms20f the shutter tinme/v fromwhen the
shutter has opened is Fl11/v. The foreground conponent of the sixth 15
pixel fromthe left in Fig. 15 corresponding to the third portion of the

shutter ti v_fr t he utte s . opened .is also Fl11/v. The
”el_l“Jh% Pgnﬂgﬁpﬁ%%atégé der:@o taine t% erzé;ﬁ\n Jnnqzljgn 15

f oreground conponent seven pi xe ro

St sopeng Rintoaiheor toNT LhCPRILEPD halhieanlili ShabhiE N TEPIIRED Lhe

shutter as opene or eground cofponen ifth

pi xel . framtbee kesaegfoErgﬂeiﬁQggnoﬁkginéﬁ ﬁgrasgeegggggahooﬁygcéhifd

.portion of the shutter tine/v ffomwhen the Shutter opened Is F10/v.
The for egredpgdos@RgNest aO%oirQ%]é@hﬁahtﬁét Pixehol Y tBechef bide Hg. - 15

corresponding to the fourth 2 cenber 2005 56 portion of the shutter
timgd v Figm whedog®eh&RULi €F BASobject corresponding to a '
stationary background and which are located at the same
- positions in the frames. The model shown in Fig. i5_
contaips a covered background area.
;n Fig. 15, it can be assumed that the object

10 corresponding to the foreground is a rigid body moving with
constant velocity, and that it is moving such that it is
displayed four pixels to the right in the subsequent frame.
Accordingly, the amount of movement v is 4, and the number
of virtual divided portions is 4.

15 Ebr example, the forégrdund component of the leftmost
pixel of frame #n~1 in Fig. 15'00rreSpdnding to the first-
portion'pf the_shutter ?ime/v from when the shutter has
opened is Fl2/v, and.the foreground component of the second
pixel from the left in Fig. 15 corresponding to the second

20 portion of the shutter'time/v from when the shutter has
opened is also F12/v.7 The foreground component of the third
pixel from the left in FigL 15 corresponding to the third
portion  of the shutter time/v from when the shutter has
opened and the foreground component of the fourth pixel from-

25 the left in Fig. 15 corresponding to the fourth portion of



opened is also F10/v. The foreground conponent of the fifth pixel fromthe
|l eft of frame #n in Fig. 15 corresponding to the fourth portion of the
shutter tine/v fromwhen the 5 shutter has opened is F09/v. Since the

obj ect corresponding to the background is stationary,, BSKH]und
conponent of the sixth pixel from the left of frane #ntggmﬁlg. f
corresponding to the first- portion of the shutter tinme/v fromwhen the
shutter has 10 opened is BO5/v_ The background conponents of the seventh

pi xel fromthe left of frame #n in-Fig. 15 corresponding to the first and
second portions of the shutter tinme/¥3from when the shutter' has opened are
BO6/v. The background conponents of the eighth pixel fromthe |eft of
frame #n in 15 Fig. 15 corresponding to the first through third portion of

the shutfersidi®y i hed g ShUHEs As aPengd Hav. In frame #n
in Fig. 15:Sthe 5|xfﬁg¥Lrough ei ghth pixels E%$0n1tﬁgk%§?tgbéﬁong to the

m xed. greg/v wWhich iis a covered 20 background area. The ninth through
twel fth pixels fromthe left of frame #n in Fig. 15 belong to the

background aheafoargroh@dpicstponaltues ther eefrtabe tBR8xkbhr geghrBhl,
respectively. The first through ninth pixels fromthe left in frame. 25

#n+1 |r#ﬂQKylnlEdQﬁldﬂg1ddrﬂdﬁpdﬂﬁﬂﬁﬁTﬂduiﬁﬁWﬁhcdHﬂiﬁbﬂﬂ%ﬁﬂﬂaﬁ't%@ﬁ5 -- 5 7
foreground conponent in the shutter tinme/v in the foreground
5 shutter Flme/v from when the shutter has opened is Fll/v.
The foreground component of the second pixel from the left
in Fig. 15'corresponding to the third portion of the shutter
time/v f:om when the shutter has opened is also Fl1l1/v. The
foreground component of the third pixel from the left in Fig.
10 15 corresponding to ﬁhe fourth portion of the shutter time/v
from when the shutter has opened is Fll/v. |
. The foreground'ﬁomponent of the leftmost pixel of frame
#n-1 in Fig. 15 corresponding to the thiﬁd portion of fhe
shutter time/v from when the shutter has opened is F10/v.
15 Tﬁe foregrbund componént‘of the second pixel froﬁ the left
in Fig. /15 correéponding to the fourth portion of the
shutter:time/v from when the shutter has opened is also
'Flolv. The foregroqnd component of the.leftmost pixel of
frame #n-1 in Fig. 15 corresponding to the fourth portion of
. 20 the shutter time/v ffom when the shutter has opened is F09/v.
Since the object corresponding to the background is
stationary, the background componenf of the-second-pixel
' from the left of frame #n-1 in Fig. 15'¢ofresponding to the _
first portion of the'shutter time/v from when the shutter

25 has opened is B0l/v. The background components of the third



area of frame #n+l1l is any one of FO1/v through F12/v. It can be assuned
that the object corresponding to the foreground is a rigid body noving with
constant velocity, 5 and that it is noving such that the foreground i mage
is displayed four pixels to the right in. the subsequ

Accordi ngly, the foreground conponent of the ninth pligp C?ﬁbﬁﬁ%?ﬁg | eft of
frame #n+l1 in Fig. 15 corresponding to the first portion of the shutter
time/v fromwhen the shutter 10 has opened is F12/v, and the foreground
conponent of the tenth. pixel fromthe left in Fig. 15 corresponding to
the second portion of the shutter ti M/ v fromwhen the shutter has opened
“is also F12/v. The foreground conponent of the eleventh pixel fromthe
left in Fig. 15 corresponding to the 15 third portion of the shutter tinme/v

from whgnxthershut LgE 1@%@ opepesmangh t he; f of egr opnd, 19§ the

twelfth pixel fromthe left in Fig. 15 corresponding to #he fourth portion

of -the gbuther fiige/ ¥ndir ssrvh@nd hei St erthassopened @ike /F1l2ldm The
foreground conponent of the ninth pixel fromthe left of frame #n+l in

Fi 9. - 15wRenr espostiubget OhdHeosecanda pOrsd oy of the sdumdesudd me/ v from when
the shutter has opened is F11/v. The foreground conponent of the tenth
pi xel fcompbthentefdfi thdi foudbh gotxespbnsth nghd oléhe dhifchd portion of the
shutter tine/v fromwhen the shutter has 2 Decenber 2005 58 -opened is al so
F11/5v. TheFigr efp ovondr esppohiony ©f thre first through j:hird portions
of the shutter time/v from when the shutter has opened are
BO3/v. |
| In frame #n-1 in Fig. 15, the'leftmost pixel from the
left belongs to the foregrpund area, and the second'thréugh
10 fourth pixels from the left belong to the mixed area, which
~ is a covered background-area. | |
The fifth through twelfth pixels from the left of frame
#n—-1 in Fig. 15 belong to the backgroﬁnd area, Aﬁd the pixel
values thereof are B04 through B11l, respectively.
15 ~ The first thréugh fifth pixels from the left in frame
#n in Fig. 15 belong to the foreground area. The foreground
component in the shutter time/v in the foreground area of
frame #n is any‘one of F05/v through Fl2/v. |
It can . be assumed that the object corresponding to the
- 20 foreground is a figid body moving with constant Veloéity,
and that it is moving such that the foreground image is
displayed four pixels to the right in-thé subsequent'frame.
Accordingly, the foreground compénent of the fifth-pixel
- from the left of‘frame‘#ﬁ in Fig. 15 corresponding to the

25 first portion of the shutter time/v from when the shutter



el eventh pixel fromthe left in Fig. 15 corresponding to the fourth
portion of the shutter tinme/v fromwhen the shutter has opened is Fl11/v. 5
The foreground conponent of the ninth pixel fromthe l|eft of franme #n+l in
Fig. 15 corresponding to the third portion of the shu% er th%%)sfron1mhen
the shutter has opened is F10/v. The foreground conpoh&fffeBPei4re’>t ent h

pi xel fromthe left in Fig. 15 corresponding to the fourth 10 portion of
the shutter tinme/v-fromwhen the shutter has opened is also F10/v. The
foreground conponent of the ninth pixel fromthe left of frame #n+l in
Fig. 15 corresponding to the fourth5portion of the shutter tinme/v from
when the shutter has opened is F09/v. 15 Since the object corresponding to
t he background is stationary, the background conponent of the tenth pixel

o e Aol [ PR AL D B8 b s GIRb AL el porion

of the shutter tine as opéné

packr oufig ATRANEN Sy NS VAL o P61 oL M I A 8 L Pl ild ane A

in.Fig. 15 corresponding to the rst” and second portions of the shutter

time/v {&@hha hen 1die oS huld efndiase OPentd/&r r Bl QiYen, e background

components of the twelfth pixel fromthe Teft of frame #n+l in Fig. 15
cor r espodli dygedan tihe flidstrtdyroughridi # S ROF&ED <5 négg@ shutger time/v

fromwhen the shutter has opened are 2 Decenber 2005 -
5 seventh pixel from the left in Fig. 15 corresponding to the
.third portion of the shutter time/v from when the shuttef
has‘opened and the foreground component of'fhe eighth pixel
from the left in Fig. 15 corresponding to the fourth portion
of the shutter time/v from when the shutter has opened:are
LO le/v.

The‘foréground component of the fifth pixel from the
left of frame #n in Fig. 15 corresponding to the second
portion of the shuttexr time/v from when the shutter has
opened is Fll/v.- The foregrouﬁd component of the sixth

.15 pixel from therleft in Fig. 15 cdrresponding to the third
portion of the shutter time/wv from when the shutter has
,opened'is'also F11/v. The foreground component of the

- seventh pixel from the leff in Fig. 15 corresponding to the
fourth.portion of the shﬁtter-time/v from when the shutter-

20 has‘oﬁened is F11/v. |

The' foreground component of thé fifth pixel from the
‘left of frame #n in-Fig. 15-Ceresponding t§ thé third

_pértion of the shutter_timefv from when the shutter has
opened is FlO/v; The foreground component of the sixth

25 pixel from the left in Fig. 15 corresponding to the fourth



B1l/v franme #n+l in Fig. 15, the tenth through twelfth pixels fromthe |eft
belong to the m xed area, which is a covered background area. 5 Fig. 16 is
a nodel of an imge obtained by extracting the foreground conponents from -
t he pi xel values shown in Fig. 15. 15 Fig. 17 illustra #EF gﬁbSObtained

" by expanding in the time direction the pixels which a 8@?@%
side-by--side in three franes of an imge obtained by capturing an object
corresponding to a foreground that is novingto the right in Fig. 17
together with an object corresponding to a stationary background and which
are |ocated at the same positions- sé he frames. The nodel shown in Fig.
17- contains an uncovered background area. In Fig. 17, it can be assuned

t hat the object corresponding to the foreground is a rigid body noving

wi th constant velogjty,,a Lt i novrn S ch i s. displayed
f our p|€eI§lPo ?E %h gﬁPugge helgﬁ gegﬁ%nt ?g%ngh é&%ﬁr%ﬁ%gly, t he

or 1 mos PPBrer Cor ¥r'M/VF”Tﬁéamg%”%f‘%’ﬁ%ﬁd. YRS L

| ef t rost™™ pi xe ane #n-1 in Fig corres I rst

por t i on gkl Ne SAULKE! LLETCLY EEORLWARNLKNELShULS oo haSsoaRengd 45 P13/ V.
and the foreground conmponent of the second pixel fromthe left in Fig.
17 correspordhR@nt BokReoaesendne DrGeTRErt ZR0Py from when the

.5 shutter has opened is F09/v.

S5ince the object corresponding to tne backg;ound is
stationary, toe-background component of the sixth pixel from
the left of frame #n in Fig. 15 corresponding to the fifst
portion of the shutter time/v from when the shutter has

107 opened is B05/v. The background components of the seventh
pixel from the left of frame #n in Fig. 15 corresponding to
the firsﬁ‘and'second portions of the shutter time/v from
when the shutter has opened are B06/v. The background
components of the eighth pixel from the left of frame #n in

15 Fig. 15 corrésponding to the first through third portion of
tho'shutter time/v from when the shutter has opened are |
B07/v. |

In frame #n in Fig. 15, the sixth through eighth pixeis
from the left bélong to the mixed area, which is a covered

20 background'area.

The ninthfthrough twelfth pixels.from.the left of frame
“#n in Fig. 15 beloﬁg to the backgroond areo, and the pixe}
values theroof are B08 through Bll, réspectively.

The fifst through ninth pixels from the left in frame

25 #n+1l in Fig. ‘15 belong to the foreground area. The



- 60 portion of the shutter tinme/v fromwhen the shutter has opened is

al so F13/v. The foreground conponent of the third pixel fromthe left in
Fig. 17 corresponding to the third portion of the shutter tinme/v from when
the shutter has 5 opened and the foreground conponent Qf the fog r%h-pixel
from the left in Fig. 17 corresponding to the fourth g&*??@ﬁa' 03¢ he
shutter tinme/v fromwhen the shutter has opened are F13/v. The foreground
conponent of the second pixel fromthe 10 left of frame #n--1 in Fig. 17
corresponding to the first portion of the shutter tinme/v fromwhen the
shutter has opened is Fl14/v. pixel -fgpgm-the portion of the 15 opened is
also pixel fromthe portion of the The foreground conponent of the third
left in Fig. 17 corresponding to the shutter tinme/v fromwhen the shutter

- second g§eF%§/vd TQE fore rouanCOE onent of the thifd teft in Fig. 17
cor r espoRaT AEC P t AETRYPRYT FRuttersHinEr Y FHBM Tt {%% %EﬁQ¥9“Wis opened
I's FlS/Xrea of frame #n+l is any one of F0l/v through F12/v. a
It can be assumed that the object corresponding to the
foreground is a rigid body moving ﬁith constant velocity,

5 and that it i1s moving such that the foreground image is
displayed four pixels to the right in the subsequent frame.
Accordingly, the foreground component of the ninth pixel.
from the left of frame #n+l in Fig. 15 corresponding to the
first portion of the shutter time/v from when the shutter

10 has opened is Fl2/v, and the foreground component of thé
tenth pixel from the left in Fig. 15 corresponding to the

- second portion of the shutter tiﬁe/v from when the shutter
has opened is also F12/v. The foreground component of the
eleventh pixel from the left in Fig. 15 corresponding to the

15 - third portion of the shutter time/v from when the shutter
haSIOpened and the foreground component of the twelfth pixel
from the left in Fig. 15 corresponding to the fQurth'portioﬁ
of. the shuttér time/v from when thelshutter has opéned are
F12/v.

26 Tﬁe foreground component ¢f the ninth pixel from the
left of frame #n+l in Fig. 15 corresponding to the second
portion of the shutter time/v from when thershutﬁer has

~ opened is'Fil/v. The foreground component of the tenth
pixel ffom'the left in Fig: 15‘corresponding to the third

25 portion of the shutter time/v from when the shutterlhaSﬂ



Since the obj ect corrésponding to the background is 20 stationary, the
background conponents of the leftnost pixel .of frame #n-1 in Fig. 17
corresponding to the second through fourth portions of the shutter tine/v

fromwhen the shutter has opened are B25/v. The backgrgggd cgqgﬁﬁﬁnts of
the second pixel fromthe left of frame #n--1 in Fig i spondi ng
to the third and fourth portions of the 2 Decenber 2005 -- shutter
time/v fromwhen the shutter has opened are B26/v. The background.
component of the third pixel fromthe. left of frame #n-1in Fig. 17
corresponding to the fourth portiom &8 —the shutter tine/v fromwhen the
shutter has opened is B27/v. 5 In frane #n-1 in Fig. 17, the |eftnost pixel
through - the third pixel belong to the m xed area, which is an uncovered

backgr oypenateas Iheof outyh. thf@@ghok@gkéaﬂdpa:esxﬁwnéﬁ@r%f hgpleft of  frame
#n---1 in Fig. 17 belong to the foreground area.” The 10 foreground

conponeet eobntthept kale firmadie oner of 1Elﬁi?‘. 1Br@élﬂbe£;2<ﬂﬁdfln5 hg, | efd nost
pi xel through the fourth pixel fromthe eft of franme.#n in Fig. 17 bel ong

to the Pavkghopndtaveacf thadshhetei xeimyabuesom kel tias esiB25cdHhr ough B28,
15 respectively.
has opened is Fll/v.

5 The foreground component of the'ninthrpixel from the
left of frame #n+l in Fig. 15 corresponding to the third
portion of the shutter time/v from when the shutter has -
opened is F1l0/v. The.foreground component of the tenth
pixel from the left in Fig. 15 correspondihg to fhe fourth

10 ﬁortion of the shutter time/v from when the shutter has
opened is also F10/v. The foreground component of the ninth
pixel from the left of frame #n+l in Fig. 15 corresponding
‘to the fourth portion of the shutter time/v from when the
shutter has opened is F09/v.

15 Since the object corresponding to the background is
stationary, the baékground component of the tenth pixél from
the‘left of frame #n+l in Fig. 15 corresponding to the first
portion of the shutter time/v from whén tﬁe shutter has
opened is B09/v; The background components of the eleventh

20 pikel from the left of frame #n+l .in Fig. 15 corresponding
to the first and second portions of the‘shutter time/v from
when the shutter has opened are Bl0/v. The background
components of the twelfth pixel from fhe léft of frame #n+l
in.Fig. 15 corresponding to the first through third portion

25 of the shutter time/v from when -the shutter has opened are .



It can be assunmed that the object corresponding to the foreground is a
rigid body noving with constant velocity, and that it is noving such that
it is displayed four pixels to the right in the subsequent frane.

Accordi ngly, the 20 foreground conponent of the fifth ?bé&&n%& Ehe left

of frame #n in Fig. 17 corresponding to the first portion of the shutter
time/v fromwhen the shutter has opened is F13/v, and the foreground
conponent of the sixth pixel fromthe left in Fig. 17 corresponding to the
second portion of the 25 shutter tine/v fromwhen the shutter has opened
is also 2 December 2005 - 62 F13/V.°%he foreground conponent of the
seventh pixel from the left in Fig. 17 corresponding to the third portion
of the shutter tine/v fromwhen the shutter has opened and the foreground
conponesitl &f. the eighth pixel fromthe left in 5 Fig. 17 corresponding to
the fourth portion of the shutter time/v fromwhen the shutter has opened
are F13/v. The flrameg#owndiaompgnens ,ofthktheeaickt Bnpbugh twemethe |eft of
“frame #n in Fig. 17 corresponding to the first portion of the shutter

ti me/ v Hicomswherent hehes Hgtfite beiasgl Goopere thiixedFh4lew., Wae choriegmound
conponent of the seventh pixel fromthe left in Fig_ 17 corresponding to

t he sectimergsbidchyrsfunchersiautter tine/v from when the shutter has . opened
is also Fl14/v.. The foreground conponent of the eighth pixel fromthe left
in Fig. 17 EdBredfohdi Agmpdeihef18nf imggepobihbnedfbyhexthactengti me/ v from
when the shutter

thg foreground components from the pixel wvalues shown in Fig.
15.
Fig. 17 illustrates a model obtained by expandihg in
the time direction the pixels which are aligned side+by-side
10 in three frames of an image obtained by capturing an object
correqunding to a foreground that is moving to-the right in
Fig. 17 together with an dbject corresponding to a
statiqn&ry background and which are located at the same
- positions in the frames. The model shownlin Fig.'17
15 éontains an uncovered background area.

'In Fig. 17, it can be assumed that the object
corresponding to the foreground is a rigid body moving with
constant velocity, and that it is moving such that it is
displayed four pixels to the right in the subsequent frame.

: Zb VAccdrdingly} the amount of movement v is 4.

For example, the foreground component of the leftmost
pixel of frame #n-1 in Fig. 17 cofreSpbnding tb the first
portion of the shutter time/v from when the shutter has

 opened is F13/wv, and the foreground componeﬁt of the second

25 pixel from the left in Fig. 17 corresponding to the second



has opened is F15/v. Si nce-t he obj ect corresponding to the background is
stationary, the background conponents of the fifth pixel fromthe |eft of
frame #n in Fig. 17 corresponding to the 20 second through fourth portions.

of the shutter time/v from when the shutter has openeg[ﬁ%&PQ%QﬁM The

background conponents of the sixth pixel fromthe left o rame #n in

Fig. 17 corresponding to the third and fourth portions of ‘the shutter

time/v fromwhen the shutter has opened are .25 B30/v. The background _

conmponent of the seventh pixel from 2 Decenber 2005 63 the left of franme #n

~1n Fig. 17 corresponding to the fod?ﬁﬂ)'bortion of the shutter tine/v from
when the shutter has opened is B31/v. In frane #n in Fig. 17, the fifth

pi xel through the 5 seventh pixel fromthe left belong to the m xed area,

whi ch  Peoraiounedvéhedshatkgrounmedvedrofhehenghhbh thueugh hwmel fth pixel s

fromthe left of frame #n in Fig. 17 belong to the foreground area. The

val ue | RPERECf dpegleandldrva offher dnwegmovodr esppndeny 6 thet heipéri od of

the shutter time/v is any one of F13/v through F20/v: The | eftnost pixel

t hr oughPiF&lefgRENtPEXEETEr df FRE-| &ft cotrresrapdingltontiegthivdbel ong to

t he background area, and the pixel values thereof are B25 through 532, 15
respeCtP.§F99n of the shutter time/v from when the shutter has )

5 opened and the foreground component of the fourth pixel from
‘the left in Fig. 17 corresponding to the fourth portion of
the shutter tiﬂe/v from when the shutter has opened are
F13/v. |

The foreground component of the second pixel from the
10 left of frame #n~1 in Fig. 17 corresponding to the first

| portion of the shutter time/v from when the shutter has
opened is Fl4/v. The foreground component of the third
pixel from the left in Fig. 17 corresponding to the second
portion of the shutter time/v from when the shutter has

;5 operied is also Fl4/v. The foreground component of the third
pixel from the left in Fig. 17 corresponding to the first
portion of the shutter time/v from when the shutter has
-opened is F15/v. |

Since the objectrcorresponding to the background .is

20 "stationary;_the'backgrouod oomponents of the leftmost pixel
of frame #n-1 in Fig. 17 corresponding to the second thfough

~ fourth portions of the shutter'time/v from when the shutter
rhae opened are B25/v. The background components of the
second pixel from the left of frame #n~-1 in Fig. 17

25 corresponding to the third and fourth portions of the



'It can be assuned that the object corresponding to the foreground is a
rigid body noving with constant velocity, and that it is noving such that
it is displayed four pixels to the right in the subsequent frane.

Accordi ngly, the 20 foreground conponent of the ninth pi he | eft
of frame #n+l in Fig. 17 corresponding to the first ng%ﬁéﬂgégﬂthe

shutter tine/v fromwhen the shutter has opened is F13/v, and the

f oreground conponent of the tenth pixel fromthe left in Fig. 17
corresponding to the second portion of the 25. shutter tinme/v fromwhen the
shutter has opened is also 2 Decenbefl2005 - 64 F13/v. The foreground
conponent of the eleventh pixel from the left in Fig. 17 corresponding to
the third portion of the shutter tinme/v fromwhen the shutter has opened

and t heshtiotegr oined/ conponemtef thdeshietd t mpi xgheds@mtbezd@fit. in 5 Fig.
17 corresponding to the fourth portion of the shutter tinme/v fromwhen the

shut t er Thasbapenedunad echidBsvend hef feegrioimd SOPONEedn ofhd hesdendd pi xel
fromthe left of frame #n+l in Fig. 17 corresponding to the first portion.
of the Ehamee¥ntl nied VFigom Wheor tdepahitniertdashd Of @pertedrd st ifckd/ag The '
foreground conmponent of the eleventh pixel fromthe left.in Fig. 17
cor r espordi Plgutber heiselonfiroporhennthef shhetshuhber obieneAy ikr savvken t he
shutter has opened is also F1l4/v. The-foreground. conponent of the
twePfth pixdn fireme Ha-lefim iFigei d.7 .1 Theodeddpondi pgxed ttheobGhfirs
portion of the shutter tine/v fromwhen the shutter .
. the third pixel belong to the mixed area, which is an
uncovered background area.
The fourth through twelfth pixels from the left of
frame #n~1 in Fig. 17 belong to the foreground area. The
10 foreground component of the frame is any one of F13/v
through F24/v. |
The leftmost pixel through the fourth pixel from the
left of frame #n in Fig. 17 belong-to the background area,
and the pixel values thereof are B25 through B28,
15 respectively.
It can be assumed that the object corresponding to the
foreground is a rigid body moving with constant velocity,
and that it is moving such that it is displayed four pixels
to the right in the subsequent frame. Accordingly, the
20 foreground component of the fifth pixel from the left of
frame #n in Fig; 17 corresponding to the first portion of
the shutter time/v from when the shutteér has opened is F13/v,
and the foreground component of the sixth pixel from the

left in Fig. 17 corfesponding to the second portion of the

- 25 rshutter time/v from when the shutter has opened is also



has opened is F15/v. Since the object corresponding to the background is
stationary, the background conponents of the ninth pixel fromthe |eft of
frame #n+l1l in Fig. 17 corresponding to the 20 second through fourth
portions of the shutter tinme/v from when the shutter 9%% gggnﬁg) re B33/v.
The background conponents of the tenth pixel fromthe FEFTM8F frame #n+1
in Fig. 17 corresponding to the third and fourth portions of the shutter
time/v fromwhen the shutter has opened are 25 B34/v. The background
conponent of the eleventh pixel from2 Decenber 2005 - 65 the left of
frame #n+l in Fig. 17 correspondi ng ¢ the fourth portion of the shutter
tinme/v fromwhen the shutter has opened is B35/v. In franme #n+l in Fig.
17, the ninth through eleventh 5 pixels fromthe left in Fig. 17 bel ong
to. theFirBXed afbae, fowhgebuhd aomponexer ed bRekgeounth aperel Theohwel fth

pi xel fromthe left of frame #n+l in Fig. 17 belongs to the foreground
area. Thbef deégr dunbligonpdnentrespohibnghtdt ehet thefd porthen fof egr ound
area of frame #n+1 10 is any one of F13 through F16, respectively. Fig. 18
i |lustribfesshutfpdeting/unfromgehebt bhaedhbyteexhaactpemged hend otlegr ound
components fromthe pixel values shown in Fig. 17. Referring back to Fig.
2, the hPE8IsPRRIf PRPOLARE aD3thesesgethfpesel| fgemi tik chefngino whi ch of

a f%{egéf&?dlgrggirgéponding to the.fourth portion of the shutter
time/v from when the shutter has opened are F13/v.

The foreground component of the sixth pixel from the
left of frame #n in Fig. 17 corresponding to the first |
portion of the shutter time/v from when the shutter has

10 opened is Fl4/v. The foreground component of the seventh
pixel from the left in Fig-ll7 co;responding‘to the éecond
portion of the shutter time/v from when the shutter has
opened is also Fl4/v. The foreground component of tﬁe
eighth pixel from the left in Fig. 17 correspoﬁding fo the

15 first portion of the shutter time/v from whenlthe shutter
has opened is F15/Vf

Since the object corresponding to the background is
stationary, the background components of the fiffh pixel
from the left of fraﬁe #fn in Fig. 17 corresponding té the

fO second through fourth portions. of the shutter time/v from
when the shutter has opened'are B29/v. Thelbackground-
components of the sixth pixel from the left of frame #n in
Fig. 17 corresponding to the third and fourth portions of
the shutter time/v from when the shutter has opened are .

25 B30/v. The background component of the seventh pixel from



background area, a covered background area, or an uncovered background.,
area the individual pixels of the input inmge belong by using the pixel
values of a plurality of franes, and supplies the flags to the

m xture--ratio calculator 104 20 as the area informatb@rcehb& 2005

m xture-ratio calculator 104 cal culates the m xture ratio a for each pixel
contained in the m xed area based on the pixel values of a plurality of
franmes and the area information, and supplies the calculated m xture ratio
ato 25 the foreground/ background sggarator 105. 2 Decenber 2005 66 The
f or egr ound/ background separat or 105 tracts the foreground conponent

i mge consisting of only the foreground conponents and the background
conponent image consisting of only the background conponents based on the
pi xel vHeidefdf & drpme din tin afid r dmes;odikespimeH righfror e Faurand t he

m xture ratio a, and outputs the foreground conponent inmage and the
backgr cert-iconpgdheite ishage.e rThe rfeofve g dvHzac kdreo wihah tsepamhalsi on processi ng
performed by the inmage processing apparatus is described 10 bel ow with

ref er ePenes titfe B3lgWehart of Fig. 19. In step S11, the notion detector
102 calculates a notion vector of the inmage object corresponding to the

f or eground &Bj éERMea¥BoiHi F§TIt 0old .t EbRnif4GEh pishlathbpogk. that chi ng,
gradient, phase caqrrelation, or_ pel-recursive technique, and supplies 15

t he” calPEYIER Y PgtEilof boacitde dnd & helimg &9 Jdet sixed area, which

is an uncovered background area.
Thé‘eighth'through twelfth pixels from the left of
frame #n in Fig. 17 belong to the foreground area. The
value in the foregroﬁnd area of frame #n corresponding to
10 the period of the shutter time/v is any one of F13/v through"
F20/v.
The leftmost pixel through the eighth pixel from the
left of frame #n+l in Fig. 17 belong to the background area,
-and the pixel values thereof are B25 through B32,
15 respectively.
It can be assumed that the object corresponding to thé
- foreground is a rigid bédy méving withrconstant veloclity,
and that it is moving such that it is displayed four pixels
to the right in the subsequent frame. Accordingly, the
20 foreground_componenf of the ninth pixel from the left of
frame #n+l in Fig. 17 corresponding to the first portion of
the shutter time/v from when the shutter has opened is F13/v,
and the foreground component  of the tenth pixel from the
left in Fig. 17 corresponding to the second portion of the

_25_'shutter time/v from when the shutter has opened is also



posi ti onal |nfornat|on to the area speC|fy|ng unit 103 and the

m xture-ratio calculator 104. In step S12, the area specifying unit 103
executes area specifying processing, based on an i nput inmage, for 20
generating area information indicating to which of a rea, a
background area, a covered background .area, or an un%gfgggggngxgground
area each pixel of the input inmage belongs- Details of the area specifying
processing are given below. The area specifying unit 103 25 supplies the
generated area information to the m xture-ratio 2 Decenber 2005 - 67
calculator 104. In step S12, the are@4specifying unit 103 nay generate,
based on the input inage, area infornmation indicating to which of the
foreground area, the background area., or the 5 m xed area (regardl ess of

whet herpeggh. piyel AStaNgSu i @omﬁ&N@ﬁ@doPa&l@r&%rﬁ{rﬁ%ﬂeﬁ%mover ed

background area) each pixel of the input inmage belongs.” I'n this case, the

f or egr ogig/ baek 910 Uty SepAr & OFe S IBLPTHE NG Based Yrdien dig ection of

t he notion vector whether the mxed area is a 10 covered background area or

an uncowies eshbeeckgroui/areson tin exanpiutidr thes idHuted mage dre di sposed
in the order of the foreground area, the m xed area, and the background

area ifotdgroin®ctingpomdnt hef niid cwaletilormidd] ifSrddetianngtt tihat the
m xed area is a covered background area. If the input 15 imge is dlsposed
i n Phe Birdglerl bfcateedmmoidironnt artem, fdiweth portion of the shutter

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

The foreground component of the tenth pixel from the
left of frame #n+1 in Fig. 17 corresponding to the first
portion of the shutter time/v from when the shutter has

iO opened is Fl4/v. The foreground component of the eleventh
'pixel from the left in Fig. 17 corresponding to the second
portion. of the shutter time/v from when the shutter has
opened is also Fl4/v. The foreground. component of the
twelfth pixel from the left in fig.,17 corresponding to the

15 first portion of the shutter time/v from when the shutter
has opéned is F15/v. |
| Since the object corresponding to the background is
stationary, the background components of the ninth pixel
from thé left of frame #n+l in Fig. 17 corresponding to the

20 . second through fourth portions of thé shutter time/v from
when the shutter has cpened are B33/v. The background
-components of the.tenth.pixel from the leftrof frame #n+l in
Fig. 17 corresponding ﬁo the third and fourth portions of
the shutter time/v from when the shutter has opened are

25 B34/v, The background component of the eleventh pixel from




m xed area, and the foreground area in the direction of the notion vector,
it is determned that the m xed area is an uncovered background area. In
step S13, the mixture-ratio calculator 104 20 calculates the mxture ratio
a for each pixel contained in the m xed area based on p i ector and
the positional information thereof. Details of the nié %F%FQ%gﬁgg '

-cal culating processing are given below The m xture-ratio calculator 104

supplies the calculated m xture ratio a to 25 the foreground/ background
separator 105. 2 Decenber 2005 - 68 1In step S14, the foreground/ background -
separator 105 extracts the foregroué8l €onponents and the background
conponents fromthe input inmge based on the area information and the

m xture ratio a, and synthesizes the 5 foreground conponent inage based on

t he ext t gﬁmg ] Nt S 0 hesi.zes .t he background
fRet e %tﬁgﬂée on#r%f\]gn%gtrtfl g%‘t el?]g:aoéirgersﬁfyn' ot S

conponent | nmage yonents. The

f or eqr OHARBAGKAr O SeRAIA! BludiQS: QbR Ahe LAIEOTGUNGy SQEoNent | Mage
an en.

and the background conponent | mage, the 10 processing Is t

conpl etiggs  dptadd si Pfrids, . foreground/ background separation processing are
di scussed Dbelow. As described above, the inage processing apparatus is

able to cal gul atemchenmixtiw €igat 0, atard ot tHeRALALGNH Beeviathor eground
and the background based on the cal cul ated ,
S pixels from the left in Fig. 17 belong to the mixed area,
| which is an uncovered background area.

The twelfth piXei from the left of frame #n+l in Fig.
17 belongs to the foreground area. The foregroﬁﬁd component
in the shutter time/v in the foreground area of frame #n+1

10 is any one of F13 through F16, respectively.

Fig. 18 illustrates a model of an image obtained by
extracting the foreground components from the-pixel values
shown in-Fig. 17.

Referring back to Fig. 2, the area specifying unit ld3

15 specifies flags indicating to which of a foreground area, a’
backg;ound area, a covered background area, or an uncovered
_backﬁround,area the individual pixels of the input image
belong by using ﬁhe pixel values of a plurality of frames,
and sﬁpplies.the flags to the mixture-ratio calculator 104
20 as the area information.
The mixture—ratiq calculator ‘104 calculates fhe mixture
rratio o for each pixel contained in the mixed area based on
-‘the pixel values of a plurality.of frames and the area
information, and supplies the-calculated mixture rétiO'a to

25 the foreground/background separator 105.



m xture ratio a. The configuration of each of the area specifying unit

103, the mxture-ratio calculator 104., and the foreground/ background
separator 105 is described below 20 Fig. 20 is a block di agram
illustrating an exanple of the configuration of the argg) %ﬁg éibgg uni t
~103. The area specifying unit 103 shown in Fig. 20 d K not i on
vector- A frame nenory 201 stores an input inmage in units of franmes. Wen
the inmage to be processed is frane #n, the 25 franme nenory 201 stores franme
#n-2, which is the frane two - 69 franmes before frame #n, frane #n-1

which is the frame one frame beforeé6frane #n, frame #n, frame #n+l, which
is the frame one frane after frame #n, franme #n+2, which is the franme two
frames after franme #n. 5 A stationary/noving determ ning portion 202-1

reads the pigelsyaldis mdiﬂ)%@e@n@fségma#@%d%ﬁéﬁ%@; dfle sane

position as a designated pi rame #n i n which e area to which the

pi. xel bE&)P@?ﬁohﬁddé&%Hh@ﬁQ r@@ﬁ§1§,h§ngpbfebn dﬁlt&@e%ﬁg@r&m@l of
frame #n+1l Tocated at the sane 10 position of esi gnated pi xel of frame

#n froéhgohéate ARAVENe 20dckgrsusal @&hﬁ&ﬁémihﬁn@@é%éﬁﬁlyﬁiﬂ@ of the
di fference between the read pi xel values. The stationary/noving

det er mi s hyg. tPOrviong2Oend cewssmenes bubeshen the pbsel uk£lvad uer of the .
di fference between the 15 pixel value of frame #n+2 and the pixel val ue of
frafe #atilursliteateritiass o phiesetes hiwfhohdtTbn, |dnd tthes ixtewrs ned:
ratio «, and outputs the foreground component image and the
background-component_image.
The foreground/background separation processing
performed by the image processing apparatus is described
10 below with reference to the flowchart of Fig. 19. 1In step
S$11, the motion detector 102 cﬁlculates a motion vector of
the image object corresponding to the foreground object
according to a technique, such as block matching, gradient,
phase Correlation, or pel-recursive technigue, and supplies
15 the calculated motion vector and the motion-vector
positional information to the area specifying unit 103 and
the mixture-ratio caiculator 104.
In step 512, the area specifying unit'103 executes area
specifying processing, based on an input image; for-
20 generating area information indicating to which of a .
‘foreground area;.a background area, a covered background.
 area, or an uncovefed background area each pixel of-the
‘input image beloﬁgs.~ Details of the.érea specifying
processing are given below. rThe area specifying unit 103

25 supplies the generated area information to the mixture-ratio



that the difference is greater than the threshold Th., a stationary/noving
determ nation indicating "noving" is supplied to an area determ ning
portion 203-1. If it is 20 determ ned that the absolute value of the

di fference between the pixel value of the pixel of fra #n+ %#@Sthe pi xel
val ue of the pixel of frame #n+1 is smaller than or eqfal®°t8°° t hr eshol d
Th, the stationary/noving determning portion 202-1 supplies a

stationary/ noving determ nation indicating "stationary" to the area
determ ning portion 203-1. 2 Decenber 2005 - 70 - A stationary/noving
determ ning portion 202-2 reads the §7xel value of the designated pixel of
frame #n in which the area to which the pixel belongs is determ ned, and
reads the pixel value of the pixel of franme #n+1l | ocated at the sane 5
posi ti Qi as, the, desgignated pixel of frame #n fromthe franme nenory 201,
and cal cul ates the absolute value of the difference between the pixel

- val ues. Ther%l%kb%ﬂ%ﬁﬁ/”QﬁbnQrege%%%%hEyﬁﬁgpﬁhﬁto@0§O%a§ %%h%&%k@es whet her
the absolute value of ‘the difference bétwéen the pixel "value of frame 10

#n+l anghdie dH Xeale Vil Ginddaane dih | i reati@lon Rauitdda i gy aget threshol d
Th. If it is determned that the absolute. value of the difference between

the pi xalicmlaesis Wreaiiund kaked hatdnesherdullll et atdonratey/ movi ng
determ nation indicating "noving" is supplied to the area deternning 15
por bi omi2GR} hrand aregared obat erﬁnwher@qmretacrm pAG312 belldngd tcs alet er m ned
t hat the absol ute value of the
covered background area or an uncovered background area)
each plxel of the input image belongs. In this case, the
foreground/background separator 105 determines based on the
direction of the motion vector whether the mixed area is a
10 covered background area or an uncovered background area.
For example, if the input image is disposed in the order of
the foreground area, the mixed area, and the background area
rin the direction of the motion vector, it is determined that
the mixed area is a covered background area. If the input
15 image is disposed in the order of the background area, the
mixed area, and the foregroupd area in the direction of the
motion vector, it is deterﬁined that thermixed-area is an
uncovered background area. |
In step S13, the mixture-ratio calculetor 104
20 celculates the mixture ratio a for each pixel contained in
the mixed area based on the motion vector and the bdsitional
_information thereof. Details of the mixture ratio
calculating processing are given below. The mikture-ratio
calculator 104 supplies the calculated mixture ratio a to

25 thexforeground/background separater 105.



di fference between the pixel value of the pi xel of frame #n+l and the

pi xel value of the pixel of frane #n is smaller than or equal to the

t hreshol d Th,

the stationary/noving 20 determ ning portion 202-2 supplies

a stationary/noving determination indicating "station "t 1 rea
determ ning portion 203-1 and the area determ ning pofép8ﬁﬂnﬁﬁgﬁﬂs A
stationary/ noving determ ning portion 202-3 reads the 25 pixel value of

t he designated pixel of frame #n in which the 2 Decenber 2005 - 71 area to
whi ch the pixel belongs is determned, and reads the pixel value of the

pi xel of franme #n--1 |ocated at the &8 position as the designated pixe
of frame #n fromthe frame nenory 201, and cal cul ates the absol ute val ue
of the 5 difference between the pixel values. The stationary/ noving

determ nin rtj - t i b, of the
differencegbg?mégﬁatﬁggbﬁyg? %%ﬁ%gﬁﬁ?ﬂﬁféégg%%&Sgﬁd§§¢é§%3%%?hgilue_of
frane #axlrbetdr eakekotBgnothhg Q&ﬁﬁ@heh@éeﬁﬂé|thhbabigﬁéuhé det er m ned

that the absolute value “10 of the difference between

e pixel values is

great er cbh@BnentBertbheshel dnghc amstat beBanybAo¥hBJadeher mnation
indicating "nmoving" is supplied to the area determ ning portion 203-2 and

an ar eaif@€bemaicibAgapar thenm2R8ude rhtib i safdet eyAtneditbat thbe absol ute
value of the difference 15 between the pixel value of the pixel of franme #n
and 3 hefopegebuudl dempbénéhe pnxgt basédaor. #he lek8ragBbd efotdghownd

.components and also synthesizes the background component

image based on the extracted background components.  The-

foreground/background separator 105 outputs the foreground

component image and the background component image, ahd the

10 processing. is then completed. Details of the

foreground/background separation processing are discussed

below.

As described above, the image processing apparatus is

able to calculate the mixture ratio o and to separate the

15 foreground and the background based on the calculated

mixture ratio o.

The configuration of each of the area specifying unit

103, the mixture~ratio calculator 104, and the.

foreground/background separator 105 is described below.

20. Figi 20 is a block diagram illustrating an example of

‘the configuration of the area specifying unit 103. The area

‘specifying unit 103 shown in Fig. 20 does not use a motion

vector.

A frame memory 201 stores an input image in units

of frames. When the image to be processed is frame #n, the

25 frame memory 201 stores frame'#n42,_which is the frame two



equal to the threshold Th, the stationary/ noving determ ning portion 202-3

supplies a stationary/noving determnation indicating "stationary" to the
area determ ning portion 203- 2'0 2 and the area determ ning portion.
2.03-3. A stationary/nmoving determ ning. portion 202-4_reads pi xe

val ue of the. pixel of frame #n-1 located at the same 26%%?WP%2§§§ t he
desi gnat ed pi xel of frame #n in which the area to which the pixel bel ongs
is determ ned, and reads the 25 pixel value of the pixel of frame #n-2

| ocated at the same 2 Decenber 2005 - 72 position as the designated pixel
of frame #n fromthe frane nenory-262, —~and cal cul ates the absol ute val ue
of the difference between the pixel values. The stationary/ noving

- determ ning portion 202-4 deternm nes whet her the absolute value of the

di f f er epegndbetyeai-d herdixeln vafy&n@f#ﬁiﬁrrew ﬁnﬂl% eva' ue of
frame #n-2 is greater than the preset thresh T eternlned

that theraksWdtsre Vakdie Qﬁnthﬁrﬂhéf#ﬁenﬁﬁaﬂét#@% tml&axaﬁé M?éues is.

~greater than the threshold Th, a stationary/ novi ng determ nation 10

i ndi catfgmé nned NBFanks éﬁmlﬁ.ﬁbﬁ@ #0e pronc ORA £ Muheh POrddon 203-3. |f .
it is deternined that the absolute value of the difference between the

pi xel viatame ofwd hergueelafer frane #n-1 and the pixel value of the pixel
of frame #n-2 is smaller than or equal to the threshold Th, the 15

st abi onar y/ #pwitad idebeyrimovig oo deticomi2(2vgt upiflcne £ 02 - 1S trataidanahy/ Novi ng

determ nation indicating "stationary" to
pixel value of the pixel of frame #n+2 located at the same
posltlon as a desmgnated‘plxel of frame #n in which the area
to which the pixel belongs is determiﬁed, and reads the
pixel value of the pixel of frame #n+l located at the same

10 position of the designated pixel of frame #n from the frame
memory 201, and calculates the absolute value of the
difference between the reéd pixel values. The
stationary/moving determining portion 202-1 determines
‘whether the absolute value of the difference between the
15 pi#el value of frame #n+2 and the pixel value of frame #n+l

'is grgater than a preset threshold Th. TIf it is determined
that the differencé is greater than the threshold Th, a
stationary/moving determination indicating "moving" is
supplied to an area determining portion 203—1. If it is

_'20 detexmined‘that the absolute value of the difference between
the pixel value of the pixel of frame #n+2 and the pixel
value of the pixel of frame #n+l is smallerlthan or equal to
the threshold Th, the stationary/moviﬁg determining portion
202-1 supplies a sﬁationary/moving determination indicating

25 “stationary" to the area determining portion 203-1.



the area determ ning portion 203-3. \Wen the stationary/ noving

determ nation supplied from the stationary/ noving determ ning portion
202-1 indicates 2.0 "stationary" and when the stationary/ noving

determ nation supplied fromthe stationary/noving det gl tion 202-
2 indicates "nmoving", the area determ ning portion 20é£?g%%%%$ﬁ$§és t hat

t he designated pixel of frame #n belongs to an uncovered background area,
and sets "1", which indicates 25 that the designated pixel belongs to an
uncover ed background 2 Decenber 2005 - 73 area, in an :
uncover ed- background- area determ ni-ngof kag associated with the- designated
pi xel . When the stationary/ noving determ nation supplied.from the
stationary/ noving determ ning portion 202-1 indicates 5 "noving" or when

the Stat i onagyLupvi 0g. ekl i 12t OIL oUPRLL S, L IR LG, SF 3Ll gnaryrovi ng

determ ning portion es nary", the area speciTying unit

203-1 detenmagnct Bal «hbeqdesianaladpixel off eLLARRyAM: S09: Dot oy bel 0Ng o

an uncover ed background area, S whi ¢ cates that the

designab%@apkéehhﬂeﬁstﬂgtpPQEPHBeiQnaQ_iH“&QHQEﬁQBQ&9k££@UPQaﬁée@hei“ the
uncover ed- background-area determning flag associated wth the designated

pi xel. pheearealdet 8FMAENGiROItEHNF20R LusHPPl b8StEHCat the same
uncover ed- background-area determning flag in which."1" or 15 "0" is set
as o scpssediahoue theaddeignataingitéagost Orhmg #i I ARGH MEN®T Fr2hd. :
memory 201, and calculates the absolute wvalue of the
difference between the pixel values.. The stationary/moving
determining portion 202—2 detérmines whether the absolute
value of the difference between the pixel value of frame
10  #n+l and the pixel value of frame #n is greater than the
preset threshold Th. If it isldetermined that the absolute
.Value of the difference between the pixel values is greater
than thé threshold Th, a stationary/moving determination
indicating "moving" is supplied‘to the area determining
15 portion 203-1 and an area determining portion 203-2.
If it is determined that the absolute value of the
difference beﬁween the pixel walue of the pixel of frame
“#n+l and.the.pixe; value of the pixel of frame #n is smaller
‘than or equal to the threshold Th, the stationary/moving
éO determining portion 202-2 supplies a stationary/moving
determination iﬁdicating "stationary" to the area
‘determining portion 203-1 and the area determining portion
203-2. |
A stationary/moving determining ﬁbrtion 202-3 reads the

25 pixel value of the designated pixel of frame #n in which the




When the stationary/ noving determ nation supplied from the
stationary/ noving determ ning portion 202-2 indicates "stationary" and
when the stationary/ noving determ nation 20 supplied fromthe
stationary/ noving determ ning portion 202- 3 indicate "stationary", the
area determning portion 203-2 determ nes that the .debegemberd2086xel of
frame #n belongs to the stationary area, and sets "1", which indicates that
the pixel belongs to the stationary area, in a stationary-area 25
determ ning flag associated with the _designated pixel. 2 Decenber 2005 - 74
5 Wien the stationary/moving determ A&t ron supplied from the
stationary/ noving determ ning portion 202-2 indicates "noving" or when the
stationary/moving determination supplied fromthe stationary/noving
det er m &g VO Ddh 202e BitddiBat EngHOVE Ngetethtnad e et LELHHT Aigs POrtion
203-2 determ nes that the designated pixel of frame #n does not belong to
‘the stapiosbryahieaf aftte Seitel B fhhmd #fmdi cBéested ot the pixel does not
belong to the stationary area, in the stationary-area determ ning flag
associ apesli widh dhetHd) dlesignated pixel . oM heraneaf et winm thagt patdéi on 203- 2
supplies the stationary-area determining flag in which "1" or 15 11 0" is -
set memory 201, and calculates the absolute value of the
5 difference between the pixel wvalues. The stationary/moving
determining portion 202-3 determines whether the absolute
- value of the difference between the pixel value of frame #n
- and the pixel value of frame #n-1 is greater than the preset
threshold Th. 1If it is determined that the absdlute value
10 of the difference between the pixel values is greater than .
the threshold Th, a stationary/moving_detérmination
indicating "moving" is supplied to the area determining
portion 203-2 and an area determining portion 203-3. If it
is determined that the absolute value of the‘difference
15 Dbetween the'pixel value of the pixel of frame #n and_thé
pixel value of the pixel of frame #n-1 is smaller than or
equal to the threshold Th, the stationary/moving determining
portion 202-3 supplies a stationafy/moving determination
indicating "stationary" to the area determining portion 203?
20 -2 and the area determining portion 203-3.
A stationary/moving determining portion 202-4 reads the
pixel value of the pixel of frame $#n-1 located at the same
position as the designated pixel of frame #n in which the

 area to which the pixel belongs is determined, and reads the .

25 pixel value of the pixel of frame #n-2 located at the same



as di scussed above to the determ ning-flag-storing frane nenory 204_ Wen
the stationary/ noving determ nation supplied from the stationary/ noving.
determ ning portion 202-2 indicates "noving" and when the

stationary/ noving determination supplied fromthe stationary/ noving
determ ning portion 202- 3 indicate "noving", the area2d&cemiven2®p portion
203-2 determnes that the designated pixel of frame #n belongs to the
noving area, and sets "1", which indicates ..that the designated pixe

bel ongs to the noving area, in a noving area determ ning flag associ at ed
with the designated pixel. Wen the7stationary/ noving determnation
supplied from 25 the stationary/ noving determ ning portion 202-2 indicates
2 Decenber 2005 - 75 ™"stationary" or when the stationary/ noving

det er m paki@AonSUBPtheddés 0ghhbedsShake ONSE Y FRNE NPn BLSH Mk NerpREL T on 202-
3 indicate "stationary", the area determ ning portion 203-2 determ nes

t hat t hmeslegiygpnatedapiixehlohlfitasethe does1ved v bk ong t19=t he noving area,
and sets "0", which indicates that the pixel does not belong to the noving

area, idiffierenoei hgtecea detephkal ngalilag. assioei atediod by thev diegi gnat ed
pi xel . The area determ ning portion 203-2 supplies the noving- 10 area
det er ni depgrifagngnpantton"202o04 dOteisises wsetlksclissesbabbviesto t he
determ ning-flag-storing frame nmenory 204.
5 wvalue of the difference between the pixel value of frame #n-
1 and the pixel value of frame #n-2 is greater than the
preset threshold Th; If it is determined that the absolute
value of the difference between the pixel values is greafer
than the threshold Th, a staticnary/moving determination
10 indicating "moving" is supplied to the area determining
portion 203-3. TIf it is determined that the absolute value
of the difference between the pixel value of the pixel of
frame #n-1 and tﬁe pixel value of the-pixel of frame #n-2 is
smaller than or equal to the threshold Th, the
15 stationary/moving determining portion 202-4 supplies a
 stationary/m0ving determination indicating “stationa%y" to
the area.determining portion 203-3.
When the stationary/moving determination supplied from
the stationary/moving.determining poftidn 202-1 indicates
.20 "stationary" and when the stationary/moving determination‘
supplied from the stationary/movihg.determining portion 202-
:2 indicétesrﬁmoving", the‘area determining portién 203-1
determines that the designated pixel of frame #n belongé to

an uncovered background area, and sets "1", which indicates

25 that the designated pixel belongs to an uncovered background



When the stationary/ noving determ nation supplied from the

stationary/ noving determ ning portion 202-3 indicates 15 "novi ng" and when
the stationary/noving determ nation supplied fromthe stationary/ noving

~determning portion 202- 4 indicate "stationary", the area determ ning

portion 203-3 deternmines that the designated pixel of 4Pegrmben20e$ ongs to
.a covered background area, and sets "1", which indicates 20 that the

desi gnat.ed pi xel belongs to the covered background area, in a

cover ed- background-area determning flag associated with the designated.

pi xel : When the stationary/novi ng det’érmi nation supplied froi- the
stationary/ noving determ ning portion 202-3 indicates 25 "stationary" or
when the stationary/ nmoving determnation 2 Decenber 2005 - 76 supplied
from t harahat i @nah yhnBy 88edeb8E Bl RHREA POF LA 08 202ni 41 hgdEEage "movi ng”,
the area determning portion 203-3 determ nes that the designated pixel of
frame #asdoesatied wbehotget@esigoyes@dpbaskground area, and sets 11011,

-which 5indicates that the designated pixel does not belong to a covered

background ditem filre tdten tciowermdnhackgy eluttbarian tidet eyuppll g f a0
associated wth the designated pixel. The area determ ning portion 203-3
suppl i eshehetachver e/ hackys olede ansai mgtpont vvngR 624y imdidaeds " 1" or "0O"
10 is set as discussed above to the determ ning-flag-storing frame nenory
2045 Thémeneted i oW v én aghet D3 bend ¥ufreo wenprge 2OAn i masion
supplied from the stationary/moving determining portion 202-
2 indicates "statiOnarY", the area specifying unit 203-1
determines that the designated pixel of frame #n does no£
- belong to an uncovered background area, and sets “0",7Whieh
10 ihdicates that the.designated pixel does not belong to an.
uncovered background area, inrthe uncoveredmbackground—area
determining flag associated with the designated'pixele
The area determining portion 203-1 supplies the
uncovered-background-area determining flag in which "1" or
15 "0" is set as discussed above to a determining—flag~storing
frame memory. 204 .
When the stationary/moving determination supplied from
the stationary/moving determining portidn 202-2 ihdicates
“"stationary" and when the stationary/moving determination
20 supplied from the stationary/moving determinind portion 202-
3 indicate “stationery", the area determining portion-203-2
determines that the designated pixel of frame #n belongs to
the stationary area,-and sets "1", which indicates that the
pixel belongs to the statienary-area, in a statioﬁary—aree

25 determining flag associated with the designated pixel.



stores the uncovered- background-area determning flag supplied fromthe
area determ ning portion 203-1, the 15 stationary-area determning flag
supplied fromthe area determ ning portion 203-2, the. noving-area
determining flag supplied fromthe area determ ning portion 203-2, and the
cover ed- background-area deternmining flag supplied fromaBecenhesd005

determ ning portion 203-3. 20 The determ ning-flag-storing franme nenory 204
supplies the uncovered-background-area determ ning flag, the
.Stationary-area determ ning flag, the noving-area determning flag, and

t he cover ed- background- area deterﬁiﬂﬁng flag stored therein to a

synt hesi zer 205. The 25 synthesizer 205 generates area information
indicating to 2 Decenber 2005 - 77 which of the uncovered background area,
the stationdfhemregss stdieisovinonarasy drcdhe oieredpak@dordnar ea each

pi xel belongs based on the uncovered-background-area determ ning flag,
t he stathenatgtaceardénerimai dagtétminitdepomvimg-2022 Sinetertdaai ng fl ag,
and the covered-background-area determning flag supplied fromthe
det er nmi hrpginghgost shengthér ahet henory/ 204 nande semppinesidihe ar ea
information to a determning-flag--storing frame nenmory 206. The
deter m PERBL {edgf59®r Fhe $Eahbtonermn/yoPDEy sdefesn i nd e artson #d-nat i on
supplied fromthe synthesjzer 205 and also outputs the area information
st ored fhtPRiFRtaAn"BRERPY e, oFhe harer cdelai R ed fRATEPHY 43 ar ea
' determines that the designated pixel of frame #n does not
belong to the stationary area, and sets "0", which indicates
that the pixel does not belong to the stationary area,,in'
the stationary—area determining flag associated with the
10 designated pixel.
The area determining portion 203-2 supplies the
stationary-area determining flag in which "1" or "0" is set
as discussed above to the determining-flag-storing frame
memory 204.
15 When the stationary/moving determination supplied from
the stationary/moving determining portion 202-2 indicates
""moving" and when the stationary/moving determination =
supplied from the stationary/moving determining portion 202~
3 indicate "moving", the area determining,portion 203-2

20 . determines that the designated pixel of frame #n belongs to

- the moving area, and sets "1", which indicates .that the

designated pixel belongs to the moving area, in a moving—
area determining flag associated with the désignated pixel.
When the stationary/moving determination supplied from

25 the stationary/moving determining portion 202-2 indicates




specifying unit 103 is described belowwith reference to Figs. 21 through
25. 15 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. 21, the inmage corresponding to the object

| ocated at the position indicated by Yn(x,y) in frame #iPdcempesP@ioned 20
at Yn+l (x,y-) in franme #n+l, which is subsequent to frane #n. A nobde
obt ai ned by expanding in the tinme direction the pixel values of the pixels
aligned side-by-side in the noving direction of the image corresponding to
the foreground object is shown in~FF§. ~22. For exanple, if the .25 noving
direction of the inmage corresponding to the 2 Decenber 2005 78 foreground
obj ect is horizontal with respect to the screen, the nodel shown in Fig.

22 i s a"sodeionbiar ned M’.Verexﬂﬁé'lcgﬂgtléﬁhﬁfﬁnéﬁﬁ?g %é@&ﬁrﬁﬂﬁﬁﬂ% pi xel val ues
of the pixels disposed on a line side-by-side. 51n Fig. 22, the line in

frame #supsleedatrém tihe Aﬁdﬁondtyfhﬁmlﬂ@ﬂetgﬂ@lﬁﬁﬁf%&kﬂ%rpmnent S
corresponding to the object contained in the second pixel to the thirteenth

pi xel f3omdidetd efdtdniduane #ritar eamontdd fethim dheddoddh pioel 10
through the seventeenth pixel fromthe left in frame #n+l. In franme #n,
t he pi x4 seiyelway)i it o-tedhelaivaragod haickalr auhdf aamen a1 elddie mitevent h
through thirteenth pixels
5 ~ belong to the moving area, and sets "0", which indicates
that the pixel does not beloﬁg to the moving area, in the
moving-area determining flag_associated with the designated
pixel. |
The area determining portion 203-2 supplies the‘moving—
10 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 supplied from
the stationary/moving determining portion.202—3 indicates
15 "moving" and when the stationary/moving determination
supplied from the stationary/moving determining portion 202-
-4 indicate "stationary", the area determihing portion 203-3
determines that the designated pixel of frame #n belongs to
a covered‘background area, and sets “1*, which indicates
20 that the designated pixel belongs to tﬁe covered background
area, in a covered-background-area determining flag.
associated with the-designated,pixelgr
| When the statiohary/moving-determinatién supplied from
the stationarY/moving'determining portioh-202—3 indiéates

25 '"stationary"'or when the stationary/moving determination



fromthe, left, and the pixels belonging to the uncovered background area
are the second through fourth pixels from15 the left. In frame #n+l, the
pi xel s belonging to the covered background. area are the fifteenth through
seventeenth pixels fromthe left, and. the pixels belonging to the
uncovered background area are the sixth through ei ghthDgcseber J006m t he
left. 20 In the exanple shown in Fig. 22, since the foreground conponents-
contained in franme #n are noved by four pixels in frane #n+l, the anount
of nmovement v is 4. The nunber of virtual divided portions is 4 in
accordance with the anount of novenéht—v. 25 A description is now given of
a- change in pixel values 2 Decenber 2005 - 79 of the pixels belonging to
the m xed area in the frames before and after a designated franme. In Fig.

23, thesphyelsa bt QNI MY 41081 oY @M@iﬁr@aﬁd}tfle@mo%ﬂ in which
the background is 5 stationary an the anount of novenent v in the

f or egr oainthd Bcate armodiigyfj figentfed MougmisavRN ibrpiopgl-g from.the
left. Since the amount of movenment v is 4, the fifteenth t hr ough

sevent edstdirditreee stHatomid ald efdnd thed helprle\W OUT didea i Ed<ds neant ain only
background conmponents and belong to the 10 background area. The fifteenth
t hr oughbskbwentiserd cpieeld bdalamdurel |efda | arfd are #1102, whiich 1 s one
before frame #n-1, contain only background conponents and belong to the
5 indicates that the designated pixel does not belong to a
" covered background area,rin'the covered-background-area
determining flag associated with the designated pixel.
The area determining portion 203-3 supplies the
covered—beckground—area determining flag in which "1" or ®0"
10 1is set as discussed above to the determining-flag-storing
frame memory 204. |
The determining-flag-storing frame memory 204 thus
stores the uncovered-background-area determining flag
supplied froﬁ the area determining porﬁion 203-1, the
15 stationarywaree determining flag supplied from the area
determining portion 203-2, the movingearea determining flag
‘supplied from the area determining portion 203-2, and the
covered-background-area determining flag supplied from the
area Qetermining portion 2063-3.
20 The determining—flag;storing fremelmemory 204 supplies
" the uncovered—background—afea determining flag, the
stationary-area determining flag, the moving-area
determining flag, and the eovered—background—area

determining flag stored therein to a synthesizer 205. The

25 synthesizer 205 generates'area'information indicating to



~ change. YRagR o7

background area. Since the object correspondlng to the background is 15
stationary, the pixel value of the fifteenth pixel fromthe left in frame
#n-1 does not change fromthe pixel value of the fifteenth pixel fromthe
left in frame #n-2. Simlarly, the pixel value of the2 xte nt i xel from
the left in frame #n-1 does not change from the pixel éfﬁ@ ? e 2'0
si xteenth-pixel fromthe left in frame #n-2, and the pixel value of the
seventeenth pixel fromthe left in frane #n-1 does not change from
the. pi xel value of the seventeenth_ pixel fromthe left in frame #n-2. That
is, the pixels in frame #n-1 and franme #n-2 25 corresponding to the pixels
bel onging to the covered 2 Decenber 2005 - 80 background area in frame #n
consi st of onl y -background conponents, and the pixel values thereof do not
% et wn%‘éemd@%ﬁ@w% greqhdhd fFatdere dyeameen t he
pi xel VE lues is alnost 0. Thus, the statiaqnary/noving 5 determ nation nade
for the"Pf XBPE TS aflf%ﬁre % Bhey RPYS LR PARKIT WHd edisendiasd Pé*Re pi xel s
belongl to t in fra #n b the statlonary/nDV|ng

det er i %P?ﬁjb?§ﬁ1 QFl%PG%ﬁ%ﬁ Wde anse pieter e iBéfdngi ng to

‘the co r.0 10 area i frane #n C nta| f oregr.ound conponents,
t he pi xﬁggvgﬁé% elroenoafr%raered"} fcp e S fPXHE9ERTE2consi st i ng

of gnl ydmw 51058),0%% Sl:h<—f-A‘Cé;erreq'_lerz;g—lbya’ckgr%l_urld~area

determining flag supplied from the determining-flag-storing.
frame memory 204, and supplies the area information to a
determining-flag-storing frame memory 206. N

The determiningﬂflag—storing frame memory 206 stores

‘10 the area information supplied from the synthesizer 205, and
also outputs the area information stored therein.

An example of the processing performed by the area
specifyipg unit 103 is described below with reference to
Figsw 21 through 25.

15 | When the-objéct 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. 21, the image corresponding to the object located at
the position indicated by Yn(x,y} in frame #n is positioned

20 at Ynt+l(x,y) in frame #n+1, whicﬁ is subsequent to frame #n.

A model obtained by expanding in the time direction the
pixel values of the pixels aligned side-by-side in the

" moving direction of the image corresponding to the
foreground object is shown in Fig; 22. For example, if the

25 moving direction of the image corresponding te the



stationary/ noving determ nation nade for the pixels belonging to the m xed
area in frame #n and the 15. corresponding pixels in frame #n-1 by the
stationary/ noving determ ning portion 202-3 is "noving". \Wen the
stationary/ noving determnation result. indicating "mving" is_supplied
fromthe stationary/ moving determning portion 202-3, %AeF 525%£
stationary/noving 20 determ nation result indicating "stationary" is
supplied fromthe stationary/ noving determ ning portion 202-4, as

di scussed "above, the area determ ning. portion 203-3 determ nes that the
correspondi ng pixels belong to a covéred background area. 25 In Fig. 24,
in frame. #n in which the background is 2 Decenber 2005 - 81 stationary
and the amount of novenent v in the foreground is 4, the pixels contained
in an upeewerednbackgeeynds ALeaz8hea1l RerAeCRBHLRT QHIRnEONELD pi Xl s from
the left. Since the "amount of novenent v is 4, the second through fourth
pi xel s hkr agykheshelh iR Fhg subsequanhichbanBnh#Athe80BLaLRPREYng
background conmponents and belong to the background area. In frane #n+2,

‘whi ch i 4nstheequant dieetrash #nsl pikbe second othepdgpikeusth pixels from

the left contain only background conponents and belong to.the background
area. ldiSpneedthe abjleat esadeebpendldag to the background is stationary,
t he pi xel value of the second pixel fromthe left in frame #n+2 does not
change from ImeFpjxe?2vatiwe bine in frame #n is equal to the line
~ in frame #n+1.
The foreground components corresponding to the object
contained in the second pixel to the thirteerth pixel from
the left in frame #n are contained in the sixth pixel
10 through the seventeenth pixel from the left in frame #n+1;
| In frame #n, the pixels belonging to the covered
background area are .the eleventh through thirtéenth pixels
from the left, and the pixels belonging to the uncovered
background area are the second through fourth pixels froﬁ

15 the left. 1In frame #n+l, the pixels belonging to the
covered background area are the fifteenth through
seventeenthApixels from the left; and the pixéls belonging
“to the uncovered background area are the sixth through
eighth pixels from the left.

20 In the example shown ianig; 22, since the foreground
components contained in frame #n are moved by four pixels in
frame #n+l, the amount of movement v is 4. The number of"
virtual divided portions is. 4 in accordance with the amount
of.movement v.

25 - A description is now given of a change in pixel values



the second pixel fromthe left in frame #n+l. Sinilarly, the pixel value

of the third pixel fromthe left in frame 15 #n+2 does not change fromthe

pixel value of the third pixel fromthe left in frame #n+l, and the pi xel

value of the fourth pixel fromthe left in frame #n+2_does not_change

.fromthe pixel value of the fourth pixel fromthe |efefeMPaE%n+i. That

is, the pixels in frame #n+l and franme #n+2 corresponding to.the pixels
bel ongi ng to the uncovered background area in frane #n consist of only
background conponents, and the pixel values thereof do not change.
Accordi ngly, the absolute val ue of "t h& difference between 25 the pi xel
values is alnost 0. Thus,. the stationary/noving 2 Decenber 2005 - 82
determ nation nade for the pixels in frame #n+l1l and frame #n+2

corr espefdihg pixéhe péxalgihel onging dikddesrdxedh altRa Fddhdd ame #n by the

stationary/ noving determining portion 202-1is "stationary". 5 Since the
pi xel s befongi agd taf tde ainbovierreddhckginound area in frame #n contain
foreground conponents, the pixel values thereof are different fromthose
of frame #ndh FgnsiZst,i rreopicelly badlogiodumd teorpenerted Accordi ngly, the
stationary/moving determnation made for the pixels 10 belonging to the
m xed dpeekyrodrdnmrem Hndrdre foritespoeh r‘iglq:)lbeeil@nomm‘dame #n+1 by the

stationary/noving determning portion 202-2 is "noving"
stationary and the amount of movement v in the foreground is

4 are the fifteenth through seventeenth pixels from the left.
 Since the amount of movement v is 4, the fifteenth through
seventeenth frames from the left in the previous fréme #ﬁ—l
contain only background components and belong to the
10 background area. The fifteenth thfough seﬁenteenth pixels
from the left in frame #n-2, which is one before frame #n-1,
cbntain only background components and belong to the
background area.
Since the object corresponding to the background is
15 stationary, the pixel-value of the fifteenth pixel from the
left in ffame #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
frame #n-1 does not change from the pixel value of the
20 sixteenth pixel from the.left in frame #n-2, and the pixel
value of the seventeenth pixel from the left in frame #n-1
does not change from the pixel value of the seventeenth
ﬁixel from the left in frame #n-2. | |
That is, the pixels in frame #n-1 and frame #n-2

25 corresponding to the pixels belonging to the covered




When the stationary/ noving determ nation result indicating "nmoving" is
supplied fromthe stationary/noving 15 determ ning portion 202-2, and when
the stationary/noving determnation result indicating "stationary" is
supplied fromthe stationary/ noving determning porti 202-1,

di scussed above, the area determining portion 203-1 dg[bﬁcﬁinﬁgngq%’at t he
correspondi ng pi xels belong to an ~20 uncovered background area. Fig. 25
illustrates determ nation conditions for frame #n nade by the area

speci fying unit 103. Wen the determ nation result for the pixel in frame
#n-2 located at the sane i mage positB8n—as a pixel in frane #n to be 25 .
processed and for the pixel in franme #n-1 | ocated at the 2 Decenber 2005 -
83 sane position as the pixel in frame #n is stationary, and when the

det er m patk§Poties Uhted Ofn theamh Xph Ednd 1@ #ro@nd pddigyRiwgl in frame
#n--1 located at the sane imge position as the pixel 1n frame #n is

movi ng, céhporeres spacd fyhdp kel oo 10Ss deherdd Nas that dithehdgl xel in frane
#n belongs to a covered background area. Wen the determ nation result for
the pi x&tcondinghe, #rhe arlshd hetpixelué nof reme dartedonat etbtaledrhe sane
imge position as the pixel in frame #n is stationary, and when 10 the

det er m Hat i ke s tudorig helmpixiel 01 n Tase #e and tikea pi Melving frame #n+1
| ocated at the sanme image position as the pixel in frane #n is stationary,
t hear edespeeinaiipn made for the pixels in frame #n-1 and frame .

|

#n-2 corresponding to the pixels belonging to the mixed area
in frame #n by the stationary/moving detérmining portion
202-4 is “stationary".

Since the pixels belonging to the covered background-

10 area in frame #n contain foreground components, the pixel-
values thereof are different from those of frame #n-1
consisting of only background components. Accordiﬁgiy, the
stationary/moving determination made for the pixels |
beldnging to the mixed area in frame #n and the

135 cdrrésponding pixels in frame #n~1 by the sStationary/moving
determining portion 202-3 is "moving".

When the stationary/moving determination result
indicating "moving" is supplied from the stationary/moving
determining portion 202-3, and when the stationary/moving

20 determination result'indicating “stationary" is supplied
from the stationary/moving determining portion 202—4; as
discussed above, the area determining portion 203-3
determines that the corresponding pixels belong to a covered
background area. |

25 - In Fig. 24, in frame #n in which the background is



unit 103 determi nes that the pixel in frame #n belongs to the stationary
area. 15 When the determnation result for the pixel in frame #n and the
pixel in frame #n-1 located at the same image position as the pixel in
frame #n is noving, and when the -determ nation result for t he pixel in
frame #n and the pixel in frame.#n+l |ocated at the saMEPHA @"g55|t|on as
the 20 pixel in frame #n is noving, the area specifying unit 103

determ nes that the pixel in frane #n belongs to the noving area. \Wen the
determ nation result for the pixel in frame #n and. the pixel in frane
#n+l located at the sane inmge 25 po%ttion as the pixel in frame #n is

novi ng,; and when the 2 Decenber 2005 - 84 determnation result for the

pi xel in frame #n+l |ocated at the sane inmage position as the pixel in
frane #tagibridis Ppiceahd mnldai®e dntddacaied an e SYRJIRER ReSi tion as

the pixel in frame #n is stationary, the area specifying unit 103
det er mifestiehatideles piotdlaiined Hanerfudel@ngsl ey radiedwied shackgr ound
area. Figs. 26A through 26D illustrate exanples of the area determ nation
resul t sshebtsssared! M richeyharfea rspe @ifyalng funid thE03.eflth Fisg.nc26Ahet he pi xel s
whi ch are determned to belong 10 to a covered background area are
i ndi catewunt Wi revenenf g 15268, ithwe sgiocelds tiiictigharfewehepiixedd t o bel ong
to an uncovered background area are indicated in white.
5 from the left in the subsequent frame #n+l contain only
background components and belong to the background area. In
frame #n+2, which is subsequent to frame #n+1, the second
through fourth pixels from the left contain only background
compdnehts and belong to the background area.
10 Since the object corresponding to the background is
'stationary, the pixel value of the second pixel from the
left in frame #n+2 does not change from the pixel value of
the second pixel from the left in frame #n+l. Similarly,
the pixel value of the third pixel from the left in frame
15 #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
fourth pixel from the left in frame #n+2 does not change
from the'pixel value of the fourth pixel from the left in
frame #n+1.
20 That is, the pixels in frame #n+l and frame #n+2
corresponding to the pixels belonging to the uncovered
background area in frame #n'consist of only background
cdmponents, ahd-the pixel wvalues thereof do not change.

Accordingly, the absolute value of the difference between

25 the.pixel values is‘almost-O. Thus, the 'stationary/moving



In Fig. 26C, the pixels which are determned to belong to a noving area
are indicated in white. In Fig. 26D, the 15 pixels which are determned to
belong to a stationary area are indicated in white. Fig. 27 illustrates
the area information indicating the mxed area, in thepghespdi208g | Mage, .
selected fromthe area information output fromthe

determ ning-flag-storing frame 20 nenory 20,6. In Fig. 27, the pixels which
are determned to belong to the covered background area or the uncovered
background area, i.e., the pixels which are determned to. belong to the
m xed area, are indicated in white. f%e area information indicating the
m xed area output fromthe 25 determ ning-flag-storing frame nmenory 206
desi gnates the 2 Decenber 2005 - 85 mixed area and the portions having a
t ext ur edeteradRaEdopy madie fpor thenpiwelhodn frbext éneli antthérfmeegr ound
area The area specifying processing perforned by the area specifying unit
103 i s #B&ér FREASBRPEALROt kor sher phselsobehengsngl pachhet moke&i gre28. In
step S20Q1, the frane nmenory 201 obtains an inmage of frame #n-2 through
frame #AB2fFARPUAPNEY FR&nEtaRiopaTE(BpvERg2detREmsnanoRaryianyi ng
determ bgg portion 202-3 determ nes whether the determnation result for
the 10 g| el ifi fP4AEi8R2¥¥and the pixel in frame #n located at the same
posigdion is §{atio ‘determined that the determnation result

Lot
is stationary. the aé%%%%%l%rQéiQRE9QQ)to the uncovered background

~area in frame #n contain foreground components, the pixel
values thereof are different from those of frame #n+l
consisting of only background components. Accordingly, the
stationary/moving determination made for the pixels
10 belonging to the mixed area in frame #n and the
corresponding pixels in frame #n+l by the stationary/moving
determining portion 202-2 is "moving".
When the stationary/moving determination result
indicating "moving" is supplied from the stationary/moviﬁg
15 dgtermining poftion 202-2, and when the sﬁationary/moving
determination result indicating "stationary" is supplied
from the stationary/mbving determining portion 202-1, as
~ discussed above, the area determining portion 203;1
determines that the corresponding pixels belong to an
20 uncovered backgfodnd area.
Fig. 25 illustrates determination‘conditions for frame
#n made by the area specifying unit 103. When the-
determinatiqn result for the pixel in frame #n—éllocéted at
the same image position as a pixel in frame #n to be

25 | processed and for the pixel in frame #n-1 located at the



step S203 in which the stationary/ noving determ ning portion 202-2
determ nes whether the determnation result for the 15 pixel in frame #n
and the pixel in frame #n+l located at the sanme position is stationary. If
it is determned in step S203 that the determ nation sult f he pi xel
in frane #n and the pixel in frame #n+l located at th §5W@b%ggp ionis
stationary, the process 20 proceeds to step 5204. In step 8204,-the area
determ ning portion 203-2 sets '"1", which indicates that the pixel to be
processed belongs to the stationary area, in the stationary- area
determ ning flag associated with the8pixel to be processed.” The area
. determ ning portion 203-2 supplies the. .25 stationary-area determ ning
flag to the determining--flag 2 Decenber 2005 - 86 storing frane nenory

204, and, {16, dd OCESS J¥ 09ReqS: L0 S{ePr Sals.- #Aflé tsds AGBAT Ngth i n step
5202 that the determnation result for the pixel in frame #n-1 and the

pi xel iyhdd affe et orh QGAE £Sh ateder SATE PASIH1QMN 155 MY #rdlardd it 1S
determned in step S203 that the deternmination result for the pixel in

frame- #hanshitdie i xetadd #i-ame dduted ocat €tk adand henSpMHoSitdon s
novi ng, the pixel to be processed does not belong to a stationary area..

Accor diayl the tihiexd) i obeas Nph Gfs SiepimP04ches Sikdppashciamd ddharfirtocess
proceeds - to step 5205_ In step S205, the stationary/noving determ ning
- portiort03 determines that the pixel in frame #n belongs to a :
| covered background area.
When the determination result for the pixel in frame #n
‘and the pixel in frame #n-1 located at the same image
position as the pixel in frame #n is stationary, and when
1¢ the determination result for the piXel,in-frame #in and the
piXel in frame #n+l1 located at the same image pésition as
the pixel in frame #n 1is stationary,.the area specifying
unit 103 determines that the pixel in ffame #n belongs to
the stationary area.
15 "When the determination result for_thé,pixel in frame #n
~and the pixel in frame #n-1 located at the same image
ﬁosition'as the pixel inrframe'#n-;s moVihQﬂ and when the
:determination result for the pixel in frame #n an& the pixel
in frame #n+l located at the same image position as the
20 pixel in ffame #n is moving, the aréa specifying unit 103
determines that the pixel in frame #n belongs to the moving
area,
When the determination result for the pixel in frame #n
and. the pixél in frame #n+l located at the same image

25 position as the pixel in frame #n is moving, and when the




. 202- 2 determ nes whether the determ nation result for

202-3 determ nes whether the determ nation result for the pixel in frane

#n-1 and the pixel in frame #n located at the 15 sane position is noving.

If it is determned that the determ nation result is noving, the process

proceeds to step S206 in which the stationary/ noving ﬁi?%c?én%é‘ri- ig-portion
€7 prXe in franme

#n and the pixel in frame.#n+l |ocated at the sane 20 position is noving.

If it is determined in step S206 that the determ nation result for the

pi xel in frame #n and the pixel in_f gme #n+1 | ocated at the same position

IS noving, the process proceeds to step S207. In step 5207, the area.

determ ning portion 25 203--2 sets "1 which indicates that the pixel to be -

2 Decenber 2005 - 87 processed belongs to a noving area, in the

novi ng- @gkarnies eren nieg It afpastioei pieel wit hf tdme pfixel locdespracessed.

The area determning area 203-2 supplies the noving-area determning flag

to the HeeeFaTRi HRIS pstBrom@Ed rihe Bixeholy Doame g amb@ Process

proceeds to_step 5208. If it is determned in step S205 that the

det er mi AEFEbnin rBEUIe #v2 theeaisdl at nthe apangnimagm et dxeds i n frame #n

located_at the sanme positipn js statjonary, or if it is determned in step

S206 t hGtS tREETEt B niTRlG off st 12 HRDaRy « Hehgiaks2 | P9¢BREL 3% and t he
pixel in fra #n+l | ocated at the same positfion is stationary, the pixel
i ?’r an%n%%a%es&%eo’imﬂbefsontdﬁto adRAHY ar bt TR oI Bt SRI% HeP dbcessi ng

N
Of_ uncovered background area. |

Figs. 26A through 26D illustrate examples of the area
determination results obtained by the area spedifying unit
103. In Fig. 263, thé pixels which are determined to belong

10 to a covered background area are indicated in white. 1In Fig.
26B, the pixéls which are determined to belong to an
uncovered background area are indicated in white.

In Fig. 26C, the pixels which are determined to belong
to a moving area are indicated in white. In Fig. 26D, the

15 . pixels which_are-determined to belong to a stationary area
are-indicated in white.

Fig. 27 illustrates the area information indicéting the
mixed area, in the form of an image, seleéted from the area
information oﬁtput from the determining—flag—storing frame

20 memory-206. In Fig. 27, the pixels which are determined to
- belong to.the covered background area or the uncovered
baékground area, i.e:, the pixels ﬁhich_are determined to.
bélong to the mixed-area, are.indicated in.white. The area
information indicating the mixed area output from the

25 determining—flag-storing frame memory 206 designates the



step 5207 is skipped, and the process proceeds to step S208. In step S208,
the stationary/ noving determning portion 15 202-4 determ nes whether the
determination result for the pixel in frame #n-2 and the pixel in franme
#n-1 located at the same. position is stationary. |If iIpDeeegigbergosned’ that
the determnation result is stationary, the process proceeds to step S209
in which the stationary/noving determ ning 20 portion 202-3 determ nes

whet her the determ nation result .for the pixel in franme in-1 and the
pixel in frame #n |located at the sage position is noving. If it is
determned in step S209 that the detefrmnation result for the pixel in
frame #n-1 and the pixel in frame #n 2.5 | ocated at the sanme position is
novi ng, the process proceeds 2 Decenber 2005 - 88 to step S210. In step
5210, fHe&SH e fettdditiionPordritdron 12038y settextiire whimnfpumiiccatyes that t he
pi xel to be processed belongs to a covered background area, in the

cover edRa RGO aidhovdt & maNtir S gy s deireapwid laese, 5 pixel to be
processed. The area determ ning portion 203-3 supplies the
covered-bacEgFoﬁﬁaéa?BﬁcagﬁéPﬁiHFﬁﬁeﬁFé@gtBeFﬁ@rmGétéYntthgrﬁBag-storing

(Lo TRIAY 09 406 Riocess pLorRede to ter UL 1D AS
o R R AT T LR e e o
and th%btains an image of frame #n-2 through frame #n+2 including

" frame #n.

In step S202, the stationary/moving determining portion

202~3 determines whether the determination result for the

10 pixel in frame #n-1 and the pixel in ffame #n located at the

_ same'position is stationary. If it is determined that the

determination resﬁlt is stationary, the process proceeds to
step 5203 in which the stationary/moving determining portion
202-2 determines whether the determination result for the

15 pixel in frame #n and the pixel in frame #n+l located ét the
same position is stationary.

If it is determined in step 5203 that the determination
result‘for the pixel in frame #n and thé pixel in frame #n+l
located at the same position is stationary, thé process

20 proceéds to step 5204. TIn step 5204, the area determining
: portion 203-2 sets "1", which indicates that the pixel to be
processed belongs to the stationary area, ip the stationary-
area determining flag associated with the pixel to be
processed. The area determining portion 203-2 supplies.the

 2§ stationary-area determining flag to the determining-flag-



pixel in frame #n |ocated at the same position is stationary, the pixel in
frame #n does not belong to a covered 15 background area, Accordingly, the
processi ng of step 5210 is skipped, and the process proceeds to step 5211.
In step S211, the stationary/ noving determ ning portiogp 202-2&ﬂ®hernines
whet her the deternmination result for the pixel in frafr?eB8H e pixel
in frame, #n+l | ocated at the 20 sane position is noving- If it is
determned in step S211 that the determ nation result is noving, the
process proceeds to step S212 in which the stationary/nmoving determ ning
portion 202-1 determ nes whet her the8fetermination result for the pixel in
frame #n+l and the 25 pixel in frame #n+2 |l ocated at the same position is 2
Decenber 2005 -89 stationary. |If it is determined in step 5212 that the

det er mi BaLEORG T ESMhd hidho £ P XBhnd Nefd AFBo#odd Jsk-ddies pixeledp frame

#n+2 |l ocated at the sane position is stationary, the process 5 proceeds to
step 5233psIn step S213, the area determ ning portion 203-1 sets "1", which
i ndicates that the pixel to be processed belongs to an uncovered :
background arfeat iis tdiee duicReried gk oo draite a He teridriing tfiloag

“associated with the pixel to be processed. The area determ ning portion 10
. 203-1 supphlestshethncoies edibatkgioud-T | awgd detierpiae Ngin fiaged ofid he
determ ning-flag-storing frame nmenory 204, and. the process proceeds to
ste® 321ldcated at the same position is moving, or if it is
determined in step 5203 that the determination result for
the pixel in frame #n and the pixel in frame #n+l located at
the same position.is moving, the pixel to be processed does
not belong to a stationary area. Accordingly, the .
10 processing of step $204 is skipped, and the process proceeds
to step S205. -
In step $205, the stationary/moving determining portion
202-3 deﬁermines whether the determination result for the
pixel in framel#n—l and thé pixel in.frame #n located at the
15 same position is moving. If it is determined that the
determination result is moving, the process proceeds to step
S206 in which the stationary/moving determining portion 202-
2 determines whether the determination result for the pixel
in frame #n and the pixel ih frame.#n+i located at the same
20 rposition is moving.
If it is determined in step $206 that the determination
result for the pixel in frame #n and the pixel in frame #n+l
located at the same position is mpving, the process proceeds

to step S207. 1In step $207, the area determining portion

25 203-2 sets "1", which indicates that the pixél to be




If it is determned in step S211 that the determnation result for the
pi xel in-frame #n and the pixel in frame.#n+l 15 |located at the sane
position is stationary, or if it is determned in step 5212 that the

determ nation result for the pixel in frame #n+l and % becohbali2dos frane
#n+2 is noving, the pixel in framne #n does not belong to an wuncovered
background area. Accordingly, the processing of 2'0 step 5213 is ski pped,
and the process proceeds to step 5214. |In step $214, the area specifying
unit 103 determines whether the aregs of all the pixels in.frame #n are
specified. If it is determined that the areas of all the pixels in frame
#n are not yet specified, the process 25 returns to step 5202, and the area
speci fying processing is 2 Decenber 2005 90 repeated for the remnaining

pi xel s.P¥FCe§5¢E Rfphdrdn et 3 Moty Sment he e meergofred |  the pixel s
in frane #n are-specified, the process proceeds to step 5215. In step
S215, tHEESYMINRY AR D05 et RS 5t Ee i RE e hetd die IR eRIF9d- t he ni xed

area based on tgﬁEh uncover ed- background-area determ ning flag and the
cover ed-"hatKyt SR EHER et SH rﬁqdﬁg_% | SHPR RS RHERETBR ni ng-

flag%ﬁégéél gganeﬁggnngﬁ)%gﬁééggg al so. generates_area information
i ndi catihg 1o WHIH S tie eera“]ﬂh]c‘%rﬁﬁﬁi’srﬂ)“d}% -T4%f2 stationary
areg, the It area 9l t@g covere backgr ound ar ach pi xel bel ongs,
‘and”set's t@gene’ra% ed “'ar éa YNt or M ?%%eﬁfsn%%esr%ee? e%ﬁﬁ ng-flag-storing .
frame If it is determined in step S$203 that the determination
result for the pixel in frame #n-1 and the pixel in frame #n
located at the same position is stationary, or.if it is
determined in step S206 that thé determination result for
10 the pixel in frame #n and the pixel in frame #n+l located at
the same position is stationary, the pixel in frame #n does
not belong to a mqving area. Accordingly, the processing of
step 5207 is skipped, and the process pfoceeds to step S208.
In step 8208, the stationary/moving determining portion
15 202-4 determines whether the determination re;ult for the
pixel in frame #n-2 and the pixel in frame #n-1 located at
the same position is stationary. If it is determined that
the determination result is stationary, the process proceeds
to step 5209 in which the stationary/moving determining
20 'pcrtion 202-3 determipes wh?ther the determination result
for therpixel in frame #n-1 and thé pixel in frame #n
located at the same position is moving.
If it is determined in step S$209 that the determination
result for the pixel in frame #n-1 and the pixel in frame #n

25 located at the same position is moving, the process proceeds



menory 206. The processing is then conpleted. As discussed above, the area,
specifying unit 103 is 15 capable of generating area information
indicating to which of the noving area, the stationary area, the uncovered
background area, or the covered background area each of the pixels
contained in a frame belongs. The area specifying unit2 Pecerkef 2889l y

|l ogical ORto 20 the area information corresponding to the uncovered
background area and the area infornution corresponding to the covered
background area so as to generate area information corresponding to the

m xed area, and then may generate-aB&a-information consisting of flags
indicating to 25 which of. the noving area, .the stationary area, or the

m xed 2 Decenber 2005 - 91 area the individual pixels contained in the

frane bggoggép%@{lojtheh?bg@&g £91¢ espandi g, (R ddgianegrpuRd Jigs a

texture, the area specifying unit 103 is able to specify the noving area

nore pregisel Yerd The anepesPacd fydNgs wWide 193 i@l ad @out put the area
information indicating the noving area as the area information indicating

the forggsesgskaresonindl @utPUtsSrdhel v @i Mald0n idileat i ng the
stationary area as the area information indicating the background area 10

"The enbogierad-bhaskdeamdescsd hash e BSISUMAN F ltdiata stdhe il at edrdante wit h
this notion, and perforns processing in a
5 pixel to be processed. The area determining portion 203-3
supplies the covered-background-area determining flag to the
determining-flag-storing frame memory 204, and the process
proceéds to step S211.
If it is determined in step S208 that the determination
.10 résult for the pixel in frame #n-2 and the pixel in frame
#n-1 located at the same poéition is moving, or if it is
_determined in step 5209 that the pixel in frame #n-1 and the
pixel in frame #n located at the same position is stationary,
the pixel in frame #n does not belong to a covéfed
15 béckground area. Accordingly, the processing of step SZlQ
| is skipped, and the process proceeds to step S5211.
In step 5211, the stationary/moving determining portion
202-2 determines whether thé détermination result for tﬁe
pixel in frame #n and the pixel in frame #n+l located at the
.20 same position is moving. If it is determined in step 35211
that the determination result is moving, the process
proceeds to step S212 in which the stationary/moving .
determining portion 202-1 determines whether the

determination result for the pixel in frame #n+l1 and the

‘25 pixel in frame #n+2 located at the same position is



manner simlar to the case in which the object corresponding to the
background is stationary. |If the inmage corresponding to the background
area contains locally different notions, the area specifying unit 103
selects the pixels corresponding to the notions, and executes the above
obj ect corresponding to the background is stationary. 2 " 200Re
above-descri bed area specifying processing can be applied even if the

i mge corresponding to the background area contains notion. For exanple,
if the image corresponding to the bg@kground area is unifornmy noving,
the area specifying unit 10.3 shifts®fhe overall inmage in described ,
processing. Fig_ 29 is a block diagramillustrating anot her exanple 25 of
the configuration of the area specifying unit 103. The 2 Decenber 2005 - 92
area spetatyomgrynit 103 shown in Fig. 29 does not use a notion vector. A
background i mage generator 301 generates a background imge correspondi ng
to an i nput Ifsige,isamtesnppladesin edayeSerlat echatackgy elatck iniRge: itom a

bi nary-object 5 image extracting portion 302. The background i nage

gener at 52S3b £xr ridee widor exapiee #mtl rayd Ubg geixeloiw ebponding to a
background_obj ect contained in the input inmage, and generates the

backgr ot | Hegreted i lextdip| g RO Holded™ obt o Prekli diya e pablk erdgeshe tine
10- direction the pixel values of pixels aligned side-by-side in the

moviPng RFTERROMDIS P iSlge cott eSRIdidds ¢ obhe area determining

portion 203-1 sets "1", which indicates that the pixel to be
processed belongs to an uncovered background area, in the
uncoyered—background—area determining flag associated with
the pixel to be processed. The area determining portion
10 203-1 supplies the uncovered-background-flag determining
flag to the determining—flag¥storing frame memory 204;'and
the process proceeds to step75214;
If it is determined in step 8211 that the determinatioﬂ
result for the pixel in frame #n and the pixel in frame #n+l
15 located at thé same position is stationary, or if it is
determined in step 5212‘that the determination result for
the pixel in frame #n+l1 and the pixel in_frame‘#n+2 is
moving, the pixel in frame #n does not belong to an
uncovered background area. Accordingly, the processing of
20 step $213 is skipped, and the process proceeds to sfep 5214.
In step §214, the area specifying ﬁnit 103 determines
whether the areas of all the pixels in frame #n are
specified. If it is determined that the aréas of all the
pixels in frame #n are not yet specified, . the brocess

25 retqrns to step 5202, and the area specifying processing is



foreground object is shown in Fig. 30. For exanple, if the noving direction
of the imge corresponding. to the foreground object is horizontal with
respect to the screen, 15 the nodel shown in Fig. 30 is a nodel obtained by
expanding .the. pixel values of pixels disposed side-hy-side opn.a single
line in the time domain. In Fig. 30, the line in franeB cﬁgﬁ@ﬁgb@%ne as
the line in frame #n-1 and the line in frame #n+l. 20 In frane #n, the

f oreground conponents corresponding to the object contained in the sixth

t hrough seventeenth pixels fromthe |eft are contained in the second
through thirteenth pixels fromthe P@fT in frame #n-1 and are al so
contained in the tenth through twenty-first pixel fromthe left in frane
25 #ntl. 2 Decenber 2005 - 93 |In frame #n-1, the pixels belonging to the
cover edrefackent ofimnd EHea aieiditey glisae@ h t hrough thirteenth pixels from
the left, and the pixels belonging to the uncovered background area are

t he second tIHr dugh sf certelrmdineel 3 nf saep5b SLAE ekt the kraae #fi, alhe pixel s
bel onging to the covered background area are the fifteenth through

sevent et Pipisded sin fixame Hin |aafe., spmvd filesl pithel o rvelessgipmgceedsshe
uncover ed background area are the sixth through eighth pixels fromthe
left. I¥P° {358 FAHL, the skl el ol myndatiacoidbedet@rbielegr ound ar ea

are the nineteenth through twenty-first pixels fromthe left, and the
pixéls Qﬁﬁ%”ﬁﬁﬁﬂfq%ﬁ%qﬂa1nd1cat1ng the mixed area based on the

uncovered;béckground—area determining flag and the covered-
background*area‘determining flag stored in the determining-
flag—storing frame memory 204, and also generates area
inﬁormation indicating to which of the uncovered background
10 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.
As discussed above, tﬁe area specifying unit 103 is
15 capable of generating area information indicating to which
of the moving area, the stationary area, the uncovered
background area, or the covéred'background area each of the
pixels contained in a frame belongs.
The area specifying unit 103 may apply logical OR to
20 the area information Corresponding to the uncovered
background area and the area information corresponding to
the covered baékground area so as to generate area
information corresponding to the mixed area; and then may
generate area information consisting of flags indicating to

25 Which of the moving area, the stationary area, or the mixed



uncover ed background area are the tenth through twelfth pixels from
the.left. In frame #n-1, the pixels belonging to the background 15 area
are the first pixel fromthe left, and the fourteenth through twenty-first
pixels fromthe. left. In franme #n, the pixels belonging to the background
area are the first through fifth pixels fromthe |eft2Dapembére208bght eent h
t hrough twenty-first pixels fromthe left. In frane #n+l, 20 the pixels

bel ongi ng to the background area are the first through ninth pixels from
the left. An exanple of the background i mage corresponding to the exanple
shown in Fig..30 generated by the bagkground i nage generator 301 i's.
“shown in Fig. 31. The background i nage 25 consists of the pixels
correspondi ng to the background 2 Decenber 2005 -- 9 4 - object, and does

not . COot@k N dTBgSs COIMANENY S S TESPONNAY 14 Gnd he Ly ¢yl obj ect. The

bi nary-obj ect-i mage extracting portion 302 ‘generates a binary object inmage

based on t heueer relatdgr o5 etreeg e packeneurd LERganandathg i nput
i mge, and supplies thé generated binary object inagé to a time change

det ect ofe:d83re Fithe 3rd$ SHdIOGK lf agiaM 143 U r-ieNd d e GaRf ity ati on of
the binary-object-inmage extracting portion. 10 302. A correlation-val ue
cal cul atoriBdPlaced auwdiad gerddiaselsy .

5 The area specifying'unit 103 is able to cutput the area
information indicating the moving area as the area
information indicating the foreground area, and outputs the
area information indiéating the stationary area as the area
information indicating the background area.

10 - The embodiment has been described, assuming that the
object corresponding to the background is stationary.
However, the above-described area specifying processing can
be applied even if the image corresponding to the background
area contains motion. For example, if the image

15 Corresponding-to the background area is uniformly moving,
the area specifying unit 103 shifts the overall image in

_accordance with this motioﬁ, and performs processing in a
manner similar to the case in which the object Correspondiﬁg
to the background 1s stationary. If the image correspondiﬁg

20 to the background area contains locally.different motions,
the area specifying unit 103 selects the pixels
corresponding to the motions, and executes the above-
described processing.

Fig. 29 is a block diagram illustrating another éxample

25 of the configuration of the area .specifying unit 103. The



t

correl ati on between the background i mage supplied fromthe background
| mge generator 301 and the input inmage so as to generate .a. correlation.
val ue, and supplies the generated correlation value to a threshol d-val ue

processor 322. The correl ation-val ue cal cul ator 321 appld hon (4)
to, for exanple, 3x3-background image bl ocks having X4Qaﬁg%ﬁgg¥gﬁygr as
shown in Fig. 33A, and to, for exanple, 3x3-background image bl ocks having
Y4 at the center which corresponds to the background i mage bl ocks, as
shown in Fig. 2°'0 33B, thereby calculating a correl ation val ue |
corresponding to Y4. 8 8 I(Xi-X)I(Yi-?) Correlation value - ,-0i=0(4) 8
28 2. EYi -Y) i-0i-0 2 Decenber 2005 - 95 X =9 The

correl ation-value cal cul ator 321 supplies the (5) (6) correlation value

cal cul aB&B3f BPeEaERipYxenibst@Bsehgwndinagbive 19 ddes thoeshod daval ue

processor 322. Alternatively, the correlation-value calculator 321 may
motion vector. A background image generator 301 generates a

background image corresponding to an input image, and
supplies the generated background image to a binary-object=-
5 image extracting portion 302. The background image
generator 301 extracts, for example, an'image object
corresponding to a background object contained in the input
image, and generates the background image. |
An example of a model obtained by expanding in the time

10 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. 30. For example, if the
moving direction of the image corresponding to fhe
foreground object islhoriéontal with respect to the screen,

15 the model shown in Fig. 30 is a model obtained by expanding
" the pixel values of pixels disposed side-by-side on a single
line in the time domain.

In Fig. 30,:the line in frame #n is thé 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 containeq-in thé sixth through seventeenth pixels
from the left-are contained in the second through thirteenth
pixels from the left in frame #n-1 and are élso contained in
the tenth fhrough twenty-first pixel from the left in frame

25 #n+l.



apply equation (7) to, for exanple, 3x3--background inmage bl ocks having

X4. at the center, as shown in Fig. 34A, and to, for exanple,
3x3-background i nage bl ocks having Y4 at the center which corresponds to

t he background i mage bl ocks, as shown in Fig. 34B, thereby calculating the
sum of absolute values of differences corresponding toDP¢aemegs2089 absol ut e
values of differences = 11 I(Xi - Yi)l (7) The correl ati on-val ue cal cul at or
321 supplies the sum 15 of the absolute val ues of the differences

cal cul ated as described above to the threshol d-val ue processor 322 as the
correl ation value. The threshol d-val 88 processor 322 conpares the pixel

val ue of the correlation inage wwth a threshold thO If the 20 correlation
value is snmaller than or equal to the threshold thO, 1 is set in the pixel

val ue of t herbi niatie Opi-SC! (B DacameriRPO% -tifh cdverde correl at i on

value is greater than the threshold thQ is set in the pixel value of

the bi neaykgbpesd hpBgeardhehet 8] &SHOLIH- MRt SEGRI OCESSQSn B2 :an; out put s
the binary object- inmge whose pixel value is set to O or 1. The threshold
5 val uefpooctssoleBR? any shorgitdes thsashel gy tHO ther@idoddradd
configuration of the tine change detector 303. Wen advance, or may use the
t hr eshobackgfoimput réa oarantiext esa@id Sotswogh fFowrtiBHitd Ustimines t he
bi nary object image . :
5 the left.r In frame #n, the pixels belonging to the covered
background area are the fifteenth through seventeenth pixels
from the left, and the pixels belonging to the unéovered
background area are the sixth through eighth pixels frbm'the
left. In frame #n+1l, the pixels belonging to the covered
10 background area are the nineteenth through twenty-first
pixels from the left, and the pixels belonging to the
.uncovered baékground area are the tenth through twelfth
pixels from the left.
In frame #n-1, the pixels belonging to the background
I5 -area are the first pixel from the left, and the fourteenth
through twenty-first pixels from the left. In frame #n, the
pixels belonging to the background area are the first
through'fifth pixels from the left, and the.eighteenthr
through twenty-first pixels from the left. In frame #n+1,
20  the pixels belonging to the background area are the Ffirst
 through ninth pixels from the left.
Aﬁ example of the background imagé corresponding to the
example shown in Fig. 30 generated by the béckground image

generator 301 is shown in Fig. 31. The background image

25 consists of the pixels corfesponding_to the background



corresponding to the nodel of the input imge shown in Fig. 30. In the

bi nary object image, 0O-is set in the pixel values of the pixels having a
hi gher correlation with the background image. Fig, 36 is a bl ock diagram
illustrating the 15 determ ning the area of a pixel inzfgaBrRbgn00s franme

- menmory 341 stores a binary object, image of frame #n-1, frane #n, and
frame #n+l1 supplied fromthe binary-object-inage extracting portion 302.

An area determ ning portion 342 determ nes the area of 20 each pixel of
frame #n based on the binary object. igmage of frame #n-1, frame #n, and

frame #n+l so as to generate area information, and outputs the generated

area information. Fig. 37 illustrates the determ nations nmade by the area
determ nin ortiaon 342_ \Wen the designated pixel of the 25- binary

obj ect - Pbﬂ%& irn 2FFafReAn"PE - 6Ot RERaBAIGe COFRPRERGS 2CDEERADRRADNGS - 97
portion 34% de%ernines that .t he designated pixel in frame #n belongs to
the back(r &(h5d T8FEICWRENPAE Tesi gnat ed pi xel of the binary object inage

in f #nis 1, and th di ng pixel. of the 5 bi bj ect
mage 1 1 r aRLS AAERE AR TR (FRESROH CapBAGHIAR 0l of tne b nar y

oDl ot LRUE 0ol kaNB A0 Lonh ok USSR ELEL I PRI o032
area Wepykhg @ﬁéiEQERSQthéekmggetQﬁdbkﬂérXnBBLeE&a&Q?9§n&“
supplies the generated binary object image to a time change
- detector 303.
Fig. 32 is a block diaéram illustrating the
configuration of the binary-object-image extracting portion

10 302. A correlation—value calgulator 321 calculates the
correlation between the background image supplied from the
background image generator 301 and the input image S0 as to
generate a correlation.value, and supplies the generated
correlation value to & threshold-value processor. 322.

15 The correlation-value calculatorl32l applies equaticon
(4) to, for example,. 3x3-background image blocks having X,
at the center, as shown in Fig. 33A, and to, for exampie,
3X3fbackg£ound image blocks having Y, at the center which
corresponds to the background image blocks, as shown in-Fig.

20 33B, - thereby calculating a correlation value corresponding

Cto Y,.
8 | __ 8 -
S(Xi-X)3(Yi-Y) |
Correlation value = 8"=° = ‘=°8 - | (4)
| S(Xi-X) «3(Yi-Y)
i=0 i=0




10 frame #n is 1, and when the correspondi ng pixel of the binary object
image in frame #n-1 is 0, the area determning portion 342 determ nes that
t he designated pixel in frame #n belongs to a covered background area.
When t he desi gnated pixel of the binary object inmge ig[)15 Lr%&% #n is 1,
and when the correspondi ng pixel of the binary objectiGECP I 0Pr ane #n+1
is 0, the area determning portion 342 determ nes that the designated

pi xel in frame #n belongs to an uncovered background area. Fig. 38
i'llustrates an exanple of the determ nations 20 nmade by the tinme change
detector 3.03 on the binary object™ ?ﬂa@e corresponding to the. nodel of
the input image shown in Fig. 30. The tine change detector 303. determ nes
that the first through fifth pixels fromthe left in frame #n belong to

t he background area since the correspondi ng pixels of the 25 binary object
image in framei#n are 0. 2 December 2005 - 98 The time change detector 303
determyes i=hat the sixth through ninth pixels fromthe |eft b?gfng to the
uncovered background area since the pixels of the binary objec mage in
frame #n are 1, and the corresponding pixels in frame 5 #n+l are 0. The

ti me changegdetector 303 determnes that the tenth through thirteenth

pi xels fro We | eft belong to the foreground area since the pixels of the

binary'ibieeﬁ;Lnage in frame #n are 1, the corresponding pixelggin frame
#n-1 '

The correlation—value caleulator 321 supplies 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, 3x3~background image
blocks haviﬁg X4 at the center, as shown in Fig. 34A, and to,
for example, 3x3-background image blocks having Y, at the
10 center which eorresponds to the background image blocks, as
shown in Fig. 34B, thereby calculating the sum of absolute

values of differences corresponding to Y,.-

- | .
Sum of absolute values of differences = EEIOG.— Yﬂl (7)

i=Q

Tﬁe eorrelation—vaiue calculator 321 supplies the sum
15 of the absolute values of the differences calculated as
| described 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-thresﬁold th0. If the.
20 correlation value is smaller than or equal te the threshold

th0, 1 is set in the pixel value of the binary object image.



10 are 1, and the corresponding pixels in frane #n-r1 are 1. The tine
change detector 303 determ nes that the fourteenth through seventeenth
pi xels fromthe |left belong to the covered background area since the

pixels of- the binary object image in-frame #n are 1, amdcbhBecRosespondi ng
15 pixels in frane #n-1 are 0. The tine change detector 303 determ nes that

the eighteenth through twenty-first pixels fromthe left belong to the
background area since the corresponding pi xels, of the binary object inmge
in frane #n are 0. 2'0 The area specifying processing performed by the area
specifying unit 103 is described below with reference to the flowhart of
Fig_ 39. In step S301, the background i mage generator 301 of the area
specifying unit 103 extracts, for exanple, an inmage object correspondi ng
t 0. a batkgFbangcrsebbiier coheai hedoreaberitmn imgehbaseeldnthhe i nput
i mage.” 2 Decenber 2005 - 99 so as to generate a background inmage, and
suppl i €% 1heSgeneR abtled BRERYrowhee i phgkhe i akirgcobirrge - i ke
extract']gg goriign 302. In step S302, the binary-object--inmage extracting 5
porti on 302 RATLTT AL LR RERTPFEPatioh VAP UL WatWeerthhindi ohirtfe and t he
background | r’r‘%?e Su |ied fjgomihe backgr ound irrat&}e generator 301
according o, " for e[%g’fﬁlre‘fa 3F i atTont df Pusked We Ehesdieite to Figs.
S3nsanty I bRosl e S0 nd % LR ¥ LIPS RSP HPTtT on 302
advance, or may use the threshold th0 input from an extérnal
source.
Fig. 35 illustrates the binary object image
corresponding to the model of the input image shown in Fig.
10 30. In the binary object image, 0 is set in the pixel’
values of the pixels having a higher correlation with the
background image.
Fig. 36 is a block diagram illustrating the
configuration of the time change detector 303. When
.15 determining the area of a pixel‘in frame #n, a frame memory
341 stores a binary object image of frame #n-1, frame #n,
. and frame #n+l supplied from the binary-object-image
extracting portion 302.
An area determining portion 342 determines the area of
20  each pixel of frame #n based on the binary object image of
frame #n-1, frame #n, and frame #n+l so as to generate area
information, and outputs the generated area information.
Fig. 37 illustrates the determinations made by the area

determining portion 342. When the designated pixel of the

25 binary object image in frame #n is 0, the area determining



10 binary object inage fromthe correlation value and the threshold thoO
by, for exanple, conparing the correlation value with the threshold thO.
In step S304, the tinme change detector 303 executes the area determning

processing, and the processing is conpleted. 15 Detai bhyRbnbRer@sea
determ ning processing in step S304 are descri bed bel ow v(\%%tﬁI ?'g/‘f’er ence to

the flowhart of Fig. 40. In step 5321, the area determ ning portion 342
of the time change detector 303 determ nes whether the.designated pixel
in frame #n stored in the frane menory 341 is 0. If 20 it is determned
that the designated pixel in frame #R’iS 0, the process proceeds to step
S322. In step S322, it is determned that the designated pixel in frane #n
bel ongs to the background area, and the processing is conpleted. If it is
det er mpedtion si4p E32drimieds ttea designid eth?brgd Xelxd D I afeanddn #irs 1, the
process. proceeds to step 532.3. 2 Decenber 2005 - 100 In step 5323, the
area debvelongs nigp pdrd ilmaci3tbwid tdw=4di me change det ector 303 deterni nes
whet her the designated pixel in frame #n stored in the frane nenory 341 is
1, and whet [f@en tihe desdespdedi pd xpilxelf ithef bdmeryn-objiest0 imkfyei tinis 5 '
determ ned that the designated pixel in frane #n is 1 and the

cor r espofRithdripi el L i rand arhemrthe jep;e s asiscepraftadds to step 5324.
In step 5324, it is determned that the designated pixel in franme #n

bel SngPIPThE VG edradmaciyrioime dited, dmd « mnprdesssifilg is conpl et ed.

corresponding pixel of the binary object image'in frame #n+1
is 1, the area determining portion 342 determines that the
designated pixel in frame #n'belongs to the foreground afea.
When the designated pixel of the binary object image in
10 frame #n is 1, and when the corresponding pixel of the
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 deeignated pixel of the binary object image in
15 frame #n is 1, and when the corresponding pixel of the
binary object image in frame #n+l is 0, the area determining
portion 342 determines that the designafed pixel in frame #n
belongs to an uncovered background area. |
Fig. 38 illustrates an example of the determinations
20 made by the time change detectér.303 on the bipary objeet
image corresponding to the model of the input image shown in
Fig. 30. The time change detector 303_dete;mines that the
first through fifth pixels from the left in frame #n belong
to the background area since the corfesponding pixels of the

25 Dbinary object image in frame #n are 0.



10 I f
is O,

S327.

10

15

20

25

the tinme
frame #n stored in the frame nmenory 341 is 1, and whet
corresponding pixel in frame #n+l1 is 0. If it is determned that t
designated pixel in frane #n is 1 and the corresponding pixel in f
#n+l is 0, the process proceeds tq_igep 5326. In step S326, it is
determ ned that 20 the designated pi &

uncovered background area, and the processing is conpleted. If it
determ ned in step 5325 that the designated pixel in frame #n is O,
t he correspobitk ngipe xehange debeetdn+3103 sddtethiengs odests fhHoceedshit 0 step

it is determned in step 5323 that the designated pixel inf

rane #n

or that the corresponding pixel in frame #n-1 is 1, the process

er t

in frame #n belongs to the

proceeds to step 5325. In step 5325, the area.determ ning portion 342 of
change detector 303 determ nes whether the dﬁ%k&&ﬁﬁ&@xﬁbxe' in 15
e

he
rane

is _
or that

In step 25 5327, the area determ ning portion 342 of the tinme change

The time change detector 303 determines that the tenth
through thirteenth pixels from the left belong to the
foreground area since the pixels of the binary object image
in frame #n are 1, the corresponding pixels in frame #n-1
are 1, and the corresponding pixels in frame #n%l are 1.

The time change detector 303 determines that the
fourteenth through seventeénth pixels from the left belong
to the covered background area sinée the pixels of tﬁe-
binary object image in frame #n are 1, and the corresponding
pixels in frame #n-1 are 0. |

The time change detector 303 determines that the

eighteenth through twenty-first pixels from the left belong

to the background area since the corresponding pixels of the

binary object image in frame #n are 0.
The area specifying processing performed by the area

specifying unit 103 is described below with reference to the

flowchart of Fig. 39. 1In step S301, the background image .

generator 301 of the area specifying unit 103 extracts, for
example, an image object corresponding to.a background

object contained in an input image based on the input image

2 DecenbBfFopgbsningpipigetecform3dBedéeéinbrésnghtt the desogaatéd pixel in
frame #n belongs to the foreground area, and the processing is
. As di schaskgrapBdearepesipea EpecPiyphg afi theoBinsry abject oimpaeify,
based on the cor%elation val ue between the input inmage and the

conpl et ed.

cor r espofdf hg™BatRgrb8nd- i ABEetneoCARF APCBAIRGEPE bR EGr Bunbrafea, the
bac%grogng area,othe covered background area, or the uncovered background
ared ealh*pi%Ef Cof the input image bel ongs, and generates area i nf or mati on



10 corresponding to the specified result. Fig. 41 is a block diagram
illustrating another configuration of the area specifying unit 103. The
area specifying unit 103 shown in Fig. 41 uses a notion vector and
posi-tional information thereof supplied fromthe notion_15 det%ﬁbgr 102.
The same el enents as those shown in Fig. 29 are desidggﬁgﬂngﬁﬁ i ke
reference nunerals, and an explanhation thereof is thus omtted. A
robust - processing portion 361 generates a robust binary object inmge based

on binary object inmages of N 20 fransg supplied fromthe

bi nary-obj ect-i mage extracting portron-302, and outputs the robust binary
object image to the tine change detector 303. Fig. 42 is a block diagram
illustrating the configuration of the robust-processing portion 361. A 25

ot i on sonpensat gendBdte cimensiagesuiidr ihdge poand@ns®ipl hes 2ciecenber 2005 -
102 binary object inmages of N franmes based on the notion vector and the

posi ti opaheratoed nipddlonr et eohage pipd | Ede f s oma t reob et ¢-ofmaes ect or 102, and
outputs a notion-conpensated binary object inage to a switch 382. 5 The
not i on @vhEpeesing apoperdorifBl. by the notion conpensator 381 is di scussed
below with reference to exanples shown in Figs. 43 and 44. It is now
assuned, forlfexdfi &30Zhatthehdimagy obifacindwage sxttoayd iproocessed. When
bi n%r,y Sgljrgj(.:gnig(? eg‘afclz‘ulf;taenge jnéc}flfglr;‘gfofnx}afwg gét?wn(fefn;#e input
pu
image and the background image supplied from the background
image generator 301 according to, for example, calculation
discussed with reference to Figs. 33A and 33B. In step é303,
the binary-object-image extractiﬁg portion 302 computes a 7
10 Dbinary object image from the correlation value and the
threshold th0 by, for example, comparing the cérrelation
value with the threshold thoO.
In step $S304, the time change detector 303 executes the
- area determining processing, and the processing‘is completed.
15 Details of the area determining processing in step S304
are described below with refereﬁqe to the flowchart of Fig.
40. in.step 5321, the area determining portion 342 of the'
time change detector 303.dete£ﬁihes whether the designated
pixel in frame #n stored in the frame memory 341 is 0. If
20 it is-determined that the designated pixel in frame #n is 0,
the process proceeds to step $322. 1In step §322, it is
determined that the designated pixél in frame #n belongs_to
the background area, and the processing is completed.

s
If it is determined in step S321 that the designated

25 pixel in frame #n is 1, the process proceeds to step $323.



10 shown in Fig. 43 are input, the notion conpensator 381 conpensates for

" the notion of the binary object image of frame #n-1 and the binary object
i mge of frame #n+l, as indicated by the exanple shown in Fig. 44, based
on the notion vector supplied fromthe notion detectos plRdmba o5
supplies the notion-conpensated binary object inages to the swtch 382
The switch 382 outputs the notion--conpensated binary object imge of the
first frame to a frame nenory 383-1, and outputs the notion-conpensated
bi nary object inmage of the 20 seco_nd]h(jda_rre to a frane nmenory, 383-2.
Simlarly, the swtch 382 outputs the notion-conpensated bi nary object
images of the third through (N-1)-th frane to franme nenories 383-3

t hrough_383-(N-1 and outputs the notion-conpensated binary object inmage
of the APtAtEPaPe<? o B¢ raed ndebe ynBgloy portioqme342 ape HedOEMS83- 1
stores the notion-conpensated 2 Decenber 2005 - 103 binary object inage of
the fi rE}E‘a’f‘gﬁnﬁ?t%‘ﬁﬁoﬁﬁ%t%eF%’é‘“l%?%r‘é]aeW%rW%bf%%%gfﬁ%@é Ro<@l wei ghting
portion, 38%1-1. n%he fran%' mem)r%dg. 83-2 stores_the notion-conpensated

bi nary bBj 8EF"? nhYye® BT thet B etdndt FFBFEeBEY olitbutd t herRd oFeRtRE pi nary
object jmage to a weightin rtiop 384-2. Simlarly, the franme. menories
383-3 t Hrought 3839 %‘g %‘%b%ce) f’hegﬂ%rf‘?o%r}_c nper&at ebf bthatS obj ect i nmages
of tzhe L 0 ( ) 5k b, ,and, out puts the stored binary

oL oo abPLig: 4 0% Dhd)adds LIAPES o A Ot PHL S, L o N £ Card

I mages to weighting portions HT oug
the corresponding pixel in frame #n-1 is 0, the process

proceeds to step $5324. Ih step 5324, it is determined that
the designated pi#el in frame #n belongs to the covered-r
background area, and the processing is completed.

10 : If it is determined in step 5323 that the désignated'
pixel in frame #n is 0, or that the corresponding pixel in
frame #n-1 is 1, the process proceeds to step S$325. 1In step
§325, the area determining portion 342 of the time change
detector 303 determines whether the designated pixel in

15 frame #n stored in the frame memory 341 is 1, and whether
the-corresponding pixel in frame #n+l is 0. . If it is
determined that the designated pixel in frame #n is 1 and
the corresponding pixel in frame #n+l ié 0, the process
proceeds torstep S326. In step 8326, it is determined that

20 the designated pixel in frame #n belongs to the uncovered
background area, and the processing is completed.

If it is determined in step 5325 that the designated
pixel in frame #n is 0, or that the correséonding pixél in
frame fn+l is 1, the process proceeds to step 8§327. Inrstep'

25 5327f the area determining portion 342 of the time change



10 The frane nenory 383-N stores the notion-conpensated binary object
image of the Nnth frame, and outputs the stored binary object inage to a
wei ghting portion 384-N. The weighting portion 384-1 multiplies the pixel
value of the notion-conpensated binary object inage of the first 15 frane
supplied fromthe frame menory 383-1 by a .predet er ni ne&eFRMBFH2MP, and
supplies a weighted binary object image to an accunul ator 385. The

wei ghting portion 384-2 nmultiplies the pixel value of the

noti on- conpensated binary object inage of the second frane supplied from
the 20" frame nenory 383-2 by a pr erm ned wei ght w2, and supplies the
wei ghted binary object inage to the accurmul ator 385. Likew se, the

wei ghting portions 384-3 through 384-(N- 1) nultiply the pixel values of

t he notderecwpaEniad dmhiaaryhobjae damgas id tgiecdhifd gdameugh
(N-1)-th frames 2 Decenber 2005 - 104 supplied fromthe frane nenories
383- 3 t#u duglo3R3-t{d\Hthe orarmsdeieranared ami gits. pvbdduaugh i N- 1), and
supplies the weighted binary object inages to the accumul ator 385. The

wei ght igvguplorttddon 384-N nul tiplies the pixel value of the 5

not i on- conpensat ed bi nary object image of the N-th frane supplied fromthe
frame nmenor ps3d3sNulped pbedet ertiienadecanwspglet fwiingama isuppBi és t he wei ght ed
bi nary object image to the accunmul ator 385 The accunul ator 385
accanulah EheRRdY v dlages] om ttHe correlation value between the

.input image and the corresponding background image, to which

of the foregroﬁnd area, the background area, the covered

background aréa, or the uncovered background area each pixel

of the input image belongs, and generates area information
10 corresponding to the specified result.:

Fig. 41 is a block diagram illustrating another
configuration of the area specifying unit 103. The area
specifying unit 103 shown in Fig. 41 uses a motion vector

“and positional information thereof supplied from the motion

i5 detector 102. The same elements as those shown in Fig. 29
‘are designated with like reference numerals, and an
explanation thereof is thus omitted. |

A robust-processing portion 361 generates a robust
binary object image based on binary object images of N

20  frames supplied from the binary-object-image extracting-
portion 302, and outpﬁts‘the robuﬁt binary dbfect image to
the time change detector 303.

Fig. 42 is a biock diagram illustratiné the

cdnfiguration of the robust-processing portion 361. A

.25 motiqn compensator 381 compensates for the motion of the



10 noti on-conpensated binary object images. nultiplied by the weights w

t hrough wWN of 'the first through N-th franes, and conpares the accunul ated
pi xel value with the predeterm ned threshold thQ thereby generating the
bi nary obj ect inmage. As discussed above, the robust-pregqessingr peid i on 361
15 generates a robust binary object inmage from N binary object inmages, and
supplies it to the tinme change detector 303. -Accordingly, the area

speci fying unit 103 configured as shown in Fig. 41 is able to specify the

area nore precisely than that shomm%§ Fig. 29 even if noise is contained
€

inthe 20 input inmage. The area sp yi ng processing perfornmed by the

area specifying unit 103 configured as shown in Fig. 41 is described
below with reference to the flowchart of Fig. 45. The processings of step
-S341 t hebughy stepeSB4Bnages st fri f af r@Be s oba hed eonf tis¢ epoEBOL tdeough step |
S303 di scussed with 2 Decenber 2005 - 10 5 - reference to the flowchart of
Fi g. 392ndnihanPesptipael obnferenabion sthquec brsupeied nf strepti8344, the
robust - processing portion 361 perforns the robust processing. 5 In step
S345, tRetirredehanter dbfect3rd 3UBERIEES or nEC tHen—eorreniea eedi bl mary
processin9, and the processing is conpleted. Details of the processing of
step S328TaFk SPMEalOtd ?%%tg%r%%%ssing di scussed with reference to the

fl m@nhart , Of‘l‘h'fel %ioti%ori cabr;r(ljpeaﬁnsaei\:)g.%na%aérlfo onrn;[eréief\ rbei\(OfthleS rr;[oQ:LJ!_%nom tted.

compensator 381 is discussed below with reference to
examples shown in Figs. 43 and 44.. It is now assumed, for
example, that the area in frame #n is to be processed. When
binary object images of frame #n-1, frame #n, and frame #n+l

1¢ shown in Fig. 43 are input, the motion compensatbr 381
compensates for the motion of the binary object image of
frame #n-1 and the binary object image of frame #n+l, as
indicated by the example shown in Fig. 44, based on the
motion vector supplied_from the motion detector 102, and

15 supplies the motion—compensated binary object images to the
switch 382,

The switch 382 outputs the motion—compensated binary
object image of the first frame to a frame memory 383-1, and
outputs the motion—-compensated binary object image of the

20 second frame to -a frame memory 383-2. Similarly; the switch
382 outputs the motioﬁ—compensated binafy object images of
. the third through (N-1)-th frame to frame memories 383-3
thfough 383~(N—l), and outputs the motion~compénsated binary
object image of the N-th frame to a frame memory 383-N.

25 ~ The frame memory 383-1 stores the motion-compensated



10 Details of the robust processing corresponding to the proceési ng of
step S344 in Fig. 45 are given belowwith reference to the flowhart of
Fig. 46. In step S361, the notion conpensator 381 perforns the notion

conpensati on of an input binary object inmge based onztdéﬁergg&i_%‘,)vect or
and 15 the positional information thereof supplied fromthe notion
detector 102. In step S362,.o0ne of the frame nenories 383-1 through 383-N
stores the correspondi ng notion-conpensated binary object inage supplied
via the switch 382. In step S363, jhlerﬂa obust - processing portion 361 2.0
determ nes whet her N binary object i %es are stored. If it "is determned
that N binary object images are not stored, the process returns to step
5361, and the processing for conpensating for the notion of the binary
obj ect himayey avtlj ¢dte jowaspessi nghd of issor f ngnée hearbd narypwhy edie | Tage are 25
.repeated. 2 Decenber 2005 - 106 If it is determned in step S363 that N
binary 99peed bimmgeshhrectstioragk thea protelssipy queedson B&t-€p. S364 in
which weighting is perfornmed. In step S364, the weighting portions 384-1
t hr oughtBBAL LI ENMENPNY I % oF repdnth e N Botbi eemerobj oot biteges by t he
wei ghts Wl through wN. I n step S365, the accunul ator 385 accunul ates the N
wei ght ePIRTariost] &t thfagiacond Siane S3u8] QW Het Ue a1r8B5 gener at es

a bgnarg. obj e(‘g, i mage fromthe accunul ated i nages bg/, for exanpl e,
inary object "Image to a weighting portion 384-2.

Similarly, the frame.mémories‘383—3 through 383-(N-1)
store the motion~compensated binary object images of the
third through (N-1)-th frames, and outputs the stored biﬁary-
object iméges to weighting portions 384-3 through 384—-(N-1) .

10 The frame méﬁory 383-N stores the motion-compensated binary
object image of the-N—thrframe; and outputs the stored
rbinary object image to a weighting pprtion 384-N.

The weighting portion 384-1 multiplies the pixel value

of the motion-compensated binary object image ofrthe first

15 frame supplied from the frame memory 383-1 by a
predetermined weight wl, and supplies a weighted binary
object image to an accumulator 385. The weighting portion
384;2 multiplies thé pixel va;uelof the motion-compensated
binary object image Qf the second frame supplied from the

20 frame memory 383-2 by a predetermined weight w2, and
supplies the weighted binary object image to the accumulator
385. | |

Likewise, the weighting portions 384*3-through 384— (N—
1) multiply the pixel values of the motion-compensated

25 Dbinary object images of the third through (N-1)-th frames



10 conparing the accunmul ated value with a predeterm ned threshold thl, and
the processing is conpleted. As discussed above, the area specifying unit
103 configured as shown in Fig_ 41 is able to generate area i nformation
based on the robust binary object inmage. 15 As is seen b he f regO|ng
description, the area specifying unit 1.03 is able to gEFEFRPE 240
information indicating to which of the noving area, the statlonary ar ea,
.the uncovered background area, or the covered background area each pixel -
contained in a frane bel ongs. 20 Fig. 47 is a 'block diagramillustrating
the configuration of the mxture-TatPé calculator 104. A m xed- area-w dth
detector 401 detects the width of the m xed area to which the designated
pi xel belongs by using the pixel interval as the unit based on the area
i nf or matsugpiseppliredt tRe Frafet hemakeas SBQCBth@gugﬂlhaéQQNa@ﬂ B@e not i on
vector and 2 Decenber 2005 - 107 the positional ormati on t hereof

_suppl i egrfedenetrheneat weighdet @6t @hrdQgh, wike1yi xaddaseppwidshtdet ect or 401

supplies the detected width to a straight-line applying portion 402 as

t he m xew-igih¢adwbdhhriynbbrrati dnagbsThe sheahghumhilaeoappBygi.ngTperti on 402
calculates the ratio of the width of the mxed area to the distance from

t he desiwgrghédnpi pektiont R84pNxslilpopilikenetdeapikbe edyecobf the ni xed area
based on the m xed-area-width information supplied fromthe

nlxéa afeilandchrgeneated konagndobfiect image of the N-th frame

supplied from the frame memory 383-N by a predetermined
weight wN, 'and supplies the weighted binary object image to
the accumulator 385. | |

The accumulator 385 accumulates the pixel values of the

10 motion-compensated binary object imades multiplied by the
. weights wl through wN of ‘the first through N-th frames, and
compares the accumulated pixel value with fhe predetermined

threshold th0, thereby generating the bina%y object image.

As discussed above, the robust-processing portion 361

15 generates a robust binary object image from N binary object.
images, and supplies it to the time change detector 303.
Accordingly, the area specifying unit 103 configured as
shown in Fig. 41 is able to specify the area more precisely
than that shown in Fig. 29 even if noise is contained in the

20 input image.

The area specifying processiﬁg performed by the area:
specifying unit 103 configured as shown in Fig. 41 is
described below with reference to the flowchart of‘Fig. 45.
The processings of step S341 through step S343 are similar

25 to those of step S301 through step S303 discussed with



notion detector 102. The straight-line applying portion 402 cal cul ates the
m xture ratio a of the designated pixel based on the ratio of the w dth of

the mxed area to the distance fromthe designated pixel to t 5 pi xe
positioned at the edge of the mixed area. Since it caﬁ§§8“§@§ﬁ%§8&that t he

obj ect corresponding to the foreground is noving with constant velocity

within the shutter tine, the mxture ratio a of the pixels belonging to a
m xed area exhibits the followi ng 20 characteristics. That is, the mxture
ratio-a linearly changes according %Qﬁfﬁe positional change in the pixels.
If the positional change in the pixels is one-dinensional, a change in the
m xture ratio a can be represented linearly. |If the positional change in
the pi xsdBerendavocdli tinsf Dhadhadt 25F Chigge3 s N 4he 4 Xduradatish a can be
represented on a plane.. 2 Decenbéer 2005 - 108 Since the period of one
frame ishetwrf is ttloan deitassuned that the object corresponding to the
foreground is a rigid body noving with constant velocity. The gradient of
t he m Xt ur e Imatsitepa Si3gt 4, n\édres glopus tprropards sdngd  foor ttihe &%dunt of novenent v
wWithin the shutter tine of the foreground. An exanple of the ideal m xture
rati o Pesfomautia Rigpst g8rodq@esipadi ent 1 of the ideal mixture ratio a

in the mxed area can be represented by the reciprocal of the
5 In step S345, the time change detector 303 performs the

area determining prdcessiqg, aﬁd the processing is completed.
Details of the.proceséing of step 5345 are similar to the
‘processing discussed with reference to the flowchart of Fig.
4}, and an explanation thereof is thus omittéd.

10 Details of the robust processing corresponding to the
processing of step S344 in Fig. 45 are given below with
rreference to the flowchart of Fig. 46. In step S361,‘tﬁe

motion compensator 381 performs the motion compensation of
an input binary object image based on the motion vector and
15 the positional information thereof supplied from the motion
detector 102. In step 5362, oﬁe of the frame memories 383-1
through 383-N stores the corresponding motion-compensated
binary object image suppxied via the éwitch 382.
- In step S363} the robust-processing portion 361
20 determines whether N binary object images are stored. .If.it
is determined that N binary object images are not stored,
‘the process returns to. step 8361, and the processing for
compénsating for the motion of thelbinary 5bject image énd
the processing for storing the binary cobject image are -

25 3repéated.



10 anount of novenent v. As shown in Fig 48, the ideal mxture ratio a has
the value of | in the background area, the value of 0 in the foreground
area, and the value of greater than 0 and smaller than 1 in the m xed
area, 15 The processing of the m xture-ratio calculato& 04 is 2@ ri bed
below with reference to Figs .49 through 53. Fig. 49 iAYSRFPS nodel
in which pixel values corresponding to an inage including a covered
background area and having the amount of novenent v of 4 are expanded in
the tine direction and the period corresponding to the shutter tine is

di vi ded. The rel ationship anong the PP%er. value Mk of a designated pixel
bel ongi ng to the covered background area of frame #n, the pixel value Bx of
t he pi xel belonging to the 25 background area of frame #n--1 correspondi ng
to the 2 Decekfibet 200detediithedlest gpdeds X edhaf f name Ap. o4 he mixture

rati o ax of the designated pixel can be expressed by equation (8): M =

axBx+f xig8pewhere xtondicatkes phecpssiprovceedsthe coosdipaseiaxis x in 5

~the noving direction, and fx designates the sumof the foreground
conponelhdcioneaghedngnis hee pfashedal uknoftéheS3eesi thatedighehg Fig. 50

illustrates_a nodel in which pixel values corresponding to an inage

i ncl udi RT&ACBACHTAr bdthaewgh o8N multiply the corresponding N

5> binary object images by the weights wl through wN.

In step S365, the accumulator 385 accumulates the N
weighted binary object images.

In step $366, the accumulator 385 generates a binary
object image from the accumulated images by, for exampie;

10 comparing the accumulated value with a predetermined
threshold thl, and the processing is completed.

As discussed above, the area specifying unit 103
configured as shown in Fig. 41 is able to generate area
information based on the robust binary object image.

15 As is seen from the foregoiﬁg description, the area
specifying unit 103 is able to generate- area information
indicating to which of the moving area, the stationary area,
-the uncovered background area, or the covered background
‘area each pixel contained in a frame belongs.

20 Fig. 47 is a block diaﬁram illustrating the
configuration of the mixture-ratioc calculator 104. A mixed—
area-width detector 401 detects the width of the mixed area
to Which the designated pixel belongs by-using the pixel
interval as the unit based on the area information supplied

25 from the area specifying unit 103 and the motion vector and



10 .area and having the anmount of novenent v of 4 are expanded in the tine
direction and the period corresponding to the shutter tinme is divided.
Simlarly, the relationship anong the pixel value M of a designated pixel
bel ongi ng to the uncovered background 15 area of frane;Hacehbd Rosel val ue
Bx of the pixel belonging to the background area of frame #n+l
corresponding to the designated pixel of frame #n, and the m xture ratio
ax of the designated pixel can be expressed by equation (8). As shown in
Figs. 49 and 50, when the anount ijﬁ) nmovenent is indicated by v, the
width of the m xed area in the novinig direction of the foreground object
can be determ ned by subtracting one fromthe anmnount of novenent v. For
exanple, in Fig. 49, the pixels belonging to the covered background area of
frame #eheareosheigiadt hntforoaghi @6 Bighedt piwallsidd oirdrhetiefigtiand t he

wi dth of the covered 2 Decenber 2005 - 110 background area is found to be
3 by usteieeetrr pitdl iHtemigedasradrevidih ddtediar 49, sumplimsunt  of
movenment.v is 4, and the width of the covered background area is equal to
the resthht dtefind "ByEEubT Fots g et fiigm are afguntpoftian ifdenent v. In
Fig. 50, the pixels belonging to the uncovered background area of franme #n
are theaﬁi?l%%-q%ﬁ%‘@?@e‘mq% 5Bt Um the left, and the width of the.

uncover ed ckground. ar is found to be by usi ng the pixel interval
8 Q%e %traight—?%ne appﬁyqng port%ony402 c%lcula%es the

ratio of the width of the mixed area to the distance from
. the designated pixel to the pixel positioned at the edge of
the mixed area based on the mixed-area-width information
supplied from the mixed-area-width detector 401 cnd the
10 motion vector and the positional information thereof
supplied from the motion detector 102. rThe straight—-1line
applying portion 402 calculates the mixture ratio‘a cf'the
designated pixel based on the ratio of the width of the
mixed area to the distance from the desigﬁated-pixel to the
15 pixel positioned at the edge of the mixed area.
‘Since it can be assumed.that the object corresponding
to the foreground is moving with ccnstant velocity within
Ithe shutter time, the mixture ratio a of the‘bixels
belonging to a mixed arearexhibits the following
20 characteristics. That is, the mixture ratio a:linéarly
changcs according to the positional changelin the pixels.
If the positional Change in che pixels is Ope—dimensional, a
change in the mixture ratio @ can be represented linearly.
If the positional change in the pixels is-two—diﬁensional, a -

25 change in the mixture ratio @ can be represented on a plane.



10 as the unit. In Fig. 50, the anount of novenent v is 4, and the width
of the uncovered background area is equal to the result obtained by
subtracting one fromthe anmount of novenent v. When the anount of novenent

is indicated by v, the 15 mxture ratio a of the pixeb R }ﬁﬁﬁpsitioned
on the straight Iine in the direction of the notion vector; Wi © bel ongs
to the covered background area of frame in, and which is | ocated adjacent
to the pixel belonging to the background area (the pixel at the |eading
end of the notion 20 vector) can bg.gggegnined by equation (9). a = (v-1)
/v (9) For exanple, the mxture rati of the fourth pixel fromthe left
of frame #n shown in Fig. 51 is 3/4 when the . anount of novenent v is 4.
25 . \Wen the amount. of novenent is indicated by v, the 2 Decenber 2005 -
111 mi xt ur eSiace otlae opethed sef ovue pf xahe f t9nshdwet pi xelcdelmngi ng to the
background area, which is positioned on the straight Iline in the direction
of the R§EVERdyEERSI thanabikicthcherengsntiéngheocblier édrbackgnduisl ar ea of
frame #n can be 5 determined by subtracting 1/v fromthe mxture ratio a -
of theTBioe PRAYcHoVingoyithoreBssAantheespeatyht line in the direction of
the notion vector, which belongs to the covered background area of frane
#n, and whi ch'? sI¥LleRl afj Beedrixtere e it belongitielo the backgr ound

) are%i proportional to the amount of movement v within the shutter
time of the foreground.
An example of the ideal mixture ratio a is shown in Fig.
48. The gradient 1 of the ideal mixture ratio o in the |
mixed area can be represented by the reciprocal éf the
10 amount of movement v. |
As shown in Fig. 48, the ideal mixture ratio a 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
than 1 in the mixed area.
15 | The processing of the mixture-ratio calculator 104 is
described below with reference to figs.,49 through 53.

Fig. 49 illustrates'a model in which pixel wvalues
corresponding to an image including a cévered background
area and having the amount of movement v of 4 are expanded

20 in the time direction and the period correéponding to the
shutter time is divided.

The relatiénship amoﬁg the pixel. value Mx of a
designated pixél belonging to the covered béckground area 6f
frame #n, the pixel value Bx of the pixel,beionging to the

25 background area of frame #n-1 corresponding to the



10 For exanmple, when the anount of anenent'v is 4, the mxture ratio a of
the third pixel fromthe left in frame #n shown in Fig. 51 is 1/2, which
is equal to the value obtained by subtracting 1/4 fromthe mxture ratio a

of the fourth pixel fromthe left of frame #n. 15 Si nblgkbypeVdtR8 t he
amount of novenent is indicated by .v, the mxture ratio a'-of the third
pi xel fromthe pixel belonging to the background area, which is positioned
on the straight line in the direction of the notion vector, and which

bel ongs to the covered background aaﬁg of frame #n can 2'0 be determ ned
by subtracting 2/v fromthe m xture tio a of the pixel which is
positioned on the straight line in the direction of the notion vector,

whi ch bel ongs to the covered background area of frane.#n, and which is

| ocat edleligreanid diccdlhe ikelnddimgngimy the i thaek graolind car e, . 25 For
exanpl e, when the anount of novenent v is 4, the 2 Decenber 2005 - 112

m xt ur eehreatdeas igreft adh e iswdomd mibee le Xforemstase Hyefdquart iforan@@) :#n shown in-
Fig. 51 is 1/4, which is equal to the value obtained by subtracting 1/2
fromthe m X¥rureox8Bkbfa of the fourth pixel frofdthe left of frame #n.
Accordingly, the mxture ratio ax of the pixel belonging to the covered
backgr SURF @ared NHEH tase tdiss tasdd1omy ém fthiss ogoxelingder R isi xeliradj acent to

t he_pi xel bel ongin t o the background area is x can be cal cul ated by
equati &ﬁ"e( f&V%@gr&?qw@i designates the sum of the

foreground components contained in the pixel value of the
designated pixel.
| Fig. 50 illustrates a model in which pixel values
corresponding to an image including an uncovered-background
10 area and having the amount of movement v of 4 are expanded
in the time direction and the period corfesponding to the
. shutter time is divided.
Similarly, the relationship among the pixel value Mx of
a designated pixel belonging to thé uncovered background
15 area of frame #n, the pixel value Bx of the pixel belonging
to the background area of frame #n+l corresponding to the
designated pixel of frame #n, and the mixture ratio odx of
the designated pixel can be expressed by equation (8).
As -shown in Fiqs..49 and 50, when the amount of
20 movement is indicated by v, the width of the mixed area in
the moVing direction of the foreground object can be
determined by subtracting one from the amount of movément V.
For example, in Fig. 49, the pixels beionging to the
covered background area of frame #n are the sixth through

25 eighth pixels from the left, and the width of the covered



10 ax = (v-1) /v-x (1/v) (10) Simlarly, when the anmount of novenment is
indicated by v, the mxture ratio a of the pixel which is positioned on
the straight line in the direction of the notion vector, which belongs to

the uncovered background area of frane #n, 15 and whi chpLs.0%3l8d adjacent
to the pixel belonging to the background area (the pixel at the trailing
end of the notion vector) can be determ ned by equation (11). a = (v-1) /v
(11) For exanple, when the ampunt of novenent v is 4, the 20 mixture ratio
a of the second pixel fromthe left jyyframe #n is 3/4. \Wen the amount of
novenent is indicated by v, the mxture ratio a of the second pixel from
the pixel, belonging .to the background area, which is positioned on the
straight 25 line_ in the direction. of the notion vector, and which 2

- DecenbeP22k@Bound 13red el Hnirurd Endeint dveresimacikie duitklarisdeafvalr ane #n
can be determ ned by subtracting 1/v fromthe mxture ratio a of the pixel
whi ch i 85 pblsF t1¥hed ol thikd st #Ai ghee | 3Dt @ hanovgret ionlof4 + k&t i on

vector, which bhel opgs to the 5 uncovered background area of frane 4n, and
whi ch i §°F O‘Fa?‘grb' O’ggf%%e?ﬁv?%e‘? ﬁéa‘b’f%q’u%l%?@? ng® t¥4He Badf ound ar ea.

o EAn S ST s P e PR ERESl e fnd Moty © ot @ o
5. movement v.

In Fig. 50, the pixels belonging to the uncovered
background Qrea'of frame #n are the fifth through seventh
pixels from the left, and the width of the uncovered o
background area is found to be.3 by using the pixel interval

10 as the unit. In Fig. 50, the amount of ﬁovement v is 4, and
the width of the uncovered background area is equal to the
result obtained by subtracting one from the amount of
ﬁovement‘v. |

When the amount.of movement is indicated by v, the

15 mixture ratio a of the pixel which is positioned on the
straight line in the direction of the motion vector, which
belongs to the chered_béckgrdﬁnd area of frame #n, and
which is.located adjacent to the pixel belonging to the
background -area (the piﬁel at the leading end of the motion

20 vector) can be,déﬁermined by equation (9) .

o= (v-1) /v ' (9)

For example, the mixture rétio a of the fourth pixel
from the left of frame #n shown in Fig. 51 is 3/4 when the
amount of movement v is 4.

- 25 . When the amount of movement is indicated by v, the



shown in Fig. 52 is 1/2, which is equal to the value 10 obtained by
subtracting 1/4 fromthe mxture ratio a of the second pixel fromthe |eft
in frame #n. Likew se, when the anount of nobvenent is indicated by v, the
m xture ratio a of the third pixel fromthe pixel belonging tao the
background area, which is positioned on the 15 straigh@D%F b¢n?00Re
direction of the notion vector, and which belongs to the uncovered o
background area of frame #n can be determ ned by subtracting 2/v fromthe
mxture ratio a of the pixel which _is positioned on the straight line in
the direction of the notion vector; i ch bel ongs to the 20 uncovered
background area of frane #n, and which is | ocated adjacent to the pixel

bel ongi ng to the background area. For exanple, when the anmount of novenent
V is 4, mikeurdi xdti€ o abf otlee ofeddied foikdh prxel tid ginddie b&fdndimd rame  #n
shown in Fig. 52 is 1/4, which is equal to the value 25 obtained by

subt r acte nghd/2adkgroddd afted urehict | s gpedithensd Racerhers 200&ght 114
second pixel fromthe left in franme #n. Accordingly, the mixture ratio ax
of the pixel imetlongiimgedoldhe indoy enetdi-dackeriound ardahiien t he di stance -
fromthis pixel to the pixel adjacent to the pixel belonging to the

backgr demtPrgRat ¢ sthxe ceovared dlachanaitnd e repiati ofran(el n besedon t he

di stance x. ax = (v-1) /v-x (1 /v) (12) GCenerally, since the shutter tine
is §uff@%ﬁ%ﬁﬁ;%ﬁ@ﬂhﬁtgubtracting /v from the mixture ratio a of . '

the pixel which is positioned on the straight line in the

- direction of the motion vector, which belongs to the covéred
background area of frame #n, and which is located adjacent
to the pixel belonging to the background area.

10 For example, when the ampunt of movement v is 4, the
mixture ratio d of the third-pixel from the left in frame #n
shown in Fig. 51 is 1/2, which is equal to the wvalue
obtained by subtracting 1/4 from the mixture ratio a of the
fourth pixel from the left of frame #n.

15 | Similarly, when the amount of movement is indicated by
v, the mixture ratio o of the third pixel from the pixel

'-belonging to the background area, which is positioned on the
straight line in the direction of the motion vector, and
which belongs to the covered backgrouﬂd area of frame #n can

20 be determined by subtracting 2/v from the mixture ratio a of

~ the pixel which is positioned on the stréight line in the
direction.of the motion vector, which béléngs to the covered
backgfoundrarea of ffame #n, and which is lﬁcated'adjacent
to the pixel belonging to the background area.

25 .-VFor example, when the amount of movement v is 4, the



it can be assumed that the object corresponding to the 10 foreground is a
rigid body noving with constant velocity wthin the shutter tine.
Accordingly, it can also be assunmed that the mxture ratio in the m xed

area linearly changes on the straight line in the novj di recti.@n.. Thus,
according to the above-described calcul ation 15 netho%E%B?m@ﬂgﬁﬁﬁxture
ratio a, the mxture ratio can be calculated with sufficiently high
precision. Fig. 53 illustrates the cal culation processing for the mxture
ratio U in an inmage. Wen the anmount of novenent is indicated by v, and
when 20 the designated pixel is a ptk®el~belonging to a covered background
area, .the mxture ratio a of the pixel positioned on the straight line in
the noving direction and positioned at. the trailing end of the noving
directimhxitsrendacabed by Lh¥, sapenihpirext orenrahé o1 ar0fid hergixel .
positioned on the 25 straight line in the noving direction and positioned
at the #nDebewhein2P§. -5115s!| eAd| ngheand bf édpea TOWG Ngheli ventid on i S

i ndicated by (v-1)/v. The mxture ratios a of the pixels positioned on the
st r ai ghtbtihredf by heulmovanygingr 421 Hnobetieanitherdi xetiate dhecHeadi ng end
of the noving direction and the pixel at the 5 trailing end of the

movi ng' 8PnuEER| phxehn bem | theateyt chl Cvdmeednwith a gradient of 1/v (by

proportional_ calcul ations). For exanple, when the anmount of novenent v is -
6, and Accordingly, the mixture ratio ax of the pixel

belonging to the coveredrbackground area when the distance
from this pixel to the pixel adjacent to the pixel belonging
to the background area is x can be calculated by equation-
(10) baseq on the distance Xx.
10 _ ox = (v;l)/v—xo(lkv) (10)
Similarly, when the aﬁount of movement is indicated by
v, the mixture ratio o of the pixel which is positioned on
the straight line in the direction of the motion vector, -
which belongs to the uncovered background areé of frame #n,
15 and which is located adjacent to the pixel belonging to the
background area (the pixel at the trailing end of the motion
vector) can be determined by equation (11).
a = (v-1) /v ' | . (11)
For example, when the amount of movement v is 4, thé
20 mixture ratio & of the second pixel from the left in frame
#n is 3/4.
7 When the amount of movement is indicated by v, the
mixture ratio ¢ of the second pixel from tﬁe pixel belonging
. to the background area, which is positioned on the.stfaight‘

25 line in the direction of the motion vector, and which



when the designated pixel is a pixel belonging to the 10 covered background
area, the mxture ratio a5 of the pixel positioned on the straight line in
the noving direction at the |leading end of the noving direction is
determned to be 5/6, and the m xture ratio al positio n.Lr trai ght
line in the noving direction at the trailing end of thgﬁﬂfgmﬁécﬁwg
direction is determned to be 1/6. The mxture ratios a2,'a3, and a4 of the
pi xel s between the pixel at the | eading end of the noving direction and
the pixel at the trailing end of t )ving direction can be linearly

cal cul ated in correspondence with the pixel 20 positions with a gradient of
IN, and are determned to be .2/6, 3/6, and 4/6, respectively. Wen. the
anount of novenent is indicated by v, and when the.designated pixel is a
pi xel bEFOAREAGLP othheunpeveBeddbadhgkoemdnares eaf fhemen kit wan e io a of
the pixel positioned. 25 on the straight line in-the noving direction at
the | eadPhgrD: R cibef 1bDEC 118 ehdv of remethevithgtere exd tbh 9 et er mi ned
to be 1/v, apd the ,mxture ratio a the pixel positioned on the straight
line i ntPEMRIFDYI Fotolr L2t PRRT RtOREd % abhe Nyt et 1 iRe novithe directi on

is determned.to be (v-1)/v, The mxture ratios a. 5 of the pixels
posi t i ONEESD l?%eogtﬁg?dﬁ?t+?%év?ﬁt?ﬁe AT PeRIET tFont Rt ween the pi xe

o D RSO bl RaY P el B P o e ey il {2l ™
adjacent to thé pixel belonging to the background area.
For example, when the amount of movement v is 4, the
‘mixture rétio o of the third pixel from the left in framé #n
shown in Fig. 52 is 1/2, which is equal to the value
10 obtained by subtracting 1/4 from the mixture fatio a of the
second pixel from thé left in frame #n.

Likewise, -when the amount of movement is indicated by v,
the mixture ratio o of fhe third pixel from the pixel
belonging to the background area, which is positioned on the

15 straight line in the direction of the mofion vector, and
which belongs to the uncovered background area of frame #n
can be determined by subtracting 2/v from the mixture ratio
o of the.pixel which is positioned on the straight line in
the direction of the motion vector, which belongs to the

20 uncovered background area of frame #n, and which is located
adjacent to the pixel belonging to the background area.

For example, whenrthe amount of moﬁement v is 4, the
mixture ratio a of the fourth pixel from'thé left in frame
~#n shown in Fig. 52 is 1/4, which 1s equal to the value

25. obtained by subtracting 1/2 from the mixture ratio o of the



performed by the m xture-ratio calculator 104. is described belowwth
reference to the flowhart of Fig. 54. In step 5401, the

m xture-ratio-wi dth detector 401 obtains the area inngpatiﬁnéiﬁgplied
fromthe area 15 specifying unit 103. In step S402, th TXPBF 13t i 0-wi dt h
. detector 401 and the straight-1ine applying portion 402. obtain the notion
vector and the positional information thereof supplied fromthe notion
detector 102. In step $403, the strai?ht-line appl ying portion 402 20

desi gnates-a pixel. In step S404, tThelétraight-line applying portion 402
det erm nes whet her the designated pixel -belongs to the foreground area
based on the area information. |If it is determ ned. that the designated

pi xel bekongsl baxehefrbar egeolsdtaifarrhfie phocess proceeds to step S405 in
which 25 0 is set in the mxture ratio, and the process proceeds to 2
Decenber . 2005ceotdngky eptibd 0 xtdreé trasidatersd nede ipiaiiep S404 that the
designated pixel does not belong to the foreground area, the process

pr oceedbefonginpg 5406he| nnsoeprS&d0Backpeostdanght - vhae thapplytageportion
402 determ nes whether the designated pixel belongs to the background area
based ofirPRethBieaPititdr ittt tba. Pixel|adjasceetetai hed phetl thelaesimnat ed

pi xel belongs to the background area, the process proceeds to step S407 in
whi ch to the background area is x can be calculated by equation S

(12)'based on the distance x.
ax = (v-1)/v-xe{(1l/v) {12)
Generally, since the shutter time is suffiéiently short,
it can be assumed that the object corres?onding to the |
10 foreground is a rigid body moving with constant velocity
within the shutter time. Accordingly, it can aiso be
assumed that the mixture ratio in the mixed area linearly
changes on the straight line in the moving direction.
Thus, according to the above—described calculation
15 method for the mixture ratioc o, the mixture ratio can be
calculated with sufficiently high precision.
‘Fig. 53 illustrates the calcﬁlation'processing for the
mixture ratio o in an image. |
When the amount of‘mOVement is ‘indicated by v, andrwhen
20 the designated pixél is a pixel belonging to a covered
-background area, the mixture ratio o of the pixel positioned
~.on the straight line in thé moving directioh and positioned
at the trailing end of the moving directioﬁ is indicated by
: 1/v( and the mixture ratio o of the pixel. positiocned on the

25 stralght line in the moving-direction and positioned at the



1 is set inthe mxture ratio a. The process then proceeds 10 to step
5409. If it is determned in step S406 that the designated pixel does not
bel ong to the background area, the process proceeds to step 5408 _ In step

$408, the straight-line applying portion 402 executes,ptr i for
calculating the 15 mxture ratio a of the pixel belong%ﬁggéﬁgéﬁggﬁixed
area, and the process' proceeds to step 5409. Details of the. processing
for calculating the mxture ratio a of the pixel belonging to the m xed
area are given below . In step 5409, e straight-1ine applyjng portion 402
2b stores the calculated m xture ratio a in correspondence wth the '
designated pixel. In step S410, the straight-1line applying portion 402
determ nes whether the mxture ratjios a have been calculated for. the whole
frame. $929¥ng bt Miltfe MIHAY tHer er 5%t el s ZBdigatest Hhave Idi -been
calcul ated for the whole frame, the 2 Decenber 2005 - 118 - process returns
to step SAER NI Hotthétt dibeIPixelsgreditd®nas mepédre t he processing
for calcul ati t he ] xture ratio it is determ ned in _step S410 that

the mixtdurE 9" rattvda HE &b _'%%fl;%it% g aste thfolrd ¥elad, the
BE2°2 B SR it 2 L SIS, Aol 1 g por o
5 trailing end of the moving direction can be 1ineérly
calculated with a gradient of i/v (by proportional
calculations) . |

For example, when the amount of movement v is 6, -and

when the desigpated pixel is a pixel beionging to'tﬁe
10 ;COvered baékground area, the mixture ratio a5 of the pixel
positioned_on the straightrline in the moving direction at
- the leading end of the moving direction is determiﬁed to be
576, ahd_the mixture ratio al positioned on the straight
‘line in the moving directibn at the‘trailing end of the
.15 moving direction is determined to be 1/6.

‘The mixture ratios a2, a3, and &4 of the pixels between
the pixel at the leading end of the moving'diréétion and the
pixel at the trailing end of the moving direction can be
linearly calculated in correspoﬁdence with the pixel

Qb ‘positions with a gradient of 1/v, and are determined to be
 2/6, 3/6, and 4/6, respecfively.

When the amountrof movemeht is indicated by v, and when
the,designated pixel is a pixel belonging to the uncovered
background area, the mixture ratio @ of the pixel positioned

25 on the straight line in the moving direction at the leading



A description is given, with reference to the flowchart 10 of Fig. 55, of
the processing for calculating the mxture ratio a of the pixel bel onging
to the m xed area performed by the m xed-area-w dth detector 401 and the

straight-line applying portion 402 corresponding to t §S%joRg of step
$408. 15 In step $S421, the m xed-area-wi dth detector 4 ?ee%ggernpges the -

w dth. of the m xed area in the noving direction of the notion vector
based on the notion vector and the positional information thereof supplied
"fromthe notion detector 102 and Lhﬁlgrga information supplied from 20
the area specifying unit 103. The m Xed-area-wi dth detector 401 supplies
the wdth of the m xed area to the straight- dine applying portion 402 as
the m xed-area-width information. The m xed-area-w dth detector 401 may
cal cul af8% RE whgt Rosinghdimegédonr éa Pasegmbdpedheonhgnifudeansd bhet he
motion vector. 2 Decenber 2005 - 119 5 In step S422, the straight-line
appl yi n§igéPEEoRa%H2 “déher Rited PRE1FLSPgHAcenf £bm sheadebtghiredini xel to
‘the ed% of the m xed area in the noving direction of the notion vector.
In step g&Z??VPHE SEFSFGRPD| PReTRBpIEFRAGLPEr ENBNOHOERS JBPEL AT Nes t he

Tty B cBeTubf 48T getRanshal! X8 kO (V1) 799¢ fhe' NEMIESLES' R 1Ne

5 of the pixels positioned on the straight line in the moving
direction between the‘pixel_at the leading end of the moving
diréction'and the pixel at the trailing end of the moving
direction can be linearly calculated ({(by proportional |
calculations) .

10 The processing for éalculating the mixture ratio «
perfdrmed by the mixture-ratio calculator 104 is described
below with reference to the flowchart of Fig. 54.

In step S401, the mixture-ratio-width detector 401
obtains the area information supplied from the area

15 Specifying unit 103. In step 5402, the mixture-ratio—-width
detector 401 and the straight-line applying portion 402
obtain the m@tion ﬁectof and the positional information_
thereof supplied from the motion detector 102. | |

In step 5403, the straight-line applying portion 462

20 designates-a pixel. In step S404, the straight-line
abplying'portion 402 determineS‘whéther the designated pixel
ibelongs to the fdreground area based on tﬁe area informaﬁioh-
If it isrdetermined‘that the designated pixel belongs to the.
fofeground area, the prbcess proceeds to step 8405_in which

25 0 is set in the mixture ratio, and the process proceeds to



nmovi ng direction of the motion vector. In step $S424, the straight-1line
applying portion 402 10 calculates the m xture ratio a based on the area
information and the. ratio of the width of the m xed area to the distance

fromthe designated pixel to the edge of the m xed -are Th r ssing is
t hen conpl eted. For exanple, when the designated pixelgggfgﬁagﬁgﬁgthe 15
covered background area, -the straight-line applying portion 402 cal cul ates
the m xture ratio a according to the calculation expressed by equation

(10) based on the ratio of the wdth of the m xed area to the distance from
the designated. pixel to the edge oflthe nixed area in the nbving 20
direction of the notion vector. For exanple, when the designated pixel

bel ongs to the wuncovered background area,.the straight-Iine applying
portions¥4€2 s@bzul ates the m xture ratio a according to the calculation
expressed by equation (12) based on the ratio of 25 the.width of the m xed
area to the I sittance detemntine? iDecardpers 2005 hatlZHe desiigpated pi xel to
the edge of the mxed area in the direction opposite to the noving

di rect ipixol dérws ot drelometior . ths hsopsset aboxe, the prodasse-ratio
calculator 102 is 5 able to calculate the mxture ratio a, which indicates
a featRFecepdntie yster redpondi g steredd0 i xBle daseidiion-tive area '

information supplied fromthe area specifying unit 103,.
applying portion 402 determines whether the designated pixel

belongs to the background area based oﬁ thé‘area-information.
" If it is determined that the designated pixel belongs to the
.background area, the prccess proceeds to step 5407 in which
1 is set in the mixture ratio . The process then proceeds
10 to step S409.

If it is determined in step S406 that the designated
pixel does not belong to the background area, the process
proceeds to step S5408. 1In step S408, the straight-line
dpplying portion 402 executes processihg for calculating the

15 mixture ratio o of the piiel belonging to the mixed areé,
and the process proceeds to step S409. Details of the
processing for caléulating the mixture ratio o of the pixel
belonging to the mixed area are given below. .
In step 8409, the straight-line applying portion 402
20 stores the calculated mixture ratio o in correspondence with 
the designated pixel.
| In step S410, the straight-line applying‘portién 402
determines whether the mixture ratios a have been calculated
for the whole frame. If it is determinedrthat the mixture

25 ratios d have not been calculated for the whole frame, the



and the notion vector and the positional information thereof supplied from
the notion detector 102. 10 By using the mxture ratio a, it is possible to
separate the foreground conponents and the background conponents cont ai ned

in the pixel value while maintaining the information 9E}th%f§P#¢ﬂp bl ur

contained in the image corresponding to the noving Ob]ECC? t he i mage

is synthesized based on the mxture ratio a, it is possible to create an
i mage containing notion blur which matches the speed of the noving object
and which faithfully reflects the real world The foreground/ background
separator 105 is di scussed 20 belowl*&ig. 56 is a bl ock di agram
illustrating an exanple of -the configuration of the foreground/background
separator ..105. The input imge supplied.to the foreground/ background
separ at prot@ssi setuppki €d E@ep Separ ahi wG ipdr tnomhe@lpixal switch 602, and
a swtch 604. The area information.supplied 25 fromthe area specifying:
uni t 103edmdtiedditoatiepgatheéh2 Peoenserin20@or- ch2tulbrfiagmahion of the
covered background area and the uncovered background area is supplied to
t he separattumg pettipo#i.601. The area information indicating the foreground
area is supplied to the switch 602. The area information indicating 5 the
background affaltuppldetermined tni $tar 60410 Theati khereixaii® a supplied

fromthe m xture-ratio calculator 104 is supplied to the separating
port?onr6@19s o have been calculated for the whole frame, the

process proceeds to step 5411 in which the straight-line
applying portion 402 outputs the mixture ratios o. The
processing is then completed.

A description is given, with reference to the flowchart

10 of Fig. 55, of the proéessing for calculating the mixture
ratio o of the pixel belonging to the mixed area performed
by the mixed-area-width detector 401-and the straight-line
applying portion 402 corréspondipg to the processing of step
5408.

15 in steb S421, the mixed~area-width detector 4@1
determines the width of the mixed ared in the moving
direction of the motion vector based on the motion vector
and the positional information thereof supplied from the
motion detector 102 and the area information supplied from

- 20 the area specifying unit 103. -Thé mixedwareavwidth‘détector
401 supplies the width of the mixed area to the straight-.
~'line applying portion 402 as the mixed-area-width
information. The mixed-area-width detector QOl‘may"
calculate the width of the.mixed area based on the magﬁitude

25 of the motion vector.



The separating portion 601 separates the foreground conponents fromthe
i nput i nage based on the area 10 information indicating the covered
background area, the area information indicating the uncovered background
area, and the mxture ratio a, and supplies the separgbgg?£g%qﬁbgund

a

conponents to a synthesizer 603. The separating portion SO separates
t he background conponents fromthe input 15 inage, and supplies the
separ at ed background conponents to a ..synthesizer 605. The switch 602 is
cl osed when a pixel corresponding to he foreground is input based on the
area i.nformation  indicating the for ound area, and supplies only the
pi xel s 20 corresponding to the foreground contained in the input inmage to
t he synt hesi zer 603, The switch 604 is closed when a pixel corresponding to
t he backgr oumd sitep 1$gaR2 ,baed sanaivhtarldand rRipplyahigo po ritidinCc atdi2ng t he
background. area, and supplies only the pixels 25 corresponding to the
backgr oigite woimes ndwe idi stmndapinon neye Qefepentyet @I0G5 -td2heto the
synt hesi zer 605. The, synthesizer 603 synthesizes a foreground conponent
i mge AR Oh thee tierasyragianl donpon emeel sy pplieat fqrom f hehe gepairat i ng
portion 601 and the pixels corresponding to the 5 foreground supplied from
the swi¥®H¥02, and outputs the synthesized foreground conponent i mage.
Since the '
g ' In step S5423, the straight-line applying portion 402
determines the distance from the designated pixel to the
edge Qf the mixed area in the direction opposite to the
moving direction of the motion vector.
In step 5424, the straight-line applying portion 402
10 calculates the mixture ratio « based on the area information
and the ratio of the width of the mixed area to the distance
from the designated pixel to the edge‘of the mixed area.
The'proceSsing is then completed.
For example, when the designated pixel belongs to the
15 covered background area, the stréight—line applying portion
402 calculates the mixture ratio « according to the
calculation expressed by equation (10) based on the ratio of
the width of the mixed area to the distance from the
designated pixel to the edge of the mixed area in the moving
20 direction of the motion vector. |
For example, when the designated pixel belongs to the
uncovered background area, the straight-line applying
portion 402 calculates the mixture ratio o according to the

calculation expressed by eguation (12) based on the ratio of

25. the width of the mixed area to the distance from the -



.foreground area and the m xed area do not overlap, the synthesizer 603
applies, for exanple, logical ORto the foreground conponents and the
foreground pixels, thereby 10 synthesizing the foreground conponent i nmage
In the initializing processing executed at the start of the syg hesi zi ng
processing for the foreground component 15 inage). AccErHiHEPG 2®5 s stored
in the pixels corresponding to the background area in the foreground
i mge, the synthesizer 603 stores an i nage whose pixel values are all 0 in
a built-in frame nmenory. Then, in th? synt hesi zi ng ‘processing for the
f oreground conponent inage, the syn ABsizer 603 stores the f or egr ound
conponent image (overwites: the previous i mage by the foreground
conponent 2 0 conponent inage output fromthe synthesizer 603. The
synt hesideerigb@Seslyntikesi tes thebadkegr oindheonpasaentresmagethased on the
background conponents supplied fromthe separating portion. 601 and the
pi xel s ddreetpondppgosdtehéce bhekprwind suppkiédnf pdmchbemswiibah 604, and
out puts the 25 synthesi zed background conponent inage.. Since the 2
DecenbeVeZHO5 -- 123 background area and the nixed area do not overlap, the
synt hesi zer 605 applies, for exanple, logical ORto the background -
conponent s a%ﬂ @h%c%%%%§ﬁ§Wﬁﬂepl&%¢smlthwﬁ%bpatsqn@@k@mk&t@Ftlﬂ?Imackground

conggnenk In the initializing Eroce35|ng executed at the start of
le calculate the mixture ratio o, which indicates a

feature quantity corresponding to each pixel, based on' the
area information supplied from the area specifying unit 103, .
and the motion vector and the positional information thereof
supplied from the motion detector 102.

10 By using the mtxture ratio o, it is possible'to
sepaiate the foreground components and the background -
components contained in the pixel value while maintaining
the information of the motion blur contained in the image
corresponding to the moving object.

15 If the image is synthesized based on fhe mixture ratio
a,.it is possible to create an image containing motion blur
which matches the speed of the moving object aﬁd which’
faithfullf reflects the real world. |

The foregroued/backgrouﬁd separater-lOS is discussed
20 below. Fig. 56 is a block diagram illuetreting an example
~of the configuration of the foreground/background seperator
.105. The inpﬁt image supplied,to the fereground/background,
separator 105 is supplied tc a separating portion 601, a
switch 602, and atswitch 604. The area information"supplied

25 fromrthe area specifying unit 103 and indicating the



t he synt hesi zing processing for the background conponent image, the

synt hesi zer 605 stores an i nmage whose pixel values are all 0 in a built-in
frame nenory. Then, in the synthesizing processing for the background
conponent image, 10 the synthesizer 605 stores the bac%gkgaﬂgmqgﬁgopent

imge (overwites the previous inmage by the background conponent i nage).
Accordingly, O is stored in the.pixels corresponding to the foreground
area in the background conponent inmage output fromthe synthesizer 605. 15
Fig. 57Aillustrates the input inmgeyput into the . foreground/ background
separator 105 and the foreground conponent inage and the background
conponent image output fromthe foreground/ background separator 105. Fig.
57B il]Justrates a nodel corresponding to the input image input 20 into the
f or egr ot BEkRHUNE Separeitered 0% dregrewed foeegrodinthe omponerted mage and
the background conponent inage output fromthe foreground/ background
separ atFCRP U Frey A SHPREHGEE? cthE agpraF 3 Fingtpex tinp t4E i mage to
pal — . : (LN .
be dlsg%ﬁyed and Fig. 57B is nodel obtained by 25 expanding in the tine
directi tarf*eeapilsgbg A SIS e TP DD Bt ehitedIDoend -angm 19 i ne i ncl udi ng
t he pi xel.s. bel i to qu fo roynd area, _tﬁgp i xel s belonging to the
backgroﬁ#&)lalreég%a%? hsemp'%léoe beﬁﬂh‘ﬁi?‘n’@ei‘ o ‘Fﬁ&’e‘ﬁl areH or&s pondi ng
to gig.t@%ac@@gxswﬂ Fi gs. 57 nd 57B, the .b ééround conponent 5
i mage out put from e%%‘raegr %’LPnldV %agiogr%b%as@e%%ﬁgﬁc '? 105
The mixture ratio o supplied from the mixture-ratio
calculator 104 is supplied to the separating portion 601.
The separating portion 601 separates the foreground
components from the input.imagerbased on the area
10 information indicating the covered background area, thé area
information indicating the uncovered background areé,.and
the mixture ratio «, and supplies the separated foreground
components to a synthesizer 603. The separating portion 601
also separates the background components from the input
15 image, and supplies the séparated background components to a
synthesizer 605.
 The switch 602 is-closed when a pixel corresponding to
‘the foreground is.input'based on the area information
‘indicating the foreground-area, and supplies only the pixels
20 corresponding to the foreground contained in‘the'input image’
to the.synthesizer 603.
The switch 604 is closed when a pixel corresponding to
the background is input based on the area information

indicating;the background area, and supplies onrly the pixels

25 corresponding to the background contained in the input image



consists of the pixels belonging to the background area and the background
-conponents contained in the pixels of the mxed area. As shown in Figs_
- 57A and 578, the foreground conponent 10 inmage output fromthe

f or egr ound/ background separator 105 consists of the ngﬁk gslr gi-Nng to the
foreground area and the foreground conponents contain AP i"'xel s of
the m xed area. The pixel values of the pixels in the m xed area are 15
separated into the background conponents and the foreground conponents by
the foreground/ background separ at or %%%__The separ at ed background
conponents formthe background conp nt. imge together with the pixels
bel onging to the background area. The separated foreground conponents form
20 the foreground conponent inage together with the pixels belonging to the
f or egr oindtheeaynibbediseussed. above, in the foreground conponent i nage,
t he pi xel values of the pixels corresponding to the background area are
set to 0, anbthsigmithesimeniodl analtbess 2B nre-Fetegrounte qumpeinent
corresponding to the foreground area 2 Decenber 2005 - 12 5 and the pixels
cor r espofidffigPeded hen ntkedfarearoSidi carpynents 3 bisek gfoumdteonponent

i mge, the gixel val ues of the i xel s corresponding to the foreground area
are setSfB2 ?tl%ﬂdp%¥5h?$i@%%ta%ﬁxEmev%}ﬁ%%sa?%i%ﬁﬁpqnﬁ%ﬁﬁaEﬂ)&h% 5

CorEFSpgggéggoagdtggpg fggrgggg gﬁgaégggcﬁhg0£ixgag outputs. the
synthesized foreground component image. Singe the
. foreground area and ﬁhe mixed érea dc not overlap, the
synthesizer 603 applies, for example, logical OR to the
foreground componénts and the foreground pixels, tﬁereby
1Q synthesizing-the,foreground component image.

In the initializing processing executed at the start.of
'the synthesizing processing for the foreground compoﬁent
image, the synthesizer 603 stores an image whose‘pixel‘
values are all 0 in a built-in frame memory. Then, in the

15 synthesizing processing for the foreground component image,
the synthesizer 603‘stores the foreground component imége
(qverwrites_the previous image by the foreground component
‘image} . Accordingly, 0 is stored in the pixels
corresponding to the background area in the foreground

,ZD component image output.from the sYnthesiéer 603.

The synthesizér 605 synthesizes a background component
image based on the background components supplied from the
separating portion 601 and the pixels correﬁponding to the
background supplied from the switch 604, éndroutputs the

25 | synthesized background component image. Since the



[.

corresponding to the m xed area. A description is.given bel ow of the
processi ng executed by the separating portion 601 for separating the

foreground conponents. and the background conponents fromthe pixels 10

bel ongi ng to the m xed

area. Fig_ 58 illustrates a nodeh.pfnLa8 JoEBoe

i ndicating foreground conponents and background conponents In two frames
i ncluding a foreground object noving fromthe left to the right in Fig.
58. In the nodel of the inage shown in 15 Fig. 58, the anobunt of nobvenent v

is 4, and the nunber of wvirtual divided portions is 4. In franme #n,

t he

| ef t most pi xel and the fourteenth ™ titrough eighteenth pixels fromthe |eft
consi st of only the background conponents and bel ong to the background

ar ea.

20 franme #n, the second through fourth pixels fromthe |eft

contain

t he badkagprarmhcbrpmre sl artdt trhisxddrasgro uiud roonpeneritayy, aitte bel ong to the
uncover ed background area. .franme #n, the eleventh through thirteenth

pi xel s F¥iHaHieqefal T anmd e hadkar crainmionp dreritea lartR for egreound
conponents, 25 and-belong to the covered background area. In frane #n,

nd FEFRONETg  jqrch ke dirgtkarad miivatls f ridmnadiey | ef t consi st

t he.

of only th

2

frane #ﬁa‘fﬂtﬁwtsri‘e“fqgf dthe Rt IS eqRBasiant dgmache left and the
eiggteenth hx%hgf[on1thgaleft consi st .of only 5 the background conponents,

and~ bel ong

10

15

20

25

backyR

the synthesizing processing for the backgrduﬁd component
image, the sYnthesizer 605 stores an image whose pixel |
values are all 0 in a built-in frame ﬁemory. Then, in the
synthesizingrprocessing for the background component image,
the synthesizer 605 stores the backgfound.compdnent image
(overwrites the previous image by the background component.
image) . Accordingly, 0 is stored in the pixels
corresponding to the foregrdund area in the background
component image output from the synthesizer 605.

Fig. S57A illustrates the input image input into the
foreg;ound/baékground separator 105 and the foreground
component image and the background componeﬁt imégeroutput
from the foreground/background separator 105. VFig. S?B
illustrates a quel corresponding to the input image input
into the foreground/background separator 105 and the
foreground component image and the backgrdund-component
image output from the foreground/background separaﬁor 105.

Fig. 57A is a schematic diagram illustrating the image
to be displayed, and Fig. 57B is a model obtained by

expanding in the time direction the pixels disposed in one

Adgr Byocessing executed at the start of

f oreground conponents, and belong to. the foreground area. In



In frame #n+1, the sixth through eighth pixels fromthe left contain
background conponents and foreground conponents, and belong to the
uncover ed background area. In frame #n+l, the fifteenth through
seventeenth pixels fromthe left contain 10 background,¢RuEpRREMEsand
f oreground conponents, and belong to the covered background area. In frane
“#n+l, the ninth through fourteenth pixels fromthe left consist of only
the foreground conponents, and belong to the foreground area. Fig. 59
illustrates the processing for separgtjng the 15 foreground conponents
fromthe pixels belonging to the covered background area- In Fig. 59, al
through al8 indicate nmixture ratios of the individual pixels of frame #n.
In Fig. .59, the fifteenth through seventeenth pixels fromthe -left bel ong
to the coVersChAdkyy obhdl BEER S oQloming xe? Whg U0 T ma RESH . f t eent h
ixel fromthe . left_in frame #n can be expressed by equation (13): Cl15 =
B15/ v-+FDBT vRFER} T 4FOYPVI 1AM SHA SHHO 0 AAIRDET WA &7 - and the Dlxels
als. P1 +g£9/v#FCB v+FCW/v.%% )_ 25 where a15($ndicates_th ‘ﬁixture rati o of
the fifPeeRtH B xe? P ORI 2S5 1SPORI G e Hidt1 1% frame #n, and

P15 desi gnatgs She, piXels:; Val%ﬁ??%nth%jg.f%%%géﬁg%bx%%PE{%gR£ESF% L;thn-

frame #n-1. e sun1ff5£gﬁﬁ¥he oredground c

P o PR SR Hiol I e ER05R BRIERASHS R SURL G0s( 1) based
consists of the pixels belonging to the background area and
the background components contained in the pixels of the
mixed area. |

As shown in Figs. 57A and 57B, the foregrouna component
10 image output from the foreground/background separator 105
‘consists of the pixel belonging to the foreground afea and
the foreground components contained in the pixels of the
mixed area.
The pixél values of the pixels in the mixed area are
15 separated into the background components and the foreground
components by the foreground/background separator 105. The
-sgpa;ated background components form thé background |
component image together with the pixels belonging to the
backgfouqd area. The separated foreground components form
20 7 the foreground component image tdgether with the pixels
" belonging to the foréground area.
As di$cuséed above, in the foreground component image,
the pixel values of the pixels corresponding to the
background area are set to 0, and significant pixel ﬁalues

25 ~are.set in the pixels corresponding to the foreground area



25 In

f15 = F09/v+F08/v+F07/v = Cl15-al15. P15 (14) Simlarly, the sumfl1l6 of the
foreground conponents of the sixteenth pixel fromthe left in frame #n can
be 10 expressed by equation (15), and the sumf17 of the foreground
conponents of the seventeenth pixel fromthe left in frame #n can
expressed by equation (16). f16 -= Cl6-al6.P16 f17 = %P?CQT?ﬂﬁ¥¥5(15) (16)
.15 In this manner, the foreground conponents fc contained in the pixel

val ue C of the pixel belonging to the covered background area can be
expressed by equation (17): fc = CGa+P (17) where P designates the pixel
val ue of the corresponding 20 pixehzin-the previous frane. Fig. 60
illustrates the processing for separating the foreground conponents from
t he pixel s belonging to the wuncovered background area. In Fig. 60, al

t hrou I ndi i ca te mixture ratios of _the.indjvidual-pixels of frame |fn.
° |na&18%_be e seccéjrﬁfetslri’rp&ﬁidﬁlgf F R &S PSRt hE 1 REfeT YDecenber

2005 -J}g%h. ﬂ%ﬁﬁﬁ%&&&ﬁ %mp%%%% &%%g%gcggrou eﬁrvalues of the

pixels corresponding to the foreground area are set to 0,
and significant pixel values are set in thé pixels

5 corresponding to the background area and the pixels
_corresponding to the mixed area.

;A description is given below of the processing executed
by the separating portion 601 for separating the foreground
comeneﬁts and the background components from the pixels

10 belonging to the mixed aréa.

Fiq. 58 1llustrates a model of an imagé indicating
foreground components and background compconents in two
frames including a foreground object moving from the left to
the right in Fig. 58. In the model of the image shown in

15 Fig. 58, the amount of movement v is 4; and the number of
viftual divided portions is 4. |

In frame #n, the leftmost pixel and the fourteenth
through.eighteenth pixels from the left consist of only the
background components and belong to the backgroﬁnd'areé. Iﬁ

20 ‘frame #n, the second through foqrth pixels from the left
- contain the background components and the foreground
'comp0nents, and belong to the uncovered background area. 1In
. frame #n, the eleventh through thirteenth pixels from the
left céntain background components and foreground components,

25 and belong to the covered backgiound area. 1In frame #n, the




The pi xel value CO02 of the second pixel fromthe left in frame #n can be
expressed by equation (18): C02 = B02/v+B02/v+B02/va-F0l/v = a2' B02+F01/v
= a2+NO2+F01/v (18) where a2 indicates the m xture ratio of the second
pixel fromthe left in frame #n, and N. 02 desi gnates %Rc:BhkE 200%al ue of
the second pixel fromthe left in franme #n+l. 10 The sum f02 of the
foreground conponents of the second pixel fromthe left in frame #n can be
expressed by equation (19) based on equation (18). f02 = FOL/v. = C02-a2N02-
(19) 15 Simlarly, the sumf03 of thgéareground. conponents of the third
pi xel fromthe left in frame #n can be expressed by equation (20), and the
-sum f04 of the foreground conponents of the fourth pixel fromthe left in
frame # .g be exg essed by equation (21)_ 20 f.03 = C03-a30N03 f04. =
C04- a40£|b gﬁzéyr‘e‘z %1 FRP i Bixahhet TORhBRE FHe By r bl Torforihis e
containﬁd inth i xel value C of tge gixel bel qg%gg to, the uncovered
backgr oliRECAF B8R ¢ aiOBRORSP &5 s by eAt FOnTRoAoresraypd axeqy (22) 2

December 20Q§1 frame #n+l, the first through fifth pixels from the
| left and the eighteenth pixel from the left consist of only
5 the background components, and belong to the background area.
In frame #n+l1l, the sixth through eighth pixels from the left
contain background components and foreground components, and
belong to the uncovered background area. In frame #n+l, the
fifteenth through seventeenth pixels from the left coﬁtain
10 backg;ound components énd foreground components, and belong
to the covered background area. In frame #n+l, the ninth
through fourteenth pixels from the left consist of only the
foregrouﬂd components, and belong to the foreground area.
Fig. 59 illustrates the processing for separating the
15 forégfound components from the pixels belonging to the
covered background area. In Fig. 59, ol through alS8
indicate mixture ratios of the ihdividual pixels of frame #n.
In Fig. 59, the fifteenth through seventeenth pixels from |
the left belong to the covered'béckground area.
20 . The pixel value Cl5 of the fifteenth pixel from the

left in frame #n can be expressed by eQuatiOn {13) :

i

Cl5 B15/v+F09/v+F08/v+F07/v

]

015¢B15+F09/v+F08/v+F07 /v
~ G15eP15+F09/v+FO8/v+E07/v (13)

25 where al5 indicates the mixture ratio of the fifteenth pixel 7



- 12 9 - where N designates the pixel value of the corresponding pixel in
t he subsequent frame. As di scussed above, the separating portion 601 is

able to separate the foreground conponents fromthe pixels 5 belonging to
the mixed area and the background conmponents from thes px&hSer3®logngi ng to

area and the information indicating the uncovered background area
contained in the area information, and the mxture ratio a .10 for each
pixel. Fig. 61 is a block diagramillustrating an exanple of. the
configuration of the separating p6?ﬂﬂ3n'601 for executing the
~above--descri bed processing. An image input into the separating portion
601 is supplied to a frame 15 nmenory 621, and the area infornmation '
i ndi catfngmt tiee covier eich  thackgriounchal &l Btk dilg atecovtiee ikaakgr ound ar ea
supplied fromthe m xture-ratio calculator 104 and the m xture ratio a
are supphled ¢D the epariatdardrh prioces simgn Hheck @22 .inTHferahreafim—tenory 621
stores the input inmages in units 20 of frames. Wen a franme to be
processed i Shfer e #A5 Plfie thier dowemenonyg 6R24psthengs brfabe#n--1, which is
the frane one franme before franme #n, franme 4n, and frane #n+l, which is
t he fr affel oprnh apecadf tfagonf ridife kAt t Tive framee fivepomy 62 Exbmssisiess t he
corresponding pixels 25 in frame #n-1, frane #n, and frame #n+l to the
separ atPOre M PekBhberd 2dgsed on equation (13).

f£15

FG9/v+F08/v+F0O7/v

i

Cl5-0l15epP15 : (14)
Similarly, the sum f16 of the foreground components of

the sixteenth pixel from the left in frame #n can be

10 expressed by equation (15), and the sum f17 of the
foreground components of the seventeenth pixel from the left

in frame #n can be expressed by equation {(16).

£16 .= Cl6-al6eP16 (15)
£f17 = C17-0t17eP17 (16)
15 In this manner, the foreground components fc contained

in the pixel value C of the pixel belonging to the covered
background aréa can be-e&pressed by equation (17) :

fc = C-oep ‘ ‘ (17)
where P desigﬁateé the pixel value of the corresponding

20 pixel in the previous frame. |

Fig. 60 illustrates the processing for separéting the
foreg;bﬁnd qompoﬁents ffom the pixels belonging to the
uncovered background area. In Fig. 60, ol through ol8
indicate mixture ratios.of the individual'pixels of frame #n.

25 In Fig. 60, the second through fourth pixels from the left

the m xed area based on the ‘information indicating the covered background



t he

- 130 processing block 622. The separation processing block 622 applies
cal cul ations discussed with reference to Figs. 59 and 60 to the pixel
val ues of the corresponding pixels in frame #n-1, 5 frane #n, and frane
#n+1 supplied fromthe frame menory 621 based on the ApgaHhEd2HaERL i on

i ndiicating the covered background area and the uncovered
and the
t he background conponents fromthe pixels belonging to 10 the m xed area in

mxture ratio a so as to separate the foreground conponents

frame #n, and supplies themto a flafg menory 623. The separation

processing block 622 is forned of an
covered area processor 632, a synthesizer 633, and a synthesizer 634. 15 A
mul tiplier 641 of the uncovered area processor 631 nmultiplies the pixel

val ue obetthagpitrekhenuficawergd+backgppinédafeamthe frane nenory 621 by the
mxture ratio a, and outputs the resulting pixel value to a switch 642.

swi tch 529 pixel oseuaredl the Pixetewing raimee Wi (Wor rlesfpondi ng to
supplied fromthe frame nenory 621 belongs to the
uncover é8 BAEREr HUnERAr BE, SXBAASSAPPPY e8EHELIPN x€18Val ue nul tiplied by the
mxture ratig _a %%EfliEd fronu%gf multiplier 641 to a cal cul ator 643 and
the synthesi2® BFP<A k)

The

the pixel-in frane #n+l

THEBQA P i Yy nmul tiplyirng the 25 pixe

Qf %pe pixel in ir&gp%&glgofy&.the m xXture rati o 2 Decenber 2005

10

i5

20

25

= O2¢NQ2+F01/v _ ' (18)
where 02 indicates the mixture ratio of the second pixel
from the left in frame #n, and N02 designates the pixel
value of the second pixel from the left in frame #n+l.
The sum f02 of the foreground components of thersecond
pixel from the left in frame #n can be expressed by equation
(19} based on-equation (18) .

£02 = FOl/v

C02-02eN02 o (19)

Similarly, the sum f03.of the foreground cbmpoqents of
the thifd pixel from the left in frame #n can be expreséed
by equation (20), and the sum £f04 of the foreground
components of the fourth pixel from the left in frame #ﬁ'can
be expressed by équation (21} .

£03 = CO3-038NO3 - (20)

-£04 = CO4-—a4eNO4 g (21)

In this manner, the foreground components fu contained

‘in the pixel value C of the pixel belonging to the uncovered

background area can be éxpressed by equation (22):

- fu = C-aeN o _ - (22) .

ackground area

ncovered area processor 631, a



- 131 a out put fron1the_smﬁtch-642 is equivalent to the backgrbund

conponents of the pixel value of the corresponding pixel in
cal cul ator 643 subtracts the background conponents 5 suppl

frame #n. The
ed fromthe

switch 642 fromthe pixel value of the pixel in fra”EZfﬂméﬂﬂgzb%g fromthe

frame nenory 621 so as to obtain the foreground conponents

he cal cul at or

643 supplies the foreground conponents of the pixel in frame #n bel ongi ng

to the uncovered background area to the 10 synthesizer 633.
651 of the covered area processor 632 nultiplies the pixel

A mltiplier
val ue of the

pixel in frame #n-1 supplied from &R frame nenory 621 by the nixture

ratio a,- and outputs the resulting pixel value to a switch

652. The 15

switch 652 is closed when the pixel of franme #n (corresponding to the
pi xel iwhdreane d8xibnasuRpliRd pifddamvdiie Jr ane s Rakiikgl ongs to the

covered background area, and supplies the pixel value-nulti

plied by the

m xt ur @iradli dm thsuppldedydfamam dengwl tiplier 651 to a cal cul ator 653 and
the 20 synthesizer 634. The val ue obtained by multiplying the pixel value
of the pixeksi discamsednaboly,t heenskpuretiatyi poraiodt pal fsoabide switch

652 is equivalent to the background conponents of the pixel

val ue of the

cor r espondiarg rgiteelthien formmerotmd 2 rifveenda (ﬁ;ioat dnhe6p53e§|3bt racts the

background conponents 2 Decenber 2005

belonging to the mixed area and the background components

from the pixels belonging to the mixed area based on the

information indicating the covered background area and the

information indicating the uncovered background area

contained in the area information, and the mixture ratio o

10 for each pixel.

Fig. 61 is a block diagram illuStrating an example of

the coﬁfiguration of the separating portion 601 for

executing the above-~described processing. An image input

into the separating portion 601 is supplied to a frame

15 memory 621, and the area information indicating the covered

background area and the uncovered background area supplied

from the mixture-ratio calculator'104 and the mixture

o are supplied to a separation processing block 622.

ratio

The frame memory 621 stores the input images in units

20 of frames. When a frame to be processed is frame #n,

the

frame memory 621 stores frame #n-1, which is the frame one

frame before frame #n, frame #n, and frame #n+1, which is

the frame one frame after frame #n.

The frame memory 621 supplies the. corresponding pixels

25 in frame #n-1, frame #n, and frame #n+l to the separation



- 132 supplied fromthe switch 652 fromthe pixel value of the pixel in

frame #n supplied fromthe frame nenmory 621 so as to obtain the foreground

conponents. Thé cal cul ator 653 supplies the foreground conponents of the

pixel in frame in 5 belonging to the covered backgroung[ﬁ%g%
synt hesi zer 633. The synthesizer 633 conbines the foregroun
of the pixels.-belonging to the uncovered background area in

8&

Oodde

component s
frane in and

supplied fromthe cal culator 643 with the 10 foreground conponents of the
pi xel s belonging to the covered background area and supplied fromthe

cal cul ator 653, and supplies the Sy %hesi zed f oreground conponents to the

frame nenory 623. The synt hesi zer ‘634 conbi nes the background: conponent s
15 of the pixels belonging to the uncovered background area in frane in
and supplbedstiam bheckwsbeh 642 with the background conponents of the
-pi xel s belonging to the covered background area and supplied fromthe
switch 652, aned ssphopdtiosn tbeo syad hesizeskc b ok rapidi esonpignent s to t he
frame 20 nenory 6.23. The frame. nmenory 623 stores the foreground

~conponeptdcudpdivhe Baskyseaeddwibhpoaéatenoé thergxels9iandh@Ontaed area
-of frame in supplied fromthe separation processing block 622. 25 The frane

-menor y- 628 pikplt salnessobr tlef epegroppud ndepenbbs 2006rame #n-1,

5 frame #n, and frame #n+l supplied from the frame memory'621

based on the area information indicating the covered

background area and the uncovered background area and the

mixture ratio o so as to separate the foreground components

and the background components from the pixels belonging to

10 the mixed area in frame #n, and supplies them to a frame

memory 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.

15 A multiplier 641 of the uncovered area processor 631

multiplies the pixel value of the pixel in frame #n+i

supplied from the frame memory 621 by the mixture ratio «,

and outputs the resulting pixel value to a switch 642. The

switch 642 is closed when the pixel of frame #n

20 (corresponding to the pixel. in frame #n+1) supplied from the

frame memory 621 belongs to the uncovered background area,

‘aqd éupplies the pixel value multiplied by the mixture ratio'

0 supplied from the multiplier 641 to a calculator 643 and

‘the synthesizer 634. The value obtained by multipiying the

23 pixel value of the pixel in frame #n+l by the mixture ratio



- 13 3 conponents of the pixels in the mxed area in frame #n and the
stored background conmponents of the pixels in the mxed area in frame #n.
By utilizing the m xture ratio a, which indicates the 5 .feature quantity,
t he foreground conponents and the background conpone con%akﬂﬁgbln t he
pi xel ~values can be conpletely separated. The synthe5| C i nes the
f oreground conponents of the pixels in the mxed area in frame #n out put
fromthe 10. separating portion 601 with the pixels belonging to the
foreground area so as to generate a foreground conponent image. The

synt hesi zer 605 conbi nes the backgr adid—- conponents of the pixels in the

m xed area in frame #n output fromthe separating portion 601 with the-

pi xel s 15 bel onging to the background area so as to: generate a background

Comrondhiot TBEE: £rdu dnd Mo dp SLAES Al ﬁi%a%.@lte 2] Pl PRI e
an exaf%rgasa{e&&e A’@%ﬁﬁ %fq;mn@n;f' %s%%m%@%ql ig frame #n

in Fig 62A ustrates an exanpl e of the foregroun conponent
i mage Q@&£§§qug|ng to frame #n in Fig. 58. The | eftnost pixel and the
fourteenth pixel fromthe left consist of only the background conponents

before the 24 d -a@uaund ard3t Barkackasound daekgepanat edmpandntbhus, the 2
Decenber 2005 _
5 supplied from the switch 642 from the pixel value of the
pixel in frame #n supplied from the frame memory. 621 so as
to obtain the foreground components. The calculator 643.'
supplies therforeground components of the pixel in frame #n
belonging to the uncovered background area to the
10 synthesizer 633.

A multiplier 651 of the covered area processor 632
multiplies the pixel value of the éixel'in frame #n-1
supplied~from the frame memory 621 by the mixture ratio «,
end ocutputs the reeulting pixel wvalue to a switch-652. The

15 switch 652'is closed when the pixel of frame #n
(corresponding to the pixel in frame #n-1) supplied.from the
frame memory 621 belongs to the covered background area, and
supplies'the pixel value multiplied byrtﬁe mixfure'ratio o
supplied from the multiplier 651 to a calculator 653 and the

20 syntheeizef 634. The value obtained by multiplying the
piiel value of the pixel in frame #n-1 by the mixture ratio
o output from the switch 652 is equivalent to the background
components of the pixel value of the corresponding pixel in
frame #h.

25 . The calculator 653 subtracts the background components




--- 13 4 -, pixel values are set to 0. The second and fourth pixels from
the left belong to the uncovered background area before the foreground and
the background are separated. Accordingly, the background 5 conponents are
set to 0, and the foreground conponents are maintai ned.psFRRLe} et h
through thirteenth pixels fromthe Ieft belong to the covered background
area before the foreground and the background are separated- Accordingly,

t he background conponents are set to 0, and the foreground 10 conponents
are mai ntained. The fifth through jef%y_pixels fromthe left consist of
only the foreground conmponents, which are thus maintained. Fig. 62B
illustrates an exanple of the background conponent image corresponding to
frame #n in Fig. 5%. The 15 leftnost pixel and the fourteenth pixel from

t he | ef supphsedt fodmobhy shitbacky? ofinducthpopenes belhwes eof hehe f or egr ound
and 't he background are separated, and thus, the background conponents are
mai nt ai ReYel The Seebadit heepithi¢duf tempikel Erdqnomenery eff21l b iy 20 to

t he uncovered background area before the foreground and the background are
separ at B9. ORER SR dFRG| §orewecy R egpBRPREN EDnpohehit R kel &t t9°d, and the
background conponents are nmaintained. The eleventh through thirjeenth

pi xel s $YBRTtHe thef tohIBIY Y oCPHROREVET el btk g btfmb. 1ark@Mefitte the 25
for%groggfloand t he b@ﬁé(géound élrgasegchr)%tlgd. Accor dj nglglyﬁtgeleezceernber 2005

nging to overe ck area to th
633.

The synthesizer 633 combines the foreground components
Of the pixels belonging to the uncovered background area'in
‘frame #n and supplied from the calculatior 643 with the

10 foreg;ound components of the pixels belonging to the covered
background area and supplied from the calculator 653, and
supplies the synthesized foreground components to the frame
memory 623.

The sypthesizer 634 combines the background :components

15 of thé pixels belonging to the uncovéred background area in

| frame #n and supplied from the switéh 642 with the
-background components of the pixels belonging. to the covered
background area and supplied from the switcﬁ 652, and
supplies the synthesized background components to the frame

20 memofy_623.

The frame_memory.623 stores the foreground components
and the background components of the pixéls in the mixed
‘area of frame #n supplied from the separation processing
block 622. 7 | |

25 The frame memory 623 outputs the stored foreground
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- 135 the foreground conponents are set to 0, and the background
conponents are nmaintained. The fifth through tenth pixels fromthe |left
consi st of only the foreground conmponents, and thus, the pixel values are

set to 0. 5 The processing for separating the foregro and
background executed by the foreground/ background sepaggﬁgr G% %P%

descri bed below with reference to the flowhart of Fi.g. 63. In step 5601,
the frame nenory 6.21 of the separating portion 601 obtains an input imge,
and stores 10 frame #n for which the foreground and the background are
separated together with the previousl33ane #n-1 and the subsequent frane
#n+l. In step 5602, the separation processing block 622 of the separating
portion 601 obtains area information supplied 15 fromthe m xture-ratio

D3.1Lhenseparat Lof PLOgess! PP, pl ogk o2 of the

separating portion 6 leggtalns the mxture ratio a suﬁ%ﬁle fromthe

m Xt ur exppaki9redl G4t RE LPEud@4cohPonsh €9 SE0Me t;?fxélﬂgoyﬁ@r% ah £8ePr 0CeSSOr

631 extracts 20 the background conponents fromthe pixe ues of the
pi xel s hekanghngrifetég. uncovered background area supplied fromthe frane
menory 621 based on the area information and the mxture ratio a. In step

S605, the urmpveriad ANRA tHOGESSAr S 3a e IAClinidb dlrcdtyLanrund
conponents fromthe pixel values of the 2 Decenber 2005
5 feature quantity, the foreground components and the
7 background components contained in the pixel values can be
completely seﬁarated.

The synthesizer 603 combines the foreground components
of the pixels in the mixed area in frame #n output from the

10 separéting portion 601 with the pixels belonging to the
foreground area so as to generate a foreground component
image. The Qynthesizer 605 combines the background
components of the pixels in the mixed area in frame #n
dutput from the sepérating portion 601 with the pixels

15 belonging to the background area so as to generate a
background component image.

‘Fig. 62A illustrates an ‘example of the foreground
component image.corresponding to frame #n in Fig. 58. Fig.
62B illustrates an example of the background component image‘

20. cerresponding to frame #n in Fig. 58.

Fig. 62A illustrates an example of the foreground
component image corrésponding-to frame #n in Fig: 58. The
leftmost pixel and the fourteenth pixel from the left
qonsist Qf‘only the_background components before thg

25 foreground and the background are separated, and thus, the



- 136 pixels belonging to the uncovered background area supplied fromthe
frame nmenory 621 based on the area information and the mxture ratio a. In
step S606, the covered area processor 632 extracts 5 the background
conponents fromthe pixel values of the pixels belon over ed
background area supplied fromthe frane nenory 621 bgég C&ﬂh%gﬁogr
information and the mxture ratio a. In step S607, the covered area
processor 632 extracts 10 the foreground conponents fromthe pixel values
of the pixels belonging to the covered background area supplied fromthe
frame menory 621 based on the ared inforiation and the nixture ratio a. In
step 5608, the synthesizer 633 conbines the 15 foreground conponents of
the pi xels belonging to the wuncovered background area extracted in the
processphgeDfvabiep S605%4t tto tdhe foreground conponents of the pixels

bel onging to the covered background area extracted in the processing of

-step 5607 Tihe syatonekiared foarregr qunet120 foonpamentisfar ®<appl ited to t he

synt hesi zer 603. The synt hesi zer 603 further conbines the pixels bel onging
to the therepmourn:dreckypplnddyea bdeo s tloh GO2gudund kend ftdreegr ound
conponents supplied fromthe separating portion 601 so as to generate a

f or egr deek@orprheme i sapra2sl] n Ateprdeoly + Héi%)hﬂdmczerd 634 conbl nes

the 2 Decenber 2005
5 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 before the
foreground and the background are separated. Accordingly,:
the backgrouﬁd components are set to 0, and the foreground
i0 components are maintained. The fifth through tenth pixels
from the left consist of only the foreground components,
which are thus maintained. .
Fig. 62B illustrates an exemple of the background
component.image corresponding to frame #n in Fig. 58. The
15 leftmost pixel and the fourteenth pixel from the left
consist of only the background coﬁponents before the
foreground and the background are separated, -and thus; the
background components are maintained.
The second.through fourth pixels from the left belong
ZQ- to the uncovered background area before the foreground and
" the background,ere separated. Acoordingly, the foregroﬁnd_
components arerset to 0, and the backgroond components are
- maintained. The eieventh through thirteenth pixels from the
rleft belong to fhe covered background area before ﬁhe

25 foreground and the baokground are separated. Accordingly,



- 137 background conponents of the pixels belonging to the uncovered
background area extracted in the processing of step S604 with the
background conponents of the pixels belonging to the covered background
area extracted in the 5 processing of step 5606.. The nt hesi z

background conponents are supplied to the synthesizergéﬁﬁgnqﬁéQ%S

synt hesi zer 605 further conbines the pixels belonging to the background
area supplied via the switch 604 with the background conponents supplied
fromthe separating portion 10 601 so as to generate a background
conponent image. .Iln step 5610, thke 1Spnthesi zer 603 outputs the foreground
conponent inmage- In step S611, the synthesizer 605 outputs the background
conponent. i mage. The processing is then conpleted. 15 As di scussed above,

the for cgéﬁcggq%qm%gsﬁieeqﬁ{ t i.S.na t q:%&r Jde -
.‘-f-Oredgg%n conponents. and -t égéﬁgéféggdkgt%bggg%éﬁFi rgﬁﬁﬁhe I nput i nage

based Qi di 82 addVin@ TR 1L AN 4 #8 XU ARl tﬂeniﬁf{]%di%étl%ms t he

f oreground conponent image consisting of only the Toreground 20 conponents

and t her RACkglound cumpenent d4mga £ A std g undHohddefackgneund
conponents. Fig:. 64 illustrates another configuration of the inmge

pr ocessiHig ,aphay dlils 1acGeardNGtd dde 4y esent invention. The el enents
simlar to those shown in Fig. 2 are indicated 25 by |ike reference
nuneral s, ambdeaprexpkatnati @gort Bepachtisg? thBecE&osherrddfd and the
background executed by the_foreground/background separafor
105 is descfibéd below with referénce to the flowchart of
Fig. 63. In step S§601, the frame memory 621 of the
separatingrportion 601robtains an input image, and éto;es
.10. frame #n for which the foreground and the background are
‘.separatedltogether with the previous frame #n-1 and the
‘subsequent framé #n+1;
-In step 5602, the seﬁaration processing block 622 of
the sepérating portioﬁ 601 obtains area information supplied
15 from the mixture-ratio calculator 104. 1In step 5603, the |
o separation processing biock 622 of the separating portion
601 obtéins the mixture ratio o suppliedrfrom,the mixture-
ratio calculator 104. -
In step 8604, the uncovered area processbr 631 extracts
‘2b the background components from the pixel values of the
- pixels belonging to the uncovered background érea supplied
from the frame'memoiy 621 based on thé area information and
the mixture rétio o. |
In step $605, the uncovered area processor 631 extracts

23  the:foreground components from the pixel values of the



- 138 thus omtted. A noving-direction estimating unit 701 generates a
notion vector corresponding to a foreground object based on area

i nformation supplied fromthe area specifying unit 103 5 and an i nput

i mge, and al so extracts the noving direction fromthepdeihberomsctor so
as to supply the extracted noving direction to a mxture-ratio cal cul ator
702. The noving- direction estimating unit 701 is able to output the
generated notion vector. 10 The m xture-ratio calculator 702 cal cul ates the
mxture ratio a for each pixel basefhgn_ the area information supplied
fromthe area specifying unit 103 and the nmoving direction supplied from
the noving-direction estimating unit 701, and supplies the cal cul at ed

m xture ratio a to the 15 foreground/ background separator 105. Fig. 65 is a
bl ock dPé@Péﬁw Prioegr-aYi g the uE‘éﬂ‘F?ﬁ@?iagP‘éh%Puflﬁeaﬁ@%| FPRl 28t i on
estlnatlng ht 701. A noving-vector detector 721 generates_a notion vector
based &A°EhE Sr5§apﬁfB?ﬁﬁFVoﬁzéuBﬁ??gdoFrBﬁ?tﬁéeéréaf%EE%F%9?n©n§0 uni t
103 and hhe LN i ma % More specifically, when the designated pixel of
frame #h Bel"dh ngor? &°c%ver ed background area, the nmotion-vector

~detector 721 .exiracts. tlnaggqp Iock corr espondi t he de5|gnated
pi xel from frane #n %aseﬁ %ﬁ the Area 259 rﬁ%?(f%%l‘ oh &?2 fer’%ﬁ’f'é and #n+1
SUin'eghgrngkagogﬁﬁacgmggﬁgﬂ@grngQSthe pixel values of the
| pixels belonging to the covered baékground area supplied
from the frame memory 621 based on the area information and
the mixture ratio o.
In step 5607, the covered area processor 632 extracts
10 the foreground components from the pixel values of the
pixels belonging to the covered background area supplied
from the frame meﬁory 621 bésed on the area informatioﬂ and
the mixture ratio o. |
In step S608, the synthe;izér 633 combines the
i5 foreground components of the pixels belonging to the
uncovered background area extracted in the processing of
step S605 With the'foreground-éomponents of the pixels
belonging to the éoﬁered backgfound area ektracted in the
processing of step S607. The synthesized foreground
‘20 components are supplied to the synthesizer 603. The
synthesizer 603 further combines the pixels belonging to the
- foreground aiea supplied via the switch-602 with the
foreground components supplied from tﬁe seﬁaratinglportiOn
601 sc as to genérate a.foreground component image.

25 - In étep 5609, the synthesizer 634 combines the



- 139 specifying unit 103. For exanple, as shown in Fig. 66, an estimation
bl ock having the designated pixel belonging to the covered background
area at the center and containing the background 5 area and the foreground

area is extracted. In Fig. 66, A indicates the designa i xel
designates the estimtion block, and C represents the éig¥§ﬁ%e%ﬁgé§ In Fig.

. 66, Dindicates.the foreground area, E designates the background area, F
represents the covered 10 background area, and G indicates the uncovered
background area. The notion-vector detector 721. detects the covered

- background area of frame #n+l1 havingtihe- sane configuration as that of the
covered background area contained in the 15 extracted estimation bl ock..

For exanple, as shown in Fig. 66, the-notion-vector detector 721 searches

t he se f +1 . ¢ ' est i ion block in
franme ﬁ%ggﬁé dgt%éﬁégﬁﬁga%éyéﬁggg§%§%§?%Eﬁ%#§?égﬁ%ftéf%ﬁ% #n+l having the
20 sa i i e 5@@% Ig ontained in
t he egﬁﬁgg?%% es?%%%@?%%H%F%%ﬁ%%ﬁgpﬁﬁ%?%ﬁévg%?§%§ é?ecté%uggf}ﬁalculates

the motiod, ¥EE4 OFiCOTELSPONANG 0 tEEmSesignat ol pixelihased on the
position of the estimation bl ock-of frame-#n on the screen 25 and the
posi ti afe Dind ey ded eel & do SRV EL € b DK @M Oz PE £ 80 0f r 2o LR E 6P eyh 2005
5 processing of step S606. Tﬁe synthesized backgrOund |
components are supplied to the_synthesizer 605. The
'synthesiéer 605 further gombines the pixels bélonging to the
background area supplied via the switch 604 with the
background éomponents supplied from the separating portion

10 601 so as to generate a backgrdund component iﬁage.-

In step 8610, the synthesizer 603 outputs the
foreground component image. In step S611, the synthesizer
605 outputs the background component image. The processing
is then completed.

15 | As discussed above, the foreground/background separator
105 is able to separate the foreground components and the
background'componenté from the input imagé based on the area
information and tﬁe mixture ratio @, and outputs the
foreground component image consisting of only the foreground

26 components and the backgrouﬁd component image consisting of
only the‘backgroﬁnd components.

Fig.. 64 illustrates another configuration of the image
proéessing apparatus accofding to the present invention.
The elements similar to those shown in Fig. 2 are indicated

25 Dby like reference numerals, and an explanation theieof is



- 140 frane #n+l on the screen. The notion-vector detector 721 outputs
t he cal cul ated notion vector, and also supplies it to a noving-direction
sel ector 722. As shown in Figs_ 67A and 67B, the notion-vector 5 detector

721 sets the length of one side of the estimation bl ogltonbi¥ sRsl onger
than the anount of novenent.v (wdth of the m xed area). For exanple, as
shown in Fig. 67A, it is now assuned that the designated pixel is
positioned at the edge of the . 10 m xed area- In this case, if the length
of one side of the estinmation block js,set to twice |onger than the anount
of -novenent v, the estimation block contains the background area and
the. m xed area, and the outline of the mxed area to be detected becones
clear. 15 Simlarly, as shown in Fig. 67B, it is now assuned that. the
desi gnatBdsppRéFted- positioned at the center of the nixed area. In this
case, if the length of one side ofthe estimation block is set to tw ce
| onger than % HeO BT 16iC L sy fehtmat 1 nch aireist | 1t igsmeadiaddé cont ai ns t he
background 20 area and the m xed area, and the outline of the m xed area
to be dBPELPBIVBEESHESCEIRMONIH G oRe rastOr aer SHRAMPR HEFF P28FE Ot is now
assuned rthat he dgsignateqhﬁixe£ IS gositioned at, t he edge, of @ﬂe m xed
area. | ATERI $PEREBACTIT PR EhYE ht 5P ohRe sTHR? oIPE HEr pERestihht Hoh bl ock is
set 5t0 EQS ggn?n&?{'g{é]agaes, tabnaé é){séhgxgra[)ggse eer H%g\(r):?ng direction
from the motion vector so as to supply the extracted moving
direction to a mixture-ratio calculator 702. The moving-
direction estimating unit 701 is able to output the
generated motion vector.
10 The mixture-ratio calculator 702 calculates the mixture
ratio o for each pixel based on the area information
supplied from the area specifying unit 103 and the moving
- direction supplied from the moving-direction éstimating unit
701, and supplies the calculated mixture ratio a to the
i5 foreground/background Separator 105.
Fig. 65 is a block diagram illustrating the
configuration of the moving—direction estimating unit 701.
A moving-vector detector 721 generétes a motion vector based
on the area information supplied from the area specifying
20 unit 103 and the input image.
More specifically, when the designated pixel of frame
'#h belongs to the covered background area, the motion-vector
detector 721 extracts an estimation block corresponding to

the designated pixel from frame #n based on the area

25 information of frame #n and #n+l supplied from the area



- 141 anount of novenent v, either of the background area or the m xed
area is not contained in the estimation block, and the outline of the

m xed area to be detected beconmes unclear. Likew se, as shown in Fig. 670,
it is now assuned that the 5 designated pixel is positiBQ&%nﬁg b?ﬁ center
of the mxed area. In this case, if the |length- of one Side o? e
estimation block is set to the sane length as that of the anpunt of

novenent v, either the background area or the mixed area is not contained
in the estimation block, and the 10 outline of the mxed area to be
detected becomes unclear. As diseussed-above, by setting the |ength of one
side of the estimation block to twce |onger than the anount of )
novenent.v, the notion-vector detector 721 is able to reliably detect the
covered b@g&g}ound areaogf frame #n+l 15 having the sane configuration as
that of AHe EEtPmBl 6N I'ock When the designated pixel of frame #n bel ongs

to the unceugred.hackor Qundnalga; ! PEOLEONAXCELOL,ORLEAI 5 L71  extracts

an estimation blo cofrespondi ng esi gna pI xe rom-frame #n

based gplihe ac'h%adie@‘fi%g%teido i1l TR tn%’r"% f L@e ARt supplied fromthe

area specitying.unit The notion-vec ~detector 721 detects the
uncovergekRackar aved areanel cbhate #Rd LALaNGihke t3aMpeRflgupat i on'  as

that of the uncovered background area contained in the 25 extracted
ests mired Rhackne2 rbeeeBend2@@ea is extracted.

In Fig. 66, A indicates.the‘designated pixel, B
designates the estimatidn block, and C represents the search
‘area. In Fig. 66; D indicates the foreground area, E
designates the background area, F represents the covered

19 background area, and G indicates the uncovered background
area.

The motionfvector detector 721 detects the covered
‘background area of frame #n+l having the same configuration
as that of the covered backgfound'area contained in the

15 extracted estimation block.

For exémple, as shown in Fig. 66, the. motion-vector
detector 721 searches the search area of frame'#n+1
corresponding fo the eﬁtimétion bloék in frame #n, and
detects the covered background area of frame #n+l having the

Qb same configﬁration as that of the-coveredrbackground area
_contaihedlin the:extiacted estimation block.
-The motion-vector detector 721 calculates the motion
_vecfor_cofresponding to*the designated pixel based on the
position bf the estimation block of frame'#n on the screen

25 and the position of the detected covered background area of



- 142 The notion-vector detector 721 cal culates the notion vector
corresponding to the designated pixel based on the position of the
estimation block of franme #n on the screen and the position of the
detected uncovered background area 5 of frame #n+1l on bRR.SEE&ESHOs5 The
notion-vector detector 721 outputs the cal culated notion vector, and al so.
supplies it to the noving-direction selector 722_ \Wen the desi gnated

pi xel of frame #n belongs to the foreground area, the notion-vector
detector 721 extracts an 10 estimatjgp bl ock corresponding to the

desi gnated pixel fromthe input inmage of franme #n. The notion-vector
detector 721 provides matching between the estimation block of the input
image of frame #n and the input image of frame #n+l, and generates the
not i on $EEFEr ¥PasednohhehecEBSTt | ORh@fme hEonsveste radebecbncklbf the i nput
image of frame #n and_the position of the inmage of frame #n+l that has
been mafBRBAtSWHER FRECEARLREL FORIDT OERCtThe #i dhSYevtrliRt et or 721 may
det ect Ehe notion ector  based on the_area information of the foreground
area 20-8r 2t HRVHETKGF OGN AR e PRt hi &2€ase, the notion-vector detector -
721 does no%hgqu the.iqp [ the notion-vector

L ut | %ﬁ\?. @{/t&rnativel \ 3 _
detector 721 %ay CHetdttt 19 bt S &lfor 1P 6%??%"@2% ching on the
oS B FERaLol TESPRLERET B BU 8 S, P MBS 5 hackor oune
block to twice longer than the amount of movement v (width
oflthe mixed area).
For example, as shown in Fig. 67A, it is now assumed
that the designated pixel 1s positioned at the edge of the

10 mixed area. 1In this case, 1f the length of one side of the
estimation b;ock is set to twice longer than the amount of
movement v, the estimation block contains the background
area and the miked area, and the outline of the mixed area
to be detected becomes clear.

15 Similarly, aé shown in Fig. 67B, it is now assﬁmed that
the designated pixel is positioned at . the center of the
mixed area. In this case, if the length of one side of the
estimation block is set to twice longer than the amount of
movement v, the estimation block contains the background

‘20 area and the mixed area, and the outline of the mixed area
to be detected becomes clear. ’

In contrast, as showﬁin Fig. 67C, it is now assumed
| that the designated pixel is positioned at the edge of the
mixed area. In this case; if the,length of one side of the

25 estimation block is set to the same length as that of the



- 143 In this case, the notion-vector detector 721 does not need the

i nput inmage. Referring back to Fig_ 65, the noving-direction selector 722
extracts the moving direction of the nmotion vector supplied fromthe

noti on-vector detector 721, and outputs the extracted%EQV|nﬁ%g%#§ftlon.

For exanple, the noving-direction selector 722 extract Kor vect or
conponents and vertical vector conponents fromthe notion vector, and
cal cul ates the absolute value of 10 the horizontal vector conponents and
the absolute value of the vertical vector conponents. The noving-direction
sel ector 722 selects one of the haritZdntal vector conponents and the
vertical vector conponents having.a greater absolute value:. The
novi ng-direction sel ector.722 outputs the 15 direction corresponding to the
sel ect ethatact orf covEonert & ,asithke Evidg dadeidcamd Eieamd rgiedi rection
may take one of the values, for exanple, O indicating the. left, 1
i ndi catminged lrerad ght ndx domdiadateidng. ot et o tiaedidn hdiocat,i rRed dhebot t om
20 In this manner,. the noving-direction estimating unit 701 is able to
det ect autd st icdn thec marxedn @ ralas d-oo tep e etdimd Mnpdomg sdiunedteiagn. Fig. 68 is
~a block diagramillustrating the configuration of the m xture-ratio B
cal cul dtidrevAgR, Asristedn 15 Higda- W/dt.h itddisedrcor apsungst abied. thiee. wi dt h of
the m xed. area to which the designated pixel belongs by using the pixel
5 designated pixel is positioned at the center of the mixed :
area. In this case, if.the length of one side of the
‘estimation block is set to the same length as that of the
amount of movement v, either the background area or the
mixed area is not contained in the estimation block, and the
10 outline of the mixed area to be detected becomes unclear.
As discussed above, by setting the length of one side
of the estimation block to twice longer than the amount of
movement. v, the motion-vector detector 721 is able to
reliably detect the covered'background area of frame #n+1
15 having the same configﬁration as that of the estimation
block.
When the designated pixel of frame #n belongs to the
uncovered background area, the motion-vector detector 721
extracts an estimation block corresponding to the designated
20 pixel from frame #n based on the area information of frame
#n and frame.#n+1 supplied from the area‘specifying:unit 103.
The motion-vector detector 721 detects the uncovered
background area of frame #n+l having the same configuration'

as that of the uncovered background area‘contained in the

25 extracted estimation block.




interval as the unit based on the area information supplied fromthe area
specifying unit 103 and the noving direction supplied fromthe
nmovi ng-direction estimating unit 701, and 5 supplies the detected width to

a straight-line applying portion 742 as the m xed-areg+wi dt iﬂ{ rmation
The straight-line applying portion 742 calculates the alda%ntc?'gg?ﬁ Oﬁe
w dth.of the m xed area to the distance from the designated pixel to the
pi xel of the background area 10 adjacent to the m xed area based on the
m xed-area-wi dth information suppligghfromthe m xed-area-w dth detector
741 and the noving direction supplied fromthe noving-direction
estimating unit 701. The straight-line applying portion 742 <calculates the
m xture ratig of the designated pixel based 15 on the ratio of the width of
the mxed arB2€ (W RN I e sle §9GHR T he? e livded@ spithel mogiome pi xel of
t he backgr%und area adjacent to the m xed area. The foreground/ background
separ at ' 6 “BF oEBEEFAGCRYETY oF fretl By de PaIRaERR PhetleddaTRA &¥pdif us
-confi gureg.?§ 2' gfsg}?m-ig. Fi 9 64b'is Iges)lg’:r};albed bel ow with reference to the
f1 owchaPPeot Bl g%t 687C 1 FEStBPEE7B1° P HE At e FPeci™ yithg-ithiSCHaR execut es
area speci,fying essi ng, -.. ba ego n input i e, for enerating area
i nf or magl on¥| nd?%ga?}g'ﬁgnt%gvﬁl%hg% © E'%@ Yor %?%?fgg%a‘?]%ga’fo%‘. acigt ound. ,
ar ea, aofofgélﬁg ?@1@ a9 e2?@%&qperngoéofi&4—%e&oe9’de%ec%%run%ver ed
background area each pixel of "the '
outputs the calculated motion vector, and also supplies it
~to the moving—directibn selector 722.
When the designated pixel of frame #n belongs to the
foreground area, the motion-vector detector 721 extracts an
10 estimation block corresponding to the designated pixel from
the input image ofrframe #n. ' The motion-vector detector 721
provides matching between the estimation block of the input
image of frame #n and the input image of frame #n+l1, and
‘generates the motion vector based on the position of the
15 estimation block of the input image of frame #n and the
position of the image of frame #n+l that has been matched
~with the estimation block.
The motion-vector detector 721 may detect the motion
vector based on the area information of the foreground area
20 or the background area. In this case,-the'motion~vector
detector 721 does not need the input image.
Alternatively, the motion-vector detector 721 may
detect the motion vector by performing métching.on the whole

screen for the covered background area, the uncovered

25 background area, the foreground area,~of the background area.-



input image belongs. The area specifying unit 103 supplies the generated
area information to the mxture-ratio calculator 702. Details of the
processing of step S701 are 5 simlar to those of the processing of step

S12, and an explanation thereof is thus onmitted. In s %@ {%ﬁ
novi ng-direction estimating unit 701 detects the novi 39 g2 based on

the area information supplied fromthe area specifying unit 103. Details
of the 10 noving-direction detection processing are described below. The
novi ng-direction estimating unit 701 supplles the noving direction to the
m xture-ratio calculator 702. In §téﬁ S703, the mixture-ratio calculator
702 calculates the mxture ratio a for each pixel contained in 15 the

“m xed area based on the noving direction supplied from the

MOVi NQ-Thh I €161 4 o aS] | tFed intge W tvedbantb ddirar 21 g mitd eresuppl i ed
fromthe area specifying unit 103_ Details of the m xture-ratio

cal cul athenipsocessigw. area are di scussed bel ow. The m xture-ratio
cal cul ator 104 supplies 20 the calculated mxture ratio a to the

f or egr ound/ Fedlegrramgd basépdmatfdg -1@5., Dbeambyiofh-tiheeptdoessi ng of step
S703 are simlar to those of the processing of step 513, and an

expl anat¢bectdreredt dmxtrdniss onig e ing ditretdzay of tthe motion

f or eground/ background separator 705 25 extracts the f or egr ound conmponents

‘and St heV ek rotrRl 2 Ddeeatb dih 2 085 Lot ctegnpGitente T 7éh t kad nput i mage

based on the area
outputs the extracted mov1ng direction.

For example, the moving—direction'selector3722-extracts
horizontal vector components and vertical vector components
from the motion wvector, and calcplates the absolute value of

10 the horizontal vector components and the absolute value_of
the vertical vector components. The moving—direction
selector 722 selects one of the horiiontal_vectpr components
and the wertical vector components having a greater absblute:
value. The moving-direction Selector‘722 outputs the

15 direction corresponding to the selected veétor components as .
the moving direction. |

| The moving direction may Eaké one-of the Values}_for
example, 0 indicating the. left, 1 indicating the right,.z
indicating the top, and 3 indicating the bottom.

20 In this manner, the moving~di£éction estimating'unit

701 is able to detect the motion Vectdr and also outputs the
-moving direction;

Fig. 68 is a block diagram illustrating fhe

configuration of the mixture-ratio calculator 702. A mixed=-

25 area-width detector 741 detects the width of the mixed area



information and the m xture ratio a, and synthesizes the foreground
conponent ‘i mage based on the extracted foreground conponents, and
synt hesi zes t he background conponent inage 5 based on the extracted
background components. The foreground/ background sepapQL,d9oddt puts the
foreground conponent image and the background conponent 1nmage, and the
processing is then conpleted. Details of the processing of step S704 are
simlar to those of the processing of step S14, 10 and an expl anation ‘
thereof is thus omtted. As discussefd, above, the image processing apparatus
configured as shown in Fig. 64 is able to separate the foreground and the
background. The novi ng-direction obtaining processingg perforned by 15 the
nmovi ng-di rection estimating unit 701 is described below wth reference to
the floWehdREchf tipgdeybans hed epl By ibet treasmty ons veet dhe debet or 721
obtains_ the input image of a designated frame and the input inmage of the
frame stBS8HURAt 2FothReUNHEsPaPad et f FAREared Imferept Byp2sunmsied
noti on-yector detector 721 obtains, the area information of the designated
frame ah8°PhENGr 853 APSTHEY 109 BRithk0F ranR SR IRYuErE dredelUesi gnat ed
frame In_st 723! he notion-yector,.detector 721 desjgnates a_ pixel- In -
ot o sToUSPERaTnEr B Rt UECTOY B Or LY S5t bt LhH mue: i hreriche
designa i xel I t he cenmber 2005 - 147 stationary area
baség o%sgﬁgiégegggnﬁggé%%g%nwﬁgg?Egg a S£ralé£t"llne appIying :
portion 742 as the mixed-area-width information.

The straight-line applying portion 742 calculétes the
ratio of the width of the mixed area to the distance froﬁ
the degignated pixel to the pixel of the background area

10 adjacent to the mixed area based on the mixed-area-width
information suppiied from the mixed-area-width detector 741
and the moving direction supplied from the moﬁing—direction
estimating unit 701. The straight-line applying portion 742
calculates the mixture ratio of.the desigﬁated pixel based

15 on the ratio of the width of the mixed area to the distance
from the designated pixel to the pixel of the background
area adjaceﬁt,tq the mixed area.

The féregrouﬁd/backgrbund separation processing
performed by thé image.processing apparatus configured as

20 shown. in Eig. 64 is described 561OW with reference‘to the
flowchart of Fig. 69.
| In stepzS701, the area.Specifying unit 103 exécuteé
area specifying processing, based on an inpﬁt image, for
genefating area information indicating to which of a

25 foreground area, a background area, a covered background



designated frame. If it is determ ned that, the designated pixel belongs
to the stationary area, the process proceeds to step S725 in which the
notion vector is set to 0. The 5 process then proceeds to step S737. If it
is determined in step S724 that the designated pixel Zpessmsdr2bebong to
the stationary area, the process proceeds to step S726. In step S726, the
noti on-vector detector 721 determ nes whet her 'the designated pi xel bel ongs
10 to the covered background area based on the area information of the
designated frame. If it is deternm.ngd.in step S726 that the designated

pi xel belongs to the covered background area, the process proceeds to step
S727. . In step S727, the notion-vector detector 721 creates an estinmation
bl ock 15 containing the covered background area, the foreground area, and
t he. bathkf ourd &y emicaversice pagkzg ounte ansta aohetigel odt dbeor 721

provi des matchi ng bet ween the estimation block and the area information

i ndi cati P Heradsy dredPristck g To¥n @ regr P st vHa o uade d0Bse§pedtieto t he
designated frame 20 For exanple, the notion-vector detector 721 cal cul ates
the squdte RRFafed FEF S oo Hetioan toh&dhes Mirdir6ntBitdek and the areas
havi ng the same sLﬁﬁ%as t hat, of the estimation block wthin the search

area ofHHILAES | r &S G 16t Ah &S PIRESSFILEqént tEB £PHE1dEEFgnat ed
frage,Egnd sqlggtgg%pe %gbéﬁégaEMt'gJ]the e%rchs§5?aaggvggg the m ni num
squar e S 6 Fbd er PLPEESSRE &' 51§P

explanation therecof is thus omitted.

In step $702, the moving—direction'estimating unit 701
detects the moving direction based_on the area information
supplied from the area specifying unit 103. Détails of the

10 moving-direction detection processing are described beiow-
The moving—direction estimating unif 701 supplies the moving
direction to the mixture-ratio calculator 702.
In step 5703, the mixture-ratio calculatecr 702
calculates the mixture ratio o for each pixel contained in
15 the mixed area based on the moving direction supplied from
the moving—direction estimating unit 701 and the area
information supplied from the'area specifying unit 103.
Details of the mixture-ratio calculation processing area are
discussed below. The mixture-ratio calculator 104 supplies
20 ﬁhe‘calculated mixture rétib.a td;the foreground/baékground‘
separator 105. Details of the processing of step 5703 are
rsimilar to those of the processing of step 313, and an
explanation thereof is thus omitted.
| In step S704, the foreground/background separator 705

25 extracts the foreground components and the background




In step 5729, the notion-vector detector 721 generates a notion vector
based on the position of the estimation block of the designated frane and
the position of the 5 matched covered background area of the frane

subsequent to the designated franme, and the process p tep S737.
If it is determned in step 5726 that the designated %?%%ggggggxﬁot bel ong
to the covered background area, the process proceeds to step S730. In step
5730, the notion 10 vector detector 721 determ nes. whether the designated
pi xel belongs to the-uncovered bacgg{%gng area based on the area
information of the designated frane. it is determned in step S730 that
t he designated pixel belongs to the uncovered background area, the process
15 proceeds to step S731. In step 5731, the notion-vector detector 721

cr eat escanPesenfat fopmbrbekiepntaimaag based wovles etrdmckground area, the
foreground area, and the background area. In step S732, the notion-vector
det ect otRf9oRapieyi ¥ed Bae chingubet iebhotfe aad i swniloes betktd the 20
area information _indicating the uncovered background area.of the frane
subsequERFEPEOTRE OREPEHER BILTRAFEP2FRY X aff Xttt | BREREWird det ect or
721 cal cul ates . the ﬁguare sung of the errors between the estinmation bl ock

and t he“8FBBE°REYI NPT h2Y'SbieS§Fge BRe thRthefowH UMM on DI ock
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foreground/background separator 105 outputs the foreground
component image and the background component image, and the
processing is thén completed. Details of the processing éf
stgp 5704 are similar to those of the processing of step 514,

10 and an explanation thereof is thus omitted.

As discussed above, the image processing apparatus
configured as shown in Fig- 64 is able to separate the.
foréground and the background.

The moving-direction obtaining processing performed by

15 the moving~direction estimating unit 701 is described below

. ‘with reference to the flowchart of Fig. 70.

In step S$721, the motion-vector detector 721 obtains
the input image of a designated frame and the input image of
the frame subsequent to the designated frame.

20 ' In step 5722, the motion—vector detector 721 obtains
the.aﬁea information of the designated frame and the area
information of the frame subsequent to the designated frame.
| In step 5723, the motion-vector detectér 721 designates
a pizxel. 1In step S724,.the motion—-vector detector 721

25 determines whether the designated pixel belongs to the



area wWithin the search area having the m ni num square sum of the errors.
In step S733, the notion-vector detector 721 generates 5 a notion vector
based on the position of the estinmation block of the designated frame and
the position of the matched uncovered background area gty the %ﬂg
subsequent to the designated frame. The process then proceeas step
S737. 10 If it is determned in step S730 that the designated pixel does
not belong to the uncovered background area, it can be proved that the
desi gnat ed pi xel belongs to the foreground area. The process thus proceeds
to step S734 in which the notion-véét/or detector 721 creates an estimation
15 block in the designated frane of the input inmage. In step S735, the
not i on-vector detector 721 provides matchi ng between the estinmation bl ock

of the shestgnaled Sramband tdie tHdpuled RO 9fadite fgam subsequent to the
designated frane For exanple, the notion-vector. detector 721 cal cul ates

20 t he dapiagren tsHdTee efmd .he B rigf s hetarratmitrizel eﬁiaﬂmineorae@l%lét@ad t he i mage
portions. having the sanme size-as that of the estimation block within the

sear ch wiresl dfelidigys nputtlierege tiafnddie addgnesihseqeent groddeasdesi gnat ed
frame, and selects the. inmage portion within the search area having the
M ni murko 25-eq a2 siumwdfiathether martsi.on? visedenbedrs 2@35 to 150 IMhest ep 5736,
the notion-vector detector 721 generates
5 process then proceeds to step S$737.
If it is determined in step $724 that the designated
pixel does not belong fo the stationary area, the process
proceeds to step S726. In step S726, the motion~vector
. detector 721 determines whether the designeted pixel belongs
10 to the covered background area based on the area information
of the designated frame. If it is determined in steﬁ 5726
that the designated pixel belongs to the covered background
area, the process'proceede to step $727. In step S$727, the
motion-vector detector 721 creates an estimation block |
15 ° conteining the covered background area, the foreground area,
and the background area. In step $728, the motion-vector
" detector 721 provides matchiﬁg'betdeen the estimation block
and the area information indicating the covered background
area of the frame subsequent to the de31gnated frame.
2b For example, the motlon vector detector 721 calculates
the Squere sums of the errors’ between the estimation block’
'apd fhe areas having the same size as that of the estimation
.5lock within the search area of the area information of the

frame subsequent to the designated frame, -and selects the

25 area within the seazch area having the minimum square sum of



a notion vector based on the position of the estimation block of the
designated frane and the position of the matched inmage portion of the
frame subsequent to the 5 designated frame. The process then proceeds to
step 5737. In step S737, the notion-vector detector 7%%}%§ﬁ@5p§
whet her, the notion vectors have been generated for all the pixels of the
designated frane. If it is determned that the notion vectors have not
been generated for all the 10 pixels of the designated frane, the process
returns to step 5723 in which the supggquent pixel is selected to repeat
t he processing for generating "a notion vector. If it is determined in step
S737 that the notion vectors have been generated for all the pixels of the
15 desigpated frame, the process proceeds to. step S738. In step 5738, the
mot i on- V&€t 6FT8&Fect or 721 supplies the notion vectors to the
novi ng-di reciion 86|§ﬁ%$r 722, and, al so.outputs the notion vectors. In step
on

5739, the molfnyter FRRIRRHHT L ) YRR es’ DoHSiE i Tesct i.ons

b d t he.notion,vectors. su ied fromthe.nption-vector detector 721.
o et en s g 0B R eReChatey, SHPPh oett lbhr S50 e Al A T qener ot o

v g HLBER! bOnenoAAd L 06, PLATERER% LS ERUPHELEE, ah%afiopgt Pod Poove: the

novi ng-di rectron esti unit 'S fe notion

vect:pr snaRdnARVER0e 2 PeRERE 00852 e 450 FhE CFHLRDS RASEL.OL: the T nput
i mages and the area
the designated frame, and the process proceeds to step S737.
| If it is determined in step S726 that the designated
pixel does not belong to the covered background atea, thé
process proceeds to step S730. In step S730, the motion-

10 vector detector 721 determines_whether the designated pixel
belongs to the uncovered background area based on the area
information of the designated frame.

If it is determined in step S730 that the designated
bixel belongs to‘fhe uncovered background area, the prdcess

15 proceeds to'sﬁep $731. 1In step S731, the motion-vector
detectof 721 creates an estimation block containing the
uncovered background area, the foreground drea, and the
backgroﬁnd area. In step 5732, thé motion-vector detector.
721 provides matching between the estimation block and the

20 area information indi¢ating the uncovered backgrouhd area of
the framé subsequent to'the‘designated frame.

For examplé, the motion;vector détector 721 calcuiates
the square suﬁs_of the‘errors bet#een.the eétimation block
and the areas having the-same size as_that of the estiﬁation

25 block within the search area of the area information of the




information. It has been described that the notion-vector estimating unit

701 generates notion vectors and noving directions by 5 using the imges

and the area information of the designated frame and the franme subsequent

to the designated frane- Alternatively, the nntion-vecégﬁcgﬁgéqﬁbﬁng uni t

701 may -generate notion vectors and noving directions-by using the.

i mges and the area information of the designated frane and 10 the frame
prior to the designated frame. The m xture-ratio calcul ation processing.
performed by the mixture-ratio calculator 702 is described below wth
reference to the flowhart of Fig~ #£2 rn step 5761, the '

m xture-ratio-wi dth detector 741 15 obtains the area information supplied
fromthe area specifying unit 103_ In step 57.62, the mxture-ratio-width
det ect @rafl sabdcienst ai ghle- bieRa PRI F3apRt :oa 462ecebt ghB the nmoving
direction supplied fromthe noving- direction estimating unit 701. 20 In
step 54G2a tfiahdtr ahghisebire® appbyhag iper tihen mi4d mudesyghaakesuam piExel . I n
step S764, the straight-line . applying portion 742 determ nes whet her the
desi gnahed epirceds . bel ongs to the foreground area based on the area
information. If it is determned that the designated pixel belongs to the
25 foregrouhd aten, SThe, ptheesstproceedsorodstept&765621 ngevechit@s Decenber

2005 - 152 O is set inthe mxture ratio a, and the process proceeds to
5 a motion vector based on the position of the estimation :

block of the designated frame and the position of the
matched uncovered background area of the frame subsequent to
.the designated:fiame. The process then proceeds to step
§737.

.10 -If it is determined in step S730 that‘the designatéd'
pixel does not belong to the uncovered background area, it
can be proved'that the designated pixel belongs to the
foreground area. The process thus procéeds to step S$734 in
lwhich the motion-vector detector 721 creates an estimation

157 block in the designatedrframe of the input image. In step
S735, the motion-vector detector 721 providés matching
between the'eStimation_block of the designated frame and the
input image of the frame subsequent to the'designated'frame-

For example, the motion—vector.detectdr.721 calculates

20 the square'sumS'bf the-errors between the estimation block
and the image portions having the same size as that of the
estimation block within the search area of the input image
éf the frame subsequent to the designated frame, and selects
the. image portion Qithin the search area having the minimum

25 square sum of the errors.



step 5769. If it is determined in step S764 that the designated pixel does
not belong to the foreground area, the process 5 proceeds to step 5766_ In
step S766, the straight-1ine applying portion 742 determ nes whet her the
desi gnat ed pi xel belongs to the background area based '

information. If it is determned that the designated %?&%FﬁBgﬁﬁﬁﬁs to the
background area, the process proceeds to step S767 in which 10 1 is set in
~the mxture ratio a. The process then proceeds to step S769. If it is
determined in step S766 that the desjgpated pixel does not belong to the
background area, the process proceeds to step S768. Instep S768, the
straight-line 15 applying portion 742 executes processing for cal culating
the mxture ratio a of the pixel belonging to the m xed area, and

t he. process Pt ote®RIsS {4 stldpe IrBoiomeya¢tar oletertoprivtlesstnrrd bes
calculating the mxture ratio a of the pixel belonging to the m xed area
are desérWgEBOBeVSﬁFOEOb?ﬁegt@B sheopogheishraf ghke| epbimppigning portion
742 stgies thg Cﬁlcglated mxture ratiQ a in correspondence with the

desi gnaP&dCpi &I Ehendesipnayed fra@estndi GRe- PPRtappI 9EnEPPorti on 742

det er m ne ther the n xture_.ratios a have been calculated 25 for.the
ma%c}’{"éﬁf l’i“?g?sp‘ag]%?ﬂi ﬂgd%ﬁa?rf‘ﬂ‘é REEAeeDE ek ehb®r 2005 - 153

mho!e frame.
ratios golayfapal Peef.cal fhlaked Lor Lhe whole lrane, the <55

In step S737, the motion-vector detector. 721 determines
whether the motion vectors have been generated for all the
pixels of the.designated frame. If it is determined that
the motion vectors.have not been generated for all the

10 pixels ef the designated frame{ the ﬁrocess returns to step
S723 in which the subsequent pixel is selected to repeat the
processing for generéting’a moeion vector,

If it is determined in step S$737 that the motion
vectors have been generated for all the pixels of the

15 designated frame, the process proceeds to step S738. 1In
step §738, the motidn—vector detector 721 suppliee the.
motion vectors to the moving—direetion selector 722, and
also outputs the motion vectors.

In step $739, the moving-direction selector 722

20 generates moviﬁg directions based on the motion vectors

'Supplied‘fxqm the motion-vector detector 721. In step 8740,
the moving—directioﬁ selector 722 outputs the generated
moving directions, and the processing is cempleted{'

As described above, the moving-direction estimating .

25 unit 701 is able to generate motion vectors and moving



process returns to step S763 in which another pixel is selected to repeat
the processing for calculating the mxture ratioa. 5 I1f it is determ ned
in step S770 that the mixture ratios a have been calculated for the whole
frame, the process proceeds to step S771 |n_mh|ch_thezﬁkgghgggmbgng
applying portion 742 outputs the mxture ratios a. The "processing is then
conpleted. 10 A description is given below, with reference to the
flowchart of Fig. 72, of the processing for calculating the mxture ratio
a of the pixel belonging to the nixeg area perforned by the _
mi xed- area-wi dth detector 741 and™thal straight-line applying portion 742
corresponding to the 15 processing of step S768. In step S781, the
m xed- area-w dth detector 741 determi nes the width of the m xed area in the
novi ng didiecgdivingn bakethenmahicodny@at dmabasednadnthbeamewi ng di recti on
supplied fromthe noving-direction estimating unit 701 and 20 the area
i nf or manifermaupgphi.ed from the area specifying unit 103. The
m xed-area-w dth detector 741 supplies. the width of the mxed area to the
strai ght-1ihe bppl yeey pestcrbhed4phatstivhenpiken=-arebeon dshimaftorgati on. In
step S782, the straight-line applying portion 742 25 . deternm nes the
di st an&@ifty dflt Bengesitgramed ipnxdlecterehend PevénrbedizegbionssRy edge of
the m xed area in the noving directiaon. ) )
.5 using the images and the area information of the designated
frame and the frame subsequent to the designated frame.
Alternatively, the motion-vector estimating unit 701 may
génefate motion vectors and moving directions by using the
images and the area information of the designated frame and
1¢ the frame prior to the designated frame.
The mixture-ratio calculation processing performed by
the mixture-ratio calculator 702 is described below with
reference to the flowchart of Fig. 71.
In step S761, the mixture~ratio-width detector 741
15 obtains the area information supplied from the area
- specifying unit 103. In step $762, the mixture-ratio-width
detector 741 and the straight-line applying portion 742
obtain the moving direction supplied from. the moving—
direction estimating unit 701.
20 In step S763, the straight-line applying portion 742
designates a pixel. 1In step S764, the straight-line
applying portion 742 determines whether the designated pixel
belongs to the foreground area based on the area information.

If it is determined that the designated pixel bélongs to the

25' foreground area, the process proceeds to step S765 in which



In step S783, the straight-1line appfying portion 742 determ nes the
di stance fromthe designated pixel to the edge of the m xed area in the
direction opposite to the 5 nmoving direction. In step S784, the

straight-line applying ' portion. 742 calculates the m 0 a based
on the area.. information and the ratio of the wdth g¥%%ﬁég%¥§@ area to

t he distance fromthe designated pixel to the edge of the m xed area. 10
"The processing is then conpleted. As discussed above, the m xture-ratio
calculator 702 is able to calculate g?e;nixture ratio a, which is a
feature quantity corresponding to each pixel, based on the area

i nformati on supplied fromthe area specifying unit 103 and 15 the novi ng
direction supplied fromthe noving--direction estimating unit 701. Fig. 73
is a bl 8cksdragr Am Fheusirsuragratipl ®ansnHetthecprprgararropeedst he i mage
processi ng apparatus according to the present invention. The sane el enents
as thosét§ﬁog£6?n 20 Fig. 64 are designated with like reference nunerals,
and an explapation thereof is thus omtted- I n.the i mage- processing
appar at us shofwt ¥ ¥ eterined 1oy 97 ¢ ectidh 32 idpttandieil an externa
source. _The.area specifying unit 103 _specifies each of the 25 pixels of
the i npBt*Fiad8cas ?ﬁe£¥%?g§r58naﬁﬁr£‘?e9ﬁ8u§aD€5§ﬁbth?Oﬁﬁogeﬁ 5

backgr oypd aL88 +8" 10§ Bh¥EY 1§35 8PUsTHRP! LS BLE%ignt-1ine

| applying-portioﬁ 742 determines whether the designated pixel
belongs to the background afea based on the area information.
_If it is determined that the designated pixel bélongs to.the
background area; the process proceeds to step 8767 in which

10 1 is set in the mixture ratio . The process then proceeds
to stép 5769.

If it is determined in step 5766 that fhe designated
pixel does not belong to the background areé, the process
.proceeds to step S768. In step 5768, the straight-line

15 applying portidn 742 executes processing for calculating the
‘mixture ratio o of the pixel belonging to the mixed area,
and the process proceeds to step 5769. Detaiis of-ﬁhe
processing for calculating the mi#tﬁre.ratio o 0of the pixel

_ belonging to the mixed area are described below:

20 'Inrstep $769, the straight—liné applying portion 742
stores the calculated mixture ratio o in correspondence with
the designéted“pixelf

In step S$770, the straight-line applying portion 742
determines whefher the mixture ratios & have been calculated L

25 for the whole frame. If it is determined that the mixture



information indicating to which of the foreground area, t he backgr
or the m xed area each pixel belongs to the mxture-ratio cal cul ator
702 and the foreground/ background separator 105. The m xture-ratio

ar ea,

cal cul ator 702 calculates the mxture ratio a of each, e§g®
area information supplied fromthe area specifying un|t an

th

direction supplied fromthe external source, and supplies the cal
m xture ratio a to the foreground/ background separator 105. The _
f or egr ound/ background separator 105 separates the input inmage into the
f oreground conponent inmage consi sting3 of only the foreground conponents

and t he background conponent

conponents based on the area information supplied fromthe area

speci f yidigi siid HkRe anh thieerl o Uk €1 4 8dd O Sy SUpD!diesh 4 romyd hepe
m xture-ratio calculator 702, and outputs the foreground conponent

and t hepbaekes omdmmrpmemiep s 20 Wiheck aeaung)

ound

on the
e nmovi ng
cul at ed

i mge consisting of only the background

inager

shackground separation

processing performed by the inage processing apparatus configured-as shown
i n Fi g_s&3atedescridash beliow pddedeiny ense dodhtifdpwahart of Fig. 74
In step S801, the area specifying unit 103 perforns, 25 based on t
i mage, mcetuspecattio my. processing for 2 Decenber 2005 - 156 generating
area information indicating to which of the

10

15

20

- 25

If it is determined in step S$770 that the mlxture
ratios o have been calculated for the whole frame, the
process proceeds to step S771 in which the straight-line
applying portion 742 outputs the mixture ratios «. Tﬁe |
processing is then completed.

A descripticn is giVen.below, with reference to the
flowchart of Fig. 72, of the processing for-calculating'the.
mixtuie ratio o of the pixel belonging to the mixed area '
performed by the mixed-area-width deteetor 741 and the
straight-line applying portion 742 corresponding £o the
processing of'step 8768-

‘In step 5781, the mixed-area-width detector 741

determlnes the width of the mixed area in the mov1ng

supplled from the mOV1ng direction estimating unit 701 and
the area information supplied from the area specifying unit
103. The mixed-area-width detector 741 supplies the width
of the mixed area to the straight—line_applying pertion 742
as the mixed-area-width information.

| In step S782, the straight-line applying portion 742

determines the distance from thé designated pixel to the

he i nput

“direction of the motion vector based on the‘mOVing direction.



foreground/ background separat or 105.

foreground area, the background area, the covered background area, or the

‘uncover ed background area each pixel of the input inage belongs. The area

speci fying unit 103 supplies 5 the generated area information to the
m xture-ratio calculator 702. In step 5802, the nixtuQE%E%hbgﬁg@Eculator
702 calculates the mxture ratio a for each pixel contained In the m xed
area based on the externally input noving 10 direction and the area

“information supplied fromthe area specifying unit 103. The m xture-ratio

cal culator 104 supplies the calcqlaffgljﬁxture ratio a to the

n step 5803, the ‘
f or egr ound/ background separator 105 15 extracts the foreground 2'0
conponent s and the background conponents fromthe input image based on the
area i n8¥faet obfharmife area ke theimowinandissmtiesi zes the foreground
conponent image based on the extracted foreground conponents and al so

synt hesi zes ithes 153t i ifdund- o fgdirerith t 1 lidfe aprsad neh oo iew r7dct ed
backgroynd copponents. The foreground/ background separator 105 outputs the
f or egr oURHEEBRPONEHHS | Heer TRl HRM bk gieriP b dnertl | Fgeie and t he
pr ocessi IS cqggleied As di scussed_above, the inmage processing apparatus

25 conf?g‘g‘? et aSPSHOWHET PEFY. T 3MHS. FbTRCHPR PR et heP 2R cenber 2005

5 moving direction.

In step S$784, the straight-line applying'portion 742
calculates the mixturerrétio O based on the area information
and the rétio of the width of the mixed area to the disténce
from the designated pixel to the edge of the mixed area.

10 The processing is then completed.

As discussed above, the mixture-ratio calculator 702 is
able to calculate the mixture ratio o, which is a feature
quantity corresponding to each pixel, based on the area
inforﬁation supplied from the area spécifying uni£ 103 and

15 the moving direction supplied from the movingfdi:ection
estimating unit 701.

Fig. 73 is a block diagram illustrating still anofher
configuratioh of the image processing apparatus according to
the present invention. The same elements as those shown in

20 Fig. 64 are designated with like reference numerals, and an
explanation thereof is thus'omitted_

In the image processing apparatus shown_iﬁ Fig. 73, the
moving direction is inputrfrom an exte:nal‘source.

The aréa specifying unit 103 specifies each of the

25 pixels of the input image as the foreground area, the



-- 15 7 foreground and the background. It has been described in which the

wi dth of the m xed
desi gnat ed pi xe

area i's determned to calculate the distance fromthe
to the edge of the mxed area in the 5 direction of the

novi ng vector, or the wwdth of the mxed area is dete?%k@&gbé (ﬁglculate

the distance fromthe designated pixel to the edge of

nmovi ng direction. However, the mxture ratio can be cal cul ated by
processi ng described with reference to Fig. 55 or 72 by 10 determ ning the

above-descri bed width of the m xed area and
-other than the direction

direction. For exanple, the m xture ratio can be cal cul ated by the
processi ng described with reference to Fig. 55 or 72 by 15 determ ning the

Wi dth ofadip-dined rdlea AndHenidist aicd ofand & asignat.ed pixel to the

t he

he m xed area in the

t he di stance in.any direction
ort hogomall% t he notion vector or the noving

edge of the m xed area in the direction parallel 'to the notion vector or

t he NMOVEiAY® rothitiest 1o i A digfg

by the processing described with reference to Fig. 20 55 or 72 by
det er miba akgy dchdMadida ,0fo t Rehdninkietk draeanth Al e 1 xd1S RN s eF tHhe

desi gnat ed pi xe

i Nt er sectd ng-ewirdalt itthe atefulato &tDramt the fondgigudid/ecidkerouhiat

m xed area in which the-foreground object 25 conponents forming the

fqr@gr@MnEHEHFECHOénd t he background 2 Decenber 2005
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20

25

The mixture-ratio calculator 702 calculateé the mixture
ratio « of each pixel based on the area information supplied
from the area specifying unit 103 and the moving direction

supplied from the external source, and supplies the

"calculated mixture-fatio & to the foreground/background

separator 105.

The foreground/background separator 105 separates.the
input image into the foreground component image consistind
of only the foreground components and the background
component image consisting of only the background componenté
based on the area information supplied from the area
specifying unit 103 and the mixture ratio o supplied from
the mixture~rati6 calculator 702, énd'outputs the foreground
component image and the backgfbﬁnd component image.

The foregrouhd/backgﬁodnd separation processing
performed by the image processing apparatus cbnfigured és_
shown in Fig. 73 is described below with reference to the
flowchart of Fig. 74.

In step S801, the area specifying unit 103 performs,

based on the input image, area specifying processing for

to the edge of the mxed area in a direction obliquely

is.,

atd walieh tdre tHetay@di@hind Gakabe treal cul at ed

t he



- 158 object conponents form ng the background object are mxed in
correspondence with the inmage data is specified, and the. area information
is output. Then, by assumng that the mxture ratio indicating the ratio

of the background object 5 conponents to the foregroun I onents
in the m xed area changes substantially linearly mﬁthgggg%ﬁg%rggﬁ?he
position of the pixel, the mxture ratio is estimated based on the area
information and the noving direction of the foreground object. Wth this
arrangenment, the mxture state 10hif5%hg i mage can be detected. In this
case, based on the position on a segnent whose one end is positioned at
the foreground area consisting of only the foreground object conponents
and the other end is positioned at the background area consisting of only
the 15 B&ER§AGERE ebpacinfompehéansintheaséggent whaversinghéhe i xed
area, the mxture ratio of a pixel corresponding to the position on the
segment f3RIbEVREt REARedthal BackghsvddonrEhe pbsi thvared haskgrenndpar al | el
‘'to'the noving direction of the foreground object, the mxture 20 ratio. of
a pi xel 2E6fr eSpohBfngnEBVERed poFkpBAuDBH BRe2 Seghenixehnobetlsti mated.

Furt her . _based on tﬂe gosition on a segnent oblique[%/'1 i ntersecting with
t he novitRgU8i FEREFORCLPEPRe fHRBGPREEAASPEE] E¥ENT Wl fi kP dreupRtiesof a

PIXed  CRRLeRRRL Pdat 0 L0 P RRSEELSN SNk D SEPNRNL B, Pe estimated. . 2
Decenber "20
calculator 702.

In step 5802, the mixture-ratio calculator 702
calculates the mixture ratib o for each pixel contained in
the mixed area based on the externally input moving

10 direction and the area information supplied from the:area
specifying unit 103. The mixture-ratio calculator 104
supplieslthe calculated mixture ratio a to the
foreground/background separator 105.

In step 5803, the foreground/background separator 105

15 extracts the foreground components and the béckground
components from the input image based on the area

'infofmation and the minure ratio a, and synthesizés fhe
foreground component image baséd oﬁ the extracted foreground
components and also synthesizes the background component

20 'image based on the extracted background components. . The
foreground/background separator 105 outputs the foregroﬁnd
component image and the background component imagé, and the
processing is completed. |

As discussed above, the image processing apparatus

25 configured as-shown in Fig. 73 is able to separate the



E

- 159 It has been described in which the mxture ratio ais set to the
rati o of the background conponents contained in the pixel values. However,
the mxture ratio a may be set to the ratio of the foreground conponents
contained in the 5 pixel values. It has al so been des bed |q¥@@|ch t he
moving direction of the foreground object is set tot @? from
the left to the right. However, the noving direction |s not restricted to
t he above-described direction. 10 the above description, a real-space inmage

‘havi ng a three-di nensional space and tinme axis information is projected

onto a tine space having a two-di nensi‘omal space and time axis information
by using a video canera. However, the present invention is not restricted
to this exanple, and 15 can be applied to the foll owi ng case. Wen a

greaterf@ggﬁgguﬁ&ﬁagargﬂeiggégégg&ﬁgyin one-di nensi onal space is projected
onto a smaller anmobunt of second information in a two- di nensional space, :

di stortion geneizat edeby dele LRIt hi$ARNRe WGaitheslredheS miXld cant
i nformation can be extracted, 20 or a nore natural imge can be

synt hesized. 1 Thee sensialed SNBaIasIdiSek (0002 @ngh nEye be'  anot her
type of sensor, such as a solid-state inmage capturing device, for exanple,
a BBD (C&m@iaﬁd gaide=1Dend e edgdlld¥ (KThamgiecddjatdd om Dad ce), or a CPD -
(Charge Primng 25 Device), or a CMOS (Conpl enentary Metal Oxide
Sentcontiustorion of the moving vector, or the width of the mixed
area is determined to calculate the distance from the
designated pixel to the edge of the mixed area -in the moving
direction. Hoﬁevep,.the mixture ratio can be calculated by
" the processing described:with reference to Fig. 55 or 72 by
10 determining the above~described width of the mixed érea and
the distance in any direction other than the direction
orthogonal to the motion vector or the moving direction.
For example, the mixture ratio can be calculated by the
processing déscribed with reference to Fig. 55 or 72 by
15 determining the width of the mixed area and the distance of
the designated pixei to the edge of the mixed area in the
direction parallel to the motidn vector or the moving
direction. Alternatively, the mixture ratio can be
calculated-by the processing described wifh reference to Fig.
20 55 or'72‘by determining the width of the mixed area‘and the
distance from the designated pixel to the edge of the mixed
area in a direction obliquely intersecting with ‘the motion
vectof'or'the moving direction.

That is, the mixed area in which the foreground object

‘25 components forming the-foreground object and the background



2 Decenber 2005 - 160 Also, the sensor does not have to be a sensor in
which detection devices are arranged in a matrix, and may be a sensor in

whi ch detection devices are arranged in one line. A recording medi um in

which a program for performng 5 the signal processin f sent
invention is recorded my be fornmed of a package nedlgggF% M§:RP%
programis recorded, which is distributed for providing.the progranlto a
user separately from the conputer, as shown in Fig_ 1, such as the
magnetic disk 51 (including a floppy;ggegistered 10 trade nane) disk), the
optical disc 52 (including a CD-ROM (Conpact Disc-Read Only Menory) and a
DVD (Digital Versatile Disc)), the nagneto optical disk 53 (including M

[ or the sem conductor nmenory 54.- The

(Mni- D s%%:(re i stered trade nane)

recor di PHIFEH &?ﬂlﬁﬁyeaﬁ%o fsémﬁagnﬁr&eOPaﬁhgrRmﬂzebJsC§r agehmigedi 3R
contaln%%x&n thedstora e h 28 in WHICh t he %ran1|s recorded, such
recor di g eI 68 fig ﬁ 8dg9° Hatasér ﬁHPFé befmg2pPesPBred in the

conput er_.__Th t eps fornlng the programrecorded in a recording nedi um may
be execl eg g ?on% 36?8aﬁ?y°3388£dingﬁF8 't RE ?688W6895t33§th8ed in the

fi : . h d |
Spocl 11 GALLARe HAVENCEoat e g DRE L0BY8 P PRoCXERMLOd LN BLLIE Series

manner, t he execu concurren

Degg%gggbhgbﬁe%ﬁsA%sO%HE“EOEQgEBSnEiBEEeEQVSB&b8HenLE L% PRESLPLE4tO 2

area changes substantially linearly with respect to the

poSition of the pixel, fhe mixture ratio is estimated based

on the area information and the moving direction of the |

foreground objectf With this arrangement, the mixturerstate
10 in the image can be detected.

Ih this case, based on the position'on a segment whose
one end is positioned at the foreground area consisting of
only thg foreground object components and the other end is
positibned,at the background area consisting of only the

15 background object components, the segment traversing the
-mixed-area, the mixture ratio of a pixel corresponding to
the position oﬁ the segment can be estimated. |

Also, based on the position on a segment -parallel to
the moving direction of the,fofeground object, the mixture

" 20 ratio. of a-pixel-corresponding to the position on the
. segment éan be estimated. |

Further, based on the position on a segment obliguely
intersecting with the moving direction of the foreground
object, the mixture ratio of a pixel corresponding torthe

25 position on the segment can be estimated.



- 161 detect the mxture state in an imge. According to the second
invention, it is possible to detect the mxture state in an imge. 2
Decenber 2005 - 162 CLAIM5S 1. An image processing apparatus for
processing image data which is formed of a predeternip %% &% f pi xel
data obtained by an i nmage-capturing device including a prede ernlned
nunber of pixels, the pixels having a tinme integrating function, said

i mage processing apparatus conprising: area specifying neans for

speci fying, in correspondence wth the imge data, a m xed area in which
foreground object 10 conponents forifithg- a foreground object and background
obj ect conponents form ng a background object are m xed and a non- m xed
area fornmed of a foreground area consisting of only the foreground object

conponent s and 12 Hackar ound AR sGORM it g Of m!@{ré he {hackgrund obj ect

conponents; and 15 m xture-ratio estimating neans for estimating, based on

a rati os&f . fo Wit e f i 4 her NEp@dh AL 18R d i - RS RGSE &5 93 Nl e Hif &4 ON Wi th
respect to a noving direction of the foreground object conponent, the

“width ofnd heitd xeghaian heiwngrspecidd ash byntderaf 88 d Hhoy ed iy to a
di stance from 20 a position-of a designated pixel to an edge of the m xed
area i nté heheredeierod natk dideeftdihd acdpdnets atd®tained in the

5 pixel values. |
It has also been described in which the moving‘
direcfion of the foréground object is set to the direction
from the left to the right; However, the moving direction
is not restricted to the above-described direction.

10 In the-above deséription, a real-space image having a
three*dimensiqnal space and time axis information is
projected onto a time space having a two—dimensilonal space .
and time-agis information by using a video camera. Hoﬁever,

the present invention is not restricted to this example, and

15 can be applied to the folloﬁing’case. When a greater amount
of first information in one-dimensional space is projected

onto a smaller amount of second information in a two-

dimensionai space, distortion generated by the projection
can be corrected, significant information can be extracted,
éO or a more‘ﬁaturai image can‘be'synthesized.

The sensor is not restricted to a CCD, and may be
another type of sensor,.sgch as a solid—-state image—
‘captﬁringhdevicé,'for example, a BBD (Bucket.Brigade Device),
a CIDl(Charge Injection Device), dr a CPD'(Chaige Priming

25  Device), or a CMOS (Complementary Metal Oxide Semicdnductor).



indicating the ratio between the foreground object conponents. and the
background obj ect conponents of the designated pixel. 25 2. An inmage
processi ng apparatus according to claim1l, 2 Decenber 2005 - 163 further

conprising notion-vector detection nmeans for detecting . ARbbPHggsect or of
t he foreground object, wherein said m xture-ratio estimating neans detects
the - wdth of the mxed area and the distance fromthe position 5 of the
desi gnat ed pixel to the edge of the m xed area in the noving direction of
the notion vector, and estimtes thejggixture ratio based on the ratio of
the width of the mxed area to the distance fromthe position of the
designated pixel to the edge of the m xed area. 10 3. An inage processing
apparatus according to claim1, further conprising noving-direction

det ect i BASReatef SFNSAEt BEEF nBCENBARBYVERGPEI 7 eBeRBRY oFN tHEL ¢lbr egr ound

obj ect, %herein said mxture-ratio estimting nmeans detects the width of
the ni x8§t5FELCEngeVRESEi 8FanRECFRERT bR pORFEF A, 13ndMaRdYeki gnat ed

pi xel to the edge of th i xed area n the noving direction, and estinmates
forBaghadsheFhe tFie

t he ni xture fa S (R koo MR theenf xktPerea to the

di stance fromfhe position of the designated pixel to the edge of the m xed
area. .20 4. An inage processi ng: a‘%b%lcrkgtaué)ré)&c?ﬁhlfﬁ§ P54 , :
5 the signal processing of the present invention is recorded
may be formed of a package médium in which the program is

‘recorded, which 1s distributed for providing the progﬁam to
a user separately from the computer, as shown in Fig. 1,
such as the magnetic disk 51 (including a floppy (registered
10 trade name) disk), the optical disc 52 (including a CD~ROM
(Compact Disc-Read Only Memory) and a DVD (Digital Versatile
Disc)), the magneto-optical disk 53 (including MD (Mini-
" Disc) (registered tradelname)); or the semiconductor memory
54. The recording medium may also be formed of the ROM 22
15 or a hard disk contained in the storage unit 28 in which the
program is recorded, such recording medium being provided to
the user while being prestored in the computer.
Thé steps forming the program recorded in a recording
medium may be executed chronologically according to the
20 orders desqribed in the specification. However, they do not
have to be exgcutéd in a time-series manner, and‘they may be

executed concurrently or individually.

Indﬁstrial Applicability

25 - According to the first invention, it is possible to



wherein said noving-direction detection neans conpri ses notion-vector
generating neans for generating a notion vector based on the area
information and the position of the mxed area in a designated franme and
the position of the 25 mxed area in a franme in the vi?i ié% qﬂ%gge
designated 2 Decenber 2005 - 164 franme, thereby detec iﬁﬁ R% Vi ng
direction based on the generated notion vector. 5. An inage processing

met hod for an image processing apparatus for processing imge data which
is formed of a 5 predeterm ned nunber of pixel data obtained by an inage
capturing device including a predétéﬁﬁiﬁed nunber of pixels, the pixels
having a tinme integrating function, said inage processing nethod
conprising: an area specifying step of specifying, in 10 correspondence
with thleteEgehdatidxtara xedtar aa iah Whiagle .15 foreground obj ect conponents
form ng a foreground object and background object conponents formng a
background abpectiiagetontkedsandnd homenixed, ateaifopoedibleatbor eground
area consisting of only the foreground object conponents and a 'background
ar ea cokediestti igreofrimuyet béalhackgr emndrelgiesct . conponents'; and a

m xture-ratio estimting step of estimating, based. on a ratio of a wdth
of the mxed area in a predetermned direction with-respect to a noving
direction of the :



20 f or egr ound- obj ect conponent, the width of the m xed area being

speci fi

ed-by the area information, to a.distance froma position of

designated pixel to an edge of the m xed area in the predeterm ned
on, a mxture ratio indicating the ratio between_ the foreground
2

directi
obj ect

Decenber 200.5 - 165 designated pixel. 6. An inmage processing nethod

accordi

m xed area are

25 conponents and the background object. conponéiesempeii9

a

ng to claimb5, further conprising a notion-vector detection step of
~detecting a notion vector of the foreground object, 5 wherein, in said

m xture-ratio estinmating step, the wdth of the mxed area and the
di stance fromthe position of the designated pixel to the edge of the

detected in the noving direction of the notion vector,

and

the mxture ratio is estimated bas€&PéMSthe ratio of the 10 width of the

m xed area to the distance fromthe position of

t he designated pixe

the edgé-of AEhETATReBTAFRRS 1Y 2PPTFrafes pkok a3 RS Mt hoag sladiang to

claimb5b, further

. Conpri

‘the movFR{CRi FecFPERS fo’? hd PHFegT ottt ebh BEtben o hylketh 934 saj d

nixture-B?tLo stinating stgg the, width of the mxed area and the
he¥ AT oPP

di st anc®

FORTT heY pdsi t

PRE R ST ot e d B &1 1D 2 he edge of the

to

ing a noving-direction detection step of .detectin

i . st ed it 1t ¢ he e
oot et BACREEEERLTTATRPLP, o CpIRELED, Hhe T iy Bloule G e o

integrating function, said image processing apparatus

" comprising:

16

15

area specifying means for specifying, in correépondence
with the image data, a mixed area in which foreground object
cbmponénts forming a foreground objectrand background object
components forming a background‘object are mixeﬁ and a non-
mixed area formed of é foreground area consisting of only'
the foreground object components and a background area
consisting of only the background object cbmponents; and -

mixture-ratio estimating means for estimating, based on

a ratio of a width of the mixed area in a predetermined

" direction with respect to a moving direction of the

- 20

ﬁoreground cbiject coﬁpdnent, the width of the mixed area
being spécified by the area information, to a distaﬁce from
a position .of a designated pixel to an edge of the mixed
area in the predetermined direction, a mi#ture ratio

indicating the ratio between the foreground object

components'and the background obiject components of the-

25

designated pixel.

2. An image processing apparatus according to claim 1,

g .



20 to the distance fromthe position of the designated pixel to the edge
of the m xed area. 8. An inage processing nethod according to claim7,
wherein said noving-direction detection step conprises a notion- vector
generating step of generating a notion vector based 25_on the area
information and the position of the nixed area 2 Decen%gpc?35@7¥m§66 ina
designated frame and the position of the mxed area in a frame in the
vicinity of the designated frane, thereby detecting the noving direction
based on the generated notion vector 5 9. A recording nediumin which a
conput er -readabl e program for procédssing i mage data which is forned of a
predeterm ned nunber of pixel data obtained by an i nage-capturing device
i ncluding a predeterm ned nunber of pixels, the pixels having a tinme

i nt egr ath pehd HNEbiOR; s i:5q NECOISed e S@l 0 dO- HOHARSHPI NY: an area
specifying step of specitfying, in correspondence with the inage data, a

m xed ad@gedttindi £hmot 05egroOEsk Qbf egte cRIMONENIS foyyddg a foreground
obj ect and background object conponents form ng a background object are 15
m xed and a wigiralirxed iar ad ftaneedaefi ca dseriegrawad maes deeasicst icag of only
t he foreground object conponents and a background area consisting of only
t he backpdidundf obeotixedrposerdrs] @rd di saday efra i thee fidgimtiiorg st ep of
estimating, based on
5 of the designated pixel to the edge of the mixed area in the
mdving direction of the moticn vector, and estimates the
mixture ratio based on the ratio of the width of the mixed
area to the distance from the position of the designated
pixel to the edge of the mixed area.
10 3. An image processing apparatus according to claim 1, .
further comprising moving-direction detection means foi
detecting the moving direction of the foreground objecﬁ,'
wherein said mixture-ratio estimating means detects the
width of the mixed area and the distancg from the position
.15 of the designated pixel to the edge of the mixed area in the
moving direction, and estimates the mixture ratio based on
the ratio of the width of the mixed area to the-distanée
from the position of the desigpated pixél to,the‘edge of the
mixed area.
20 4. BAn image prodessing apparatusIaccording to claim 3,
whefein said moving-direction detection means comprises.
motionfvector generating means for generating a motion
vector based on the area information and the position of the

mixed area in a designated frame and the position of the

25 mixed area in a frame in the vicinity of the designated



20 aratio of a width of the mixed area in a predefernined direction with
respect to a noving direction of the foreground object conponent, the
wi dth of the m xed area being specified by the area information, to a

di stance from a position of a designated pixel to an e of t m xed 25

area in the predetermned direction, a mxture ratio nggﬁgﬂ%@FR§@05 - 167

indicating the ratio between the foreground object conponents and the

background obj ect conponents.of the designated pixel 10. A recording nedi um

according to claim9, wherein: 5 sajgd,programfurther conprises a

mot i on-vector detection step of detecting a notion vector of the -

- foreground object; and in said mxture-ratio estimating step, the width of.
the mxed area and the distance fromthe position of the 10 designated

pi xel t&TEME  clferEPYt HEetATkeBTarba BPEidet diredtiom baeedoym nghelirecti on

of ‘the notion vector, and the mxture ratio is estinated based on the

ratio oﬂePﬁEaﬁthWOtantﬁécﬁ?ﬁed area to the distance fromthe position of

the designated gixel to the gﬁ%e of the m xed area. 15 11- A recording
medi um 3c¢corBi hY2¥E BFAFRTOINIBFERAD EaF dePr bEREM PILEREF12Bnpri ses a

novi ng- dj ion _detection step,of detecting. the nmoving direction of the
.foregr%géggégF%cF?Faﬂﬁo?%s%b?%pﬁ$§gﬁr Far YR eRt Hiret 7 HBedt®h, 2t he width of

the5 predetermined number of pixel data obtained by an image-
capturing device including a.predetermined number of pixels,
the pixels having a time integrating function, said image
processing method comprising:
an area specifying step of specifying, in
10 correspondence with the image data, a mixed area in which
foreground object components forming a foreground object and
‘background object COmponentsiforming a background object are
mixed aqd a non-mixed area formed of a foreground area
consisting gf only the foreground object components and a
15 background area consisting of only the background object
.components} and
a mixture~ratio eStimating sﬁep of estimating, based on
a ratio of a*width of the mixed area in a predetermined
direction with-respect'to a mgving direction of the
20 foréground object cgmponent, the width gf the mixed area
being-specified-by the area information, to a.distanée from
a poéitioﬁ of é gesignated pixel to an edge of the mixed
area in the predetermined directign, a mixture ratio
rindicating the ratio between the foreground object

25 components and the background object components of the



20 m xed area and the distance fromthe position of the designated pixel
to the edge of the m xed area are detected in the noving direction, and
the m xture ratio is estimated based on the ratio of the width of the

m xed area to the distance fromthe position of the dgikﬁnageq¥@%xel to
‘the 25 edge of the nixed area. 2 Decenber 2005 -- 16 IMOK 4€dor di ng
medi um according to claim1l, wherein said noving-direction detection step
conprises a notion-vector .generating step of generating a notion vector
based on the area information and the position of the nmxed area in a 5
desi gnated franme and the position-oflétShe nixed area in a frane in the
vicinity of the designated frame, thereby detecting the noving direction
based on the generated notion vector. 13. A programfor allowing a -
conput gfied NRla PEPGESEES | mage 10 data which is formed of a predeterm ned
nunber of pixel data obtained by an image-capturing device including a

predet eg M nggl TWHIRE D 1 cdll 9581 P md B Pl diayg Y 11 5,1 Hedll ng
function, to execute: an area specifying. step of specifying, in 15
COr I eS PESESRTEI v teh nldig drivaga- it ale tiedi R0 sARA M detiedt ifgy egr ound obj ect
conponents form ng a foreground object and background object conponents
- f or m ngnat backgroiod ocbjesd RIregrawel anca:,. non-m xed area formed of a
foreground area consisting of only the foreground object conponents and a
5 wherein, in said mixtureﬂratio estimating step, the
width of the mixed area and the distance from the position
of the designated pixel to the.edge of the mixed area are
detectéd in the moving direction of thé motion vector, and
the mixture ratio is estimated based on the ratio of the
10 width of the mixed area to the distanée from the position of
the designated pixel to the edge of the mixed area.
7. An image processing method according to claim 5, further
comprising a moving-direction detection step of detecting
the moving direction of the foreground object,
15 | wherein, in said mixture-ratio estimating step, the
width of the mixed area and the distance from the position
of tﬁe designated pixel to the edge of thé mixed area are
detected in the moving direction, and the mixture ratio is
éstimated based on the ratio of the width of the mixed area
'20 to thé distance from the position of the designated pixel to
‘ the edge of the mixed area.
8. An'imaée processing method according to claim 7, wherein
said moving"direction detection step,CQmprises a motion-—

vector generating step of generating a motion vector based

25 on the area information and the position of the mixed area



20 background area consisting of only the background'object' conponents;
and a m xture-ratio estimating step of estimating, based on a ratio of a
wi dth of the m xed area in a predeternmined direction with respect to a

novi ng direction of the 25 foreground object conponent j of the

m xed area 2 Decenber 2005 - 169 being specified by t ékggggbﬁﬁggrnation,
to a distance from a position of a designated pixel to an edge of the
mxed area in the predeterm ned direction, a mxture ratio indicating the
rati o between the foreground object onents and the background obj ect
conponents of the designated pixeT.lég.“A program according to claim 13,
further conprising a notion-vector detection step of detecting a notion
vector of the foreground object, 10 wherein, in said mxture-ratio

est i mat iingastiepighhtedwidineofntheheni gedialea afndthdemitksd aneea f1om t he
position of the designated pixel to the edge of the m xed area are

det ect ed fRampeinpphagviciettivonfofthehdeabynahedettane, atiderd¢lne nmi xture
‘ratio is estimated based on the ratio of the 15 width of the m xed area to
the di stgheetirgnthhenpvsngi dhrertine Hesegnanethpi geheratedenedgem of the
m xed area. 15. A program according to claim 13, further conprising a

novi ng- YPFER¥i on detection step of detecting the moving. direction of the

for%grogpd Rbngéfding medium in which a computer-readable program
for processing image data which is formed of a.predetermined
number of pixel data obtained by an image-capturing device
including a predetermined number of pixels, the pixels
having a time integrating function, is recorded, said
10 program comprising:
an area s?ecifying step of specifying, in
correspondence with the image data, a mixed area in which
foreground objedt components forming a foreground object and
background object components forming a background object are
15 nmixed and a non-mixed area formed of a foreground area
consisting of only the foreground object components;and a
“background area consisting of only the backgrognd object
components; and
a mixture-ratio estimatingAstep of estimatiﬁg,-based on
20 a ratio of ‘a width of the mixed area in a predetermined
_directioh with respect to a moving direcfion of the
rfofeground object component, the width of the mixed area
V‘being specified by the area information, to-a distance from
a position of a designated pixel to an edge of the mixed

25 area in the predetermined direction, a mixture ratio



20 wherein, in said mxture-ratio estimating step, the wdth of the m xed
area and the distance fromthe position of the designated pixel to the
edge of the m xed area are detected in the noving direction, and the

m xture ratio is estimated based on the ratio of the 'g%g B&ﬂk@ﬁ m xed
area 25 to the distance .fromthe position of the designda = pixXelr to 2
Decenber 2005 - 170 the edge of the m xed area. 16. A program according to
claim15, wherein said noving- direction detection step conprises a

noti on-vector generating step of generating a notion vector based on the 5
area information and the position-ofté/he m xed area in a designated frane
and the position of the mxed area in a frame in the vicinity of the
designated frane, thereby detecting the noving direction based on the

gener atigl A4 Gly MRC It 1ol Bk ire o) HHERAR ARG L3 RRRr at us conpri si ng:
image-capturing nmeans for outputting a subject inmage” captured by an
| mage- capigddit JdeMC a N Paitididuhd RISReiteIBmRa ek ehepi xels, the
pi xel s having a tine integrating function, as inmage data formed of a 15
pr edet etasingch tadhlpedrxedf. pi xel data; area specifying neans for specifying
in correspondence wth the inmage data, a m xed area in which foreground
- obj ect 10conponemtce diogmmegliand eregralind; aoj edkiand babkgeannd obj.ect
conponents form ng a background object are m xed and a non
5 said program further comprises a motion-vector
detection step of detecting a motion vector of the
foreground cbhject; and
in said mixture-ratio estimating step, the width of the
mixed area and the distance from the position of the
10 designated pixel to the edge of the mixed area are detected
in the moving direction of the motion vector, and the
mixture ratio is estimated based on the ratio of the width
of the mixed area to the distance from the position of the
designated pixel to the edge of the mixed area.
15 11. A recording medium according to claim 9, wherein:
said program further comprises a moving-direction .
detection step of detecting the moving direction of the
- foreground object; and
in said mixture-ratioc estimating step, the width of the
20 mixed area and the distance from the position of the
designated pixel to the edge of the mixed area are detected
in the moving direction, and the mixture ratio is estimated
based on the ratio of the width of the mixed area to the

distance from the position of the designated pixel to the

25 edge of the mixed area.



‘a. predeterm ned 25 direction with respect to a noving

2.0 m xed area forned of a foreground area consisting of only the
foreground object conponents and a background area consisting of only the
background obj ect conponents; and m xture-ratio estimating nmeans for
estimating, based on a ratio of a wdth of the m xed beai

EERPIPP the 2
Decenber 2005 171 foreground object conponent, the width of the m xed area
being specified by the area information, to a distance from a position of
a designated pixel to an edge of the pjxed area in the predetermn ned
direction, a mxture ratio 5 indicat%%% the rati o between the foreground
obj ect conponents and the background object conponents of the designated
pi xel . 18. An inmage-capturing apparatus according to claim17, further
conpri siidg nbt renevdéhgrmdéient aonongang forclinetlectwhgrainosadd vect or
of the foreground object, wherein said mxture-ratio estinmating nmeans
det ect smpéngwddrhcbiothdehegbilonr eaepndempeigest amset Loonveheopositi on  of
the designated pixel to the edge of the mxed area in the noving direction
of the @enpoat¥nct 8feranll genfnaténdt Acndbiphxvereor adpavepasedtdn the ratio
of the wdth of the mxed area to the distance fromthe position of the
desi gnaf&g2a prkermpbleheadgehdfPPRetiPRe8t abla. mived ppredmgR- 8apt uri ng
apparatus according to claim 17, further conprising_noving-direction
deté%tiéﬁsﬁ€8ﬁ§eﬁo rame and the position of the mixéd area™in a
frame in the vicinity of the designated frame, thereby
detecting the moving direction based on the generated motion
vector.
13. A program for allowing a computer that processes image
10 data which is formed of a predetermined number of pixel data
obtained by an image-capturing device including a
predetermined number of pixels, the pixels having a time
integrating function, to execute:
an area specifying. step of specifying, in
15 - correspondence with the image data, a mixed area in which
.f0regroundlobject components forming a foreground object and
- backgrﬁund object components forming a-background object are
-mixed.and a non—-mixed. area formed of a foreground area
consisting of only the foreground'object components and a
.20 A:background area consisting of only the background object
components; and
a mixture-ratio estimating step of estimating, based on
a ratio of a width of the mixed area in a predetermined

direction with respect to a moving direction of the

25 foreground object component, the width of the mixed area



20 detecting the nooring direction of the foreground object, wherein said
m xture-ratio estimating neans detects the width of the nixed area and the
di stance fromthe position of the designated pixel to the edge of the

m xed area in the noving direction, and estinmates the,m i 0 based
on 25 the ratio of the width of the mxed area to the %?%?%ﬁ%%iéa%ecenber
2005 -- 17 2 fromthe position of the designated pixel to the edge of the
m xed area. 20. An inage-capturing apparatus according to claim19,
wherein said noving-direction detection neans conprises 5 notion-vector
generating neans for generating a notG%m vector based on the area

i nformation and the position of the .mxed area in a designated frane and
the position of the nixed area in a frame in the vicinity of the

desi gn%@gngféﬁé@ifié&r@gytﬁ@t%é NG #dig Mgl TLGH AN hased gn the 10

generated notion vector 21. An inmage processing apparatus for processing

i mage datgoswish i £ U@y nyedet erdrited Quuher 1afe Rixglq dat a

obt ai ned by an image--capturing device including a predeterm nednunber of
pi xel s,atde Pi xels drdddige dninde dbrdddagy atd ng funed isicsai d i mage
processi ng apparatus conprising:. .area specifying nmeans for outputting
area i nfrodived t ony udesd forispecidepmnohd IFQGFRSpRNAIcRM th the i mage
data, a mxed area in which foreground object conponents formng a
5 components and the background object components of the
designated'pixél.
14. A program according té claim 13, further comprising a
motion-vector detection step of detecting a motion vectof of
fhe foreground object,
10 wherein, in said mixture-ratio estimating step, the
width of the mixed area and the distance f:om-the position
'of the designated pixel to the edge of the mixed area are
detected in tﬁe moving direc£ion of the motion vector, and
the mixture ratio is estimated based on the ratio of the
15 width of the mixed area to the distance from the positioﬁ of
the designated pixel to the edge of the mixed area.
15. A program'accbrding-tO'claim 13, further cbmpriéing a
moving—diréction detection step of detecting the moving
direction of the foreground object,
20 wherein, in said mixture-ratio esfimating step, the °
width of the mixed aréa and the distanée from the pOsitioﬁ'
of the designated piﬁel to'the edge of the mixed area are
detected in the moving direction, and the mixture ratio is
estimated based on the ratio of the width of the_mixed area

.25  to the distangelfrom the position of the designated pixel to



20 foreground object and background obj ect conpdnents fornming a background
obj ect are mxed; and mixture-"ratio estimating nmeans for estinmating a
m xture ratio indicating the ratio of the foreground object 25 conponents

~and the background obj ect conponents in the mni xed aregég%ge ngﬁPe area
information and only a noving direction of 2 December 178 < e .
foreground object by assum ng that the mxture ratio changes substantially
linearly with respect to a position of the pixel. .22. An imge processing
~.apparatus according to claim 21, 5_m@§5eLn said mxture-ratio estimating
means estimates, based on a position Oon a segnent whose one end is
positioned at a foreground area consisting of only-the foreground object
conponents and the other end is positioned at a background  area consisting
of onlyt'RecBaekgrotihe Bbredt aceaponents, 10 the segment traversing the
m xed area,-the mxture ratio of the pixel corresponding to the position
on the <8gnefit Programnarragepeotessingmappar ahaseancortidngovnegt ai m 22, -
wher ei n-.sai d nixtgre-ratio estimati ng nmeans estimates the mxture ratio of
the pi x8FLEGFLBEpBREPAGLIPE FREP pBSTPFbASBN218OLHRNSEEREAT based on the
position gnrgg§n5ﬁg nt parallel to the npving direction of the foreground
obj ect . FENGFEAR"E ggpp? cESEPRY aPPar aPB519RcBFEMAE PRSeeaPtn D22 wherein
Sa'@in‘é&ggeiﬁggkgagigﬁngganghgggggigféhng%e%héhgixed area in a
designated frame and the position of the'mixéd area in a
frame in the vicinity of the designated frame, thereby
detecting the moving direction based on the generated motion
vector.
- 10 17. An image-capturing apparatus comprising:
image-capturing means for outputting a Subject image
captured by an image—capturing device including a
predetermined_number‘of pixels, the pixels having a time
integrating function, as image data formed of a
15 predetermined number of pixel data;
-area specifying means for specifying, in correspondence
with the image data, a mixed area in which foreground object
components forming a foreground object and background object
components forming a background object are mixed and a non-
20 mixed area formed of a'foreground area consisting of only
the foreground object components and a background area
consisting of only the background object components; and
mixture-ratio estimating means for estimating, based on

- a ratio of a width of the mixed area in a predetermined

.25 direction with respect to a moving direction of the



m xture ratio of the pixel corresponding to the position on 20 the segnent
based on the position-on the segnent, obliquely intersecting with the
noving direction of the foreground object. .25 An inage processing met hod
for processing image data which is forned of a predet %% er of

pi xel data 25 obtained by an inmage-capturing device |nc u Decenber
2005 - 174 predeterm ned nunber of pixels, the pixels haV|ng a tlne
integrating function, said inmge. processing nethod conprising: an area
specifying step of outputting area information 5 used for specifying, in
correspondence with the i mage data, 17d i xed area in which foreground

obj ect conponents formng a foreground object and background obj ect
conponents form ng a background object are m xed; and a m xture-ratio

est i mtfowegt@mdlolesdd thraddmig et Xtihe wikhH aifi aHadiicaid rgdshe rati o of
the foreground object conponents and the background object conponents in

t he m Xegin@rasedaSiedi dy tite ares nfrmettiiom ard enldtsaamme Mgroth rection
of the foreground object by assumi ng that the m xture ratio changes

subst arft irfdytidmes |y deitiynagspeizal daesi tadye off the tieegi xel . 26.

An. i mage processing nethod according to claim25, wherein, in said.

m Xt ur ared o ddte muddrismimed abiakarian pﬂ)srllmtoweorraetlsvegrrent whose one

end is positioned at.a
5 indicating the ratio between the foreground object

components and the background object components of the
designated pixel.
18. An image-capturing apparatus according to claim 17,
further comprising motion-vector detection means for

10 detecting a motion véctor of the foreground object,
| wherein said mixture-ratio estimating means detects.the
width of the mixed area and the distance from the position
of the designated pixel to the edge_of the mixed area in the
moving direction of the motion vector, and estimates the

15 mixture ratio based on the ratio of the width of the mixed
area ‘to the disténce from the position of the designated
pixel to the edge-of the mixed area.
19. An image-capturing apparatus according to claim 17,
further comprising moving-direction detection means for

20 detecting the moving direction of the foreground-object,

| wherein said mixture-ratio estimating means detects the

width of the mixed area and the distance from the position
of the designatedrﬁixel to the edge of‘the mixed area in the
moving direction, and estimates the mixfure ratio based on.

25 the.ratio of the width of the mixed area to the distance'




foregfgund*area consisting of only the foreground object 20 conponents and
the. other end is positioned at-a background area consisting of only the
background obj ect conponents, the-segnent traversing the m xed area, the

m xture ratio of the pixel corresponding to the positi F gnent is
estimated. 25 27.. An inmage. processing nethod accordi%ggmgﬁb% %?%fZG,. 2
Decenber 2005 - 175 wherein, in said mxture-ratio estimating step, the

m xture ratio of the pixel corresponding to the position on the segnent
is estimated based on the position on the segnment parallel to the noving
direction of the foreground object= 1728.— An i nage processi ng net hod
according to claim26, .wherein in said mxture-ratio estimating step, the
m xture ratio of the pixel corresponding to the position on the segnent

i's est g Rasssk o & Pasid 1Rk ; at{@d%nt ] Iftglsecting
with the noving direction of the f%?égrou 0 ,g§}3%§9% e¥é§2$:fhg medi um
i n whi gligeccgiy er-readabl e program for processing imge data which is
formed of a predeterm ned nunber of pixel data obtained by an

| mage- @apt urAmginteyd e ptiviahidisga nadel@ididied renbeniaf @i xel s, . the
pi xel s. .15 having a tinme integrating function, is recorded, said program
conpr i silEgeian sarieh nepatig-yiing ciiem efet@dqiWd ime@nar eamprfieemat i on . used
for specifying, in correspondence with the.imge data, '
5 motion-vector generating means for generating a motion
vector based on the area information and the position of the
mixed area in a designated frame and the position of the |
nmixed area in a frame in the vicinity of the designated
frame, thereby detecting the moving direction based on the
10 générated motion vector. |
21 ; An image processing apparatus for processing image data
which is formed of a predetermined number of pixel data-
obtainéd»by an. image—capturing deviée including a
predetermined number of pixels, the pixeis having a time
iSZl‘integrating function, said imagefbrocessing apparatus
comprising:.
- area specifying means for outputting area information
-ﬁsed for specifying, in correspondence with the imagé daté,
a mixed area in which foreground object Componenté forming a .
20' . foreground object and background object'coméonents forminé a
backgrdund object are mixed; and |
mixture*raﬁio estimating means for estimating a mithre
ratio indicating the ratio of the foregrouﬁd;object
components and the backg#ound objecf components in the mixed

25 area based on the area information and‘dnly a moving direction of



a mxed area in which foreground object conponents formng a 20
.. foreground object. and background object conponents form ng a background
obj ect are m xed; and. a mixture-ratio estimating step of estimating a

m xture ratio indicating the ratio of the foreground.ghject onents
and the background object components in the mixed 25 5?@%“HQ§§§B t he.

area information and only a noving direction of _

- 173 -

the foreground object by assuming.that the mixture ratio
éhanges substantially linearly with respect to a position of
the pixel.
_22. An image ﬁrocessing apparatus according to claim 21,

5 ° wherein said mixture-ratio estimating means estimates,-based
on a position on a segment whose one end is positiqned at a
foreground area consisting of oniy'thé foreground object
cbmponents and the other end is positioned ét a background
area consisting of only the background object components,

i0 the segment traversing the mixed area, the miiture ratio of
.the pikel corresponding to the position on the segment.
23. An image processing apparatus according to claim 22,
wherein said mixture-ratio estimating means estimates the
mixture ratio of the pixél corresponding to the position on
15 the segment based on the position on the segment pafallel to
the moviﬁg direction of the foreground object. |
24, An image processing apparatus accerding to claim 22,
wherein said ﬁixture—ratio estimatiﬁg meéns estimates the
mixture ratic of the pixel corresponding'to the position on
'éq the segment based on the position on the éegment‘obliquely
‘interSeéting with‘the méving direction of the foreground
- object.
“25. An image'processing method for-processing'image data
which is formed of a predetermined ﬁumber-of—pixel data

25 obtained by an image—capturing device ihCluding a
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predetermined number of pixels, the pixels having a time
integrating function, said image processing method
comprising:

an area specifying Step of outputting darea information

used for specifying, in correspondence with the image data,

a mixed area in which foreground object components forming a
fofeground object and background quect-componenfs forming a
background object are mixed; and

a mixture-ratio estimating step of estimating a mixture
ratio indicating the ratio of ﬁhe foreground obhject
components and the background object components in the_mixed
area based on the area information and only a moving direction of
the foregréqnd 6bject by assuming that the mixture ratio
changes substantially linearly with respect to a poéition of
the pixel. |
26. ‘An.image processing method according te claim 25,
wheﬁein, in said-mixture—ratid aestimating step, basedvon a

position on a segment whose one end 'is positioned at a

foreground area consisting of only the foreground object

components .and the other end is positioned at a background
area consisting of only the background object components,

the.ségment traversing the mixed area, the mixture ratio of

the pixel‘corresponding to the position on the. segment is

estimated,

27.. An image processing method according. to claim 26,
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wherein, in said mixture-ratio estimating step, the mixture
ratio of the pixel corresponding to the position on the
segment is estimated based on the position on the segment

parallel to the moving direction of the foreground object.

'28. An image processing method according to claim 26,

.Wherein, 'in said mixture-ratio estimating step, the mixture

ratio of the pixel corresponding to the position on -the
segment is estimated based on the position on the segment

obliquely intersecting with the moving direction of the

foreground object.

29. A recording medium in which a computer-readable program

for'prbcessing image data which is formed of a predetérmined

number of pixel data obtained by an image—capturing device

including a predetermined number of pixels,. the pixeis
hévigg a time'integrating function, is recorded, said
program comprising:

an area specifying étep of outputting area infofﬁation
used for specifyinq, in correspondence with the_image datq,

a mixed area in which foreground object components forming a

_foreground object. and background object components forming a

background object are mixed; and.

. a mixture-ratio estimating step of estimating a mixture

' ratio indicating the ratio of the foreground object

compeonents and the background object components in the mixed

area based on the area information and only a moving direction of





