23 Novenber. 2005 < 1 DESCRI PTION | MAGE PROCESSI NG APPARATUS AND METHOD,
AND | MAGE- CAPTURI NG APPARATUS 5 Technical Field The pQ&N@ﬂ&ﬁkﬂM@Btlon
relates to i mage processing apparatuses and methods, and image-capturing
apparatuses, and nore particularly, to an inmage processing apparatus and
met hod, and an i mage-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 sanpled data output fromthe

i mge sensor is wdely used. For exanple, notion blur occurs in.an inage
obtained by capturing an object noving in front of a predeterm ned
stationary background with a video canera if the noving 20 speed is
relatively high. However, when anPBBfBEPTIGNnoving in front of a

stationar bac round, no does notion blur caused by the m xture of

t he nDVIﬁéASEjE PCEPSENE %EBGFXTgﬁtAgpsHEFH@D nANPuANAGE-CABTHREKGr ound

i mage ang %ﬂg%ﬁﬁ ect inmage occurs. 25 H|therto processing corresponding to
the m xtQF of 23 Novenber 2005 - .2 :

5 Technical Field
The present invention relates to image processing
apparatuses and methods, and image—capturing apparatuses,
and more part;cularly, to an image processing apparatusrénd
method, and an image—capturing.apparatus in which a
10 diffefence between a signél detected by a sensor and tﬁe

real world is taken into consideration.

Background Art
A technique for détecting incidents occurring in the
15 real world by a sensor and for processing sampled data
output from the image sensor is widely used.

For example, motion blur occurs in-an image obtained by
‘,capturing an object méving in front of a bredétermined |
stationary background with a video camera if the moving

20. speed is relétively high.
However, ﬁhen an objéct is moving in front of a
stationary,background, not only does motion blur caused by
- the mixture of the moving object itself occur;.but also the
mixture of the background image and the object image occurs.

25- Hitherto, processing corresponding to the mixture state of



t he background i mage and the noving object has not been considered.

Di scl osure invention Enbodi ments of the present inventb9R,S88% 4095 know t he
m xture state of images. According to a first aspect of the invention,
there is provided an inmage processing apparatus for processing inage data
which is formed of a predeterm ned nunber of pixel data, having a
plurality of types of conmponents at the sanme pixel position, obtained by
an i mage-capturing device including a redet erm ned nunber of pixels, the
pi xel s having a time integrating functTon, said i mage processi ng appar atus

compri si ng: .3 eg. specl i ng, meang for apeci LXind,, | 0., cqrrespandgnge wi th
i mage data, '@ mxewarea in e f or eground “obj'é conponent's i'ch form
a foreground aqhjecty and background object conponents which forma
backgr ound 5bject are mxed; and m xture-ratio detection neans for
detecting, in correspondence with the imge data, the mxture ratio
indicating the ratio of the m xture of the foreground object conponents to
t he m xt ur epiefc1bherbackanesnd obj ect conponents in a mxed area in which
t he foreground object conponents and the background object conponents are
m xed, wher ei nEabodR@sicsongr ofhé herasea speadfntiong sewanstandnad doyvenber
2005 - 2a the mxture ratio detection neans perforns i nage processi ng on
t he basi s ofixtheepstatd iofy inkgéypes of conponents.
Bcecording to a first aspect of the invention, there is
provided an image processing apparatus for processing image
data which is formed of a predetermined number of pixel data,
having a plurality of types of components at the same pixel
position, 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 specifying, in
correspondence with image data, a mixed area 1in which
foreground object components which form a foreground object
and background object components which form a background
object are mixed; and mixture-ratio detection means for
detecting, in correspondence with the image data, the mixture
ratio indicating the ratio of the mixture of the foreground
object components to the mixture of the background object
components in a mixed area in which the foreground object

components and the background cobject components are mixed,

wherein at least one of the area specifying means and



The area specifying neans may conprise conponent m xed- area detection
means for detecting the m xed area for each of the pl uf&bhiddbeCiootypes of
conmponents and for outputting 23 Novenber 2005 -- 3 the detection result
correspondi ng to individual conponents as conponent m xed-area
information; and m xed-area specifying neans for specifying the m xed area
corresponding to the inmage data on the basis of the detection result of 5
the m xed area corresponding to the plurality of types of- conponents
detected by the conponent m xed- ar ea défection neans. The area speci fyi ng
means nmay gﬁgp&hig 8 acq;cfgg%elftion-value cal cul ation means for

cal cul ati ng'a spa 8°° 10 o FeratT o Varie Fh cﬁilﬁa'g cRF T8t '8n°bet ween
desi gnat ed pjxel t rr I o] esi ixel of a designated
frame of th@%%éggﬁ g:%éang%g%(%@ggifatgﬁf&a Ofggg}é‘ggﬁée}}%h’bori ng pi xel
positioned in the nelanborhoedi ol nidit, des) 0pahSt o XSnddichBenipasl a
direction on the basis 15 of the plurality of types of conponents
correspondi 1@zt Aetber: slesighat edrphxedgtitlgMneons gbatd Qr valrueaer! 68l ati on
means for calculating a tinme correlation value indicating a correlation
bet ween t hecrdesi ghal £d; pirxehpéater avtppheals Gabarodfowdphit®Engei ghboring

pi xel positioned in the nei ghborhood .20 of the designated pixel in the
time direction on the basis of the plurality of types of conmponents

corresponding to the designated pixel; and foreground area specifying
means for :



speci fying a foregr ound area formed of onl y the foreground object
conponents on the basis of the space correlation 25 vakwgeand:sde tinme
correlation val ue corresponding to the 23 Novenber 2005 - 4 desi gnated

pi xel . The area specifying neans may conprise m xed-area specifying neans
for specifying the mxed area on the basis. of the foreground area of the
designated frane and the 5 foreground area of a neighboring frame in the
nei ghbor hood of the designated frane. The m xture-ratio detection nmeans
may conprise conponent mxture-ratio _detection noans for detecting the .
mxture ratio for each of the plurali t%/ ‘of types of 10 conponents; and
conponent integrated mixture-ratio detection means for detecting the

m xture ratio corresponding to the inmage data by integrating the detection
resul ts tfietdeteatkénreesal t osomorsmaphindy ng timd e dqlalr alontporeintisypes of
conponents detected by the conponent mxture-ratio detection 15 neans. The
m xt ur e-&sit ¢omplenert i oixadadmse aredn Domprtiise ; igntidegristddramamans f or
integrating the pixel values of the plurality of types of conponents for
each pi x@beahily ing meanpuier rppetid Widlwcles minest rantesnd adatraspamdlingt egr at ed
data 20 m xture-ratio detection neans for detecting the mxture ratio

cor r espoi e tHragre dafyeonidihe dmaife dadine sletant igminsegudite@ fdat a.

5 the mixed area corresponding to the plurality of types of:
components detected by the component mixed-area detection
means.

The area specifying means may comprise space-
correlation-value calculation means for calculating a space
10 correlation valuerindicating.a correlation between
designated pixel data corresponding to a designated pixel of
a deeignated frame of the image data and pixel data of a
space neighboring pixel positioned in the neighborhocd of
the designated pixel in the spatial direction on the basis
15 of the plurality of types of components corresponding to the
designated pixel; time-correlation-value calculation means
for calculating a time correlation value indicating a
correlation between the designated pixel data and pixel data
of a time neighboring pixel positioned in the neighborhood
20 of the designated pixel in the time direction on the basis
of the plurality of types of components corresponding to the
.desighated pixel; and foreground area specifying means for
specifying a foreground area formed of only the foreground
object components on the basis of the space correlation

25 valuve and the time correlation value corresponding to the



The integration nmeans may add the pixel values of the plurality of types of
components for each pixel and may 25 output the added sk egudtbeasodshe
integrated data. 23 Novenmber 2005 5 According to a second aspect of the
invention, there-is provided an i mage processing nethod for use with an

i mge processing apparatus for processing inmage data which is formed of a
predet erm ned nunber of pixel data, having a plurality of types of
conponents at the same pixel position, obtained by an inage-capturing

devi ce including a predeterm ned nunber, of pixels, the pixels having a
time integrating function, said inage processing nethod conprising: an
area specifying step of specifying, in correspondence with i mage data, a
m xed area in ‘which foreground object conponents which forma foreground
obj ect arfieiamiagesumd x@8j-ect conponents which forma background object are
m xed; a mxture-ratio detection step of detecting, in correspondence with
the i mage dat dhet feedi xpacefyingi Bernd vay| eonphese anivedfatrd® m xture of
the foreground  object conponents to the m xture of the background object
conponent®SH LY 1REx B§aBEe 4O N SRRCAKYERE threpisaddasbpeen thenbambnts and

t he back%ro%gd %b%ect_coaponents are m xed; and_ an output control step of
cont rol | Pfg Phe TOGEHEPUBE PRE2 A&t thEedemivpared, AFBe aRerbha at | east one

of t@g area %ﬁe%ifzing sgeg gnd %Eernixtgre-ratio detegtigg step _perforns
i mage’ pr 6CESSTRE" G FRE BAsPFsGFIPRRTHNGr AFFRG UF EYperedshbeBhpRfent s.
of the designated frame.

The mixture-ratio detection means may comprise
component mixture-ratio detection means for detecting thé
mixture ratio for each of the plurality of types of

10 components; and component integrated mixture—ratio detection
means for detecting the mixture ratio corresponding to the
image data by integrating the detection results of the
mixture ratios corresbonding to'the plurality of types of
components detected by the component mixture-ratio detection

15 means.

The mixture-ratio detection means may comprise
_integration'means for integrating the pixel values of the
plurality of types of components for each pixel and for |
outputting the value as integrated data; and integrated data

20 mixture-ratio detection means for detecting the mixture
ratio corresponding to the image data on the basis of the
integrated data.

The integration means may add the pixel values of the
plurality of types of components for each pixel and may

25 output the added result as the integrated data.



The area specifying step may conprise a conponent m xed- area detection
step of detecting the m xed area for each of the plurabkinNoyeder yB3ESs of
conponents and for outputting the - 5a detection result corresponding to

i ndi vi dual conponents as conponent m xed-area information; and a

m xed- area specifying step of specifying the m xed area corresponding to
the inmage data on the basis of the detection result of the m xed area
corresponding to the plurality of types_of conponents detected in the
conponent 23 Novenber 2005 6 mi xed-area’detection step. The area specifying

step may conprise g space. corfel ation- valuecalcuiation step.of .o
cal cul ating a spacg corr &l ation va?ﬂ%‘fndlcatlng &' Cotreliati on Det Wen 5

desi gnated pixflacdals, Cﬂﬁ%%gesggg%}e@g&%g hedashomied, i xal ol ana sdggl onat ed

frame of t I mage data a space nei ghboring pi X

posi tioned jn,dne ;iR ghhorhoadof pEJb_%s@%ﬁifggﬂ@ég%d Rixelint &, the gpatsal

direction on the basis  of the plurality of types of conponents
correspondi g 4 @riherdfhidrRe anabes Pi XAlke1aqhiTE-HRihgl 2t hOraalyeos

calculation step of calculating a tinme correlation value indicating a
correl ati ontfaRisweenchhsordesisgaat el patl pdata s flioxe! ofled thedbyaahi me
nei ghbori ng pi xel positioned in the nei ghborhood of the designated pixel
in the tineiigeectpomeiony t Hevbasi sndbuding he plredatetwyiefd t ypeseof of
conponents corresponding to the
pixels, the pixels having & time integrating function, said
image processing method comprising: an area. specifying step ot
specifying, in correspondence with image data, a mixed area in
which foreground object components which form a foreground
chbject and background object components which form a
background object are mixed; a mixture-ratio detection step of
detecting, in correspondence with the image data, the mixture
ratio indicating the ratio of the mixture of the foreground
object' components to the mixture of the background object
components in a mixed area in which the foreground object
components and the background object components are mixed; and
an output control step of controlling the output of the
detected mixture ratio, wherein at least one of the area
specifying step and the mixture-ratio detection step performs
image processing on the basis of the plurality of types of
components. -
The area speclifying step may comprise a component mixed-

area detection step of detecting the mixed area for each of

the plurality of types of components and for outputting the



desi gnated pi xel; and a foreground area specifying step of specifying a
foreground area fornmed of only the foreground object campeasnt SN the
basis of the space correlation value and the time correlation val ue
corresponding to the ~O designated pixel. The area specifying step may
conprise a m xed-area specifying step of specifying the m xed area on the
basis of the foreground area of the designated frame and the foreground
area of a neighboring frane in the nei ghborhood 25 of the designated
frame. 23 Novenber 2005 7 The mixture~fatio detection step may conprise a

component  gltut g ratio, detection siep of detecting. fhe mutyre rafio for
each of the p uraPlty 5t YPES onconpéhen?s; and—a  componént integrated

m xture-rati tion st of. i e._m e ti I ondi ng
fo the | mag iaiatE, hef PR nEB LR ohHC s ik Pai 8 | i am e
ratios corggspdisgct opihe planalidy 9kat ¥BeseQlokAMBORENLSdehggied in
t he conponent n1xture-ra¥|o detection step. The mxture-ratio deteCtion
step My CofH¥a 98 ahe iPkEYr 3kl @ReShePeOfidtRGALI RG tthe Riixeh Mabaes of
the plurality of types of conponents for each pixel and for outputting
the val ue asodrlepgiaied tdattde anfhrAl iAdt af M xbey &rf dhponseiLeldrentssiep of
detecting the mxture ratio corresponding to the inmage data on the basis
of the integrahedcomairgent



In the integration step, the pixel values of the plurality of types of
conponents may be added for each pixel, and the addedzgﬁgu5hkﬁﬁm5be out put
as the integrated data. According to a third aspect of the invention, there
is provided a recording nedi um having recorded thereon a

conput er -readabl e program which is used to process inmage data which is
fornmed of a predeterm ned nunber of pixel data, having a plurality of
types of conponents at the same pixel position, obtained by an

i mage-capturing device including a prgdeterm ned nunber of pixels, the

pi xel s having 23 Novenber 2005 - 7a a'tine integrating function, said
program conprising: an area specifying step of specifying, in
correspondence with inmage data, a mxed area in which foreground object
conponent®-xfi-ereaf defregtionegtemnd obj ect and background object conponents
whi ch form a background object are m xed; a mxture-ratio detection step
‘of 23 NovenbeFhoodsea SpeetEFingigStem Ray re@pofivEhce SWadet he | mage dat a,
the mxture ratig indicating_the ratio of the m xture of the foreground
obj ect cGRFEREATIONFVRREENTREGHPE2EEORhELeBagkgFdbAdl dbjiREta cOMents in a
m xed area in_whi.ch thg 5 toreground obj ect congonents and t he background
obj ect COSKHOAEALE XRLVfi BEICERAREAN2 oGP HTELIRBAPR PCEYRP of control | i ng

the Q¥tpﬁ%s95n%@%dd8538 egaghxggLEeggéhging to a designated pixel of

a designated fréme of the image data and pixel data of a
space neighboring pixel positioned in the neighborhood of
the designated pixel in the spatial direction on the basis
of the plurality of types of compconents corresponding to the

10 designated pixel; a time-correlation-value calculation step
of calculating a time correlation value indicating a
correlation between the designated pixel data and pixel data
of a time neighboring pixel positioned in the neighborhood
of the designated pixel in the time direction on the basis

15 of the plurality of types of components corresponding to the
designated pixel; and a foreground area specifying step of
specifying a'foreground area formed of only the foreground
object components on the basis of the space correlation
value and the time correlation value corresponding to the

20 designated pixel.

The area.specifying,step may comprise a mixed—area
specifying step of specifying the'mixed area on the basis of
the foreground area of the designatéd frame and the
foreground area of a neighboring'frame in the neighborhood

25 of the designated frame.



wherein at | east one of the area specifying step and the mxture-ratio
detection step perforns image processing on 10 the bashsnglesidagrdakural ity
of types of conponents. The area specifying step nay conprise a component

m xed- area detection step of detecting the-m xed area for each of the
plurality of types of conponents and for outputting the detection result
correspondi ng to individual 15 conponents as conponent m xed-area
information; and a m xed- area specifyigg step of specifying the m xed area
corresponding to the inmage data on the basis of the detection result of

t he m xed areaq%prresgondin .to tge Plur ity of types of components
. e Mmlx ur?—ragdo de %Ct (eI elp ¥rtaly CO rise -ﬁ'l CO oren
detected in the conponéent . m Xed- area detecCtron step. e area

speci fyi ng é%ﬁ%r@¥a€96’p&éf cﬁoﬁpasgﬁ%gecoof r&laldi Qi vakye n&%‘tﬁELaEiaQEoSt ep of

cal culating a space correlation v I'ndicating a correl ati on between

desi gnated pixek,dat rCoffLSpeRding f 0o c&%ﬁggn%@dc&h;a&ﬁlen%; Zhd a
designated frane of the 1 nage data and pi xél data of a 23 Novenber 2005 - 9

space nei ghbofioRanpi xeteqtsihi ANSLHd rligongé GhhabRogde9f o £ tha deshgnat ed
pi xel in the spatial direction on the basis of the plurality of types of
conponent s o r esipendengrivid hecordesipgnaiegl ptxelthed tin@gecoruehat bpn-val ue
calculation step 5 of calculating a tine correlation value indicating a
correl ati oniietgweenndg hetldesidghateitbmi xelsudlas a @hd thiexehiglatie ofatdosi ne
nei ghbori ng pi xel positioned in the nei ghborhood

corresponding to the plurality of types of components detected

in the component mixture-ratio detection step.

The mixture-ratio detection step may comprise an
integration step of integrating the pixel wvalues of the
plurality of types of components for each pixel and for
outputting the value as integrated data; and a data mixture-
ratio detection step of detecting the mixture ratio
corresponding to the image data on the basis of the integrated
data.

In the integration step, the pixel values of the plurality
of types of components may be added for each pixel, and the
added result may be output as the integrated data.

Bceording to a third aspect of the invention, there-is
provided a recording medium having recorded thereon a
computer-readable program which is used to process image data
which is formed of a predetermined number of pixel data,
having a plurality of types of components at the same pixel

position, obtained by an image—capturing device including a

predetermined number of pixels, the pixels having



of the designated pixel in the tinme direction on the basis of the
plurality of types of conmponents corresponding to the ?h@%&h%?ﬂf d pi xel
and a foreground area specifying step of specifying a oregroun area
formed of only the foreground object conponents on the basis of the space
correlation value and the tinme correlation value corresponding to the
desi gnated pixel. 15 The area specifying step may conprise a m xed-area
speci fying step of specifying the niXﬁg area on the basis of the
foreground area of the designated frang®and the foreground area of a

nei ghboring frame.in_the nelqpborh od _of . the de5|gnated rame. 20 The

m xture-r atgal (0] dnet elélttegratjtngp Ctég%‘bl’s%:l'ed rfrogo rﬁmn‘filil ar e I’ a I O

detect i on stpi00 et sebhndr! Bectiyte 12t hgr%%rr%oﬁagncgf (A8 Rhugal ity of

types of conponéents; a conpone ntegrate xture-ratio ection
step of detggti ng ;nbge&ng&tew @:nr@ﬁi& Cﬁﬂe%%@&'{@'&%e%ﬁ Eemmﬁeﬂt@agﬁl@@ta by

i ntegrating the detection results 23 Novenber corresponding to
the pluralityrnof at yReSgebuKONBERESE S Jdat asd@drolAdt f&;%eepog&tpbnents

m xture-ratio detection step. The m xture-ratio detection step may conprise
an integraiiieh Scep af bHarkggsaid Ng bbgept Xele valwes of hmherurpl-wealiéty of
types of conponents for each pixel and outputting- the value as integrated
data; and aitetentégnatteg data m xture- ratio detection step of detecting the
m xture ratio



~ conponen

corresponding to the image data on the basis of the integrated data. In

the integration step, the pixel values of the plurality;\Qeldpsssof
conponents may be added for each pixel, and the added result may be out put

‘as the integrated data. According to a fourth aspect of the invention,

there is provided a programfor enabling a conputer to execute, said
conput er being used to process inmage data which is fornmed of a

predet ermi ned nunber of pixel data, having a plurality of types of
conponents at the sanme pixel position, gobtained by an inmage-capturing
device including a predeterm ned nunber of pixels, the pixels having a
time integrating function, said program conprising: an area specifying
step of specifying, in correspondence with inage data, a nmxed area in

~which f i oBecoregwpondensewiich tbenimagerdgtaunthebj ect and

background obj ect conponents which forma background object are mxed; a

m xt ur e- MY I Ge8ELPoAPSLEF tdNTddbecrrRgo of nthermnexspordentethfth the

i mage data, the mxture ratio indicating the ratio of the m xture of 23
NovenberffﬁﬁgrpuféaObﬂﬁétfGPQQPBGH&SOBPegPec%h%%%éﬁt@ftEh?he m xture of the

background object .in_a mxed area in which the foreground _object
Packgopng BRORGEOGRUPEBFBLE LBrpoRbHEd aFes i xeRiChrthan out put

Cont 5, 3RgRpBaTbE B L SobR Bl 8l it b LY ShyLre et
‘components are mixed; and an output control step of
controlling the output of the detected mixture ratio,
wherein at least one of the area specifying step and-the-
mixture-ratio detection step performs image processing on

10. the basis of the plurality of types of components.

The area specifying step may comprise a component
mixed-area detection step of detecting the mixed area for
‘each of the plurality of types of components and for
outputting the detection result corresponding to individual

15 components as compoﬁent mixed—-area information; and a mixed-
.area specifying step of specifying the mixed area
corresponding to the image data on the basis of the

- detection result of the mixed area corresponding to the
plurality of types of components detected in the domponent

20 mixed—-area detection step. |

The areaISpecifying step may comprise a space-—
correlation-value calculation step of calculating a space
correlation value indicating a correlation between
designated pixel data corresponding to a designated pixel of

25 a designated frame of the image data and pixel data of a



- 11 the area specifying step and the mxture-ratio detection step, inage
processing is perforned on the basis of the plurality 8ot sRRS205
conmponents. The area specifying step may conprise a conponent 5 m xed-area
detection step of detecting the m xed area for each of the plurality of
types of conponents and for outputting the detection result corresponding
to individual conponents as conponent m xed-area information; and a m xed-
area specifying step of specifying the m xed area 10 corresponding to the

i mage data on the basis of the detection result of the m xed area
corresponding to the plurality of types of conponents detected in the
conponent m xed-area detection step. The area specifying step may conprise
a space 15 correlation-value cal culation step of cal culating a space

correl at spsicy ahsByhineh Led | Pix &l Goss Bl i hetmReme dasianaled 4 xel data
corresponding to a designated pixel of a designated trame of the image

data andtipé xddstpiated pixspabe fied Giidly divedtResidd anrd Ha ithe
nei ghbor hood of 20 the designated pixel in the spatial direction on the

- basis off tties ppld ity o £ tyyaess off conpanenits carrmspendiing to the

desi gnated pixel; a time-correlation-value calculation step of calculating
atime cﬁﬂ$iﬂ&ﬁﬁ&ﬁ19&ﬂ&kﬁiauﬁimﬂ+aqrn£kanﬁan1naﬂuetnﬁhnuﬂaﬂﬂmm desipgnat ed

pi xel data and pixel data 25 of a time neighboring pixel positioned in the
nei gRbordb ot X INdvigrther 12005 correlation value indicating a

correlation between the designated pixel data and pixel data
of a time ﬂeighboring pixel positioned in the neighborhood
of the designated pixel in the time direction on the basis
of the plurality of types of components corresponding to the

10 designated pixel; and a foreground area specifying step of
specifying a foreground area formed of only the foreground
objeot components on the basis of the-space correlation
value and the time correlation value corresponding to the
designated pixel. |

15 - The area specifying step may comprise a mixed-area
specifying step of Speoifying the mixed area on the basis of
the foreground area of the designated frame and the
foreground area of a neighboring frame in the neighborhood
of the designated frame.

290 The mixture—ratio détection step may oomprise a
component mixture-ratio detection step of detecting the
-mixture ratio for each of the plurality of types of
oomponents;\and a component integrated mixture-ratio
detection step of deteoting the mixture ratio corresponding

25 to the image data by integrating the detection results



- 12 of the designated pixel in the tinme direction on the basis of the
plurality of types of conponents correspondi ng to the. desvaasiredopi xel ;
and a foreground area specifying step of specifying a foreground area
formed of only the foreground 5 object conponents on the basis of the space
correlation value and the tinme correlation value corresponding to the

desi gnated pi xel. The area specifying_ghep may conprise a m xed-area

speci fying step of specifying the nm xed area on the basis of 10 the

f d i .
o 310U s by e Baek TP B 0E 0o el

nei ghboring frame 1n e designa ranme.

m Xt ure-ratip get 86k Mernt! APxAE-GAREI S8 &GRAPORENT m xture-ratio
detection step of detecting the 15 mixture ratio for each of the plurality

of types of compeneniisitua@ddrfiCONPeReIttilonl e@ied Mt UESmFAid0 et ection
step of detecting the mxture ratio corresponding to the imge data by
i ntegratingitkgrdei @ct isarpr estll tintefrat ey Mekbureiteat | 081€ed r @spotrk ng to
the plurality of types 20 of conponents detected in the conponent
m Xt ur e-r atplmradétecedf crypebepf Jdvgoamexitur €or agdah gékett amwh @tipptayg
conprise an integration step of integrating the pixel values of the
plurality ofhet ypdgeohsconprurened flatarepawid pinxdintgadatent B aoutipatréng t he
val ue as integrated data; and an integrated 23 Novenber 2005
ratlo detection step of  detecting the mixture ratio
corresponding to the image data on the basis of the integrated
data.
In the integration step, the pixel values of the plurality
of types of components may be added for each pixel, and the
added result may be cutput as the integrated data.
According to a fourth aspect of the invention, there is
provided a program for enabling a computer to execute, said
computer being used to process image data which is formed of a
predetermined number of pixel data, having a plurality of
types of components at the same pixel position, obtained by an
image-capturing device including a predetermined number of
pixels, the pixels having a time integrating function, said
program comprising: an area specifying step of specifying, in
correspondence with image data, a mixed area in which
foreground object components which form a foreground object
and Dbackground object components which form a background
object are mixed; a mixture-ratioc detection step of detecting,

in correspondence with the image data, the mixture ratio

indicating the ratio of the mixture of



13 data mxture-ratio detection step of detecting the mxture ratio
corresponding to the image data on the basis of the | ntegiateergata. In
the integration step, the pixel values of the plurality of types of
conponents may be added for each pixel, and the added result may be out put
as the integrated data. According to a fifth aspect of the invention, there
is provided an i mage-capturing appar aj ys conprising: inmage- capturing
means for outputting a subject image captured by an i nmage-capturing device
i ncl udi ng e 1 o) i , e .pi_.xe i n i
integratingt@%ngﬁ%gﬁ?gégp ?E)ggEda%§M§%%§h§isE$o#%§d %?xg@%%eggfeﬁﬁgﬁed
number of phx@lgrodatiacha¥tng ad Pl upakid yafla t YRESHALnC AMRONEM S, Rlinfihe same
pi xel position;” area speécifying nmeans for specifying, in correspondence
with image éafcst acdipe@dnas eankn Y Chacificadrownd cebj eGnpeaapesnents which
-forma foreground object and background object conponents which forma
backgr ound mildectnaren nue@dr asatidXtdtee- bat tendetethyothdreaAnut0b
detecting, in correspondence with the imge data, the mxture ratio

i ndi cati ng thre deatrtedmitheres xdtwe ehetbienfamegroleast almeeof conponents to
the m xture of the background object conponents in a m xed area in which
the foreground object conponents and the background object conponents are
m xed, wherein at |east one of the area specifying neans and the

m xture-ratio detection neans perforns i mage processi ng on 23 Novenber 2005



3

detection neans. The area . specifying

- 14 the basis of the plurality of types of conponents. The area

speci fying nmeans may conprise conponent m xed- area debeghbilh®BaS for

detecting the m xed area for each of the plurality of types of conponents

and for outputting 5 the detection result corresponding to individual-:

conponents as conponent m xed-area information; and m xed-area specifying

means for specifying the mxed area corresponding to the inmage data on the

basis of the detection result of the m xed area corresponding to'the

plurality of types of 10 conponents d?hggted by the conponent m xed-area
ans may conprise space-

correl ation-val ue cal cul ati on neans for calculating a space correlation

val ue indicating a correl ation between 15 desi gnated pi xel data

corr espohtdengrte speesfygiadgestepxahd ofhe anilesigrateid rdee=eiidhe i mage

-data and pi xel data of a space nei ghboring pixel positioned in the

nei ghbor hted, oimagdepvestgnin@dipi pet formederspaie daglis exf itde on t he basis
of the plurality of types of conmponents corresponding to the 20 desi gnated
pi xel ; tPhergbitel af i tvpeal wf cetpetentdn means for calculating a tine
correlation value indicating a correlation between the designated pixel
data and pi xefhed@zea FPacifiag & b aeyn §opiPréis epds icormeagnitn t he-

nei ghbor hood  of the designated pixel in the tinme direction on the basis 25
of tRe prFetTIvedrdeiREsion T diematedrings fhmiitHgad anra £2Novenber

2005
each of the plurality of types of. components and for

outputting the detection result corresponding to individual
components as component mixed-area information; and a mi#ed—
area specifving sﬁep of specifying the mixed area

10 corresponding to the image data on the basis of the
detection result of the mixed area corresponding to the
piurélity of types of components detectea in the component
mixed-area detection step.

The area specifying step may comprise‘a space—

157 correlation~value calculation step of calculating a space
correlation value indiéating a correlation between
designated pixel data corresponding to:a designated pixel of .
& designated frame of the image data and pixel data of a
space neighboring pixel positioned in the neighborhood of

20 the designatéd pixel in the spatial direction on the basis
of the plurality of types of components corresponding to the
désignated pixel; a fime—correlation—value calculation step
of calculating a time correlation value indicating a
correlation between the designated pixel data and pixel data

25 of a time neighborihg pixel positioned in the neighborhood



- 15 designated pixel; and foregroUnd area specifying nmeans for

specifying a foreground area fornmed of only the foregrosngdve R0 85
conponents on the basis of the space correlation value and the tine

~correlation value corresponding to the 5 designated pixel. The area

speci fying means may conprise-m xed-area specifying nmeans for specifying
the m xed area on the basis of the foreground area of the designated frane
and the foreground area of a neighboring frame in the nei ghborhood 10 of

- the designated frane. The nixture-rath% detection neans nay conprise

conponent m xture-ratio detection neans for detecting the mixture ratio
for each of the plurality of types of conponents; and conponent integrated
m xture-ratio detection 15 neans for detecting the m xture ratio for

det ecti n@ft tbentesdgeatetli pizeir éspohdi ngmet dirbetiomgendaha bysist egrati ng
the detection results of the mxture ratios corresponding to the plurality
of typesodf tbenpdnanistiepréctyiebyofheonpapeneat carxespendingotdetieet i on
means. 20 The mixture ratio detection nmeans may conprise integration nmeans
for inteffaipRgtedeprprrel sBHuasferegreung| arafi syeel fyimessv¢p cofiponent s
for each pixel and for outputting the value as integrated data; and

i nt egr at 88eGaf¥irg Rt fipeegaPrBddareat formABans PRlY dekecEPrRU¥Pendi xture 25

ratio corges onding to the inage data on_the basis of the 23 Novenber 2005
5 object components on the basis of the space correlation

value and the time correlation value corresponding to the
designated pixel.
The area specifying step may comprise a mixed-area
specifying step of specifying the mixed area on the basis of
_10- the foreground area of the designated frame and the
foreground area of a neighboring frame in the neighborhood
of the designated frame.
The mixture—rétio detection step may comprise a
component mixture-ratio detection step of detecting the
15 mixture ratio for each of the plurality of types of
components; and a component integrated mixture-ratio
detection step of detectiﬁg the mixture ratio corresponding
to the imaée data by integrating the detection results of
the mixture ratios corresponding to the plurality of types
20 of componehts detected in the cﬁmponent mixture-ratio
detection step.
The mixt@re—ratio detection step may comprise an
integration step of integrating ﬁhe pixel values of the
plurality'of types of components for each pixel and for

25 outputting the value as integrated data; and an integrated




- 16 integrated data. The integration neans may add the pixel val ues of
the plurality of types of conponents for each pixel apgNFBMHREIGME the
added result as the integrated data. According to a sixth aspect of the
invention, there is provided an i mage processing apparatus for processing
imge data which is formed of a predeterm ned nunber of pixel data,
having a plurality of types of conponents at the sane pixel position,
obt ai ned by an inage-capturing device iBCIuding a predeterm ned nunber of
pi xel s, the pixels having a tine infé& ating function, said imge
processingcﬂﬂparatqg conprising: imge data b%%k@%?ﬂn"?%ﬂg %g&topéaining

! 1aTa ixture=ratlio —deféctio St%P o] qn :
i mage data; and processrng performng neans for performng, on“the basis

O ine PhurALY. O JUpERa s COIPIRENLRAGL WIEaObhaldRd pldOC Aathe one of
processings of (i) an area specifying stép of specifying, in
correspondefjge Mt Batdg d mege data, a mixed area in which foreground

obj ect conponents which forma foreground object and background obj ect

conponents whi gl £REM nteJraekeh O3t ,0RheChiAE L vH1%ed 8ATLHd ipludality
m xture-ratio detection step of detecting, in correspondence with the

i mage dat apf theas Xfurcempahémcd NEHE abd ngdddie faat icacaf pikelm xhdr enof the
f oreground object conponents to the m xture of the background object
conponent s ddiied mexek atagabé nowdputh akhehe fiortegretied ddyjaect conponents and
t he background object conmponents are m xed. 23 Novenber 2005
According to a fifth aspect of the invention, there is
provided an image-capturing apparatus ;:omprising: 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 which is formed of a predetermined number of pixel
data having a plurality of types of components at the same
pixel pdsition; area specifying means for specifying, in
correspondence with image data, a mixed area in which
foreground object components which form a foreground object
and background object components which form a background
object are mixed; and mixture-ratio detection means for
detecting, in correspondence with the.image data, the mixture
ratioc indicating the ratio of the mixture of the foreground
6bject components to the mixture of the background object
- components ‘in a mixed area in which the foreground object
components and the background object components are mixed,

wherein at least one of the area specifying means and the

mixture-ratio detection means performs image processing on



- 16a The processing perform ng neans may perform on the basis of the
plurality of types of conponents of the obtained i mage y3dalanBo@r ea
speci fying step of specifying, in correspondence, with the inmge data, a
m xed area in which foreground object conmponents which forma foreground
obj ect and background object conponents which forma background 23
Novenber 2005 - 17 object are m xed. The processing perform ng neans my
perform on the basis of the plurality of types of conponents of the
obtained inage data, a mxture-ratio_detection step of detecting, in
correspondence With the i mage data, tH#é mixture ratio indicating the ratio
of the m xture of the foreground object conponents to the m xture of the
background object conponents in a mxed area in which the foreground

obj ect cempopapis @ndthé helbaskgtpusd eppesto£ormenadstar e m xed.
According to a seventh aspect of the invention, there is provided an inmage
processi ng neriwdfed gpeaceSsiny nemge dat aompliick iconiponed afixad-
predet er mi ned nunber of pixel data, having a plurality of types of

. conmponenaseat dehecshoe mexed Hosi déebest bing athee dniedinnremgiec aptadr | ng
device including a predeterm ned nunber of pixels, the pixels having a
time inoégrthei phufamtty onf swpes i abgeoparess rpdefdodwgrtigiong:  an

i mage data obtaining step of obtaining inmage data;. and a processing

per f & ni hlges@@*pemlcrfer!feﬁuﬁmgwi@fﬁ%mm stofindieridual components

as component mixed—area information; and mixed-area
specifying means for specifying the mixed area corresponding
to the imagerdata on the basis of the detection result of
the mixed area corresponding to the plurality of types of

10 components detected by the component mixed;area detection
means .

-The area specifying means may comprise space-
éorrelation—value calculation means for calculating a space
correlation value indicating a correlation between

15 designated pixel data qorresponding to a designated pixel of
a designated frame of the image data and pixel data of a
space neighboring pixel positioned in the neighborhood of
the designated pixel in the spatial difection on the basis
of the plurality of types of components corresponding to thé

- 20 deéignated pixel; time-correlation-value calculation means
for caléulating a time correlation value indicating a
correlation between the designated pixel data and pixel data
of a time neighboring pixel positioned in the neighborhood
of the designated pixel in the time direction on the basis

25 of the plurality of types of components corresponding to the



plurality of types of conponents of the obtained i mage data, one of
processings of (i) an area specifying step of specif ysRGvedtier 2005
correspondence with the inage data, a mxed area in which foreground

obj ect components which forma foreground object and background obj ect
conponents which form a background object are mxed and (ii) a

m xture-ratio detection step of detecting, in correspondence wth the

i mge 23 Novenmber 2005 - 17a data, the mxture ratio indicating the ratio
of the mxture of the foreground object conponents to the m xture of the
background obj ect conponents in a mx é_érea in which the foreground

obj ect conponents and t he background object conponents are m xed. 23
Novenber 2005 - 18 1In the processing perform ng step, on the basis of the

pl ural i tgesfgiypas pixebymonentsrajrdited et ngbdiBghdlaledns FHorar €a
speci fying step of specifying, in correspondence with the inage data, a
m xed argpe¢ifwingha firsgronnd objectfomenp @rerir ywiteh fofegravner egr ound
obj ect and background object conponents which forma background object are
m xed negb]det pemimmmed:s lan ttee pgraocies sihg e rdpeos R rtedption t he basi s of
the plurality of types of conponents of the obtained i mage data, a
m xt ur e-¥akue adal ddte drinsy e mfeldatiant ived,ud mauresgspalicende thiet h t he
i mage data, the nmixture ratio indicating the ratio of
designated pixel.
The area specifying means may comprise. mixed-area
specifying means for specifying the mixed area on the basis
of the foreground area of the designated frame and the
foreground area of a neighboring frame in the neighborhood
10 of the designated frame.
The mixture-ratio detection means may comprise
component mixture-ratio detection means for detecting the
mixture ratio for each of the plurality of types of
cOmponents; and component integrated mixture-ratio detection
15 means for detecting the mixture ratio for detecting the
mixture ratio corresponding to the image data by integrating
the detection results of the mixture ratios corresponding to
the plurality of types of components detected by the
component mixture-ratio detection means.
20 The mixture ratio detection means may comprise
integration means for integrating the pixel values of the
plurality of types of components for each pixel and for -
outputting the value as integrated data; and integrated data

mixture—ratio detection means for detecting the mixture

‘25 ratio corresponding to the image data on the basis of the



the m xture of the foreground object conponents to the mxture of the
background obj ect conponents in a mXxed area in which »Rg,LQ.L850qund

obj ect components and the background object conponents ar
performed. According to an eighth aspect of the invention,

e nlxeg may be
there is

provi ded a recordi ng nmedi um having recorded thereon a conputer--readable
program which is used to process inage data which is fornmed of a

pr edet er mi ned nunber of pixel data, _h%%ing a plurality of

types of

conponents at the sanme pixel position, "obtained by an inage-capturing
devi ce |nclﬂg%ggag?%ggq%pternlned nunber of pixels, the pixels having a

time integrati-ng

nction, said program conprising: an i mge data

obtaining ste i.0i i : r ac i rf ] ste
of pertocng. e (iseplePiod RO Shey BB iR A0S NLRST R ThE0 SLeP

types of caompoaents &f dpesoBtaligii-aegerdata onexef iy

AeESShpgsL of (i)

an area specifying step of specifying, in correspondence with the imge
data, a m xeft apeadi fehitChs {1y agreypgdcabjgel.conponents which forma

foreground object and background object conponents which

form a background

obj ect are m xedc23rdNaventiera 200bchr ddbeadndhf( 1dhe ainlextiioR; r ahépe defecti on

step of detecting, in correspondence with the inage data,

the m xture ratio

i ndi cati ng dreidatli anofintage mirxteseinf s faonegrioundgmibeesing image

data which is formed of a predetermined number of pixel data,

having a plurality of types of components at the

same pixel

position, obtained by an image-capturing device including a

predetermined number of pixels, the pixels having a time

integrating function, said image processing

apparatus

comprising: image data obtaining means for obtaining image

data; and processing performing means for performing, on the

basis of the plurality of types of components of the obtained

image data, one of processings of (i) an area specifying step

of specifying, in correspondence with the image data, a mixed

area in which foreground object components which form a

foreground object and background object components which form
a background object are mixed and (ii) a mixture-ratio
detection step of detecting, in correspondence with the image
data, the mixture ratio indicating the ratio of the mixture of
the foreground object components to the mixture of the
background object components in a mixed area in which the
foregrouﬁd object components and the background object

components are mixed.



conponents to the m xture of the background object conmponents in a m xed
area in which the foreground object conponents and the;Rackaroipe object
conponents are mxed. In the processing perform ng step, on the basis of
the plurality of types of conmponents of the obtained i mage data, an area
speci fying step of specifying, in correspondence with the inage data, a

m xed area in which foreground object conponents which forma foreground
obj ect and background obj ect conponenig whi ch form a background object are
m xed may be perforned. In the processithg perfornming step, on the basis of
the pluraljty of types of ¢ onents_of the obtained i e a

Xt ur e atT dRCSEPRONS ot TGt BEPThgtY P edPrRe pahdenge it ot he

| mage dat a,fh ﬂﬁéﬁ%ﬁ b3t ItS( Ladi t%d?r%o%@ﬁ moykutge QfiLifed05RgEouUNd

obj ect conponents to the m x ire of the ackgrouné obj ect conponents in a
m xed area dfwhi chyt he, 01 egraund, phy ectycgmpopent s @i dhggbackg ound
obj ect conponents are m xed may be performed. According to a ninth aspect
of the inverr@Bpohd@l®,i Syithl MHedethayedr @A9M £ Ofienabhidy ancaApegier to
execute, said conputer being used to process inage data which is forned of
a predet erfareedotniber @it ptadlondata, whitfa fobaviangfax pirvnali byjest t ypes
of conponents at the sane pixel position, obtained by an inage-capturing
devi ce i nclandi hgchgrqmedebdeat nechpourbes wifichi Xets,a tdeekgrxehd having a
time integrating function, said program conprising: an imge data



obtaining step of obtaining inmage data; and a processing performng step
of performng, on the basis of the plurality of typeszgkba§m&pﬁﬁ@ber 2005
- 20 conponents of the obtained i nage data, one of processings of (i) an
area specifying step of specifying, in correspondence wth the inage data,
a mxed area in which foreground object conponents which forma foreground
obj ect and background 5 object conponents which form a background obj ect
are mxed and (ii) a mxture-ratio detectlon step of detecting, in
correspondence with the image dat a, thé’nixture ratio indicating the ratio
of the m xt of t he foreground obj ect conponents to the m xture of the
backgr ound % 240 "¥éponents in a mixed area in which the f or egr ound

obj ect conpon rrz >pE0Sddis. PRckaronnd, QRl.ge! negNBODENLE e HXBds N the

processi ng per ng st ep, is o y of types of

conponents o tth%e p@QI:é‘iﬂf‘j\g ncf"faé%%eg%f‘ corfifbrdntd 8@3‘811@ Yo i98P iRk ge

specifying, 1 n correspon with the image data, a mxed area i1 n which

foreground ghjsgct 2 caapenest stk chidkarmén f aseg owd chjeetiagd background
obj ect components which forma background object are m xed my be

perfornmed. ddrrebgofdaaassivighperther minggst egatHn tihe basixkuet tlﬁeticéo
plurality of types of conponents of the obtained i mage data, a
m Xt ur e- r atimolidet &ed | e stap cofofdethectiingure noforhes porstpruadwobhedte | mage
data, the m xture ratio

components to the mixture of the background object components

in a mixed area in which the foreground object components and

the background object components are mixed.

According to a seventh aspect of the invention, there is
provided an image processing method for processing image data
which is formed of a predetermined number of pixel data,
having a plurality of types of components at the same pixel

~ position, 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 image data obtaining step of obtaining image data; and a
processing performing step of performing, on the basis of the
plurality of types of components of fhe obtained image data,
one of processings of (i) an area specifying step of
epecifying, in correspondence with the image data, a mixed
area in which foreground object components which form a
foreground object and background object components which form

a background object are mixed and (ii) a mixture-ratio

detection step of detecting, in correspondence with the image



indicating the ratio of the mxture of the foreground object conponents to
the m xture of the background object 25 conponents in &3M&hA06% | N Which
t he foreground object 23 Novenmber 2005 - 21 conponents and the background
obj ect components are m xed may be performed. According to a tenth aspect
of the invention, there is provided an inage-capturing apparatus
conprising: image- capturing neans for outputting a subject inmage captured
by an i mage-capturing device including a predeterm ned nunber of pixels,
the pixels having a tine integratingf fetion, as i mge data which is
formed of a,predeterm ned nunber of  pixel ta havin lurality of types
of  ComponerfAi: PRGRbATEe prh PekiatoRe SRt prabesd: TP sbrturh RS neans

for perf orflng. ot henbashenl (ASELULRL! tYo Of LyPES.Rl-c CQPODROLS Of

t he i mage data, one”of processings n "area specCifying step of

spect 11 N9, pddkA8LhESRANABRCR ML AN 1h MBI IAA o M XPALALAR KRe W Cf
foreground object conponents Ich forma foreground object and background
obj ect com ban¥hi 6B5£0F M GrRRekdEQuUNdngbj e6L apgckdrRGaNLGk) @

m xture-ratio detection step of detecting, in correspondence wth the

i mge dat a,cdnp@n@hxtuie Akeq. i ndicating the ratio of the m xture of the

f oreground object conponents to the mxture of the background object
conponents in a mxed area in which the foreground object conponents and

t he background object conponents are m xed.



The processing perform ng neans nmay perform on the basis of the plurality
of types of conponents of the image data, an area spegkiyiQghest®B Of
specifying, in - 22 correspondence with the image data, a mxed area in
whi ch foreground object conponents which forma foreground object and
background obj ect conponents which forma background object are mxed. 5
The processing performng neans nay perform on the basis of the plurality
of types of conponents of the image data, a mixture-ratio detection step
of detecting, in correspondence mﬁtﬁ'ﬂﬁe"inage data, the mxture ratio

indicating the ratio of the m xture_of .the foregrou object 10.c onents
to the mxture'8f e Fbré’c,cﬁaPb’ﬁ%dpﬁﬁf%ﬂmgcosﬁ:ﬁgnenc{nsr%'q}? gﬂ’afﬁ?edo%rg]ggi n

whi ch the foreqnoupdooblgel. conpopents. andst b, backaround ableat. .,

conponent s "are i xed. | n’correspondence w I'mage data, a nrxed area in

whi ch T o eqf0und 0lLBEL c LONPARERT 5 WILED: £y a5 ho0LegE andhaehBooh £t and

background obj ect nponents which form a background object are mxed is

speci fied. dhe mMXidr@atdli & hgigatd-ag the LAtk QforEEEOLEﬂd(t %bg_e@tf: the
foreground object “conponents to the m xture of the background obj ect

conponent s ddpdnBh¥ed waiea i foMhi gh thedronedr otk @bj ecd 30 keipoenent s and
t he background obj ect conponents are mxed is detected. At |east one of
t he area spegjeki:cabmoimeoper ahicn fand at beckgxdundeobabto et edkednmeper ati on
perforns i mage processing on the basis of the plurality of types of
be performed.
In the processing performing step, oﬁ the baéis of the
plurality of types of components of the obtained image data, a
mixture-ratio detection step of detecting, in correspondence
with the image data, the mixture ratio indicating the ratio of
the mixture of the foreground cobject components to the mixture
of the background object components in a mixed area in which
the foreground object components and the background object
components are mixed may be performed.
According te an eighth aspect of the invention, there is
provided a recording medium having recorded thereon a
computer-readable program which is used to process image data
which 1is formed of a predetermined. number of pixel data,
having a plurality of types of components at the same pixel
position, obtained by an image-capturing device including a
predetermined number of pixels, the pixels having a time
integrating function, said program comprising: an image data
obtaining step of obtaining image _data; and a processing

performing step of performing, on the basis of the plurality




components. 25 Image data is obtained, and based on the plurality of . 23
Novermber 2005 - 23 types of conponents of the obtained;iyiags,.fdai@. one of
processings of (i) an area specifying step of specifying, in
correspondence with the inage data, a mxed area in which foreground

obj ect components which forma foreground object 5 and background obj ect
conponents which forma background object are mxed and (ii) a

m xture-ratio detection step of detecting, in correspondence with the

i mge data, the mxture ratio indi cét]rq?g"the ratio of the m xture of the

foreground object conmponents to the nmxture of the 10 ba round obj ect
conponents § %mﬁsxe(gpa‘r:%%p?rhe i ﬂﬁ}ée PR GRS Und S, e%s%don%n(?ne?\ s and

e s e R o e AT

-Drawi ngs Fig,r b sS50¥6 2N Zd‘:c}‘i@‘”timl%e aR,t JROG REOLESSING  APPRhalws of

the present invention. Fig. I's a block diagramillustrating the inage 20

processi Ng ARRALSLMS - ol &t 3cddddiehiat €hithe foPRIQ Cadyrbigdpebiested by a
sensor. Fig. 4 illustrates the arrangenent of pixels. :

and background object components which form a background

object are mixed



Fig. Sillustrates the operation of a detection device. 25 Fig. 6A

illustrates an i nage obtai ned by i nage 23 Novenber
obj ect corresponding to a noving foreground and

20053 No@dnbeCR0 Ur i Ng an
an object corresponding to

a stationary background. Fig. 6B illustrates a nodel of an inage obtained
by inmage-capturing an object corresponding to a noving 5 foreground and an
obj ect corresponding to a stationary background Fig. 7 illustrates a
background area, a foreground area, xed area, a covered background
area, and an uncovered background areé 10 Fig. 8 illustrates a nodel

Cbtai ned DYaRKPIng) 16, | R tlR e LR, AdcEb Lotk tNELR! X5 uBLUGS Of PLXe! S

al i gned si d¢ de in an i nage obtaine y i mage-capturing ] ect

corresponduﬁgf%g
to a stationary

ackground. 15 Fig. 9 i

8nsdatd onany, f%%grqmag . and,an th&@blrﬁ%tureor&sgpgnd' ng
E [ustrat'es a nodel” in which pixel

val ues. arein@xpandedehd theid idre e eakicQPe apd the E@fégld;uﬁar B%@%dl ng
to the shutter tine is divided. Fi.g. 10 illustrates a nodel

i ch pixel

val ues are coppabded ta tﬁ&aﬂﬂxﬂardl6ectménbéﬁubﬁbhﬁdpebjéui.Qﬁm@eaaﬁﬂﬂing 20
to the shutter tine is divided. Fig. 11 illustrates a nodel in. which pixel

val ues are irexpariced bned hen twiniehdithec o osganohdt e jpet | cenppornespandi ng

the shutter time is divided

the background object components are mixed.

In the processing performing step, on the basis of the
plurality of types of components of the obtained image data,
an area specifying step of specifying, in correspondence with
the image data, a mixed area in which foreground object
components which form a foreground object and background
object components which form a baCkground object are mixed may
be performed.

In the processing performing step, on the basis of the
plurality of types of components of the obtained image data, a
mixture-ratio detection step of detecting, in correspondence
with the image data, the mixture ratio indicating the mixture
of the foreground object components to the mixture of the
background object components in a mixed area in which the
foreground object components and the Dbackground object
components are mixed may be performed.

According to a ninth aspect of the invention, there is
provided a program for enabling a computer to execute, said
computer-being used to process image.data which is formed of a

predetermined number of pixel data,

to



Fig- 12 illustrates an exanple. in which pixels in.a 25 foreground area, a
background area, and a m xed area are 23 Novenber 20052%K%a§m§??ﬁﬁaCted'
a node

Fig. 13 illustrates the rel ationshi ps between pixels an obt ai ned
by expanding the pixel values in the tine direction. 5 Fig. 14 illustrates
a nodel in which pixel values are expanded in the time direction and the
period corresponding to the shutter tinme is divided. Fig. 15 illustrates a

nodel in which pixel values are expanded in the tinme direction and the
period corresponding 10 to the shutTel®3ime is divided. Fig_ 16
illustrates a .nodel in which pixel values are expanded in the tine

di rection éﬁﬁlPﬁeapéPW661é5¥rgng¥Rﬁ§mfftEPTHﬂ9%§ gt?&rthnﬁaWE 8- Hed.

Fig. 17 illustrates a npdel in which gixgl val ues are. 15.expanded in the
time direction AR t RBPEITDEEoft edPaRaET 7 16 e SSHUET ef "t T RE 1% i vi ded.
Fig. 18 illusty ; ' i ch pixel u ded | he tine
direction éﬁ%dﬁﬁég%g%?gggg%?%£s§gn ﬁ%ﬂéYo ?ﬁ% ?Eﬁ?{grhgﬁgggig'dkg?%ed. 20

Fig_19 is iqatfelg%elmgtf&iéﬂi%w athng %Psg%f?_csé@ﬂgs_ifnga Saﬁdjiﬁagéneawe

anount of notion blur. Fig. 20 is a ock diagrami | trating an exanple
of the conjjtaunahloni@l the dpeaisRRF ivhed Wakh; 1Q3d a processing

performing step of performing, on the basis of the plurality

of types of



Fig. 21 illustrates an i nage when an object 25 Corresponding to a
foreground is nmoving. . 23 Novenber 2005 - 26 Fig. 22>k isidepddds a nodel
in which pixel values are expanded in the tine-direction and the period .

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

in which pixel values are expanded in the tine direction and the period

corresponding to the shutter time is %Bvided. 10 Fig. 25 illustrates the

conditions for determning the area. Fig. 26A illustrates an exanpl e of

the result obtained by specifying the area by the area specifying unit

103. Fig. 26B illustrates an exanple of the result obtained 15 by

speci fyi PR Ay thife olrtad nege diMagien glagiai, t on@30f Birgece26@nigk| ast r at es

an-exanpl e of the result obtained by specifying the area by the area

speci fyi ngt? (Fl LRSS SPEicd LYAgD isitels ofas@ecdfvaranpin oprriheppadahce

obtai ned by specifying the area by the area specifying unit 103. 20 Fig.
v,

27 illus HegfpPa tef ehBixesupEeghiai Hedchpyospaspryiingbiftetarea by
the area specifyin i 03. Fig. 28 is a flowhart .illustrating the area
Specifyiﬁﬁﬂmﬁ#ﬁ%éégﬁ nch %orm a %oreground object and backgroundg

5 | object components which form a background object are mixed
and (ii) a mixture-ratio detection step of detecting, in
correspondence with the image data, the mixture ratio .
indicating the ratioc of the mixture of the foreground object
components fo the mixture of the background object

10 components in a mixed area in which the foreground object
components and the background object components are mixed.

' In the processing performing step; on the bhasis of the
plurélitf of types of components of the obtaihed image data,
an area specifying step of specifying, in correspondence

15 with the image data, a mixed area in which foreground object
components which form a fo:eground object and background
object components which form a background object are mixed
may be performed. | |

In the processing performing step, on the basis of the

20 plurality of types of components of the obtained image data;
a mixture—ratio detection step of detecting, in |
correspondence with the image data, the mixture ratio
indicating the ratio of the mixtufe of the foreground object
components to the mixture of the background object

25 . components in a mixed area in which the foreground object



Fig. 29 is a block diagramillustrating an exanple of 25 the configuration
of the area specifying unit 103. 23 Novenber 2005 - 27 23%Nol6midrgoos30
illustrates a nodel in which pixel values are expanded in the tine
direction and the period corresponding to the shutter tine is divided.

Fig. 31 illustrates an exanple of a background image. Fig. 32 is a block
diagramillustrating the configuration of a binary-object-inage extracting
portion 302. Fig. 33A illustrates the calculation of a correlation value.

Fig. 33Billustrates the calcul ation o@ﬁa_correlation val ue. Fig. 34A

il lustrates u [ | ation val Fig, 34B iLl rates
t he cal cul aﬁng%n%@:g %:lggri re a?:{aocﬁ{gg%ﬁ(ga?é ée.CtZ(?%E#gl.‘le%? igﬁﬁeus i e}éggn
exanmpl e of ghe hi-pafyyobject inmage. Fig. 36 is a block diagram
illustrating the configuration of a time change detector 303. Fig_ 37

il lustrates det@eabh@idPnso MRdeehih AR @A of the invention, there is
provided an 1image-capturing apparatus comprising: image-
capturing means for outputting a subject image captured by aﬁ
image-capturing device including a predetermined number of
pixels, the pixels having a time integrating function, as
image data which is formed of a predetermiﬁed number of pixel
data having a plurality of types of components at the same
pixel position; and processing performing means for
performing, on the basis of the plurality of types of
components of the image data, one of processings of (i) an
area specifying step of specifying, in correspondence with the
image data, a mixed area in which foreground cobject components
which form a foreground object and background object
components which form a background object are mixed and (ii) a
mixture-ratio detection step of detecting, in correspondence
with the image data, the mixture ratio indicating the ratio of
the mixture of the foreground object components to the mixture
of the background object components in a mixed area in which
ﬁhe foreground object components and the background object
components are mixed.

The processing performing means may perform, on the basis
of the piurality of types of components of the image data, an

area specifying step of specifying, in



determ ning portion 342. Fig. 38 illustrates an exanpl e of determ nations
made by the time change detector 303_ Fig. 39 is a fl owghatlmid battrati ng
the area specifying 25 processing perforned by the area specifying unit
103. 23 Novenber 2005 - 28 Fig. 40 is a flowhart illustrating details of
the area specifying processing. Fig. 41 is a block diagramillustrating:
still another configuration of the area specifying unit 103. 5 Fig. 42 is
a block diagramillustrating the configuration of a robust-processing
portion 361. Fig. 43 illustrates notion conpensation performed by a notion
" conpensator 381. Fig. 44 illustrates-m#ion conpensation perfornmed by 10
the notion conpensator 381. Fig. 45 is a flowhart illustrating the area
specifying processing. Fig. 46 is a flowhart "illustrating details of the

robust preglﬁfééﬁ%dérfc&i&twtﬂé a0t £di agr gkl H8ERAEhNGn gAn exanpl e of
the configuration. of a mxture-ratio calculator 104. Fig. 48 illustrates

an exanpl £, phgtdiend 495 e X MRondiaAld YndchFiEBrm?d Ebkugtbah@SoBapdel in
whi ch pi xel values are 20 expanded in the time direction and the period
corresponghdhackground object components which form a background

object are mixed.

5 The processing performing means may perform, on the
basis of the plurality of types of components of the image
data, a mixture-ratio detection step of detecting, in
.correspondence with the image data, the mixture ratio
indicating the ratio of the mixture of the foreground quect

10 components to the mixture of the background object
components in a mixed area in wﬁich the foreground object
ceomponents and the 5ackground object components are mixed.

In correspondence with image data, a mixed area in
ﬁhich foreground object components which form a foréground

15 . object and background object components which form a
background object are mixed is specified. The mixture ratio
indicating the ratio of the mixture of the foreground object
components to the mixture of thé background object
components in a mixed area in which therforeground object

20 components and the background object components are mixed is
detected. At least one of the area specification operation

and the mixture-ratio detection opgration performs image
proceséing on the basis of the plurality of types of
bomponeﬁts. |

25 - Image data is obtained, and based on the plurality of



to the shutter tine is divided. Fig. 50 illustrates a nodel in which pixel
values are expanded in the tinme direction and the perppgogitempondi ng to
the shutter tine is divided. 25 Fig. 51 illustrates approxi mation using a
correlation 23 Novenber 2005 - 29 of foreground conmponents. Fig. 52
i'llustrates the relationship anong C, N, and P. Fig. 53 is a block diagram
illustrating the configuration of the m xture-ratio estimation processor
401. 5 Fig. 54 illustrates an exanple of an estinmated m xture ratio. Fig.
55 is a block diagramillustrating the configuration of the mxture-ratio
cal culator 104. Fig. 56 is a flowharg3iH ustrating the mxture-ratio 10
cal cul ation processing. Fig. 57 is a flowhart. illustrating the processing
for' calculating the estinated nixture ratio Fig- 58 iIIustrates a

o1 ah RE LorcRRoR IR LPoy e TS LAl Bt 1l 2 50
B R e
;olr | ust 1 3k}, 10-3BBRAECEOwE LR LAUT BhAGE 8hed N GRLASRIALAT X WifrdiAt | ©
foreground. object components which form a foreground object
S5 and backgroﬁnd object components which form a background
object are mixed and (ii) a mixture-ratio detection step of
detecting, in correspondence with the image data, the
mixture ratio in&icating the ratio of the mixture of the
foreground object components to the mixture of the
10 background object components in a mixed area in which the
foreground object components and the background object
components are mixed is perfofmed.
As a result, the mixture state of the images can ber
recognized. |
15
Brief Description of the Drawings
Fig.ll shows an embodiment of an image processing
apparatﬁs of the present- invention.
Fig. 2 is a block diagram illustrating the image
20 processing apparatus.
Fig. 3 illustrates the image capturing performed by a
sensor.
Fig. 4 illustrates the arrangement of pixels.

Fig. 5 illustrates the operation of a detection device.

25 . Fig. 6A illustrates an image obtained by image-



Fig. 62 illustrates an exanple of an estimated mixture ratio. Fig. 63 is a
flowchart illustrating the mxture-ratio .estimating Eigce%%&_ Opy using a
v

nodel corresponding to a 25 'covered background area.
‘30 Fig. 64 is a block diagramillustrating an exanple of the
configuration of a foreground/ background separator 105. Fig. 65A

enber 2005 -

illustrates an input inage, a foreground conponent inage, and a background

conponent image. 5 Fig. 65B illustrates a nodel of an input imge, a
f oreground conponent imge, and a baekground conmponent image. Fig. 66
illustrates a- nodel in which pixel values are expanded in the tine

direction and the period corresponding to the shutter tine is divided:

ig. 67 illustrates podel in which pixel values are expanded in the
dlrect|8ﬁp Hﬁl?ﬁea%eg?%%cEo??EE%%ﬂﬁPﬂg

Fig. 68 Ilustrﬁtes a_ nod

ded th
directidh SRt C%ﬁﬁ?%ﬁpﬁ%f?%s %nﬁlﬁ a§ﬁ%n panded in the

val

NGt 1O t HAQRUEY ef OFPHECHRA (R4 ded.
es
ot Cgﬂﬁ??ﬁé time is divided.

10
time

time

Fig. 69 is il r exann the figuration of
a separati ng rﬁ%o%%%%tééj A&C}Gf rates a %&}JGP C?%e?[ separ at ed

f gggggggggggogygﬂmné f@zgeobfgcﬁ gorzggpsﬁéféér@éeg RYv ExgmPl € of a
5 foreground and an object corresponding to a statilonary
background.

Fig. 7 illqurates a background area, a foreground area,
a mixed area, a coﬁered background area, and an uncovered
background area.

10 Fig. 8 illustrates a model obtained by expénding in the
time direction the pixel values of pixels aligned side~by~-
side 'in an inage obtained by image-capturing an object
corresponding to a stationafy foreground and an the object
corresponding to a stationary background.

15 | Fig. 9 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time_is divided. |

'Fig; 10 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding

20  t6 the shutter time is divided.

Fig. 11 illustrafes a model ih,which pixel wvalues are
éxpanded in the time direction and the period corresponding
to the shutter time is divided.

Fig. 12 illustrates an example in which pixels in.a

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



background conmponent image. Fig. 71 is a flowhart illustrating the
processing for separating a foreground and a backgroquTkﬁégkxz 5is_
bl ock diagramillustrating an exanple of 25 the configuration o :
~motion-blur adjusting unit 106. 23 Novenber 2005 - 31 Fig. 73 illustrates
the unit of processing. Fig. 74 illustrates a nodel in which the pixel
values of a foreground conponent image are expanded in the tinme direction
and the period corresponding to the shutter time 5 is divided. Fig. 75
illustrates a nodel in which the pixek values of a foreground conponent

i mge are expanded in the time direction and the period corresponding to
the shutter tine is divided. Fig. 76 illustrates a nodel in which the."

pi xel values of a foreground conponent inmage are expanded in the tine

di rect | ht5#ECe%he period corresponding to the shutter time is divided.

Fig. 77 illustrates a nodel in which the pixel values 15 of a _foreground

conmponent i fegE dre IeXpEtdedSh e a8iaiishdds SeEmen mExsdsS od
correspondi ng t he shutter, tine is.divided. Fig. 78 illustrates an
x5 aanifel Sofa TT dY e iRe HET BHEeL oA e TSt g tim t 106, 20
Fig_ 7%ﬂﬁkzhflo hart illustrating the processing for

a

irection.

5 -Fig. 14 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.

Fig. 15 illustrates a model in which pixel wvalues are
expanded in the time.direction and the period corresponding

10 to the shutter time is divided.

Fig. 16 illustrates a model in which‘pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.

Fig. 17 illustrates a model in which pixel wvalues are

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

Fig. 18 illustrates a mbdel in which pixel values are

- expanded in the time direction and the period corresponding
to the shutter time is divided.
.20 | Fig. 19 is a flowchart illustrating the processing for
adjusting the amount of motion blur.

Fig. 20 is a block diagram illustrating an example of
the configuration of the area specifying unit 103.

Fig. 21 illustrates an image when an object

25 corresponding to a foreground is moving.



adj usting the amount of motion blur contained in a foreground conponent

i mage performed by the notion-blur adjusting unit 10. 63 NghEmb&d90dss a bl ock
diagramillustrating an exanple of 25 another configuration of the
notion-blur adjusting unit 106. 23 Novenber 2005. - 32 Fig. 81 illustrates
an exanpl e of a nodel in which the relationships between pixel values and
foreground conponents are indicated. Fig. 82 illustrates the cal cul ation
of foreground 5 conponents Fig. 83 illustrates the calculation of _
foreground conponents. Fig. 84 is a 49 owchart illustrating the processing
for elimnating notion blur contained in a foreground 10 Fig. 85 is a

bl ock diagramillustrating another configuration of the function of the

i mage proceseigg 2ppalatssrateg. a8fodél ushrahesnt hexconfipdsatipn of a
synthesizer 1.001. 1,5 Fig. 87 is a block diagramillustrating stil

anot her ezprhigdr ahi cheoftiteediiveetiion ahdt kel pageoAr 66€s8k5pInaangar at us.
Fig. 88 is a block diagramillustrating the configuration of a .

m xt ur etpathe ehbtukat 6imel1@%. di2@dEdg. 89 is a block diagramillustrating

the Fig. 23 illustrates a model in which pixel values are
5 expandéd in the time diréctibn and the period corresponding
to the shutter time is divided.
?ig. 24 illustrates a model in which pixel values are
expanded in the ftime direction and the.period corresponding
‘to the shutter time is diﬁided.
10. Fig. 25 illustrates the conditions for determining the
. area. |
Fig. 26A illustrates an example of the result obtained
- by specifying the area by the area specifying unit 103.
| Fig. 26B illustrates an example of the result obtained
15 by specifying the area byrthe area specifying unit 103.
Fig. 26C illustrates an .example of the result obtained
by specifying the area by the area specifying unit 103.
| Fig. 26D illustrates an example of the.result_obtaiﬁed'
by specifying the area by the area specifying unit 103,
20 -Fig. 27 illustrates an example of the result obtained
by specifying the afea by the area speciinng unit 103,
Fig. 28 is é flowchart illustrating the area specifying-
processing..
-Fig. 29 is a block diagram illustrating an example of

25 the_configuration.of the area specifying unit 103.



configurati on of a for eground/ background separator 1102. Fig. 90 is a block

diagramillustrating still another configuration of tB?NfO?é}l%tel'%SOf t he
i mge processing apparatus 25 Fig. 91 illustrates the configuration of "a

~synt hesi zer . 23 Novenber 2005 - 33 1201. Fig. 92 shows an enbodi nent of

an i mage processing apparatus for generating area information on the basis
of input inages which are input as conponent signals. 5 Fig. 93
illustrates the relationshi p anong conponent 1, conponent 2, and comnponent
3. Fig. 94 is aflowhart illustratipg the processing for determning the
area using conponent signals. Fig. 95 shows anot her enbodi nent of an inmage
processing 10 apparatus for generating area information on the basis of

i nput i mages,.whi ar.e input_as co ent signals. Fiig. 96 is. a flowchart
illustratin %o&g)erl% i%rg @ F‘gfé)egetlé’r rﬁh%cﬁ’gptlﬁ‘@ r'éa "sif§ conponent -
si gnal Sax FiIg 7. sh@{ws still anot f{gnegr? dj rrgntelg){ ncil[rP [ C)1]r15d.I{ocessi ng
appar at U 51 eheriat nﬁlné? TR oF AR TN B IR T HAST R bR nput"9 nages

which are {ﬁgugh@étézpr@%grgs sdgg Sa. Fig. 98 shows the rel ationship

bet ween a Space corfeldtion an ime correlation in a stationary area

and. in a '%9-2% 1211981 53%a fd 9 a P LAY TAt 65 ARl e Qfdhe

cal cul ation
5 Fig. 32 is a block diagram illustrating the

configuration of a binary-object-image extracting portion

302.
Fig. 33A.illustrates the calculation of é correlatioh
value.
10 _ Fig. 33B illustrates the calculation of a correlation
value.
Fig. 344 illuétrétes the calculation of a correlation
value.

Fig; 34B illustrates the calculation of a correlation
i5 value.
Fig. 35 illustrates an example of the binary object
image. | |
Fig. 36 is a Elock diagram illustrating the
configuration of a time change detector 303.
20 . Fig. 37 illustrates determinations made by an area
determining portion 342.
rFig. 38 illustrates an example of detérminations made
by the time change detector 303. |
Fig. 39 is a flowchart illustrating the area specifying

25  processing performed by the area specifying unit 103.



space correlation. Fig. 100 illustrates an exanple of-the cal cul ation of a
time correlation. Fig_ 101. illustrates a tine correlaggq&wgﬂngxgpace 25
correlation in a stationary area. 23 Novenber 2005 - 34 Fig. 10 ‘
illustrates a tine correlation and a space correlation in a nDV|ng ar ea.
Fig. 103 shows an exanple of an input image. Fig. 104 shows results of the
determ nation of a noving 5 area-or a stationary area. Fig. 105 shows
results of the determination of a noving area or a stationary area by
using a block of 15 x 15 pixels as u#fts. Fig. 106 shows results of the
determ nation of a 10 foreground area, a background area, a covered
background area, and an uncovered background area. Fig. 107 is a flowchart
il'lustratingrtige pooegsgl@qo&@har@e&@&Hb@kaglhaedé%§§1gsb@gtﬁ§ngpggnt
signals. Fig. 108 shows an embodi ment of an image processing 15 apparatus
for cal eyleatiifyd ngy Prolddsei@f.i 0 on the basis of an input inmage and area

i nformation, which are input as conponent signals. Fig. 109 illustrates
t he relatlonEhgp ol fheanbibukedibgkhnsillueaehtcAIPIRENT shgPRbr 20 F'g
110 is a flowhart illustrating the processing for

configuration of the area specifying unit 103.
5 ~ Fig. 42 is a block diagram illustrating the
configuration of a robust-processing portion 361.
Fig. 43 illustrafes motion compensatioﬁ perforﬁed by a
motion compensator 381. |
Fig. 44 illustrates motion compensation performed by
10 the motion compensator 381. |
Fig. 45 is a . flowchart illusfrating thé area specifying
processing.
Fig. 46 is a flowchart'iliustrating details of the
robust processing. |
15 Fig. 47 is a block diagram illustrating an example df
the configuration of a mixture-ratio calculator 104.
Fig. 48 illustrates anrexample of the ideal mixture-
ratic o. | -
Fig. 49 illustrates a model in which pixel values are
20 expanded in the time direction and the period corresponding
to the shutter time is divided.
Fig. 50 illustrates a model in which pixel values are
expanded in.the time direction and the period correSpondihg
to the shutter time is divided. |

25 Fig. 51 illustrates approximation using a correlation



calculating a mxture ratio using conponent signals. Fig. 111 shows another
enbodi ment of an image processing apparatus for calculgtNl%%P gg ture
ratio on the basis of input inmages and area i nf or mat i 3 R, e i nput
25 as conponent signals. _ 23 Novenber 2005 - 35 Fig. 112 is a flowhart
illustrating another processing for determining a mxture ratio using
conponent signals. Fig. 113 shows still another enbodi nent of an inmage
processing apparatus for calculating a mxture ratio on the 5 basis of

i nput images and area infornation, m?$ch are input as conponent signals.
Fig. 114 is a bl ock dlagran1|IIustra ng the configuration of a

m xture-ratio calculator 1421. Fig. 115 illustrates still another
processing for 10 calculating a mxture ratio on the basis of input inages
and arda fiofegrmatidmomghiredntar.e | nput as conponent signals. Best Mde for
‘Carrying Qut the Invention Fig. 1 shows an enbodi ment of an inage

" processi ng Fis. a@@aﬂéﬂ@§t6ﬁtﬁﬁetbﬁe@@dﬁtQWMQhﬂpoﬁmOAgCPU NCentdal -
Processing Unit) 21 executes various types of processing according to
programs st 8i8d PR & SReVPIReHddbabyaneriddyptzatisg thea storage unit 28.
Prograns executed by the CPU 21 and data are stored in a RAM (Random
Access MWEOIGPraggiars ofp they@MirddreTHe IepyU Satingtd ontrEessed e -RAM 23

-are_ connected to.each other b bus 24.
5 Ee g4 g lustratesyan example of an estimated mixture

ratio.
Fig. 55 is a block diagram illustrating the
configuration of the mixture—ratiorcalculator 104.
Fig. 56 is a flowchart illustrating the mixture-ratio
10 calculation processing. |
Fig._S? is a flowchart illuétrating the processing for’
calculating the estimated mixture ratio.
Fig. 58 illustrates a Straight line for approximating
the mixture ratio «.
i5 Fig. 59 illustrates a plane for approximating the
mixture ratio a.
Fig. 60 illustrates therrelationships of the pixels in
a plurality qf-frames when the mixture ratio a is calculatéd.
Fig. 61 is a block diagram illustrating ancother
20 configuration of the estimated-mixture-ratio processor 401.
Fig.'62_illust:ates an example of an estimated mixture
rgtio.
Fig. 63 is a flowchart illustrating the mixture-~ratio
.estimating processing by using a model corresponding to a

25 -covered background area.



An input/output interface 25 is also connected to the CPU 21 via the bus
24. An input unit 26, which is forned of a keyboard, a .cr ophone,
and so on, and an output 25 unit 27, which is forned'%gpg§%¥§€%§§, a N
speaker, and so on, 23 Novenber 2005 - 36 are connected to the

i nput/output interface 25. The CPU 21 executes various types of processing
in response to a comuand input fromthe input unit 26. The CPU 21 then
outputs an i nage or sound obtained as a result of the 5 processing to the
out put unit 27. The storage unit 28“998n§cted to the input/output

interface 25 is fornmed of, for exanpl®e, a hard disk, and stores prograns
executed by the CPU 21 and various types of data. A conmunication unit 29
comuni cates with an external 10 device via the Internet or another

network, In Fhbs étaipl @ blehk démpwaincallostuaicingOaserwxesmpds afi obt ai ning
unit for .obtaining an output of a sensor. Alternatively, a programmy be
obt ai nedhA &oHd gudeiahPdi ©dt iforf omeigr o2 daird adgmonardi 1 elpiaeradtoor @S .unit  28.
15 A drive 30 connected to the input/output interface 25 drives a magnetic
di sk 51, an BpficaPAdistusprakepngheiBPuspimadr  dhskos8grausdni conduct or
menory 54, or the like, when such a recording nediumis attached to the
drive 3GCMPRRE S0t ERHE -a dPFodr BRCKITERRE SOBPEReRY ERé%€or r espondi ng 20

o 4T o REb) RSP, PRGHRTL PR O3t Rokts LRSS Bublly, 3FoTae unit 28
foreground component image, and a background component'image.
Fig. 66 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.

10 Fig. 67 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.

Fig. 68 illustrates a ﬁodel-in which pixel values are
-eXpanded in the time direction and the period cdrresponding

15 to the shutter time is divided.

Fig. 69 is a block diagfam'illustrating an example of
the configuration of a.separating portion 601.

Fig. 70A illustrates an example of a separated
foreground component image.

20 Fig. 70B illustrates an example of a separatéd
background component image.

Fig. 71-is a\flchhart illustrating the proéessing for
separating a foreground and a background.
Fig. 72 is a block diagram illustrating an example of

25 the_configuration'of a motion-blur adjustiﬁg unit 106.



Fig. 2 is a block diagramillustrating the i mage processing apparatus. |t
does not matter whether the individual functions of 25t i '
processi ng apparatus are inplenented by hardware 23 hbég%ﬂg?&%%gﬁﬁ- 37 or

~software. That is, the block diagrans of this specification nay be

har dwar e bl ock di agrans or software 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 inage supplied to

t he i nage processing apparatus is_sgﬁflied to an object extracting unit

- 101, an area specifying unit 103, a mxture-ratio calculator 104, 10 and a
f or egr ound/ background separator 105. The object extracting unit 101
extracts a rough inage 15 object corresponding to a foreground object
cont ai ned i mighe 73i Apdusitmages ahe swppl bésprbeeaxstimhact ed | nage object to a
noti on detector 102. The object extracting unit 101 detects, for exanple,
an outline &figt.h&4f alégsduadesmagaodeleéin wbarhaithed pixeflhgailmpst | mage so
as to extract a rough inmage object corresponding to the foreground object.
The objadcta daresmdung wenpaEn teximaga e reugndathdar dijedtimnsor r espondi ng
to a background object contained in the 20 input inmage, and supplies the
ext rac%qqﬁl@ @B]ded—"thet Fatied corresponding to the shutter time

5 is divided.

Fig. 75 illustrates a model in which the pixel values
of a foreground component image are expanded in the time
-direction and the period corresponding to the shutter tiﬁe

is divided. | |

10 - Fig. 76 illustrates a model in which the pixel values
of a foreground component image are expanded in fthe time
direction énd the periocd corresponding to the shutter time
- is divided.

Fig. 77 illustrates'a model in which-the pixel wvalues

15 of a foreground component image are expanded in the time
direction and the périod éorresponding to the shutter time
is divided. |

Fig. 78 illustrates aﬁ éxample of another configuratioﬁ
of the motion-blur adjusting unit 106.

20 Fig. 79 is a flowchart illustrating the processing for
adjusting the émount of ﬁotion blur contained in a
rforeground component image performed by the mofion—blur
adjusting unit 10§.

Fig. 80 is a bldck diagram illustrating an example of

25 another configuration of the motion-blur adjusting unit 106.



nmoti on detector 102. The object extracting unit 101 extracts a rough image
obj ect corresponding to the background object from f xanpl t he

di fference between the input inmage and the extracted i%%g@vgﬁﬁég?ﬁ“
corresponding 25 to the foreground object. 23 Novenber 2005 - 38
Alternatively, for exanple, the object extracting unit 101 may extract the.
rough i mage object corresponding to the foreground object and the rough

i mge object corresponding to the background object fromthe difference
bet ween the 5 background i mage stored.in a built-in background menory and
the input image The notion detector 102 cal cul ates a notion vector of the
roughly extracted i mage object corresponding to the foreground object
according to a techni que, such as block 10 matching, gradient; phase
correl ation, Fég-péll- Addussinegdest ephrxgoelecand suppbeds inhehdahcuhat ed
notion vector and the notion-vector positional information (which is

i nf or mat TR LS i ivsfivapn e ¥sdsivialores efind He grigasiunde eomgspendisng t o
the notion vector) to the area specifying unit 103, and a 15 notion-bl ur
adj ust i FUitdifse-eFhe notion vector output fromthe notion detector 102

cont ai ns inf%tnatign,girrespondin% to the_anmpunt of novenent v. The notion
detector 1025ddy Bdt phtuehEaksei & evegtgrlafiopoofederenragedobj ect,

togeghenx%ﬁﬁ;héd¥%_plxel posi ti onal

Fig. 83 illustrates thercalculatién of foreground
components.

Fig. 84 is a flowchart illuétrating the proéessing fér
éliminatingAmotion_blur contained in a foreground.

190 Fig. 85 is a block diagram illustrating another
configuration of the function of the imége processing
apparatus.

Fig. 86 illustrates thé configuration of a synthesizer
1001.

15 Fig. 87 is a block diagram illustrating still another
configuration of the function of the image processing |
apparatus.

Fig. 88 is a block diagram illustrating the
configuration of a mixture-ratio calculator 1101.

20 ~ Fig. 89 is a block diagram illustrating the

configuration of a foreground/background separator 1102Z.

Fig. 90 is a block diagram illustrating still another
configuration of the function of the image.processing
apparatus.

. 25 . Fig. 91 illuétrates the configuration of a synthesizer



information for specifying the pixels of the inmage object, .to the
not i on-blur.adjusting unit 106. The ‘anpunt of novenent 5\ \SefbeY 3hdie
i ndicating a positional change in an inage corresponding to a noving 25

-object in. units of the pixel pitch. For exanple, if an 23 Novenber 2005 -

39 object inmage corresponding to a foreground is noving such that it is
di spl ayed at a position four pixels away froma reference frane when it is
positioned in the subsequent frame, the anount of novenment v of the object
image 5 corresponding to the foregroypd_is 4. The object extracting unit
101 and the notion detector 102 are needed when adjusting the anount of
notion blur corresponding to a noving object. The area specifying unit 103
determ nes to which of a 10 foreground area, a background area, or a m xed
area eact’? pixel of the input image belongs, and supplies information

i ndi cating tqQ which area each pixel bel ontgs (hereinafter referred to as
"area infor fedi-o7?) SGWEh& MR @1 &8 difidsico PTa£s iR

f oreground/ background separator 105, and 15 the notion-blur, adjusting unit
106, THIPHASA GHo- 10 (9P ARG G b A L0 B Sy Thethf Xpafts 95ti o

corres&onddtn% o the pixels contained in a mxed area . 63 (hereinafter

referred 10 asn[tlat(-]neeS vﬁﬁﬁ PEF R RS FRRPROR 139 MUt i mege, and the
2Le3) | oLOf paton 03 LEd LhAT ! R1deSRutRY MY Wpottiie 21
component 2, and component 3.
Fig. 94 is a fiowchart illustrating the processing for -
determining the aréa using component signals. |
Fig. 95 shows another embodiment of an image processing
10 apparatus for generating area information on the basis of
input images which are input as component signals.
Fig. 96 is. a flowchart illustrating another processing
for determining the area.using cocmponent signals.
Fig. 97_shows still another embodiment of an image
15 .processing apparatus for generating area information on the
basis of input images which are input as component signals.
| Fig. 98 shows the-relationghip between a space
correlation and a time correlétion in a stationary area andf
in a‘mbving area.
20 Fig. 99 illustrétéé an example of the calculation of a
space correlation.
Fig. 100 illustrates an example of the talculation of a
: time correlation.
Fig. 101 illustrates a time correlation and & space

25 correlation in a stationary area.




a to the foreground/ background separator 105. The mixture ratio ais a
value indicating the ratio of the inmage conponents corkreaReuGHDEHst 0 the
background object (hereinafter also be referred to as "background -
conponents") 25 to the pixel value as expressed by equation (3), which is
23 Novenber 2005 40 shown bel ow. The foreground/ background separator 105
separates the input image into a foreground conponent image forned of

only. the inage conponents corresponding to the foreground object 5
(hereinafter also be referred to as "§preground. conponents”) and a
background conmponent inmage fornmed of only the background conponents based
on the area information supplied fromthe area specifying unit 103 and the
mxture ratio a supplied fromthe nmixture-ratio calcul ator 104, and
suppl i es 10 Fljrg-fépgglié%lﬁétééﬁﬁénénFlmﬁa@@rlf@l@heomﬂ@nab$mcadj usting
unit 106 and a sel ector 107. The separated foreground conponent inmage nmay
be set &PLTIEFIRR TButpTCViRINEFE2 preci se foreground and background can
be obt ai ned gonpa S to a known nethod in whjch only a foreground and a 15
backgr ound a&égSpiﬁ'ngawﬁj?ﬁoEFa%B %iﬂ%r?%ﬁl%m%ﬁn%%%?earea. The - -

not i on-bl ur adjust] nit 106 terpi nes e unjt of processing

i ndi cati ng a?lbéa%§ggﬁ§OBFx5?SEgﬁ?a?ﬁggh?rﬁ??ﬁfm¥%ﬁﬁh?%dﬁ% TIMpEeHEht . i mage
baseg ogx%geO@ngug%8%ﬁ85§¥§ggggay obt ai ned fromthe notion vector and

based on the area ion. The unit of processing is data that
specifies Fig. 105 shows results of the determination of a moving

area or a Stationary area by using a block of 15 x 15 pixels
as units, |
Fig. 106 shows results of the determination of a
10 foreground area, a background area, a covered background
area, and an uncovered background area.
Fig. 107 is a flowchart‘illustrating the processing for
determining the area using ﬁomponent signals.’ |
Fig. 108 shows an embodiment of an image processing
15" apparatus for calculating a mixture ratio on the basis of én
input image and area information, which are input as
component signals.’
Fig. 109 illustrates the relationship of the mixture
ratios in each component signal. | |
- 20 , Fig. 110 is a flowchart illustrating ﬁhe processing for
calculating a mixture ratio using component signals.
Fig. 111 shows another embodiment of an image
processing apparatus for calculating a mixture ratio on the
basis of input images and area information, which are ihpuf‘

25 as component signéls_



a group of pixels to be subjected to the notion-blur adjustnents. Based on
t he anount by which the notion blur is to be adjusted,wWivehbd:Sodsnput into
t he i mage processing apparatus, 25 the foreground conponent i mage supplied
fromthe . 23 Novenber 2005 - 41 foreground/background separator 105, the
notion vector and the positional information thereof supplied fromthe
notion detector 102, and the unit of processing, the notion-blur

adjusting unit 106 adjusts the anount of nmotion blur 5 contained in the

f oreground conponent image by renoving, _ decreasing, or increasing the
notion blur contained. in the foreground conponent inage. The notion-Dbl ur
adjusting unit 106 then outputs the foreground conponent inmage in which
amount of motion blur is adjusted to the selector 107. It 10 is not
essential tH&Y ¢ Hel 4ots oh Metdhramhdit hes postinonztothaf opnetéoninder eof be
used. tion blur is a distortion contained in an imge corresponding to a
novi ng bBF edeternsringyat Rexhveneatief uaangbFesporenbeséapelsed in the
real world d the inmge- 15 capturing characteristics of the sensor The
sel ector 107 & &by Y DHS et iyl ediprment T i Magenadmpl i ed from

t he foreground/ back roun%]6 sg&arat r 105, and the foreground conponent image
i n whi ch™CTHZ BRHURPPOF 2 BT i bAT bF At SRS hif st el ELPPLi EATHP oft HRE 20

nnt%pn-@éyisa§£u§$$gg i%géeéogngagggaoghfggﬁa %ggP|Shigh are inpuf
as component signals.
Fig. 114 is a block diagram illustrating the
configuration of a mixture-ratio calculator 1421.
Fig. 115 iliustrates still another processing for
10 calcﬁlating a mixture ratio onrthe basis of input imageé and

area information, which are input as component signals.

Best Mode for Carrying Out the Invention
Fig. 1 shows an embodiment of an image processing
15 apparatus of the present invention. A CPU (Central
Processing Unit) 21 executes various types of processing
accordiné to programs stored in a ROM (Read Only Memory) 22
or in a storagg unit 28. Programs executed by the CPU-21 |
and data are stored in a RAM (Random Access Memory) 23 as
20 required. The CPU 21, the ROM 22, and the RAM 23 are
connected to each other by a bus 24.
-~ An inbut/output interface 25 is also connected to the
'CPU 21 via the bus 24. An input unit 26, which is formed of
a kéybbard,.a mouse, a microphone, and so ohn, and an output,

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



selection signal reflecting a user's selection, and outputs. the selected
f oreground conponent inmage. An input inmage supplied to hheviAmgeodsr ocessi ng
apparatus is discussed below with reference to Figs. 3 25 through 18. 23
Novenber 2005 i | - 42 Fig. 3 illustrates inage capturing performed 'by a
sensor. The sensor is formed of, for exanple, a CCD (Charge-Coupled
Devi ce) . video canera provided with a CCD area sensor, which is
a.solid-state i mage-capturing device. 5 An object 111 corresponding to a
foreground in the real world noves,_fgr exanple, horizontally fromthe |eft
to the right, between an object 112 corresponding to. a background and
the sensor. The sensor captures the inmage of the object 111 10
corresponding to the foreground together with the image of the object 112
corr esp@i& F§PECtRE ﬁ&cKgﬁo&ﬁéptTﬁétﬁﬁﬁséﬂt@@€99?s25he Thpt GPEd2Lmage in
units of franmes. For exanple, the sensor outputs an inmage having 30 franes
per secGHECUtePh¥agLpYSUEPE| fE BEOFRESIBASAR E§APBBSE/ B8O 8econd. The 15
exposure tinme isg gegeriod from when the sensor starts -converting input

I

light i fPB™8RECtP LERTy FBCURPPPEWHBA L RE - coRl8r SPBNZEr BREBhe input | ght

to'the eleglibeal Shangecls olh eds ol 8XROSULE LT E L5 i so referred
5 processing 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 via the Internet or another network. 1In thiS'example,
the communication unit 29 serves as an obtaining unit for
obtaining an output of a sensor.

Alternatively, a progrém may be obtained via the
éommunication unit 29 and stored in the storage unit 28.

15 A drive 30 connected to the input/output interface 25
drives a magnetic disk 51, an optical disc 52, a magneto—-
optical disk 53, a semicondudtor memory 54, or the like,
"when such a recording mediuﬁ is attached to the drive.30,
and obtains a program or data stored in the corresponding

20 medium. The obtained program or data is transferred to the
storage unit 28 and stored therein if necessary.

Fig.-z is a block diagram iliustrating the imége'

‘processing apparatus.

It does not matter whether the individual functibns of

25 the image processing apparatus are implemented by hardware



"shutter tinme". 20 Fig. 4 illustrates the arrangenent of pixels. In Fig.

4, A through | indicate the individual pixels. The pixekg,.@hfr sigsposed on
apl ane of a correspondi ng i nage. One detection device corresponding to each
pi xel is disposed on the sensor. \Wen the sensor perforns i nage capturing,
each 25 detection device outputs a pixel value of the corresponding 23
Novemnmber 2005 -- 4 3 pixel formng the i mge. For exanple, the position of
the detection device in the X direction corresponds to the horizontal
direction on the imge, while the pogition of the detection device in the
Y direction corresponds to the 5 vertical direction on the. inmage. As shown
in Fig. 5 the detection device, which is, -for exanple, a CCD, converts
input light into electrical charge during a period corresponding to a

shut t ero% iSRETWRLE st dres itthe Wenvdraad dlasapiscIf diidrsge. The amount  of
charge is 10 al nost proportional to the intensity of the input |ight and
t he periRRfFiGrcathiath mahd g ihgtdvyar g dpnck tHeddeféc titos o ideatse
sequentjally. adds the electrical charge converted fromthe input light to
the st drBFEiad) iRlQckerbdgeaftii ng the period corresponding to the shutter
time. That Ls, hhe 15 d tec%@on devi ce intﬁgrstes the input |ight during
the periodtEof é§p8§8FﬁSlF8 RE rsRlt BAIE Rd°8P5PEE% he el ectri cal
chatge ¢ espondi ng .t o .t he amount. i ntegrated.  light.. It can be .considered
tha tﬁ:ecﬁrd:g Séjg r}cglﬁ‘%é'\?. 6-%1 f?ékl) ecL‘f: in r:I:theg reaﬁ worl% 15 referred to
as an image object.
An input image supplied to the image processing
apparatus is supplied to an object extracting unit in, an
area specifying unit 103, a mixture-ratioc calculator 104,
19 and a foreground/background separator 105.
The object extracting unit 101 extracts a rough image
object corresponding to a foreground object contained in the
input image, and supplies the extracted image object to a
motion detector 102. The object extfacting unit 101 detects,
15 for example, an outline of the foreground image object
contained in the input image so as to extract a rough image
cbject corresponding to the foreground cobject.
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 obiect to the
motion detector 102. The object extracting unit 101
extracts a rough image object corresponding to the
background object from, for example, the difference between

the input image and the extracted image object.cbriésponding

25 to the foreground.object.



an integrating function with.respect to tinme. 20 The el ectrical charge
stored in the detection device is converted into a vobtageenal t®msby a
circuit (not shown), and the voltage value is further converted into a .
pi xel value, such as digital data, and is output. Accordingly, each pixel
val ue output fromthe sensor is a value projected on a 25 |inear space,
which is aresult integrating a. certain three dinensional portion of the
obj ect corresponding to the foreground or the background with respect to
the shutter tine. The inmage processi apparatus extracts significant 5
i nformati on enbedded in the output sfﬂ%é], for exanple, the mxture ratio
a, by the storage operation of the sensor. The inage processing apparatus
adj usts the anmount of distortion, for exanple, the amount of notion blur,
caused by theéterxétieedy,t herforegpdandthangejebieecktriselifig dhet 10 i mage
processi ng apparatus al so adjusts the anount of distortion caused by the
m-xt ur e 16l mhy Pategrounde megghobpege ahbd ethie cbackgpouddnigmagetbbj ect .
Fig. 6A illustrates an inmage obtained by capturing a object corresponding
to a nodioFgoreragr ebnacanand dbjeexoughsinegrespirditngotroeapsndingnary
backgr ound- Fig. 6B illustrates a nodel corresponding to an i nmage obtai ned
by capt@rithg Basbpeerndorbdssondicas theadibfengnrer bgtvant &hd a obj ect
corrfspgnd'ng to a,stationary background. Fig. 6A illustrates an-inmage
obt af ne aﬁ}g Sptdr iRg9s S26766; &8t AcBPiéspdRIPAGFIEOHNHDPEREEY 02@Yr ound and
a object, . .. . ' '
he input image.
The motion detector 102 calculates a motion vector of
the roughly extracted image object corresponding to the
foreground object according to a technique, such as block
10 matching, gradient; phase correlation, or pel-recursive
technique, and supplies the calculated motion vector and the
motion-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 a
15 motion-blur adjusting unit 106.
The motion vector output from the motion detector 1¢2
- contains information corresponding tb the amount of movement
V.
.The motion detector 102 may output the motion vector of
20" each image object, together with the pixel poéitional
information for specifying the pixels of the image object,
to the motion-blur adjusting unit 106,
The amount of movement v is a value indicating a

positional change in an image corresponding to a moving

25 object in units of the pixel pitch. For example, if an



corresponding to a stationary background. In the exanple shown in Fig. 6A
t he obj ect corresponding to the foreground is novi ng honirg&hsek byosf rom t he
left to the right with respect to the screen. 25 Fig. 6B illustrates a.
nodel obtai ned by expanding pixel -- 4 5 -- values corresponding to one
line of the image shown in Fig. 6A in the tinme direction. The horizontal
direction shown in Fig. 6B corresponds to the spatial direction X in Fig.
6A. The values of the pixels in the background area are 5 forned only from
t he background conponents, that is, %Qe_ i mage conponents corresponding to
t he background object. The values of “the pixels in the foreground area are
formed .only fromthe foreground conponents, that is, the inage conponents
corresponding to the foreground object. 10 The val ues of the pixels of the
m xed avlbect eltayeredorfeapendimdank g ofrmkgompoherd snanichg dior egr ound
conponents. Since the values of the pixels in the mxed area are forned

f rom t hehatackiyriourd sohgie@ms armpiifel doriapnunidkeiohporsantfon ta may be
referred to as a "distortion area". The mixed 15 area is further

cl assi fFRETINEE af cIVe rete akk gk AR i eanedindh arharssaaeeiackgr ound
area. The covered background area is a nmxed area at a position

cor r espofifity 1F tHEOYRAR h VRIS TH: tthe® i s taiech li@deh the foreground

obj ect is noving,. where the 20 background conmponents are gradually covered
Wi tR ST RIS ovorths fpreground 15 4.

The cobject extracting unit 101 and the motion detector
102 are needed when adjusting the amount of motion blur
corresponding to a moving object.
The area specifying unit 103 determines to which of a
10 foreground area, a background area, or a mixed area each
pixel of the input image belongs, and supplies information
indiceting to which area eaeh pixel belongs (hereinafter
referred to as "area information") to the mixture-ratio
calculetor 104, the foreground/background separator 105, and
15 the motion-blur adjusting unit 106.
The mixture-ratio calculator 104 calculates the mixture
ratio corresponding to the pixels contained in a mixed area
63 (hereinafter referred to as the "mixture-ratio a") based
on the input image, and the area information supplied from
20 the.area specifying unit 103, and.supplies the ﬁixture ratio
a to the‘foregfound/backéround separator 105. |
The mixture ratio @ is a-value indicating the ratio of
the image components corresponding to the background object
(hereinafter also be referred to as "background-components")

25 to the pixel value as expressed by equation (3), which is



In contrast, the uncovered background area is a m xed area corresponding
to the trailing end in the direction in which the foregigugshePBhRCt is
novi ng., where the background 25 conponents gradually appear over tinme. -
46 ~ As di scussed above, the image containing the foreground area, the
background area, or the covered background area or the uncovered
background area is input into the area specifying unit 103, the

m xture-ratio calculator 104, and 5 the foreground/ background separ at or
105 as the input image. Fig. 7 illus %a;es the background area, the
foreground area, the m xed area, the tovered-backqground area, and the
uncover ed background area di scussed above. In the areas corresponding to
the image shown in Fig- 6A, the background 10 area is a stationary portion,
the foredraumdedoea is a noving portion, the covered background area of
.the mxed area is a portion that changes fromthe background to the
foreground, #he fheegncvudrbdckackyndundparatarol0bheepaxatesatiea is a
portion that changes fromthe foreground to the 15 background. Fig. 8

i 1] ustr 3@ty HEE iddraien & 1gy rexpan dompongntthdmagengodimedc bifonnfilre pi xe
val ues of ‘the pixels aligned side- by-side in the inage obtained by _
capt uri Mg AEIPaGOTROTERES GRreEEreadiagpdRdithg toremsosndt pbnacy
. foregro ﬁd and %he 20 i mage of the object corresponding to the stationary
bacﬁgron FreRER e RAnprEC §§ £hé epiERdl $oarSgnéQrepdauBy- sPHBONEPESK | 5

arrangegnhnao %c b@%u%g %g%p%%%%%ni%%%eb%oiﬁggcg%dbnly the
background components based on the area information supplied
from the area speCifyingrunit 103 and the mixture ratio d
supplied from the mixture-ratio calculator 104, and supplies
10 the foreground component image to the motion-blur adjusting
unit 106 and a selector 107. The separated foreground
component image may be set as the final output. .A more
precise foreground and background can be obtained compared
to a known method in which only a foreground andra
15 background are specified without considering the mixed area.
The motion-blur adjusting unit 106 determines the unit
of processing indicating at least one pixel contained in the
foreground component. image based on the amount of movement %
obtained from the motion vector and based on the area
20 information. The unit of processing is data tﬁat specifies
argrqup‘of pixels to be subjected to‘the motion-blur
adjustments.
Based on the amount by which the motion blur is to be
adjusted, which is input into the imagé processing apparatus,

25 the foreground coﬁponent image: supplied from the



The pixel val ues indicated by FO through FO4 shown in Fig. 8 are val ues of
the pixels corresponding to the object 25 of the statbhPRa&MbECIBYr ound. |
The pi xel values indicated by 23 Novenber 2005 - 47 BO1 through B04 shown

in Fig. 8 are values of the pixels corresponding to the object of the

stationary background. Tine elapses fromthe top to the bottomin Fig. 8 in
the vertical direction in Fig. 8. The position at the top 5 side of the
rectangle in Fig. 8 corresponds to the tinme at which the sensor starts
converting input light .into. electgigil_charge, and the position at the
bottom side of the rectangle in Fig. "8 corresponds to the tinme at which
the conversion fromthe input light into the electrical charge 10 is
finished, That is, the distance fromthe top side to the bottom side of

t he recieangmuiml/Markdroord esgmardstdn 1tfe, Sutmadridn mectorThadi xel s
shown in Fig- 8 are described bel ow assum ng that, for exanple, the

shut t erthe modistiemenl infadmafyanethdea] aupplheddbdoaoriths miitiest i on in
Fig. 8 corresponds to the spatial direction Xin Fig. 6A. Mre

speci f it195450Y i Ghe ansk dt A HovE iR FGYE S 19 + Hdvadimsttde g t he | ef t
side-of the rectangle indicated by "FO " in Fig. 8 to the right side 20
of the FBUHRE YHd ddte by sBohe AoqyH af Mt 4de Wiv%!l pitch, i.e.,

ei ght consecutive pixels, VWhen the foreground object and the background
Ob? ct contained ié)gke-foregrounéacompo ent(imaée(%y remoJlng, 9

decreasing, or increasing the motion blur contained in the
foreground component image._ The motion-blur adjusting unit
106 then outpﬁts the Fforeground component image in Which‘
amount of motion blur is adjusted to the selector 107. It
10 is not eésential that the motion vector and the positidnal
information thereof be used.
| Motion blur is a distortion contained in an image
corresponding to a moving object caused by the movement of
an object to be captured in the real world and the image-
15 capturing characteristics of the sensor.

The selector 107 selects one of the foreground
rcomponent image‘suppliéd from the foreground/background
separator 105 and the foreground component image in which
the amount of moﬁion blur is adjusted supplied from the

20 motion-blur adjusting unit 166 based on, for example, a
selection signél reflecting a user's selection, and outputs.
the selected foregfbund component image.

An input image supplied to the image processing
apparatus is discussed below with reference to Figs.73

25 through 18.



are stationary, the |ight ihput into the sensor does not change during the

period corresponding to the shutter tine. 25 The peri od3;gQLLAsPaREI Ng to
the shutter tinme is divided 23 Novenber 2005 - 48 into two or nore

portions of equal periods. For exanple, if the nunber of virtual di vi ded

portions is 4, the nodel showmn in Fig. 8 can be represented by the nodel
shown in Fig. 9. The nunber of virtual divided portions can be set
according 5 to the amount of novenment v of the object corresponding to the
foreground within the shutter tine. For exanple, the nunber of virtual

di vi ded portions is set to 4 when the*anmpunt of novement v is 4, and the
peri-od corresponding to the shutter tinme is divided into four portions. 10
The uppernost line in Fig_ 9 corresponds to the first divided period from
when the shufrtigr Baslopemnedtefhemageobdptlirifgli pekirgrmB4cpyrgsponds to the
second di vided period from when the shutter has opened. The third line in
Fig. 9 comsesponddie Gersert His dodimeédded , paoiro@xfampybewhen cdpe 15 shutter has
opened. The fourth line in Fig. 9 corresponds .to the fourth divided
period f{dwrateetotipd esh itetvdrcel ay i depe medie réh @ relvitdeelr whiithe adicebded in
accordance with the amount of novenment v is also hereinafter referred to

‘as the AFesskhenser .t vipdioh isWaesollid-sitpset lvegeespondimgat devlieef. or egr ound

is stationary, the light input into the sensor does not change,
5 An object 11l corresponding to a foreground in the real

world moves, for example, horizbntally from the left to the
right, between an objgct 112 corresponding to a background
and the sensor. o
The sensor captures the image of the object‘lll
10 corresponding to the foreground together with the image of
the object 112 corresﬁonding to -the background. The sensor
outpdts the captured image in units of frames. For,example,
the sensor outputs an image having 30 frames per second.
The exposure time of the seﬁsor can be 1/30 second. The
15 exposure time is a period from when the sensor starts
converting input light into electrical charge until when the
conversion from the iﬂput light to the electrical Charge is
finished. The exposure time is also referred to as a
"shutter time". |
20 Fig. 4 illustrates the arfangement of pixéls. In Fig:
4, A through I indicate the individual pixels. The pixels
are disposed on a plane of a corres?onding image. One
detection device corresponding to each pixel is disposed on
the sensor. When the sensor pefforms image capturing, each

25 detection device outputs a pixel value of the corrésponding



and thus, the foreground conponent FO ./v is equal to the value obtained

by dividing the pixel value FO by the nunmber 25 of Vi b Ngle feVidhed
portions. Simlarly, when the object 23 Novenber 2005 - 49 correspondi ng
-to the .foreground is stationary, the foreground conponent FO02/v is equal |
to the value obtained by dividing the pixel value FO2 by the nunber of
virtual divided portions, the foreground conponent FO3/v is equal to 5 the
val ue obtained by dividing the pixel value FO3 by the nunber of virtual
divided portions, and the foregroundgsconponent FO4/v is equal to the value
obtained by dividing the pixel value FO04 by the nunber of virtual. divided
portions. 10 Wen the object corresponding to the background is 3
stationary, the light input into the sensor does not change, and thus, the
backgr RF¥EtohPORERY BoA/ i3Ge equERT t@XdMle vathe ki o5 ©iwi ding the

pi xel value B0l by the nunber of virtual divided portions. Simlarly, when

t he obj¥teCEEOR AEEPBINHE Nk e of thEr BEEkRR M TP ARG itghadrie t he

backgr&gnd, conggﬂe I BO2/v is equal, to the val ue obtained by dividing the

pi xel VAU Bd yg’c%%chh%e‘?n‘o"f i YRR P HIIT LT tHe W kgr ound

503" by THES 20 TRrBEr o Vi rEUal ¥ i St BortTErRP e (e Hibkoround
conmgon (_%r@{)é%% &fre@é*f‘é to t%e_y%{%geepbt ained by dividing the pixel value
BO4 "by the nunber ot viTtudl divide 7 _
As shown in Fig. 5, the detection device, which is, for
example, a CCD, converts input light into electrical charge
during a period corresponding to a shutter time, and stofes
the cbnvertéd electrical charge. The amount of charge is

10 almost proportional to the intensity of the input light and
therperiod for which. the light is input; The detection
device sequentially adds the electricalrcharge converted
from the input light to the.stored eleétrical charge durind
the period corresponding to the shutter time. That is, the

15 detection device integrates the input light during the
period corresponding to the shutter time and stores the
electrical dharge correspon@ing to the amount integrated
light. It can be considered that the detection device has
an integrating function with respect to time.

20 | The electrical charge stored in the detection device is
converted into a voltage value by a circﬁit {not shown), and
the voltage value is further ch?erted into a pixel value,
such as digital data, and is output. Accordingly, each
pixel value output from the sensor is a value projected on a

25  linear space, which is a result integrating a certain three-



portions. Mre specifically, when the object corresponding to the 25
foreground is stationary, the light corresponding to t@gﬁggmﬁmygﬁger 2005 -
5 0 - foreground object input into the sensor does not change during the
period corresponding to the shutter tine. Accordingly, the foreground
conponent FOl/v corresponding to the first portion of the shutter tine/v
fromwhen the 5 shutter has opened, the foreground conponent FO1/v
corresponding to the second portion of the shutter tinme/v from when the
shutter has"opened, the foreground conponent FOl/v corresponding to the
third portion of the shutter tinme/v om when the shutter has opened, and
the foreground 10 conponent FO1l/v corresponding to the fourth portion of
the shutter time/v fromwhen the shutter has opened becone the sane val ue.
The sandiamgpbiiesaflopFd2Aivnt hfotihe Eb4kv¥ casrinpondéngase aheF01/v. Wen

t he object corresponding to the background is 15 stationary, the |ight

cor r espérdeagoundt e bhekhrokadovbfert thi mpapecnt ot hbesehsttedoes not
change during the period corresponding to the shutter tinme.- Accordingly,
the badRBfound conmponent BO1l/v corresponding to the first portion. of the
shutter tine/v fromwhen the shutter has 20 opened, the background
conponent BOLRS EBRILSHEHRIF 2D IPRATIERINM PERE tOs bynihkcamut ter tine/ v

oo S R REaRioh Shneald2d PR°BRE ohlpuR S i gnoY M52 BRARR L Oty

mixture ratio a, by the storage operation of the sensor.
The image processing apparatus adjusts the amount of
distortion, for example, the amount of motion blur, caused
by the ﬁixture of the foreground image object itself. ‘The
10 image processing apparatus also adjusts the amount of
distortion caused by the mixture of the foreground image
object and the background image object.
Fig. 6A illustrates an image obtained by captu;ing a
object-Corresponding to a moving foreground and a object
15 corresponding to a statioharylbackground. ‘Fig. 6B
illustrates a model correqunding to an image obtained by
capturing a object corresponding to a moving foreground and
a object correspOnding to a stationary background. |
Fig. 6A illustrates an imaée obtained by capturing a
20 ‘object‘corresponding to é moving foreground and a-object
corresponding to a stationary background. In the examble
shown in Fig. 6A, the object corresponding to the foreground
is moViﬁg horizontally from the left to the right with
respect to the screen.

25 . Fig. 6B illustrates a model obtained by expanding pixel



the third portion of the shutter tinme/v fromwhen the shutter has-opened,
and the background conponent BO01/v 25 correspondi ng tos5Rg ik bdpsportion
of the shutter tinme/v 23 Novenber 2005 51 fromwhen the shutter has opened
beconme the same value. The sane applies to B02/v through B04/v. A
description is given of the case in which the object corresponding to the
foreground is noving and the object 5 corresponding to the background is

stationary. Fig. 10 illustrates a nodel obtained by. expanding in the tine
direction the pixel values of the pixgls in one line, including a covered
background area, when the object . coft eSponding to the foreground i s noving

to the right in 10 Fig. 10. In Fig_ 10, the anount of novenent v is 4.
Since one franme is a short period, it. can be assuned that the object
correspeoalineg ¢ortdepdodbgyoutdonhs Rifié 0bH boslyimddy i sigowht hn cONSE ant
velocity. In Fig. 10, the object inmage corresponding to the foreground is
novi ng SAchnttiad time sdidécpisnt i ohed Houizg el sdivettbioni ghdéwmi i respect
to a reference frane when it is displayed in the subsequent frame. In Fig.
10, theFpiixetB domrespendeftopshe piretiab dheectbomt¥dh pixBigbebdng to the
foreground area- In Fig. 10, the pixels fromthe fifth pixel to the

sevent h pi xdhef perhudse A0 thef tpixdlgnd t dhehdadkaspuarke@reghiaste is the

covered_ background area. In Fig. 10, the rightnost pixel belongs to the
bacRgr ofpimed enly from the background components, that is, the

image components corresponding to the background object.
The values Qf the pi#els in the fofeground area are formed
.only from the foreground components, that is, the image |
components corresponding to the foreground object.

10 The values of the pixels of the mixed area are formed
from the background components and the foreground components.
'Since‘the values of'the pixels in the mixed area are formed
from the background components and the foreground components,
it may be referred to as a "distortion area". The mixed

15 area is further classified into a covered background area
and an uncovered background area.

The covered backgrbund area is a mixed area at a
position corresponding to thg leading end in the direction
in which the foreground object is moving, whefe the

20 background componenté are gradually covered with the
foreground over timg.

In contrast, the unpovered backgroﬁnd'area is a mixed
area corresponding to the trailing end in the direction in
which the foreground bbject is moving, where the backgrouna

25 Componenté graduaily appear over time.



The obj ect corresponding to the foreground is nmoving such that it
gradual |y covers the object corresponding to 25 the bagkgiQiagrqer tine.
Accordi ngly, the conponents - 52 contained in the pixel values of the

pi xel s belonging to the covered background area change fromthe background
conponents to the foreground conponents at a certain time during the
period corresponding to the shutter tine. 5 For exanple, the pixel value M
surrounded by the thick frame in Fig. 10 is expressed by equation (1)

bel ow. M = B02/v+B02-/v+F07/v+F06/Vv_ (%% For exanple, the fifth pixel from
the left contains a background conpohént corresponding to one portion of
the. 10 shutter tinme/v and foreground conponents corresponding to three
portions of the shutter tine/v, and thus, the m xture ratio a of the fifth
pi xel fromthe Héktussed/ 4bo¥he shrt hmagexebntrmamihlhethef Focegtaing
background conmponents corresponding to two portions of the shutter tinme/v
and 15 ﬁ@x@gré@mﬁb@@ﬁpnmewmbac@@reggomawn@dM@nad)qmmmgnomadobrbheorshutter
time/v, and thus, the mxture ratio a of the sixth pixel fromthe left is
1/ 2. Théh§e@@#PWe§€ﬂebaﬁ#@#me§ befr isodmaiuts ipdok gheundeeonponent s
correspondln% to three portlons of the shutter tinme/v and a foreground
conponePeCA Iy iggr MedFornditng the Br&tpaeriratiof ceReudagored Ot mend, and

t hus t he E%xture ratio a of the fifth pixel fromthe left is 3/4. It
can. be ALEUTEFLRRE U LAGHTEOUNELFEREFAHENd OP0 2hdheoiegHsuABES -a i gi d

nd the,for n
body, and t E ° 9grffugt0b£ggtthe background area, the foreground

area, the mixed area, the covered‘background area, and the
uncovered background area discussed above. 1In the areas.
corresponding to the image shown in Fig. 6A, the background
10 area is a stationary portion, the foreground area is a
moving portion, thé covered background area of the mixed
area is a portion that changes from the background to the
foreground, and the uncovered background area of the mixed
area is a portion that changes from the foreground to the
15 Dbackground. |
Fig. 8 illustrates a model obtained by expanding in the
time direction the pixgl values of the pixels aligned side-
by-side in the image obtained by capturing the image-of fhé
object corresponding to the stationary foreground and the
20 image of the objeét corresponding to the stationafy
backéround. For example, as the pixels.aligned sideeby—side,
pixels arranged in one line on the screen can be selected.
The pixel values indicated by F01 through F04 shown in
Fig. 8 are values of the pixels corresponding to the_objeCt

25 of the stationary'foreground. The pixel values indicated by



noving with constant velocity such that it is displayed four 25 pixels to
the right in the subsequent frame. Accordingly, 23 Nov for
. exanpl e, the foreground conponent FO7/v of the fourth §g?§6?ﬁ?ggﬁ§the | ef t |
in Fig. 10 corresponding to the first portion of the shutter tine/v from
when the shutter has opened is equal to the foreground conmponent of the
fifth 5 pixel fromthe left in Fig. 10 corresponding to the second portion
of the shutter tinme/v fromwhen the shutter has opened. Simlarly, the
foreground conponent FO7/v is equal 90 t he foreground conponent of the
sixth pixel fromthe left in Fig. 16 corresponding to the third portion of
the shutter 10 tine/v fromwhen the shutter has opened, and the foreground
conponent of the seventh pixel fromthe left in Fig. 10- corresponding to

t he fowdh ordudgin B4 tdteowhuin eFid i n®@/ are fvameheart titee ghitéles has opened.
It can be assumed that the object corresponding to the 15 foreground is a
rigid booy;espshdivey ftor cdio wid) obf eef tlse soviimnawyt hadnstamdvel ocity
such that it is displayed four pixels to the right in the subsequent

frame. Accofldimeglelapsker fexanphe tdre tHoortdy dwidogoriporfast- FOG/Mv of the
third pixel fromthe left in Fig. 10 corresponding to the first 20 portion
of the Whuttestigae/ditecmahern theg shiit t eFhdazos Hpedredt stlwu%ﬂ’pto t he .
foreground conponent of the fourth pixel fromthe left in Fig

cor PesporfiR Rf t8'e HeSEshe Horkidn %fC?¥E€%QRR4%HtQ|Fﬁﬁ\ﬁ¥¢?ﬂﬁ§men t he

shutter has
whlch the sensor starts converting input light into,

i

electrical charge, and the position at the bottom side of
the rectangle in Fig. 8 corresponds to the time at which.the
conversion from the input light into the electrical charge

10 is finished. That is, the distance from the top side to the
bottom side of the rectangle in Fig. 8 corresponds to the
shuttér.time.- |

The pixels shown in Fig. 8 are described below assumihg
that, for example, the shutter time is equal to the frame

15 ~ size.

The horizontal direction in Fig. 8 corresponds to the
sbatial direction X in Fig. 6A. More specifically, in the
-example shown in Fig. 8, the distance from the left sidé of
the rectangle indicated by "F01" in Fig. 8 to the right side

20 of the rectangie indicated by "B04" is eight times the pixel
| pitch, i.e., eight consecutive pixéls. |

When the foreground objett and the background_object-
are statidnary, the light input into the sensor does not
change during tﬁé period corresponding to the shutter time,.

25 . The period corresponding to the shutter time is divided



E

opened. Simlarly, the foreground conponent FO6/v is equal -25 to the
foreground conponent of the fifth pixel fromthe left 23yNoveebains2005 - 54
in Fig. 10 corresponding to the third portion of the shutter tinme/v from
when the shutter has opened, and the foreground conponent of the sixth

pi xel fromthe left in Fig_ 10 corresponding to the fourth portion of the
shutter tinme/v 5 fromwhen the shutter has opened. It can be assuned that
t he object corresponding to the foreground is a rigid body, and the
foreground object is nmoving with co ant velocity such that it is

di spl ayed four pixels to the right in the subsequent frame. Accordingly,
10 for exanple, the foreground conponent FO5/v of the second pixel from
the left in Fig. 10 corresponding to the first portion of the shutter
time/v iR Wen arhaogikupratieas obdpeavdli peadodk -t oFolre ekerpdeound

component of the third pixel fromthe left in Fig_ 10 corresponding to the

second HGHURSE 6f VAE taladt dévidesepertionswhenit hehehmeder Bhgwnopened.
Simlarly, the foreground conponent FO5/v is equal to the foreground
conmponert® ¢%-hé F6lir PR prREEseréRt RE thef rofslFpiowRr0 ieoFigspdndi ng to
the third portion of the shutter time/v fromwhen the shutter has opened,

and the 5?%6Foﬁﬁdvé5588ﬁeHﬁvégeEhBOFFFPHSpF?BIbFréﬁFtﬁécPéﬂann Fi g.
SR A SRR TSR R R R AR
the foreground within the ﬁhutter time. For example, the
number of wvirtual divided portions is set to 4 when the
amount of movement v is 4, and the period corresponding ﬁo
the shutter time is divided into four portions.

16 The uppermost line in Fig. 9 corresponds to the first
divided period from when the shutter has opened. The second
line in Fig. 9 corresponds to the second divided period from
when the shutter has bpenea. The third line in Fig. 9
Corresponds to the third divided period-from when the

15 shutter has opened. The fourth line in Fig. 9 corresponds

- to the fourth divided period from when the shutter has
opened. |

The shutter time divided in accordance with the amoUnf
of movement v is also hereinafter referred to as the

20 "shutter time/v".

| When the object corresponding to the foreground is
stationary, the light input into thersensor does not change,
and thus, the foreground component EOlfv is equal to the

" value obtained by dividing the pixel value F0l1 by the number

25 of virtual divided portions. Similarly, when the object



foreground is a rigid body, and the foreground object is 25 noving with
constant velocity such that it is displayed four 23 hblﬁﬁﬁﬁ%maggéﬁ' 55 -
pixels to the right in the subsequent frame. Accordingly, or exanple, the
foreground conmponent FO04/v of the left nost pixel in Fig. 10 correspondi ng
to the first portion of the shutter tine/v fromwhen the shutter has
opened is equal to 5 the foreground conponent of the second pixel fromthe
left in Fig. 10 corresponding to the second portion of the shutter tine/v
fromwhen the shutter has opened. Simlarly, the foreground conponent
FO4/v is equal to the foreground coffilonent of the third pixel fromthe
left in Fig. 10 10 corresponding to the third. portion of the-shutter
time/v fromwhen the shutter has. opened, and the foreground conponent of

the fousdfrdiplafdomd hend eféréc_fy‘rcﬁhrgi 19 seor{sspppdipgeto the fourth
portion of the shutter tine/v fromwhen the shutter has opened. 15 Since

t he foregrauwuliad eodasPauE Ng 19 ddea 0¥ Nthe OPAEEE SIOPE LS Pt ON
bl ur as di scussed above, it can al so e referred to as a "distort’ion

area". dHwidilly itHeigdiedlesyal wded2 abf at e thiyheXpandi Dgthan the tine
direction the pixel values of the pixels in one 20 Iine including an
' uncov etiadi dsat kgrouinch sar echavhisr dédweowrh) egdmp aos € SPORM ngs teqidle tor egr ound
is noving to the right in Fig. 11. In Fig. 11, the anpunt of novenent v is
4. 8i ncshe oredlvde ahebd el shordipiatinog, tlie mwame bevabsa ned thwattide

numbex of virtual divided portions, and the foreground

component F04/v is equal té the value obtained by dividing

the pixel value F04 by the number of virtual. divided |

portions. ‘

10 When the object corresponding to the background is
stationary, the light input into the sensor does not change,
and tﬁus,'the background component B0l/v is equal to the
value obtained by dividing the pixel value B0l by the number
of virtual divided portions. Similarly, whéﬁ the object

15 corresponding to the background is‘stationary; the
background component B02/v is equal to the value obtained by

~dividing the pixel value B02 by the number of virtual
divided portions, the background component BO3)V is equal to
the value obtained by dividing the pixel value B03 by the

20 number of virtual divided portions, and the background
component B04/v is equal to the value obtained by dividing
the pixel value B04 by the number of virtual divided

~ portions.

More-SPecifically, when the object corresponding to the

25 foreground is stationary, the light corresponding to the



obj ect corresponding to the foreground is "a rigid body 25 noving with

constant velocity. In Fig. 11, the object inage . 23 BQ%%&RQER%Q&% - 56
corresponding to the foreground is noving to the right such that it is .
positioned four pixels to the right with respect to a reference frane when
it is displayed in the subsequent frame. 5 In Fig. 11, the pixels fromthe
| eftnost pixel to the fourth pixel belong to the background area. In Fig.
11, the pixels fromthe fifth pixel to the seventh pixels fromthe |[eft
bel ong to the m xed area, which is_@qﬁyqpovered background area. In Fig.
11, the rightnost pixel belongs to IU the foreground area. The object
corresponding to the foreground which covers the object corresponding to

t he background is noving such that it is gradually renoved fromthe object
corr espdérdiesgound ©hd elsdc igpotndnteethei sensAccdpdsngby, chhageonponents 15
contained in the pixel values of the pixels. belonging to the uncovered
backgr o (¥ L1&e & heh asgd of eartrherPsdégrotnd theosponeatstinet he backgr ound
conponents at_a certain tinme of the period. corresponding to the shutter
tinme. FOCCOFSAPIY -t hBepitRERIVEINE KFPUBAREBLNHEY/ Bycoheeshpoiing teanme in

Fig. 11 %% gxpressed.by equatjon gzé. M = F02/v+FOl/ v+B26/ v+B26/v (2) For
exanpl e FPEhd 1t ROFEABP PlokPBhelHELET cbAREY Hs EFaRKkERBUINEN @ ONpONENt s

Corr§5p%ﬂgkggrtgaghgggnggtt%ggsfgiegggund component FOl/v
corresponding to the second portion of the shutter time/v
from when the shutter has opened, the foreground component
F01/v corresponding to the third portion of the shutter |
time/v from when the shutter has opened, and the foreground

10 componeﬁt FOl/v corrgsponding to the fourth portion of the
shuttér time/v ffom when the shutter has opened become the
same value. The same applies to F02/v through FO04/v, as in
the case of F01/v. |

When the object corresponding to the background is
15 stationary, the light corresponding to the background object
input into the sensor does not change dﬁring the period
corresponding to the shutter time.. Accordingly, the
background'gomponent BO1l/v éorresponding to the first
portion of the shutter time/v from when the shutter has

20 dpeﬁéd, the background component BOl/vAcorresponding to the
second portion of the shutter time/v from when the shutter
‘has opened, the background component BOl/v corresponding.to
the third portion of the shutter time/v from when the
shutter has opened, and the background component BO1l/v

25 - corresponding to the fourth portion of the shutter time/v



shutter tine/v and a foreground conponent corresponding to 25 one.shutter
portion of the shutter tinme/v, and thus, the 23 Novenbeg 08mc 2605 M Xture
ratio a of the fifth pixel fromthe left is 3/4. The sixth pixel fromthe
.l eft contains background conponents corresponding to two portions of the
shutter tine/v and foreground conponents corresponding to two portions of
the 5 shutter tinely, and thus, the mixture. ratio a of the sixth pixel
fromthe left is 1/2. The seventh pixel fromthe left contains a
background conponent corresponding_tg one portion of the shutter tine/v
and. f oreground conponents correspond'ﬁg to three portions of the shutter
tinme/v, and 10 thus, the mxture ratio a of the seventh pixel fromthe
left 1is 1/4. When equations (1) and (2) are generalized, the pixel value
M can berexpriess echdshetuadn dray Hpervdddictime \wheB)sdmd Srather e a'lies t he

m xture ratio,-B indicates a pixel value of the background, and Fi/v

desi gnatase aappyiety dmdGCoiporemugh 1B04/An be assuned that the object
corresponding to the foreground is a rigid body, which is noving with
constant v eEsOririadnt Aé givent odf theveaest ins whichcddediohglegt for 20
exanpl e, the foreground conponent. FOL/v of the fifth pixel fromthe left
in Fi g.C0 MBS Fshdinghe fHeqqiawd por o ndrache-lshitRi®ct i me/ v from

‘ vvheg the shutter_ has opened s . ‘ :
cerresponding tce the background is staticnary.

Fig. 10 illustrates a model obtainéd by expanding in
the time direction the pixel values ofAthe pixels in ooe-
line, including a covered background area, when the objeot
corresponding to the foreground is moving to the right in

10 Fig. 10. In Fig. 10, the amount of movement v is 4. Since
one frame is a short period, it can be assumed that the
object corresponding to therforeground is a rigid body
moving with constant velocity. 1In Fig. 10, the object image
corresponding to the fofeground is moving such that it is

15 positioned four pixels to the right with respect to a
reference frame when it is displayed in the subsequent frame.

In Fig. 10, the pixels from the leftmost pixel to the |
fourth pixel belong to the foredround area. In Fig. 10, tho
pixels from the fifth pixel to the seventh pixel from the

20 .left belong to the mixed area, which is the covered

‘background area. In Fig. 10, the rightmost pixel belongs to
the background area. | |

The object corresponding to the foreground is moving

.éuch that it gradually covers the object corresponding to -

25 the background over time. Accordingly, the components .



equal to the foreground conponent of the sixth pixel fromthe left in Fig.
11 corresponding to.the second portion of .25 the shutbef,iddbe 2o0f r om when
the shutter has opened. 23 Novenber 2005 58 Simlarly, the foreground
conponent FOL/v is equal to the foreground conponent of the seventh pixel
fromthe left in Fig. 11 corresponding to the third portion of the shutter
time/v fromwhen the shutter has opened, and the foreground 5 conponent of
the eighth pixel fromthe left in Fig. 11 corresponding to the fourth
portion of the shutter tine/v from n the shutter has opened. It can be
assuned that the object correspondin othe foreground is a rigid body,
which is noving with constant 10 velocity, and the anount of novenent v is
4. Accordingly, for exanple, the foreground conponent F02/v of the sixth

pi xel fcomtehoedefin itheFpgxell vedresspdnthagpiselihebtipsyingotdi timeof the
shutter tine/v fromwhen the shutter has opened is equal to the foreground
conponefPVereghbaskgsaund, a3epg ghlanfeofrpiethef bapkgEpgndll correspondi ng
to the second portion of the shutter tine/v fromwhen the shutter -has
“opened. CSMRPP&RLY, tPhERPofegrItRENEORPBRERENFO2AY Ascegtain témehe

f oreground conponent of the eighth pixel fromthe left in Fig. 11
correspBHAE-RY BSt RETERFr GOPSPEPBRIGRTt ke BDBeshlBEERTt E#BEY from when the
shutter has gened. éﬁ can be assuned. that the object correspanding to the
f or egr ound ig 5 FFYREDodie R ERL | B T B W T tptthe thick

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

M = B02/v+B0Z2/v+F07/v+F06/v (1)
For example, the fifth pixel from the left contains é
"background component corresponding to one portion of the
10 shutter time/v and foreground components corresponding to
threé portions of the shutter time/v, and thus, thé mixture
' ratio o of the fifth pixél from the left is 1/4. The sixth
 pixel from the left cOntains background components
corresponding to two portions of the shutter time/v ahd‘
- 15 | foreground components corresponding te two portions of the
shutter time/v, and thus, the mixture ratio o« of the sixth
-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 ccmponent.
20 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 corresponding tQ the
foreground is a rigid body, and the foreground object is
moving with constant velocity such that it is displayed four

25 - pixels to the right in the subsequent frame. Accordingly,



vel ocity, and the anount of novenent v is 4. Accordingly, for exanple, the

foreground conponent FO03/v of the seventh 25 pi xel froggg@g?&gﬂkmgn Fig. 11
corresponding to the first 23 Novenber 2005 - 59 portion of the shutter.

time/v fromwhen the shutter has opened is equal to the foreground
conponent of the eighth pixel fromthe left in Fig. 11 corresponding to
the second portion of the shutter tinme/v fromwhen the shutter has 5
opened. It has been described with reference to Figs. 9 through 11 that
t he nunber of virtual divided portLog§ is 4. The nunber of virtual divided
portions corresponds to the anount 0Of novenent v. Generally, the anount of
novenment v 10 corresponds to the noving speed of the object corresponding
“to the foreground- For exanple, if the object corresponding to the
f or egr obind ¢xampie ngthechorparound | compapealy 0T durof ptixel Souwth he ri ght
with respect to a certain frange when it 1is positioned in the subsequent
frame, Phechnbiem Bhe 1behbvimefigy 1& cerrespandine ponbes Bfrsgrtual
divided portions is set to 4 in accordance with the anmount of novenment v.
© Simi | arP§TERPR P E nER® bFRREEtRBr FHEHORE FYt t ohemetng oflgformdrds novi ng such
that it _is displayed six pixels to the left with respect to a certain
frane WARTETE +3 %@P%%SF?iEm%df??FQWRP%ﬁﬂﬁﬁﬁﬁﬁﬂﬁn¥r%ﬁnﬁ@etﬁﬁ£§ﬂnnun of
{Tgv nenéi:\c/el : Prosn?ttkgé) Péf@n{jntﬁfg.n%eéoiggesvﬁérg&lfxllg di‘:é”%ed speocrc;[r!ci)'ns 'S set
portion of the shutter time/v from when the shutter has
opened. Similarly, the foreground component F07/v is equal
to the foreground component of the sixth pixel from the left
in Fig. 10 corresponding to the third portion of the shutter
10 time/v from when the shutter has opened, and the foreground
component of the seventh pixel from the left in Fig. 10
correéponding to the fourth portion of the shutter time/v
from when the shutter has opened.
ILt can be assumed that the object corresponding to the
7715 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 subseguent frame. Accordingly,
for example, the foreground component F06/v of the third
pixel from the left in Fig. 10 corresponding to the first
20 portion of ﬁhe shutter time/v from when the shutter has
.bpened is equal to the foreground component of the fourth
pixel from the left in Fig. 10 corresponding to the second
portion of the‘shutter time/v from when the shutter has

opened. Similarly, the foreground component F06/v is equal

-25 . to the foreground.component of the fifth pixel from the left



Figs. 12 and 13 illustrate the relationship of the foreground area, the

background area, and the m xed area 25 which consists ﬁqq Y8
- background or an uncovered 23 Novenber 2005 --- 60 bac gfbanﬁi Jﬁdch are

di scussed above, to the foreground conponents and the background
“conponents corresponding to the divided periods of the shutter tinme. Fig.
12 illustrates an exanple in which pixels in the 5 foreground area, the
background area, and the m xed area are extracted from an i nmage contai ni ng
a foreground corresponding to an obgf ct nDV|ng in front of a stationary
background. In the exanple shown in the object indicated by "A"
corresponding to the foreground is 10 horlzontally nmoving with respect to
the screen. Frane #n+l1l is a frame subsequent to frame #n, and franme #n+2 is
a franeisubdequédft cooresaredingl toPickel shimdt hertboegobundeaskattéhe
background area, and the m xed area are extracted fromone of franes #n
throughtlge#ﬁ+ir0anﬁhﬁhethﬁn@hvtbﬁrnbaenepenedusaeetthe forégnoded

obt ai ned by expandi ng the pixel values of the extracted plxels inthe tine
d|rectlSﬁmP§n§ﬁ§wﬁf|%hF|@lXIB pSratefrpe shpedeftoineEpondifg 'to the
foreground is moying, the pixel values in the foreground area are forned

20 of fSBFrﬁ?PPBPéHE FBrEﬂFoﬁﬁHrEBnﬁﬁﬁéﬁP§ eér FBSpohuthgrt bimaévshut ter
ti For e left i xel of the  pixels in the foreground

' arg§{5h8ﬁ8m| EpgtETB BREFEL 6f° ened.

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 fouf
pixels to the right in the subsequent frame. Accordingly,

10 for example, the foreground component F05/v of the second
pixel from the left in Fig. 10 corresponding to the first
portibn of the shutter time/v from when the shutter has
opened is equal to the foreground component of the third
pixel from the left in Fig. 10 corresponding to. the second

15 portion of the shutter time/v from when the shutter has
opened. Similarly, the foreground component F05/v is equal
to the foreground component of the fourth pixel from the

"left in Fig. 10 corresponding to the third portion of the
shutter time/v from when the shutter has opened, and the

20 ' foreground component of the fifth pixel from the left in Fig.
10 corresponding to the fourth portion of the shutter time/v
from when the shutter has opened.

It can be assumed that the object corresponding to the
foreground is a rigid body, and the foregrbund object is

25 moving with constant velocity such that it is displayed four.



FO1/v, F02/v, FO3/v, and FO4/v. That is, the pixels in the foreground

contain notion blur. 25 Since the object correspondi ng,&e.th8,.Pagksoround is
23 Novenber 2005 - 61 stationary, light input into the sensor .

.corresponding to the background during the shutter tine does not change.

In this case, the pixel values in the background area do not contain
notion blur. 5 The pixel values in the m xed area consisting of a covered
background area or an uncovered background area are formed of foreground
conponents and background conponents 5A_;description is given below of a
nodel obtained by expanding in the PIHE direction the pixel values of the -
10 pixels which are aligned side-by-side in a plurality of franes and
which are | ocated at the sanme positions when the frames are overl apped when
t he i magexebs respomei ngghio ihethobidedeqesembpvi e Foraaxanpireglwhen t he

~image corresponding to. the object is noving horizontally with respect to

t he 15 £ef ee¥pmplxel thel fgregromd heorporent G be ofeltdot dek fifs nidwet 20
pi xel s aligned side-by-side. Fig.. 14 illustrates-a nodel obtained by
expandiP¢h 1% HElg| e FRANI Y pixeltie vihi ot arar tlqrymdd tdidde- by- si de
in three frames of an image obtained by capturing an object corresponding .
to a stRYoiREF yEHRAYH DR iRk e sttt s b i e PRANhE S &B1Joia | ons when

the_frames are overl ed.
5 a@ﬁ%'Egregrounéug%mponent of the second 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 F04/v is equal to the foreground
component of the third pixel from the left in Fig. 10
" 10 corresponding to the third,portion of the shutter time/v
from when thé shutter has opened, and the foreground
'_compohent of the fourth pixel from the left in Fig. 10
corresponding to the fourth portion of the shutter time/v
from when the shutter has opened.
i5 Since the foreground area corresponding to the moving
object contains motion blur as discussed above, it can also
be referred to as a "diétortion area".
Fig. 11 illusfrates a model obtained by expanding in
the time direction the pixel values of the pixels in one
20 line including an uncovered background area when the object
correéponding to the foreground is moving to the right in
Fig. 11. 1In Fig. 11, the amount of moveﬁent-v is 4. Since
one frame is a short petiod, it can be assumed that tﬁe
object corresponding to the foreground is a rigid body

25 moving with constant velocity. In Fig. 11, the object image



Frame #n is the frame subsequent to frame #n-1, and frame #n+l is the
frame subsequent to frame #n. The sanme applies to thesotaembdramms. 25 The
pi xel values BA through B12 shown in Fig. 14 are - 62 i 23 Novenber 2005
pi xel values corresponding to the stationary background object. Since the
obj ect corresponding to the background is stationary, the pixel values of
the corresponding pixels in franme #n-1 through frame #n+l do not change.
For exanple, 5 the pixel in franme #n and the pixel in frane #n+1l | ocated at
the correspondi ng position of the pixet having the pixel value B0O5 in
frame #n-1 have the pixel value B05. Fig. 15 illustrates a nodel obtained
by expanding in the tinme direction the pixels which are aligned
side-by-side 10 in three frames of an imge obtained by capturing an object

cor r espdirdinTs HeE 4 o F8g En f OPRAT Ui HG VTt Fe thghtright Eiugh 15
togetherryjth an ob'ect,corre&ponding to a stationary background and which
are | ocat@d dt* e PO 10868 Fobits RMF&H =t i@ fhaned olite aér K&5PEEt The
nodel SQ%W%,:%% in Fig.f 15 contains a covered background area. In Fig. 15,
it can be assumed RSt TTRESoBE: 1t E45EnavRg (8 the FUPEGASERE is a
rigidb %H%pving with constant velocity, and that it is noving such that
it is i spl'ayed four pixels to the right in the subsequent frame. 20

Accogdingly, thhe; Qoppt of. MBYRIEDt e¥ohStle POFLADS."UIRE! o the
fourth pixel belong to the background area. In Fig. 11, the
pixels from the fifth pixel to the seventh pixels from the
left belong to the mixed area, which is an uncdveréd |
background area. In Fig. 11, the rightmost pixel belongs.to

10 the foreground area. |
The object corresponding to the foreground which covers
the object corresponding ‘to the background is moving such
that it is gradually removed from the object corfesponding
to the backgrdund over time. Accordingly, the components
15 contained in the pixel values of the pixels belonging to the
uncovered background area change from fhe foreground
components to the background components at a certain time of
the period correspondiﬁg to the shutter time. |
For example, the pixel value M' surrounded by the thick
.20 frame in Fig. 11 is expressed by equation (2). |
M' = F02/v+F01/v+B26/v+B26/v (2)
For example, the fifth pixel froﬁ the left contains
background components corresponding to three portions of the
shutter time/v and a foreground compohent corresponding to

. 25 one shutter portibn of the shutter time/v, and thus, the.



of virtual divided porti ons is 4  For exanple, the foreground conponent of

the leftmost pixel in frame #n-1 in Fig. 15 correspondy Ll Bgsf i rst
portion of the shutter tine/v fromwhen the shutter has %%Vopecngtg) is

"F12/v, and the foreground conponent of the second 23 Novenber 2005 63 pi'xel

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 third pixel fromthe left in Fig. 15
corresponding to the third 5 portioa of the shutter tinme/v fromwhen the
shutter has opened and the foregrou 4 conponent of the fourth pixel from
the left in Fig. 15 corresponding to the fourth portion of the shutter
time/v fromwhen the shutter has opened are F12/v_ 10 The foreground
conponentixlrd heatsf tarnsf phaefifvh fpael FHied tie Figit 16s cdf4 esponding to

- the second portion of the shutter time/v fromwhen the shutter has opened

i s Fl1/The Sireth qriegeluibr ontponenft ofort el se donck g xeld feamdrimntd=eft in
Fig. 15 corresponding to the third portion of the shutter 15 tine/v from
when t heoxiespendins operea poeralens Fifl/the Blutforegrbwv combonent  of t he

third pixel fromthe left in Fig. 15 corresponding to the fourth portion
of the Ediggeeurd mymponents corresponding to two portions of the

5 shutter time/v; and thus, the mixture ratio o of the sixth
pixel from the left is 1/2. The seventh pixel from the left
contains a backgroundrcomponent corresponding to cne portion
of the shutter time/v and foreground components
.corresponding to three portions of the shutter time/v, and

10  thus, the mixture ratio o of the seventh pixel from the left
is 1/4.
When equations (1) and (2} are generalized, the pixel
value M can be expressed by eguation (3}:
M=a-B+ »Fi/v o (3)
15 where @ is the mixture ratio, B indicates a pixel value of
the background, and Fi/v designates a foreground component.
It can be assumed that the objectrcorresponding to the
foregrouﬂd is a rigid body, which is moving with constant
velocity, and the amount of movement is 4. Accordingly, for
20 example, the foreground component.FOi/v of the fifth pixel
from the left in Fig. 11 corresponding to the first portiocn
of the shutter time/v from when the shutter has opened is
equal to the foreground component of the sixth pixel from
the left in Fig. 11 correspondiné to the second portion of

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



from when the shutter has opened is Fil/v. The foreground conponent of the
| eftmost pixel in frame 20 #n-1 in Fig. 15 correspondhggbto th 0tshird

portion of the shutter tinme/v fromwhen the shutter has oB%%gr 'S Flolv.

The foreground conponent of the second pixel fromthe left 1in Fig. 15

corresponding to the fourth portion of the shutter tinme/v fromwhen the
shutter has opened is also 25 FIO/v. The foreground conponent of the

| ef t rost pi xel in 23 Novenber 2005 - 64 frane #n-1 in Fig. 15
corresponding to the fourth portion afg the shutter tine/v fromwhen the
shutter has opened is FO9/v. In frame #n-1 in Fig. 15, the |eftnost pixel
fromthe left belongs to the foreground area, and the second through 5
fourth pixels fromthe left belong to the m xed area, which is a covered
backgr odAB1dp&EadY  THESS ifPriecrievadglkompentnly Fiotévs isr equahetpbetheof frame

#n-1 in Fig. 15 belong to the background area, and the pixel values

t her eof TRFEIBO¥NEhFEMRTBIE, ofeépecervenyhioixrd f£rest thar dagh Lhfth pi xel
fron1th§_lefi inframe #n in Fig. 15 belong to the foreground area. The
foregrolind- ¢dnFOREREPPRILRE SRuTPEr thilke) POrkiprReofotBgr 80HEtEFea of
frame #n.is an% one R% Fog/v &hgou%h F12/v. It can be assuned that the
obj ect ESPPLLpERATNYTED the SPETEGFeBrSuRBSPSda ~PEi BPBoBYTREYPHRIW t h
const ang, v ity d that it _is in ch tg t .the, foreground i mage
COTS] EGHBLEEREY og 2R SRbeh ghReEDtERR SRR Rag
corresponding to the fourth portion of the shutter time/v
from when the shutter has opened.
It can be assumed that the object corresponding to the
foreground is a rigid body, which is moving with constant
10 velocity, and the amount of movement v is 4. Accordingly,
for example, the foreground component F02/v of the sixth
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
15 pixel 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 F02/v is equal
to the foreground component of the eighth pixel from the
left in Fig. 11 corresponding to the third portion of the
20 shutter time/v from when the shutter has opened.
It can be assumed that the object corresponding to the
foreground is a rigid body, which is moving with constant
velocity, and the amount of movement v is 4. Accordingly,

for example, the foreground component F03/v of the seventh

25 pixel from the left in Fig. 11 corresponding to the Ffirst

S

S



Accordi ngly, the foregrdund conponent of the fifth pixel fromthe left of
frame #n in Fig. 15 corresponding to the 20 first portb?ﬁhg%mkpﬁxghutter

time/v fromwhen the shutter has opened is F12/v, and e toreground
-conponent of the sixth pixel fromthe left in Fig. 15 corresponding to the
second portion of the shutter tine/v fromwhen the shutter has opened is
al so F12/v. The foreground conponent of the 25 seventh pixel fromthe left
in Fig- 15 corresponding to the 23 Novenber 2005 - 65 third portion of the
shutter tinme/v fromwhen the shuttercqhas opened and the foreground
conmponent of the eighth pixel fromthe left in Fig. 15 corresponding to
the fourth portion of the shutter tinme/v fromwhen the shutter has opened
are 5 F12/v. The foreground conponent of the fifth pixel fromthe Ileft of
frame #PTH I Pf e shesiondiime 4o 1w sdevhdhpahitrenfhasthe shutter
time/v fromwhen the shutter has opened is Fil/v. The foreground conponent
of the SR £F FIREL 5D hleh T H T IPrpoRendy rak jdtrlisPhtd t he third
portion .of the shutter tine/v fromwhen the shutter has opened is al so
F1i /v. PAY ofr(iéﬁ?dﬂ‘r‘?d edpofefii Dt PheogRamantigixde fiymasrendit in Fig.
15 correspaonding. tqQ th fourth portion of the shutter tinme/v fromwhen the
shut t erporll%%l%scgfop eﬁwstt% /W‘.“Peljﬁ’e W‘édﬁkﬁjhdit%rﬁﬁﬂﬁétrﬁr d% he fifth
pixgl'gaggé e | eft-of franme #n in Fig. 15 corresponding to the third
It has been described with reference to Figs. 9 tﬁrough
11 that the number of virtual divided portions is 4. The
number of virtual divided portiomns corresponds to the amount
of movement v. Generally, the amount of movement v
10 corresponds to the moving speed of the obﬁect corresponding
to the foreground. For example, if the object corresponding
to the foreground is moving such that it is displayed four
pixels to the right with respect to a certain frame when it
is positioned in the subsequent frame, the amount of
15 movement v is set to 4. The number of virtual divided
portions is set to 4 in accordance with the amount of
movement v. Similarly, when the object corresponding to the
foregrqund is moving such that it is displayed six pixels tb
the left with respect to a certain frame when it is
20 positioned in the subsequent frame, the amount of movement v .
is set to 6, and the number of virtual divided portions is
set to 6.
Figs. 12 and 13 illustrate the relationship of the

fpreground.area, the background area, and the mixed area

25 which consists of a covered background or an uncovered



portion of the shutter tine/v fromwhen the shutter has opened is F10/v_

The foreground conponent of. the-sixth 20 pixel fron1t3?$%efte}%wgig.'15

corresponding to the fourth portion of the shutter tinmé F?g%1 en the

shutter has opened is also F10/v. The foreground conponent of the fifth
pi xel fromthe left of frame #n in Fig. 15 corresponding to the fourth
portion of the shutter tine/v fromwhen the 25 shutter has opened is F09/v.
23 Novenber 2005 66 Since the object corresponding to the background is
stationary, the background conponent of the sixth pixel from the |left -of
frame #n in Fig. 15 corresponding to the first portion of the shutter
time/v fromwhen the shutter has 5 opened is B05/v. The background
conponents of the seventh pixel fromthe left of frame #n in Fig. 15
cor r espbagkpgotinod, t WBithr streaddsseserd pbpteonsoothehéoskytrbendti me/v from
~when the shutter has opened are B06/v. The background conponents of the
ei ght h gerebnepgm ehd kbt befkiiramndypoimpotenEsgcotsesprndépgntibng to the
first through third portion of the shutter tine/v fromwhen the shutter
has opefBg digidedopeviods pfakBesphifitPrgtims. the sixth through eighth
pixels fromthe left belong to the m xed area, which is a covered 15
background aftd: Fhel MmO uh SXRTRIR b xehsch rpkrehe ivfEhef frame
roun i, xel

#niéﬁ F%Qreégogﬁéoggeé? % g gggﬁgroun _gigg: ggg %ﬂg glxed'area are
extracted from an image containing a foregrdund
corresponding to an object moving in front of a stationary
background. In the example shown in Fig. 12, the object.
indicated by "A" corresponding to the foreground is

10 horizontally moving with respect to the screen.
Frame #n+l1 is a frame subséquent to frame #n, and frame
#n+2 is a frame subsequent to frame #n+l.
Pixels in the foreground area, the background area, and
thé mixed area are extracted from one of frames #n through
15 #n+2, and the amount of movement v is set to 4. A_model
obtained by expanding the pixel values of the extracted
pixels in the,time directioﬁ is shown in Fig. 13. |
Since the object corresponding to the foreground is
moving, the pixel values in the foreground area are formed
20 of four different foreground componenfs corresponding to the
shutter time/v. For.example,rthe leftmost pixel of the
pixels in the foreground area shown in Fig. 13 consists of
F01/v, F02/v, F03/v, and F04/v. That is, the pixels in the
foreground contain motion blur. |

25 ~ Since the obfect corresponding to the background is



val ues thereof are BOB through Bll, respectively. The first through ninth
pi xels fromthe left in frame 20 #n+l in Fig. 15 beloqgr3gé5?§2&9{eground.
area. The foreground conponent in the shutter tine/v in the ~oreground -
area of frame #n+l 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, 25 and. that it is noving such that the foreground
imge is 23 Novenber 2005 - 67 displayed four pixels to the right in the
subsequent frame. Accordingly, the ggrgground conmponent of the ninth pixel
fromthe left of frame #n+l in Fig. 15 corresponding to the first portion
of the shutter tinme/v fromwhen the shutter 5 has opened is F12/v, and. the
foreground conponent of the tenth pixel fromthe left in Fig. 15

cor r esporiRPa%Y t helghlechoM pot tonthyt s9esehuee B¥eIporRd g riem tikeen t he
shutter has opened is also F12/v. The foreground conponent of the

el eventIPFHHAUFF SHEIG | 61t $HEEIRE tione (ioes porli FRpR9S ¢ hel L ochds r d
portion of t shutter tine/v fro en the shutter has opened and the
f or egr St 'cgﬁifor%lrﬁe]ofvel‘ﬂze? wet f‘frpl‘le FITIIR N FFRA | ¥ NG el
corresggqgkﬂg t.o the fourth portion of the shutter tine/v fromwhen the
shutt er" has o&gﬁgﬁ are F12/v. 15 The foreground conponent of the ninth

P o o . S SR st S 2 Lo the second
covered background area or an uncovered background area are '
formed éfrforeground components and backg:ound components.

A description is given below of a model obtained by
expanding in the time direction the pixel values of the
10 pixels which are aligned side-by-side in a plurality of
frames and which are located at the same positions when the
frame$ are overlapped when the image corresponding to the
object is moving. For examﬁle, when the image corresponding
to the object is moving horizontally with respect to the

_ 15 screen, pixels aligned on the screen can be selected as the
pigels aligned side-by-side,

Eig..14 iilustratés“a~m§del obtained by expanding in
the tiﬁe direction the pixels ﬁhich are-aligned side—by—sidé
in three frames of an image obtained by capturing an object

20 ¢0rrespondinq to a stationary background and which are

located at the same positions when the frames are overlapped.
Frame #n is the frame subsequent to frame #n-1, and frame
#n+l is the fraﬁe subsequent to frame #n. The same applies
to the other frames.

25 . The pixel wvalues B0l through BlZ-Shown in Fig. 14 are



opened is F11/v. The foreground conponent of the tenth pixel fromthe |eft
in Fig. 15 corresponding to the third 20 portion of th utter time/v from
when the shutter has opened is also Fll/v. The foregrgaﬁg %@ﬁ%ghgnt of
"the eleventh pixel fromthe left in Fig. 15 corresponding to the fourth

portion of the shutter time/v fromwhen the shutter has opened is F11/v.

25 . The foreground conponent of the ninth pixel fromthe 23 Novenber 2005

68 5 10 left of frame #n+l in Fig. 15 corresponding to the third portion

of the shutter tinme/v fromwhen the tter has opened is.F10/v. The

f oreground conponent of the tenth pixeél fromthe left in Fig. 15
corresponding to the fourth portion of the shutter tinme/v fromwhen the
shutter has opened is also F10/v. The foreground conponent of the ninth
pi xel f mdmetlheallaks obrraspottidingi moFithe $5atdrnespobdichground to the

~fourth portion of the shutter tine/v fromwhen the shutter has opened is

FO9/v. ©bject. Since the object corresponding to the background is
stationary, the pixel values of the correspondlng pixels in
frame #n-1 through frame #n+l do not change. For example,

5 the pixel in frame #n and the pixel in frame #n+l located at
the corresponding position of the pixel having the pixel
value BO5 in frame #n-1 have the pixel value BOS.‘

Fig. 15 illustrates a model obtained by expanding in
the time direction_the pixels which are aligned side-by-side
10 in three frames of an image obtained by capturing an object
corresponding to a foreground that is moving to the right in
Fig. 15 together with an object corresponding to a
stationary background and which are located at the same
positions when the frames are overlapped. The model shown
15 in Fig. 15 contains a covered background area.
| In Fig. 15, it can be assumed that the object
correspondlng to the foreground is a rigid body moving WLﬁh
‘constant velocity, and that it is moving such that it is
displayed four pixels to the right in the subsequent frame.
20 Accordingly, the amount of‘movement v ié 4, and the number
of virtual divided portions is 4.
Fof example, the foreground component of the leftmost
‘pixel in frame #n-1 in Fig. 15 corresponding to the first
portion of the shutter time/v from when the shutter has

25 opened is Fi2/v, and the foreground component of the second




Since the, object corresponding to the background is stationary, the

background conponent of the tenth pixel from the left +1 in
Fig.. 15 corresponding to the first portion of the sh&??@%gélngﬁg from.

-when the shutter has opened is B09/v. The background conponents of the

el eventh 15 pixel fromthe left of frame #n+l in Fig. 15 corresponding to
the first and second portions of the shutter tine/v from when the shutter
has opened are B10/v.. The background conponents of the twelfth pixel from
the left of frame #n+l in Fig. 15_cggresponding to the first through third
portion 20 of the shutter tinme/v Bll/v. from when the shutter has opened
-are In 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. 25 Fig.
16 i || Bt €O idelledit dm ifiebe lobti @b aapdnadve B B9
.extractinq{the f oreground conmponenfs fromthe pixel values .shown in Fig.
15. Fi @O 9 [Qfsths LUt tedadiimsyivaifiam pheax fARdistp G 4er e ti ne :
direction the pixels i.ch are_aligned side-by-side 5 in three franes of
an ina&?e Fﬁb@ﬁﬁf & Ufinaﬂﬁh gggound component of the third

pixel from the left in Fig. 15 corresponding to the third

5 -portion of the shutter time/v from when the shutter has
opened and the foreground component of the fourth pixel from
the left in Fig. 15 corresponding to the fourth portion of
the shutter time/v from when the shutter has opened are |
Fl2/v.

10 The foreground component of the leftmost pixel in frame
#n-1 in Fig. 15 corresponding to the second portion of the
shutter time/v from when the shutter has opeﬁed is Fll/v.
The foreground component oflthe second pixel from the left
in Fig. 15 corresponding to the third portion of the shutter

15 time/v from when the shutter has opened is also Fll/v. The
forégrouﬁd component of the third pixel from the left in Fig.
15 corresponding to the fourfh portion of the shutter time/v

from when the shutter has opened is Fill/v.

| The foreground component of the leftmost pixel in frame

20  #n-1 in Fig. 15 corres?onding to the third portion of fhe
shutter time/v from when the shutter has opened is F10/v.

~ The foreground component of the second pixel from the left
in Fig. 15 corresponding to the fourth portion 6f the
shutter time/v from when the shutter has opened is also

25 F10/v. The foreground component of the leftmost pixel in



corresponding to a foreground that is noving to the right in Fig. 17
together with an object corresponding to a stationaryzgggy%éougﬁﬁand whi ch
are located at the sane positions when the franes are P %% . The .
nodel shown 10 in Fig. 17 contains an uncovered background area. 1In Fig.
17, 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. 15
Accordingly, the amount of novenent_v_.js 4. For exanple, the foreground
conponent of the leftnost pixel in frame #n-1 in Fig. 17 corresponding to

-the first portion of the shutter tinme/v fromwhen the shutter has opened

is F13/v, and the foreground conponent of the second 20 pixel fromthe |eft
in Fig. WPRrieshordifig + old o wssanhdiper tiorthsf fidve tdhetotrérioni wé/ v from
when the shutter has opened is also F13/v. The foreground conponent of the
third piB&lIsHHeRE Helmeft Frommghen otheor shupbadi hystorenedt b5 rBO9HBEt i on
of the shutter tinme/v fromwhen the shutter has 25 opened and the
foreground cdfpdkeRe SPthdnf §dBthlpix&her LeftPestopénBer £70U5tRe70  the

left in Fig. ,17 correspandi to-the fourth porfion of the shutter time/v
1 om wherFith & ULt rad prge, afck Wi SGEOmd teSRERent of

the secand Ax s, 0% hd SMe b RIP i chd Ml oHLa, COHLSRPONI N0
is a covered background area.
The fifth through twelfth pixels from the left of frame

#n-1 in Fig. 15 belong to the background area, and the pixel'
values thereof are_B04 through EB11, reSpecfively-

10 The first through fifth pixels from the left in frame
#n in Fig. 15 belong to the foreground aréa. The foreground
component in the shutter time/v in the fdreground area of
frame #n is any one of_FOS/ﬁ through F12/v.

It can be assumed that the object corresponding to the

15 foreground is é rigid body moving with constant velocity,
and that it is moving such that the foreground image is
displayed four pixels tQ thé right in the subsequent frame.
‘Accordingly, the foreground component of the fifth pixél
from the left of frame #n in Fig. 15 corresponding to the

20 first portion of the shutter time/v from when the shutter
has opened is F12/v, and the foreground component of the
sixth pixel_from the left in Fig. 15 corresponding to the
second portion of the shutter time/v from when the shutter
has opened is also Fl2/v. The foreground component of the

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



portion of the shutter time/v fromwhen the shutter has opened is F14/v.

The foreground conponent of the third pixel fromthe | in Fi 17
corresponding to the second portion of the shutter ti&gﬁ&v?&%ﬁkaﬁen t he

shutter has 10 opened is also F14/v. The foreground conponent of the third
pi xel fromthe left in Fig. 17 corresponding to the first portion of the
shutter tine/v fromwhen the shutter has opened is F15/v. Since the object
correspondi ng to the background is 15 stationary, the backgrouhd conponents
of the leftnost pixel in frame-#n-1_fn Fig. 17 corresponding to the second
t hrough fourth portions of the shuft & tinme/v fromwhen the shutter has
opened are B25/v. The. background conponents of the - second pixel fromthe
|l eft of frame #n--1 in Fig. 17 20 corresponding to the third and fourth
portionshifd tihertishutf erhe i shelitvedr ommdéen fihem skt erhdashopesed are

B26/v. The background conponent of the third pixel fromthe left of frane
#n-1 i m&s epaedordspgondicrpaoutt doweteporef orhofeigheh ghikelr time/v-
from when the shutter has opened is B27/v. 25 In frame #n-1 in Fig. 17, the
| ef t mosErR xere thrBugh BLfoviehtrr poomnding thethéi ferpitkatopelemg to the
m xed area, which is an uncovered background area. The fourth through

twel ft IPHi s SHiereE Heleft Gom fhsm t%ha |shytiey has qRgnri) a%et he
for%grqgﬂg,area- The 5 foreground conponent of the frame is any one of
F13FPv v-

The foreground componént of the fifth pixel from the
left of frame #n in Fig. 15 corresponding to the second |
portion of the shutter time/v fromrwhen the shutter has
opened is Fll/v. The foreground component of the sixth

10 pixel from the left in Fig- 15 corresponding to the ﬁhir@
portion of the shutter time/v from when the shutter has
opened is also Fll/v. The foregiound component of the
seventh pixel from the leftrin Fig. 15 corresponding to the
fourth portion-of the shuttér time/v from when the shuttef

15 has opened is Fll/v. 7

The foreground component of the fifth pixel from the
left of frame #n in Fig. 15 éorrespondiﬁg to.the third |
portion of the shutter time/v from when the shutter has
cpened is F10/v. The foreground component of the :sixth

20 -pixel from the left in Fig. 15 corresponding to the fourﬁh
‘portion of thé'shutter time/v from when the shutter has
opened is also F10/v. The foreground component of the fifth
pixel from the left of frame #n in Fig. 15 correéponding to
the fourth portion of the shutter time/v from when the

25 shutter has opened is F09/v.



fhrough F24/v. The leftnost pixel through the fourth pixel fromthe |eft
of frame #n in Fig. 17 belong to the background area, §§§P tﬂ%mﬂ@ el val ues
d .

t hereof are B25 through B28, 10 respectively. It can b SSUh at the.

obj ect 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 frame. Accordingly, the 15
foreground conponent of the fifth pixel fromthe left of frame #n in Fig.
17 corresponding to-the first portion.of the shutter .tine/v fromwhen the
shutter has opened is F13/v, and the foreground conponent of the sixth

pi xel fromthe left in Fig. 17 corresponding to the second portion of the
20 shutter time/v fromwhen the shutter has opened is also F13/v. The

f oreground céaporetiheobbf hetsevenehppikéhgf tonthe HeadkdtoumdFy. 17
corresponding to the third portion of the shutter tinme/v fromwhen the
shut t er HéFiopared dh¢ bRekareregr eerporemponénthef sihehebgheh pirzsl from
the left in. 25 Fi%, 17 corresponding to the fourth portion of the shutter
23 Noverfyér 15805 of Framgi fg/ ¢1f Fédmi-wHen corseshandénghte spenédrate F13/v_
The foreground caonponent of the sixth pixel fromthe left of frame #n in
Fig. 17P0GTRIpGIdithG SHEheTs itide/ Vpdreroihsp the shutter Bafe/v from when

the shutiehdifysde8Bo0ed e badidrothd LOREgnouRd SeMpRnent of Lhe seventh
- pixel from the left of frame #n in Fig. 15 corresponding to
the first and second portions of the shutter time/v from
when the shutter has opened are B0O6/v. The background
cemponents of the eighth pixel from the left of frame #n in
10 Fig. 15 corresponding to the first through third pértion of
the shutter time/v from when the shutter has opened are
BO7/v.
In frame #n in Fig. 15; the sixth through eighth pixels
from the left belong to the mixed area, whiéh is a covered |
15 Dbackground area. |
The ninth through twelfth pixels from the left of frame
#n in Fig. 15 belong to therbackgroﬁnd area, and the pixel
R values thereof are B08 through Bll, respectively.
- The first through ninth pixels from the left in frame
20 #n+l in Fig. 15 belong to the_foreground-area. The |
foreground component in the shutter time/v in the foregﬁound
area of frame #n+l is any one of F(0l/v through F12/v.
| It can be assumed that the object corresponding to the
foreground is a rigid body moving with cénstant velocity,

25 and. that it is moﬁing such that the foreground image is



pi xel

foreground conponent of the eighth pixel fromthe |ef
17' corresponding to the 10 first portion of the shutter tine/v from when
the shutter has opened is F15/v. Since the object corresponding to the
background is stationary, the background conponents of the fifth pixel

fromthe left in Fig. 17 corresponding to the second portion of the
shutter tinme/v fromwhen the shutter has opened is aI?Q. 14/v.2&§e
i

VST

fromthe left of frame #n in Fig. 17 corresponding to the 15 second through

fourth portions.of the. shutter tigeé from when the shutter has opened
are B29/v,. The background conponen

frame #n in Fig. 17 corresponding to the third and fourth portions of

shutter tine/v fromwhen the shutter has opened are 20 B30/v. The

backgr cliheP kargsbrfamr afixdves slev e piokd] ify dhe tshibgeafuerdf fnzares #n in
to the fourth portion of the shutter time/v from
et geoBsd /epmpanemytapd #hd mimitg) pligkelthe fifth -

pi xe

whi ch 25 Mo vidrpéere

"Fig_ 17 correspondin
when t FECSHiA L hast

s of the sixth pixel fromthe left of

t he

t hrough thej?S seventh pixel fromthe left belong to the nixed area,

Yoo -frape intn ithddver

igiedo e eighth

t hr ough Imelfthipixels fromthe left of  frame #n in Fig. 17 belong to the
foregr
corges

t hr

10
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tenth pixel from the left in Fig. 15 corresponding to the
second portion of the shutter time/ﬁ from when the shutter
has opened is also F12/v. The foreground component of tﬁe
eleventh pixel from the left in Fig. 15 corresponding to the
third portion of the shutter time/v from when the shutter
has opened and the foreground comﬁonent of the twelfth pixel
from the left in Fig;rls corresponding to the fourth portion
of the shutter time/v from ﬁhen the shutter has opened are
F;Z/vw

The foreground component of the ninth pixel from the
left of frame #n+l1 in Fig. 15 corresponding to the second

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

' opened is Fll1l/v. The foreground component of the tenth

pixel from the left in Fig. 15 corresponding %o the third

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

opened is also Fll/v. The foreground component of the

eleventh pixel from the left in Fig. 15 corresponding to the

fourth portion of the shutter time/v from when the shutter
has opened is F1l/v.

. The foreground component of the ninth pixel from the



F20/v_ The | ef t nost pi'xel t hrough the eighth pixel frorhthe left of frane

" #n+l in Fig. 17 belong to the background area, and th | S :
t hereof are B25 through B32, 10 respectively. It can b2232§soéﬁkn%e\é§¢%gt t he

obj ect 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 franme. Accordingly, the 15
foreground conponent of the ninth pixel fromthe left of franme #n+l in
Fig. 17 corresponding to the first pgé%ion of the shutter tinme/v from when
the shutter has opened is F13/v, an he foreground conponent of the tenth
pixel fromthe left in Fig. 17 corresponding to the second portion of the
20 shutter time/v fromwhen the shutter has opened is also F13/v. The

f or egr oulref It anfpanemie dfn-tlheirelFventlls piowede fpcemiddhed efie ithilkiag. 17
corresponding to the third portion of the shutter tinme/v fromwhen the.
shut t er o igpe el tred stthe: tfeor égimeuivd oempohent tife tshaittwed hitals. pi xel from

the left in 25 Fig. 17 corresponding to the fourth portion of the shutter
23 NoverfRanezhds 740 Av.ne/Bhe rigmegirenncheogiponieert s thipenedtare F13/v. The
foreground conponent of the tenth pixel fromthe left of frame #n+l in
Fig. 17R&ake ithe tlefthd ¥ iFigt.- L5ocoraespondiads ot ttde fomsth from when
the UL Ld o B Wit tikie/V Erom shea the Smutiar nos e eleventh
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 shﬁtter time/v from when thé
shutter has opened is F09/v.
10 Since the objeét corresponding to the background is
stationary, the background compoﬁent of the tenth 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 has
-opened is B0O9/v. Therbackground components.of the eleventh
15 pigel fiom the left of frame #n+l in Fig. 15 correspsnding
to the first and-second portions of the shutter time/v from
when the shutter has opened afe B10/v. . The background
components of the twelfth pixel from the left of frame #n+i
in Fig. 15 corresponding to the first through third portiocon
20 of the shutter time/v- from when the shutter has opehed are
Bli/v.
In frame #n+l in Fig. 15, the tepth through twelfth
-pixels from the left‘beloﬁg to the mixed area, which is a

covered background area.

25 . Fig. 16 illustrates a model of an image cbtained by



pi xel fromthe left in Fig. 17 corresponding to the second portion of the
shutter tine/v fromwhen the shutter has opened is al s9nEIdhntr2008€
[ 7

foreground conponent of the twelfth pixel fromthe left in Fig. 1 .

-corresponding to the 10 first portion of the shutter tinme/v fromwhen th
‘shutter has opened is F15/v. Since the object corresponding to the

background is stationary, the background conponents of the ninth pixel
fromthe left of frame #n+l in Fig. 17 corresponding to the 15 second

t hrough fourth portions of the shutt 5 time/v from when the shutter has
opened are B-33/v. The background cofrponents of the tenth pixel fromthe
|l eft of frame #n+l in Fig. 17 corresponding to the third and fourth
portions of the shutter tine/v fromwhen the shutter has opened are 20
B34/ v. Therdackes ourel tommnemd cfonpmmastey dindm gibeelpifyedmvathed ef t  of

frame #n+l1 in Fig. 17 corresponding to the fourth portion of the shutter
time/v RO wHerFthe Shutter has opened is B35/v. In frame #n+l in Fig.

17, the ninth through el eventh 25 pixels fromthe left in Fig. 17.bel ong
to the nixed&r-ed? 23 INGV&RpEs 2009973 oRfrrdRreds bynesresdéned ibackgr ound

area. The twelfth pixel framthe left of frame #n+l in Fig. 17 belongs to
the forgyt ot Je‘g‘?cﬁirﬂap e dSiiE ddhdnéfie alianes @dﬁ%"é’ty-‘ﬁw@/v in the

forgground jarea of frane #n+l 5 45 3,008 o, FL3/y, Lhr ough P16/,

respectiveryt
corresponding to a foreground that is moving to the right in
. Fig. 17 together with an object corresponding to a
stationary background and which are located at the same
positions when the frames are overlapped. The model shown
10 in Fig. 17 contains 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 i£ is
displayed four pixels to the right in the subsequent frame.

15 Accordingly, the amount of movement v is 4.

For example, the foreground component of the leftmost
pixel in frame #n-1 in Fié.-l7 corresponding to tﬁe first
portion of the shutter time/v from when the shutter has
opened is F13/v, and the foreground component of the second

20 pixel from the left in Fig. 17 corresponding to the‘second
portipn of the shutter time/v from when the shutter has
opened is also F13/v. The foreground componenf of the third

. pixel from the left in Fig. 19 correspdnding to the third
portion of the shutter time/v from when the shutter has |

25 opened and the foreground component of the fourth pixel from
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illustrates a nodel of an inage'obtained by extracting the

und conponents-fromthe. pixel values shown insEi@vendsbr2dgef erring
Fig. 2, the area specifying unit 103 10 specifies flags Indicating
h of a foreground area, a 15 background area, a covered background

r an uncovered background area.the individual pixels of the input
bel ong by using the pixel values of a plurality of frames, and

s the flags to the m xtur.e ratio calculator 104 and the notion-blur
ing unit 106 as the area infoggmtion. The mixture-ratio cal cul ator
culates the mxture ratio a for each pixel contained in the m xed
sed. on the pixel values of a' plurality of franes and-the area 20

tron and suEplres the cal cul ated m xture-ratio a to the

Buid- Sepdr &G RPN AfiRg ftor ddveodivdiiidc bgradoed oépar at or

racts the foreground conponent .i mage consi sting of only the
ﬁﬁe e ¥s ddF Fh Whes gibeeShiditeas hals #psingdakeivey of 25

&t e area |nfornat|on and the m xture ratio a, and 23 Novenber

i'es the foreground conponent image to the notion-blur adjusting
unrt 106. Th m %ron bl ur adéust ng.uni.t %06 ad usts t he ampbunt. of notion
‘bl ur contarnea ﬁ '

FotRe PEPdgFBTRG EdimBhierte fragand 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
opened is F14/v. The foreground component of the third
pixel from the left io Fig. 17 corresponding to the secood
portion of the shutter time/v from when the shutter has
opened 1is alsc Fl14/v. The foregroudd 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.

15

Since the object corresponding to the background is
stationary, the background components of the leftmost pixel
in frame #n-1 in Fig. 17 corresponding to the second through

fourth portions of the shutter time/v from when the shutter

‘has opened are B25/v. The background componentsrof the

20

second pixel from the left of frame #n-1 in Fig. 17
corresponding to the third and fourth portions of the
shutter time/v from when the shutter has opened are B26/v.

The background component of the third pixel from the left of

frame #n-1 in Fig. 17 corresponding to the fourth portion of

. 25

the shutter time/v from when the shutter has opened is B27/v.

In frame #n-1 in ‘Fig. 17, the leftmost pixel through



5 based on the foreground conponent inmage supplied fromthe

f or eground/ background separator 105, the notion vector >guRplifadgsom t he
notion detector 102, and the area infornmation supplied fromthe area -
speci fying unit 103, and then outputs the foreground conponent imge in
whi ch notion
of notion blur performed by the image processing apparatus is described
below with reference to the flowhart of Fig. 19. In step SlII, the area
speci fying unit 103 executes area spegifying 15 processing, based on an

i nput image., for generating area information indicating to which of a
foreground area, a background area, a covered background area, or an
uncovered background area each pixel of the input jmage bel ongs- Details

of the BtedlEietinifely B berdsthgthe dvigisd P HRa oWh B8 Te & ea speci fyi ng

unit 103 su
cal cul af®Te
based on th
f or egr ound

whet her
area or
bel gngs
not i on-

feach
YaHe
an u

10 blur is adjusted. The processing for adjusting the anpunt

glies the generated area information to the mxture-ratio

d Bt PP @19  2¥%R: area specifying unit 103 may generat e,

T L o S

i xel. bel ongs 23 Novenber_2005 - 77 _ cover backgr ound
rfgrbijlerlerﬂ %kg%%ﬁ%%%r%%ao ea%hf%lf‘?(% °% treea}'npu e|mage :

P T e e O S e e R e on o the

through F24/v.

The leftmost pixel through the fourth pixel from the

left of frame #ﬁ in Fig. 17 belong to the background area,

and the pixel values thereof are B25 through B23§,

‘10 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

15 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 shutter has opened is Fi3/v,

and the foreground component of the sixth pixel from the

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

20 shutter time/v from when the shutter has opened is also

F13/v. The-foreground component of the seventh pixel from

the left in Fig. 17 corresponding to the third portion of

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

'foreground component of the eighth pixel from the left in

25 Fig. 17 corresponding to the fourth portion of the shutter -



5 notion vector whether the nixed area is a covered backgroUnd area or an

uncovered background area. For exanple, if'the input |FBeEgvishdbgizosed in
the order of the foreground area, the m xed area, and the background area

in the direction of the notion vector, it is determ ned that the m xed
area is a 10 covered background area. If the input imge is disposed in the
order of the background area, the m xed area, and the .foreground area in
the direction of the notion vector, it is determned that the m xed area

i s an uncovered background area. 15.%f step S12, the m xture-ratio

calcul ator 104 calculates the mixture€ ratio a for each pixel contained in

the m xed area based on the input inage, and the area information. Details
of the m xture-ratio calculating processing are given below The

m xt ur etiael/y Ealoouaeor t2@ 04 tsepphiesobkecdabewl atedvi xture-ratio a to
t he foreground/ background separator 105. In step S13, the

f or egr ound/ bBeRgfeurdreupdr apoponest ektthetsixhe pixeyrbued cosponent s
fromthe input inmage -based on the area information and the m xture ratio
‘a, and 25f&uppl fesdmenénf drefigund’ceonporsnesdiogt he kbei 6arbtur 23 November
2005 78 adjusting unit 106 as the foreground conponent inmage. In step
S14, thBOHB%PBnPSIGPeaaPH§FPﬁgt&ﬁﬁfvlﬁﬁogeﬁbﬁat§§? phstdesnhehe notion

vector and the,ar inforpation, the unit of processing that indicates the
Y openeg is §?4/v. ng foreground compongnt of thg seventh

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
eighth pixel from the left in Fig. 17 corresponding to the

10 first portion of the shutter time/v from when the shutter
has opened is F15/v.

Since the object corresponding to the background is
stationary, thé background components of the fifth pixel
from the left of frame #n in Fig. 17 corresponding to the

15 second through fourth portions of the shutter time/v from
when the shutter has opened‘are B29/v. The background
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
20 B30/V. The background component'df the seventh pixél ffom
the left of frame #n in Fig. 17 corresponding to the fourth
portion of the shutter time/v from when the shutter has
opened is B31l/v. |
In frame #n in Fig. 17, the fifth pixél through the

25 seventh pixel from the left belong to the mixed area, which




5 positions of consecutive pixels. disposed in the noving direction and
bel onging to any of the uncovered background area, thes@earupshsarea, and

t he covered background area, and adjusts the anount of notion blur
contained in the foreground conponents corresponding to the unit of 10

processing. Details of the processing for adjusting the anmount of notion

blur are given below. In step S15, the inage processing apparatus

determ nes whether the processing is finished for the whole screen. If it
is determned that the processing Lsygot finished for the 15 whole screen,
t he process proceeds to step S14, and the processing for adjusting the
anount of notion blur for the foreground conponents corresponding to the
unit of processing is repeated. .1f it is determned in step S15 that the
pr ocessih@h LRy s sl??éﬂcqlﬁ?u‘%%eami e screen, the processing is

conpl et ed. nner, the i praocessi ng apparatus is _.capable of

t hi,s
adj usti ng tﬁg‘ Ca eIt No - e 8N %&%M%d R e &Fé&r Gdnd. by
separatjin for rou n the nd . Tha the i Jrage
pr ocess'ra‘gn Q%S% ?tc}é%j “r‘f{e ahfifmt 13? moti on bl ur

3 2005, - | ed d |
| \Sglnfjgls Q'%fci"{ehe%f or egr our(r:;er mixXe £ ;%g@;lfae%%%%{ ? gr{nr‘%‘s%agﬁlcﬁq}ﬁ hctchgI )z;(raea
SPesT WO gilifod OF 4l el e -ddld A A AP e ¥ rid)R through

F20/v.

The leftmost pixel through the eighth pixel from the
left of frame #n+l in Fig. 17 belong to the background afea,
and the pixel values thereof are B25‘through'B32,

10 reépectively.

It can be assumed that the object corresponding to the

'fofeground is a rigid body moving with constant velocity,
ana fhat it is moving such ﬁhat it is displayed four pixels
to the right in the subsequent frame, Accordingly, the

15 foreground component of the ninth pixel from the left of
frame #n+l iﬁ Fig. 17 correspondiﬁg 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 corrésponding to the second portion of the

20 shutter time/v from when the shutter hés opened is élso
F13/v. The foreground component of the eleventh pixel from
the left‘in Fig. 17 corresponding to the third portion‘of
the shutter time/v from when the shutter has opened and the
vfofegfound component of the tweifth‘piXEI from the 1éft inr-

25 Fig. 17 corresponding to the fourth portion of the shutter



5 foreground/ background separator 105, and the notion-blur adjusting unit
106 is described below. Fig. 20 is a block diagramil| wstNoaéhttg2005 exanpl e
of the. configuration of the area specifying unit 103. The area specifying
unit 103 configured as shown in Fig. 20 10 does not use a notion vector. A
frame nenory 201 stores an input image in units of frames. Wen the imge
to be processed is frane #n, the franme nenory 201 stores frame #n- 2,
which is the frame two-frames before frame in, frame #n-1, which is the
frame one frame before frane in, fra in, 15 frame #n+l, which is the
frame one frame after frame in, fra 4ﬁw& which is the frame two franes
after franme in. A stationary/noving determning portion 202-1 reads the

pi xel value of the pixel in frane #n+2 | ocated at the same position as a
desi gnattéaneyivx lroim whieamechien shutwieirc hashepaneal 26« @1syivch t he pi xel

bel ongs is determ ned, and reads the pixel value of the pixel in frane
#n+l | ocat edThe fheeganwndposinppornsf of hehdeseghht pdxpiix€koimntfieame in from
the frame menory 201, and cal cul ates the absolute value of the difference
bet ween 3¢ ofad rprgelindl des Fithe 175 corawispradyhgoiondhdetfémsitni ng - porti on
202-1 determ nes . 23 Novenber 2005 - 80 whether the absolute value of the
di f f er eROE BEPWREN e Shitteir Fdmgd Voff ropawiepn freasdiutiyerphrsl val ue of
fraq? #n+l reater than a preset threshold Th. If it is determ ned

i S,
t hat th@pﬁnﬁpeﬁgngé4(¥'grEEFEFOFﬁgﬁQPﬁé CRPESASNG PR, 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 pixél from the left in Fig. 17 corresponding to the
10 first portion of the shﬁtter tiﬁe/v frdm when the shutter
" has opened is F15/v.
Since the object corresponding to the background is
'stationary, the background components of the ninth pixel
from the left of frame #n+l in Fig. 17 corresponding to the
15 second through fourth portiohs of the shutter time/v from
when the shutter has opened are B33/v. The background
components of the tenth pixel from the-ieft of frame #n+i‘in'
-Fig, 17 corresponding to the third and fourth portions of -
the shutter time/v from when the shutter has opened are
20 B34/v. The background component of the eleventh pixel from
| the left of frame #n+l in Fig. 17 corresponding to the
fourth portion of the shutter time/v from when the shutter
has opened is B35/v. |
In fréme #n+l1 in Fig. 17, the ninth through éleventh

25 pixels from the left in Fig. 17.belong to the mixed area,



5 stationary/noving determnination indicating "noving" is supplied to an
area determning portion 20371. If it i.s determ ned bAji,ihe: 8fsol ute

val ue of the difference between the pixel val ue of t he pi xel in frame #n+2
and the pixel value of the pixel in frame #n+l is smaller than or equal to
10 the threshold Th, the stationary/noving determ ning portion 202-1
supplies a stationary/noving determ nation indicating "stationary" to the
area determ ning portion 203-1 A stationary/noving determ ning portion
202-2 reads the pixel value of a desicgnated pixel in frame #n in which the
15 area to which the pixel belongs is determ ned, and reads the pixel value
of the pixel in frame #n+l |located at the sane position as the designated
pixel in frame #n fromthe frame nenory 201, and cal cul ates the absol ute-
val ue ofbi¢le l@l¢$e?@ﬁ@%eﬁéﬂmb@%k@h@u%ﬁx®¢e@alues The stationary/ noving 20
determ ning portion 202-2 determ nes whet her the absolute value of the

di fference v e e Riset Vet fafdnef direpaadithdpiBia- val ue of

frame #g reater than a preset threshold Th, If-it is determ ned that
the absbf URBTORAF UEC OFRE hECBFFFRIRACRT Bt nekhe t FRX QU RRINY af RO F r eat er
25 than, theﬁthreshold stat ona novi ng_determ pnati on 23 Novenber
12005 - dTRAEFRY SHBS % u%%??%ﬁPT A1 #eeareh A%t fitithg  portion

| gggoﬁute va é§‘€§;§%§%¥ eﬂé%gh ?@é%ﬁ %%&P?ﬁé&ﬁe%%fugegfr?Lgeg.;Q?t.%heA
frame #ntl %utq% illustrates a model of an image obtained by

extracting the foreground components from the pixel values

shown in Fig. 17. | o |

Referring back to Fig. 2, the area specifying unit_103

10 specifies flags indicating to which of a foreground area, a
background area, a covered background area, or an uncovered
backgfound area the individual pixels of the input image
belong by using the pixel values of a plurality of frames,
and supplies the flags to the mixture ratio calculator 104

15 and the motion-blur adjusting unit 106 as the area
inforﬁation.

The mixture-ratio calculator 104 calculates the mixture
ratio @ for each pixel contained in the mixed area based. on
the pixel values of a plurality of frames and-tﬁe area

20 information, and supplies the calculated mixture—rétio o to
the foreground/baékground separator 105.

The foreground/background separator 105.e3tracts the
'foreground gpmponent image consisting of only the foreground
components based on the pixel values of a plﬁrality of

25 frames, the area information, and the mixture ratio «, and



5 pi xel val ue of t he pixel in frame #n is smal | er than or equal to the
threshold Th, the stationary/noving determ ning porti onNaC&arer 5308P! 1 es a

stationary/noving determination indicating "stationary” to the area
determ ning portion 203- | and the area determ ning portion 203-2. 10 A
stationary/ noving determ ning portion 202-3 reads the pixel value of a
designated pixel in frame #n in which the area to which the pixel bel ongs
is determ ned, and reads the pixel value of the pixel in frame #n-1
| ocated at the same position as the signated pixel in franme #n fromthe
frame 15 nenory 201, and cal cul ates the absolute value of the difference
bet ween the pi xel values. The stationary/noving determ ning portion 202-3
determ nes whether the absolute value of the difference between the pixel
val ue offuPPdies#itheafg remeopnde corpboensf ifiagee thnthelmpgignediler t han a
preset 20 threshold Th. If it is determ ned that the absolute value of the
di f f er eREG S RGenithe LPBxel val ues is greater than the threshold Th, a
stationary/npving deternmnation indicating-"noving"” is supplied to the
area det er mi APRGIPEFERTAIYD32DTI Ui ng Wreh HRP erdi WP Ry PortaBAUDD3-3. If it
25 is determ ned L at the absolute value of the difference 23 Novenber 2005
- 82  bEEWEEH PR PR FORLREBSTr 1PnEDRI KB SPROPPETECMRORRAL AB2TBI xel val ue
of the pixel. in frame #n-1 is.smaller than or equal .t %he t hfeshol d Th,
Che 3t abrand: SPnbUEnGoUeREPhi; R PBBPbFoAT8S- SIERbsPRet am the
Stat'°”%B¥é8?¥hHQ/QSEE&§bﬂ§&' Qparator 105, the motion vector
supplied from the motion detector 102, and the area
information supplied from the area specifying unit 103, and
then outputs the foreground component image in which motion
10 blur is adjusted.
The processiﬁg for adjusting the amount of motion blur
perférmed by the image processing apparétus is described
below with reference to the flowchart of Fig. 19. 1In step
811, the area specifying unit 103 executes area specifying"
15 processing, based on an input image, for generating area
information indicating to which bf a foreground area, a
background area, a covered background area, or an uncovered
background area each pixel of the input image belongs.
Details of the area specifying processing are given below.
20 The area specifying unit 103 supplies the generated area
information to the mixture-ratio célculator 104.
In step S11, the area specifying unit 103 may generate,
" based on the input image, area information indicating to

which of the foreground area, the baékgrdund area, or the

25 mixed area (regardless of whether eéch pixel belongs to a



5 indicating "stationary" to the area determ ning portion 203- 2 and the
area determ ning portion 203-3. A stationary/ noving detemNsahig2@a3rtion
202-4 reads the pixel value of the pixel in frame #n-1 |l ocated at the sane
position as a designated pixel in frame #n in which the area 10 to which
t he pi xel belongs is determ ned, and reads the pixel value of the pixel in
frame #n-2 | ocated at the sanme position as. the designated pixel in franme
in fromthe frame nenory 201, and cal cul ates the absol ute val ue of the
di fference between the pixel values.,The stationary/ noving 15 determ ning
portion 202-4 determ nes whet her the absolute value of the difference
bet ween the pixel value of frame #n- 1 and the pixel value of frame #n-2 is
greater than a preset threshold Th. If it is determ ned that the absolute
val ue @fverrd diddkoroirel Fateearr tdre picetenal des-kgrqrmedtaredhan 20 the
threshold Th, a stationary/noving determ nation indicating "nmoving" is
suppl i R RAeehrdh W A ngragorke n@o3- 3n |thig ¢ase dethed mi ned t hat
the absolute value of the difference between the pixel value of the pixel
in frafRresEqunghPadkoiaund sanaer et tHE pinditha mekanslur s 25 smal | er
than or_equal, to the threshold Th, the 23 Novenber. 2005 - 83
statio Jafsritbmc-’nd“ﬁé’( A ASTFE IS RRR2-P Sippidigedtiar 45 g v/ novi ng
det er mi_nat. on inqciacgzatin "stationary" to the area deternining portion
203°3 WEH The' ST SISO TSt 78R 1 oh SUPPITRed MaRaroun
area or an uncovered background area. For example, if the
'input image is dispdsed in the order of the foreground area,
the mixed area, and the background area in the direction of
_the motion vector, it is determined that the mixed area is a
10 covered background area. If the input image is disposed in
the order of the background area, tﬁe mixed area, and the
foreground area in the direction of the motion wvector, it is
determined that the mixed area is an uncovered background
area.
15 . In step S812, the mixture-ratio calculator 104
calculates the mixture ratio « for each pixél contained in
the mixed area based on the input image, and the area
information. Details of the mixture-ratio calculating
processing are given below. The mixture-ratio calculator
20 104 supplies the calculated mixtureQratio o to the
foreground/background separator 105.
In step S13, the foreground/background separator 105
extracts the foreground components from the input image

based on the area information and the mixture ratio o, and

25 supplies the foreground components to -the motion-blur



st at7 onary

5 the stationary/noving determ ning portion 202-1 indicates "stationary"
and when the stationary/noving determ nation suppli ed 7BneRedibee 2005 '
stationary/ noving determ ning portion 202- 2 indicates "noving", the area
determ ning portion 203-1 determ nes that the designated pixel in frame #n
bel ongs to 10 an uncovered background area, and sets "1", which indicates

t hat the designated pixel belongs to an uncovered background area, in an
uncover ed- background-area determning flag associated with the designated
pi xel . When the stationary/ nmoving det.eym nati on supplied from 15 the
stationary/ nmoving determ ning portion 202-1 indicates "noving" or when the
stationary/ noving determ nation supplied fromthe stationary/ noving
determ ning portion 202 2 indicates "stationary", the area specifying unit
203-1 d@edshimgs unhdt 10he agedhgnavedopoxetl omppaset#imdges not 20 bel ong

-to an uncovered background area, and sets "0", which indicates that the

desi gnat ed ptReftéBeslfot thel BAGLeB Ahur usdbyet ey baekyrb@dd area, in the
uncover ed- background-area determ ning flag associated with the designated
pi xel . FF&eIREESdebBPRANPRY thSr fPhop03etteappfieshehares :
uncovered}back r.ound- ar ea deternining flag in which "1" or 23 Novenber 2005
- 84 "GPIPENGEIOks ENEcHBLEd OdnBYECESSAndet BRI ARAgcatrEgtBROring. frane

ne -, .When t.he stationary/ noving . determ.nation supplied from the
At on BT g Ber GERI G BOPLRGAS J82585FFih St Gbe mObing” |

direction and belonging to any of the uncovered background
area, the fofeground,area, and the covered backgrouhd area,
and adjusts the amount of motion blur conﬁained in the. |
foreground components corresponding to the unit of

10 processing. Details of the processing for adjusting the
amount of motion blur are given below.

-In step S15, the image_processing apparatus determines‘
whether the processing is finished for the whole screen. If
it is determined that the processing is not finisﬁed‘for the

15 'whole screen, the process proceeds to step S14, and the
- processing for adjusting the amount of motion blur for fhe
foreground components éorresponding to the unitlof
processing is repeated.
- If it is determined in step S15 that the proceésing is
20 finished for the whole screen, thé processing is completed.
In this manner, the image processing apparatus is |
_capable of adjusting the amount of motion blur contained in
the foreground by separating the foreground and the
background. That is, the image précessing apparatus is

25 capable of adjusting the amount of motion blur contained in



5 "stationary" and when the stationary/noving determ nation supplied from
the stationary/ noving determning portion 202- 3 indi cakqy.gh@hb@pary”. the
area determ ning portion 203-2 determ nes that the designated pixel in .
frame #n belongs. to the stationary area, and sets "1", "which indicates
that the 10 pixel belongs to the stationary area, in a stationary-area
determ ning flag associated with the designated pixel. Wen the
stationary/ noving determ nation supplied from the stationary/ noving
determ ning portion 202-2 indicates _"noving" or when the stationary/ noving
determ nation 15 supplied fromt he™st&tTonar y/ movi ng determ ning portion
202 3 indicate "noving", the area determning portion 203-2 determ nes
that the designated pixel in frane #n does not belong to the stationary
area, auinsledids dXs whiicdetindy catepidtdiatvaldes phXethaomsrapiohrl ong to the
stationary area, in the stationary-area determning flag associated with
the desigriat.ed pixel. The area determ ning portion 203-2 supplies the
stationary-area determning flag in which "1" or "o it is set as discussed
above to t h&hgetremnfiigumgtfioagodt erichg offr e aZeanspecy f204g 28iNovenber
2005 - 85 Wien the stationary/ noving determ nation supplied from the

st at i ondl3y/ riha my-xdetramatiing goraulata0d P i ndicat es

5 foreground/background separator 105, and the motion—blur.
adjusting unit 106 is described below.
Fig. 20 is a block diagram illustrating an example of
the configuration of the area specifying unit 103. |
The area specifying unit 103 configured as shown in Fig. 20
10 does not use a motion vector. A frame memory 201 stores an
input image in units of frames. When the image to be
proceesed is frame #ﬁ, the frame memory 201 stores frame #n-
2, which is the frame two. frames before frame #n, frame #n-1,
which is the frame one frame before frame i#n, f:ame #ﬁ,
15 frame #n+1, which is the frame one frame after frame #n,
frame #n+2, which is the frame two-frames after frame #n.
A'stationary/moving determining portion 202—1 reads the
pixel value of the pixel in frame #n+2-located at the same
position as a designated pixel in frame #n in which the area
20 to which the pixel belongs is determined, and reads the
pixel value of the pixel in.freme'#n+l located at the same
position of the designated pixel in frame #n from the frame
memory 201, and calculates the absolute value of the
difference between the read pixei values. The |

25 stationary/moving determining portion 202-1 determines



'"aning" and when the stationary/noving determ nation supplied fromthe
-stationary/ moving determning portion 202 5 3 indicate)3RRyiAgr pogshe area

determ ning portion 203-2. determ nes that the designated pixel in frame. #n
bel ongs to the noving. area, and sets "1", which indicates that the

desi gnat ed pi xel belongs to the noving area, in a noving- area determ ning
flag associated wth the designated pixel. 10 When the stationary/ noving
determ nation supplied from the stationary/noving determning portion
202-2 indicates "stationary" or whe (}hp stationary/ novi ng determ nation
supplied fromthe stationary/ noving determ ning portion 202 3 indicate
"stationary", the area determ ning portion 203-2 15 determ nes that the

- designated pixel in frame #n does not belong to the noving area, and sets

"0",. wwhelthienditbat ebsoflhae vhéupi €l tHeedifiberbrbengetwetheth®vi ng ar ea,
in the noving-area deternmning flag associated with the designated pixel
20 The ®l&glde@rdmMgi Afngrpoet on2208d2tbapplikes vaduaoef nframneatdet er m ni ng
flag in which "1" or "0" is set as discussed above to the ‘

det er m APn§FERAGIsBRPNG PrefetnEhbeho2daThvwhehft b 5% ad¢baapriradvi ng
determ nation_supplied from 25 the. stationary/nnving determ ni ng portion
202- - 3 {'Agitc &Pes 23 EREGBABer S28052eBs thappiPRgEhaRERMHENT R he?
stat'onarﬁlnovingédeternigg%ion. sggghiggdgégggggengéggggpa{g/aning

.t 6188?F Ro¥459 erminga

det e ni fi
sﬁpplied to an area determining portion 203-1. If it is

determined that the absolute walue of the difference between
the pixel wvalue of the pixel in frame #n+2 and the pixei-
value of the pixel in frame #n+l is smaller than br equal to
10 the threshold Th, the stationary/moving determining portion
202-1 supplies a stationary/moving determination indicating
"stationary" to the area determiniﬁg portion 203-1.
A stationary/moving determining portion 202-2 reads the
pixel value of a designated pixel in frame #n in which the
15 area to which the pixel belbngs is determined, and reads the
pixel value of the pixel in frame #n+l located at the same
positién as the designated pixel in frame #n from the frame
memory 201, and calculates the absqlute value of the -
difference between the pixel values. The stationary/moving
20 determining portion 202-2 determines whether the absolute
value of the difference bétween the pixel wvalue of frame
#n+1 and the pixel value of framé #n is greater than a
preset threshold Th. If it is detérmined that the absoclute
value of the difference between the pixel values is greater

25 - than the threshold Th, a stationary/moving determination



4 indicate "stationary", the area determ ning portion 203-3 determ nes

that the designated pixel in frame #n belongs to 5 a ceygeg. Rpsiegr ound
area, and sets "1", which indicates that the designateg plgg# ﬁ

elongs to

t he covered background area, in a covered-background-area deternlnlng flag
associated with the designated pixel. \Wien the stationary/noving
determ nation supplied from 10 the stationary/noving determ ning portion

202-3

i ndicates "stationary" or when the stationary/noving determ nation

supplied fromthe stationary/noving geterm ning portion 202 4 indicate
"nmoving", the area determning portion 203-3 determnes that the
desi gnated pixel in frame #n does not 15 belong to a covered background

deternlnlng portion

10

15

20

25

and sets "0", which indicates that the designated pi xel does not

ar ea,
bel ong %Qﬂ%faiEGWbré@VB@@wgﬂéuﬁ@P@ﬁé@d it® tthe eover deétbaokgriognd- ar ea
. determ ni ng flgﬁﬁa5500|ated with the designated pixel. .The area

det er Mg 2@@-§“s@66@19@t@ﬁglﬁen@O@@Fééﬂﬁaéﬁéréundléré&
deternlnln fIa which "1" or "0" is set as discussed above to the

det er mi'Hi r‘i% 58“?@0 MPRG tﬂeaﬁﬁ’sr?é%reyv?é&le Phe tH&t EAAERTRGSR ag- - storing
frame thus .stores t ncover ed- backgr ound- area det er m ni ng
flog TEEER E8 FromL e Gred ladld: MiElg lao?fgﬁ 8311 35¢h Eh%>3 Novenber
2005 - 7istagionarysarea. er.m flag su d mthe area -
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equal to the threshold Th, the stationary/moving determining

portion 202-2 supplies a stationary/moving determination
indicating "stationary" to the area determining portion 203—
1 and the area determining portion 203-2.

A stationary/moving determining portién 202-3 reads the
pixel value of a designated pixel in frame #n in which the
area to which the pixel belongs is determined, and reads the
pixel value of the pixel in-frame #n-1 located at the same
position as-the designated pixel in frame'#n from the frame

memory 201, and calculates the absolute value of the

difference between the pixel values. The stationary/moving

determining portion 202-3 determines whether the abéolute
value of the difference between the pixel value of frame #ﬁA
and the,pi#el value of fréme‘#nul is greater than a preseﬁ
threshold Th. 1If it is determined that the absolute value
of the difference between the pixel values is greater than
the threshold Th, a stationary/moving determination
indicating "moving" is 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



supplied fromthe area defernining portion 203-2, and the
cover ed- background-area determ ning flag supplied fromyghg.eflE805
‘determ ning portion 203-3. The determ ning-flag-storing frane nmenory 204,
supplies the uncovered-background-area determning flag, the
stationary-area determning flag, the noving-area determning flag, and
the covered-background-area 10 determning flag stored therein to a
synt hesi zer 205. The synthesi zer 205 generates area information indicating
to which of the uncovered background ea, the stationary area, the noving
area, or the covered background area €ach pixel belongs based on the
uncover ed- background-area determ ning 15 flag, the stationary-area
determ ning flag, the noving-area .20 al so outputs the area infornmation
stored tiedivsien the pixedl eadfuet lof phecessebgiperffameednbyntihenhar ea
specifying unit 103 is described below with reference to determning flag,
and t he Pedrdr ¥8lbgckdr dlued Paxed idetfemmenitnglf Lagssappeiredhfinoorthe
determ ni ng-flag-storing frame menory 204, and supplies the area
i nf or maS9A Lt §oathgetdrrishiodg Mhagtyeositagiprane/merdny gde6erfheing .
determnin 1f|a%-storing frame menory 206 stores the area information
suppl i e®°FTSATL K825ynEHBBILAEE 205takranaryng¥ingldekpsugnakbon23 Novenber
20055- 88 .VM%D t he %bkect correspogding to the foreground is - .
indicating "stationary" to the area determining portion 203-
2 and the area determining portion 203-3.
A stationary/moving determining portion 202-4 reads the
pixel value of the pixel in frame #n-1 located at the same
position as a designated pixel in frame #n in which the aiea
10 to which the pixel'belongs is determined, and reads the
pixel value of the pixel in frame #n-2 located at the same
position as. the designated pixel in frame #n from the frame
memory 201, and calculates the absolute value of the
difference between the pixel values. The stationary/moving
15 determining portion'202—4 determines whether the absolute
value of the difference between the ﬁixel value of frame #n-
1 and the pixel value of frame #n-2 is greater than a preset
~ threshold Th. If it is determined that the absolute value
of the difference between the pixel values is greater than
20  the threshold Th, a stationary/moving determination
indicating "moving" is supplied to the area determining
" portion 203-3. If it is determined that the absolute value
of the difference between the pixel value of the pixel in

frame #n-1 and the pixel value of the pixel in frame #n-2 is

'25 smaller than or equal to the threshold Th,  the



novi ng, the position of the inmage corresponding to the object on the
screen changes i'n every frame. As shown in Fig. 21, tbhenNS888: 2005
corresponding to the object located at 5 the position indicated by Yn(x,. y)
in frame #n is positioned at Yn+l(x, y) in frame #n+l, which is subsequent
to frame #n. A nodel obtained by expanding in the time direction the pixel
val ues of the pixels aligned side-by-side in the noving direction of the

i mge corresponding to the 10 foreground object is shown in Fig. 22. For
exanple, if the noving direction ngghg i mage corresponding to the
foreground object is horizontal with Tespect to the screen, the nodel
shown in Fig. 22 is a nodel obtained by expanding in the tinme direction

t he pi xel values of the pixels 15 disposed on a |ine side-by-side. In Fig.
22, thestankonary/moeing dstequaling pdetidn 02+4h fuppeiemel. The

. foreground conponents corresponding to the object contained in the second
pi xel t®takonaiy(eenihg pixedriymi@o nbidating n'§ tatpeonar vl ecccont ai ned
in the sixth pixel through the seventeenth pixel fromthe left in frane
#n+l . thefingRe determnhraxRerbitifidip to the covered background area are

the eleventh through thirteenth pixels fromthe |left, and the pixels
bel ongi ng t §Mafe Wikt ST EP ™85 WECRGRGU RS tarad nartd omh & wpedded. frRMough

L?g[gfg @t%g%%%{%gf%@yfn@e etzeor(%nSiI{inSQQ pf}rhteiclnef?:[(j}lln anr 1nc?at#:ens+| , the

"stationary" and when the stationary/moving determination
supplied from the stationary/moving determining portion 202-
2 indicates "moving", the area determining portion 203—1l
determines that the designated pixel in frame #n belongs to
10 an uncovered background area, and sets “1", which indicates
that the designated pixel belongs to an uncovered background_
area,rin an uncovered-background-area determining flag
associated with the designated piiel.
When the stationary/moving determination supplied from
15  the stationary/moving determiniﬁg portion 202-1 indicates
"moving" or when the statiqnary/moving determination
supplied from the stationary/moving determining portion 202-
2 indicates "stationary", the area specifying unit.203—1
determines that the designated pixel in frame #n does not
20 belong‘to an uncovered background area, and sets "0", which
indicates that the designated pixel does mnot belong.to an
‘uncovered background area, in the uncovered-background-area
determining flag associated with the designated pixel.
The area defermiﬁing portion 203-1 supplies the

25 uncovered-background-area determining flag in which "“1" or



covered background area are the.fifteenth t hrough,. seventeenth pixels'
fromthe left, and the pixels belonging to the uncove@gqﬁggﬁgga d area

are the sixth through 5 eighth pixels fromthe left. In"the exanple shown
in Fig. 22, since the foreground conponents contained in frane #n are
noved by four pixels in frame #n+l, the anount of novenent v is 4. The
nunber of virtual divided portions is 4-in accordance with the anmount 10
of nmovement v. A description is now given of a change in pixel values of
the pixels belonging to the mxed area in the frames before and after a
designated frame. In Fig. 23, the pi 4S“belonging to a covered 15 ,
background area in frane #n in which the background is stationary and the
anount ' of novenent v in the-foreground is 4 are the fifteenth through
'sevent e¢lit’h isi welts afsr dibstche skeef bhov8l nee at e tatmiAt ngf- fmayeaehkiMgi S 4, the
fifteenth through seventeenth frames fromthe left in the previous frane
#n-1 20 feemeamemonlyy 20Backgr ound conponents and belong to the background
area. The fifteenth through seventeenth pixels fromthe left in frame
#n-2, whi ch Weepnthpesbablérame/moving dehemninaniyn bawiyl dehdf conponent s
and belong to the background area. .25 Since the object corresponding to
t he back8FodiatienagsyKpeeaber detesmindpy prationar2-2héngixeteval ue of the
fiftfen;h pi xel fromthe _ _
_ stationary" and when the stationary/moving determination
supplied from the stationary/moving determining portion 202-
3 indicate "stationary", the area determining portion 203-2
determines that the designated pixel in frame #n belongs to
the stationary area, and sets "1", which indicates that the
10 pixel belongs to the stationary area, in a stationary-area
"determining flag associated with the designated pixel.
When the stationary/moving determination supplied from
the stationary/moving determining portion 202-2 indicates
"moving" or when the stationary/moving determination
15 supplied from the stationary/moving determining portion 202-
3 indicate "moving", the area determining portion 203-2
determines that the designated pixel in 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
- 20 the stationary-area determining flag associated with the
designated pikel_
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

25 memory 204.



left in frame #n-1 does not change fromthe pixel value of the fifteenth

pixel fromthe left in frame #n-2. Simlarly,. the pixghvalie @k the
sixteenth pixel fromthe left in 5 frame #n-1 does not change fromthe

- pi xel value of the sixteenth pixel fromthe left in frane #n-2., and t he

pi xel value of the seventeenth pixel fromthe left in. frame #n-1 does not
change fromthe pixel value of the seventeenth pixel fromthe left in frane
#n-2. 10 That is, the pixels in frane #n-1 and frane #n-2 corresponding to
t he pi xels belonging to the covered ackground area in frame #n consist of
only background conponents, and the pixel values thereof do not change.
Accordi ngly, the absolute value of the difference between 15 the pixel
values is alnost 0. Thus, the stationary/noving determ nation nade for the

- pixels in f¥aea mhel siad ionamy /maviha clatespdnditignt ¢uppd igidxdlrembel ongi ng

to the. mixed area in frame #n by the stationary/noving determ ning

por t i ofFh®oat janamt/Rewiier yte Rt Neg 1 piote| 20 el oyl impttas t he covered
backgrqund area in frame #n contain foreground conponents, the pixel

val ues 'TBHEH" & ot Fhor S TV i Ae B i nadeidl sting of only
background conponents. the stationary/ noving determ nation

Accordi ngly,
made T GTRING-95 HEIAR 39 GHgigil 14/ RHELT i L T (e O 20 the 23
E?; ?2%%;50ﬁ%vgﬁ%lwmﬁﬁﬂﬁfﬁf"¥ﬁg'¥¥é£>§%éééiigﬂﬁgnﬁéi’ié%[96§J53
determines that the designated pixel in 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 designated pixel.
10 When the stationary/moving determination supplied from
the statiogary/moving determining portion 202-2 indicates
"étafionary" or when the stationary/moving determination
supplied from the stationary/moving determining‘bortion 202-
3 indicate “"stationary", the area determining portion 203-2
15 determiﬁes_that the designated pixel in frame #n does not
belong to the moving area, and sets "0", which indicates
-that the pixel does not belong to the moving area, in the
moving-area determining flag associated with the designateq‘
pixel.
) 20 ‘ The-area determining portibn 203-2 supplies the moving-
-area determining flag in which “1* or_“O“ is set as
discussed above to the determining-flag-storing frame memory
204,
When the stationary/moving determination supplied from

. 25 the stationary/moving determining portion 202-3 indicates



determ ning portion 202-3 is "aning". When t he stationary/ noving
determ nation result. indicating "noving" is supplledqugg&ﬁggzmﬁ
stationary/moving 5 determning portion 202-3, and when the
stationary/noving determinati.on result indicating "stationary" is supplled
fromthe stationary/ noving determ ning portion 202-4, as discussed above,
the area determ ning portion 203-3 determ nes that the. correspondi ng

pi xel s belong to a covered 10 background area. In Fig. 24, in frame #n in
whi ch the background is stationary_ the anobunt of novement v in the
foreground is 4, the pixels-contained in an uncovered background area are
the second through fourth pixels fromthe left. Since the 15 anount of
novenent v is 4, the second through fourth pixels fromthe left in the
subsequeﬁpvﬂm@ﬁea#@+Mh@@n¢@ﬁnS¢@¢}Oﬂb§&K@p§und derporéntsiand bel ong to

t he. background area. In frame #n+2, which is subsequent to frame #n+1,
the secdVEPPliedoEaions diret 1§ tpibiona vy Baving HeterséniaonponkyobadRground 20
conponent s and belgn% to the background area. Since the object
correspén&Pﬁch§etH§ 6&&@@@6&“ ithe arspi gs&pymippedppPRELioal 48308 t he
second el fron1t in frame #n+2 does not change fromthe pixe
val ue 0# BiBEEok aﬁl% F festoratefePLxph FPaﬁéaEﬁ+#n BeAPRgR| o 25

th | valy rd | f he.left _23_Novenber 2005
G iR £ s bR GaRGE Y FBRtha i KB Svatle BRIThe DRt Fathixel

that the de51gnated pixel belongs to the covered background
area, in a covered—background—area determiniﬁg flag
associated with the designated pixel.
When the stationary/moving determination supplied from
10 the Stationary/moving determining portion 202-3 indicates
“stationary" or when the stationary/moving determination
supplied from the stationary/moving detefmining portion 202-
4 indicate "moving", the area determihing portion 203-3
determines that the designated pixel in frame #n does not
15 belong to a covered background area, and sets "0", which
indicates that the designated pixel does not belong to a
covered background area, in the covered-background-area
determining flag associated with the designeted pixel.
The area determining portion 203-3 supplies the
20 coveiedfbackground—area determining flag in which "1" or ugu
'is set as discussed above to the determining—fleg—storing
frame memory 204 ..
The determining-flag-storing frame memory 204 thus
stores the uncovered-background-area determining flag

25 supplied from the area determining portion 203-1, the



fromthe left in frame #n+1, and the pi xel value of the fourth pixel from

the left in frame #n+2 does not change fromthe pixel e fourth
pi xel fromthe. left in 5 frane #n+1l. That is, the pinggby%mg%gﬁg #n+l and

frame #n+2 corresponding to the pixels belonging to the uncovered

background area in frame #n consi st of only background conponents, and
the. pixel values thereof do not change. .10 Accordingly, the absolute

val ue of the difference between the pixel values is alnpbst 0. Thus, the
stationary/ noving determ nation n§d§7fgr the pixels in franme #n+1 and
frame #n+2 corresponding to the pixel's belonging to the mxed area in
frame #n by the stationary/noving determning portion 15 202-1 is
"stationary". Since the pixels belonging to the uncovered background area
i n franet#hieoatararéar égteunin toppbheat supphie@i Kedm viad uesed her eof are
different fromthose of franme #n+l consisting of only background
conponefeserpErbndi pgr yionhe0 202 st bite onay inaosiey determiming oflagde for
the pixels _belonging to the m xed area in frame #n and,the correspondi ng
pi xel s FWPRPILAR ERom Byet hecatdgrorBiyIinGVvPagtieet 20 ihi mppothe on 202-2 is
"moving". Wen the stationary/noving determ nation result 25 indicating

" ovi ng®OY ST SUPPT F U Pt 1 HRe e ok yrdollag YermbledibEroRods - 93 -

detgrm 11,09 OIELAT, 2022, 205, WEg.he st at onar y/movi ng

The determining-flag-storing frame mémory 204 supplies
the uncovered-background-area determining flag, the
stationary-area determining flag, the moving-area
determining flag, énd the covered-background-area

10 determining flag stored therein to a synthesizer 205. The
synthesizer 205 generates area information indicating to
which of the ﬁncovered background area, thé stdtionary area,
the moving area, or fhe covered background area each pixel
belongs based on the uncovered-background-area détermining

15 flag, the stationary-area détermining flag, the moving—area
determining flag, and the covered-background-area
determining flag supplied from the determining-flag-storing
frame memory 204, and supplies the area information to a
determiningvflag—storing frame memory 206.

20 : The determining-flag-storing frame memory 206 stores
‘the area information supplied from the synthesizer 205, and
‘also outputs the area information stored‘the?ein. |

An example of the processing perfdrmed by the area
sﬁecifying ﬁnit 103 is described below with reference to

25 Figs. 21 through 25.



2

‘and the

determnation result indicating "stationary" is supplied fromthe
stationary/ moving determning portion 202-1, as discusseg.ahQyeeost he area
determ ning portion 203-1 5 determ nes that the correspondi ng pl xels belong

to an uncovered background area. Fig. 25 illustrates determ nation

conditions for frame #n made by the area specifying unit 103. Wen the
determ nation result for the pixel in frame #n-2 |ocated at 10 the sane
i mage position..as a pixel in frame #n to be processed and for the pixel in
frame #n-1 located at the same positipn as the-pixel in frame #n is
stationary, and when the determnation result for the pixel in frame #n
and the pixel in frame #n-1 |located at the sane inmge position 15 as the
pixel in frame #n is noying, the area specifying unit 103 determ nes that
the pixel inWhfAnEhanchereRgsorseaPordiagetiobbbkgfonndrared. ivhen the
determnation result for the pixel in franme #n and the pixel in frame #n-1
| ocat ed ™RV ifFe §§ﬁeppﬁ&§é°?O°§b§P@| GAags RETFERERALATT tandhen i s
stationary, and wh t he det rmnation result for the pixel in franme'#n
%éﬁféloPn FarteT#i¥ © B&Fédl&teﬁﬁéys5ﬁ€m?ﬁagé5p6§PﬁPoﬂnas the
pi xel age #n is.stationar t he .area specifyi, unit 103 determ nes
t hat thglﬁix ﬁhFréW§g$n085F§ﬁ n56n92§ %B % 25n39§aéﬁga 23 Novenber
2005 - e }é‘éefitﬁﬁs d8LeETLAA LN vhasy! &) T oh ERGLR 38! LN LI’ HNy
at Yn+l(x, y) in frame #n+l, which 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
10 foreground object is shown in Fig. 22. For example, if the
moving direction of the image corresponding to the
foreground object is horizontal with respect to the screen,
the model shown in Fig. 22 is a model obtained by expanding
in the time direction the pixel values of the pixels
15 disposed on a line side-by-side.
In Fig. 22, the line in frame #n is equal to the line
in frame #n+l.
The foreground components corresponding to the objectr
contained in the second pixel to the thirteenth pixel from
20 the left in frame #n are contained in the sixth pixel
through the seventeenth pixel from the left in frame #n+l.
In frame #n, the pixels belonging to the covered
background area are the eleventh through thirteenth pixels

from the left, and the pixels belonging to the uncovered

25 - background area are the second. through fourth pixéls from



and the pixel in frame #n-1 |ocated at the sane image position as the
pixel in frame #n is noving, and when the determ nati gpn.esiHet2dogr the
pixel in frame #n and the pixel 5 in franme #n+l | ocated at the sanme inmge
.position as the pixel in frame #n is noving, the area specifying-unit 103
determ nes that the pixel in frame #n belongs to the noving area. Wen the
determ nation result for the pixel in frame #n 10 and the pixel in frane
#n+l | ocated at the sanme image position as the pixel in frame #n i s noving,
and when the determination result f the pixel in frane #n+1. |ocated at
t he sanme i mage position as the pixel "Tn franme #n and the pixel in frane
#n+2 | ocated at the sane inmage position as 15 the pixel in frame #n is
stationary, the area specifying unit 103 determnes that the pixel in
frame #thdelofigs tbr aframeotetkbd baekyixehs Bebangfigsto 26ke t hr ough 26D
illustrate exanples of the area determnation results obtained by the area
speci f y¢o(etRi tbadigggeand | areq (aroeife t el piemtls Wiedglare determned to
bel ong to a covered background area are. indicated in white. In Fig. 26B,
the pi xEFeRiFeHthrkltrReriFoRdtio fon@nd dre riedleresldacieg ound area
are indicated in white., In Fig_ 26C, the pixels which are determned to

beI ong 9% e a}“fﬁﬂﬁ‘?f@e%rlé%d&if%oqrﬁal%‘éﬁ%(ﬁlf% e teixthy figpugsp the 23
gnber 2h 95 - |xelr§ev%1e§€1 are determned to belong to a stationary

ar e plxels from t

In the example shown in Fig. 22, éince the foreground
components contained in frame #n are moved by fouf pixels in
frame #n+l1l, the amount of movement-v is 4. The number of
virtual divided portions is 4 in accordance with the amount

10 of movement v.

A description is now given of a change in pixel values
of the pixels belonging to the mixed area in the frames
'before and after a designated frame,

In Fig. 23, the pixels belonging to a covered

15 background area in frame #n in which the background ié
stationary and the amount‘of.movement v in the foreground is
_4 are the fifteenth thiough seventeenth pixels from the left.
rsince the amount of movement v is 4, the fifteenth through |
seventeenth frames from the left in the previous frame #n-1
20 contain only background bompqnents and belong to the
background area. Therfifteenth through seventeenth pixels
from the left in frame #n-2, which is one before frame #n-1,
contain only background components and belong to the

background area.

- 25, Since the object corresponding to the background is



are indicated in white. Fig. 27 illustrates the area information indicating
the nixed area, in the formof an imge, selected fronyie. 2Ed055
information output fromthe determ ning-flag-storing frame nmenory 206. In
Fig. 27, the pixels which are determned to belong to the covered
background area or the uncovered background area, i.e., the pixels which
are determned to belong to the m xed area, are indicated in white. The
area 10 information indicating the m xed area output fromthe.

determ ning-flag-storing frame nmenory éOG designates the m xed area and
the-portions having a texture surround d by the portions without a texture
in the foreground. area. The area specifying processing perfornmed by the
area 15 specifying unit 103 is described below with reference to the

f | owchargtadfidriayry ,28&hd pistedp &0 dthe:Her afief ety pAGkl ditodd Rhean | mage
of frame #n-2. through franme #n+2 including, frame #n, for which a

det er m Aa@fitorit £ramepdimidalod  rstteEtGRQR; frven Stiat iponarly AMedvieng £

determ ning portion 20 202-3 determ nes whether the determ nation result
for the ths y¥elftiaprfhampd ¥al- Froam thive Yeiftelin rf famendto? | oSdiréd aatlyt,he  sane
position is statlonary If it is determned that the determ nation result

i s statidfaBixalheadise ofs thoosdedeandh ftigplstodn thshilef tt He

stat&on /nDV|n deternlnlngﬁgprtlon 25 202- 2 determ nes whet her the

det e M5n PesuIde o ROt EP2R Ao fé et R0 05 221 yad uepiofelthien frame #n and

t he |er i,n frame #n+l | ocated
P Xteen % pixel from %. %eft 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 |
pixel from the left in frame #n-2.

10 That is, the pixels in frame #n-1 and frame #n-2
corresponding to the pixels belonging to the covered
background area in frame #n consist of only background
components, and the pixel values thereof do not change.
Accordingly, the absolute value of the difference betweeﬁ

15 the pixel values is almost 0. Thus, the stationary/moving
determination made for the pixels in frame #n-1 and frame
#n—Z'corrésponding to the pixels belonging to the mixed area
inlframe #n by the stationarf/moving determining portion |
202-4 is "stationary".

20 Sinée the pixels belonging to the covered background

.area in frame #n contain foreground components, the pixel
values thereof are different from those of frame #n-1
consisting of only backgrouhd components. Accordingly, the
.stationary/moving determination made for the pixelsr

25 belonging to the mixed area in frame #n and the



same position is stationary. If_it is determned in step S203 that t he
determ nation result for the pixel in frame #n and the;pjx&lud Bofsr ane #n+
| ocated at the sane position is stationary, the process proceeds to step
.5204. In step S204, the area determning portion 203-2 sets "1", which
indicates that the pixel to be processed belongs to the stationary area,
in the stationary- area determning flag associated with the pixel to be 10
processed. The area determning portion 203-2 supplies the stationary-area
determning flag to the determ ning-{lLag- storing frame nenory 204, and the
process proceeds to step 5205. If it7is determned in step S202 that the
determnation 15 result for the pixel in frame #n-1 and the pixel in frane
#n located at the sane position is moving, or if it is determned in step
S203 t heerréepeed ongn hoxebn Irsiitamé ofn~1 hizy pilxel s tat fomaey Anoaimig t he pi xe
in frame #n+l located at the same position is noving, the pixel to be
pr oces st erTeEn Doy e r b 103 alst Yrévirgy- area. Accordingly, the
processing of step-5204 is skipped, and the process proceeds to step S205.
In step 5208herhdhe sttaddanpymy oy etdetaming Wem iresultp2- 3 det er ni nes
whet her the determination result for the 25 pixel in frame #n-1 and the
pi xel | iTPIIGHe A TRRERE" ats tHPDRi e verdertostatipmary Leerindsition is
noving. I f it.is determ ned, t t he
5 g1determ1nfhg por{gon(gogﬁg, and when the stationary/moving
determination result indicating "stationary" is supplied
from the stationary/moving determining portion 202-4, as
discussed above, the area determining portioh 203-3
determines that the corresponding pixels belong to a covered
10 background area.
In Fig. 24, in frame #n in which the background is
statibnary and the amount of movement vrin the foreground is
4, the pixels. contained in an uncovered background area are
the second through fourth pixels from the left. Since the
15 amount of movement v is 4, the second through fourth pixels’
from the left in the subsequent frame #n+l contain only
backgrounid components and belong to the background area. 1In
frame #n+2, which is sﬁbsequent to frame #n+l, the sé&ond
through fou;th,pixels from the left contain only backgiound
20 components and'belong to the background area.
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 wvalue of

the second pixel from the left in frame #n+l. Similarly,

25 the pixel value of the third pixel from the left in frame



determ nation result is noving, the process proceeds to step 5206 in which

the stationary/ noving determni.ng portion 202 2 deter myReg et higys the
determ nation result for the pixel 5 in frame #n and the pixel in frame

#n+l

| ocated at the same position is noving. If it is determined in step

S206 that the determ nation result for the pixel in frame #.n and the

in frame #n+1l |ocated at the sanme position is noving, the process

pi xel

proceeds 10 to step S207. In step S207, the area determ ning portion 203-2
sets 1", which i'ndicates that the pixgl to be processed belongs to a
noving area, in the noving-area det ining flag associated with the pixel

to be processed.

The area determ ning area 203-2 supplies the noving-area

15 determning flag to the determ ning-flag-storing frane nenory 204, and
t he prodese poeseeds tbastep f3208 thef pikel svdetier oifnetei mhitrapps205 t hat
the determination result for the pixel in frame #n-1 and the pixe

frame #dromodhecededt tthefsame fogilti endi shst pfkeharyluer oiff the is 20

determned in step 5206 that the determ nation result for the pixe
frame #&oHAEht RéxBLxEromntheadef#nin Foeacetina? dohe sahechesoeion is
stationary, the pixel in frame #n does not belong to a noving area.
Accor di AgP thRePpireéeBalng 6f theepouzbl pixski fped, thadlehs process
pr oc, ed%rgo skgp 5208. In step.S208, the stationary/noving determnni

porti on 228
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That is, the pixels in frame #n+l and frame #n+2
corresponding to ﬁhe pixels belonging to ﬁhe‘uncovered
background area in frame #n consist of only background
components, and the pixel values thereof do not change.
Accordingly, the absolute value of the difference between
the pixel values is almost 0. Thus, the stationary/moving
detefmination made for the pixels in frame #n+l and frame
#n+2 corresponding to the pixels belonging to the mixed area

in frame #n by the stationary/moving determining portion

' 202-1 is “stationary".

Since the pixels belonging fo the uncoveredrbackground
afea 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
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/moving

in

in

ng



202-4 determi nes whether the determination result for the pixel in frane

#n-2 and the pixel in frame #n-1 |ocated at the sanme (] I
stationary. If it is determined that the deterninatioﬁgﬁgét r?@ﬁ
stationary, the process proceeds 5 to step 5209 in which the
stationary/ noving determining. portion 202-3 determ nes whet her . the

determ nation result for the pixel in frame #n-1 and the pixel in frame #n

| ocated at the same position is noving. If it is determned in step 5209
that the determnation 10 result fopsthe pixel in frame #n-1 and the pixe
in frame #n |ocated at the sane p05|§ion IS noving, the process proceeds
to . step 5210. In step S210, the area determ ning portion 203-3 sets "I"
whi ch indicates that the pixel to be processed belongs to a covered
backgr olgie Erigaing rpeields 23et errishokg o utite a3 eat detrarydmonind | ag
associated with the pixel to be processed. The area determ ning portion
203-3 deippimigmatinn ceratt bl - badiqp o - b eat Henarn ningsirrbied t he
determ ni ng-flag-storing frane nenory 204, and the process 20 proceeds to
step SO THhe St FRTIM B HR P iomPDng retiphtr e302hk, as |
cover ed: background-area determning flag to the determ ning-flag-stqring
frane ﬁEHﬂ?ngﬁhﬁgﬂﬁFtrﬁ??w%ﬁﬁ%ék’ U t(RPEE QP 537 [ it s
determped in step.S208 that the determnatio result for the pixel in

(1 ae PP RN AR X IAT FOrSRAPoRDRd Hie s AE BFG T I same posi t] on

I'S mVIH%OVOgréJ blatclégsrozu?’n avreeng).er 2005

Fig. 25 illustrates determination conditions'for.frame
#n made by the area specifying unit 103. When the |
determination result for the pixel in frame #n-2 located at
10 the same image position as a pixel in frame #n to be
processed and for the pixel in frame #n—-1 located at the
same position as the.pixel in frame #n is stationary, and
whén the determination resuit for the pixel in frame #n and
"~ the pixel in-f;ame #n—-1 located at the same image position
15 as the pixel in frame #n is moving, the area specifying unit
103 determines that the pixel in frame #n belongs to a
covered background area.
When £he determination result for the pixel in frame #ﬁ
and the pixel in frame #n-1 located.at the same image
20 -position as the pixel in frame #n is Qtationary, and when
the determination result for the pixel in frame #n and the
pixel in frame #n+l located at the same image position as
the ﬁixel in frame #n 1is stationary, the area specifying
unit 103 determines that ﬁhe pixel in frame #n belongs to

25 the stationary aréa-



99 determned in step S209 that the pixel in frane #n-1 and the pixel in
frame #n |located at the sane position is stationary, 5?%&9%ﬁ§$2&3 frame #n
e

does not belong to a covered background area. Accordingly, processi ng
- of step S210 5 is skipped, and the process proceeds to step S211. In step
S211, the stationary/ noving determ ning portion 202-2 determ nes whet her
the determnation result for the pixel in frame #n and the pixel in franme
#n+l |l ocated at the same position is noving. If it is-determined in step
3211 10 that the determination result,  is noving, the process proceeds to
step 5212 in which the stationary/nné% g determning portion 202-1
determ nes whether the determnation result for the pixel in frame #n+
and the pixel in frane #n+2 | ocated at the sanme position is 15 stationary.
If it is det®hannetlei destepibh2tilon ha¢sthe fet ethd naiton ix ebtddie f#E the
pixel in frame #n+l and the pixel in frane #n+2 |ocated at the same
posi ti 0ATds tdeapilegrdr yn fhempr nedsloprvededs thesseape52ddgeln step 5213,
the area determning 20 portion 203-1 sets "1", which indicates that the
pi xel t&°F&tigPRoaessbg béKshgsnt srameufivoker sdvbagkgandndhenebhein the
uncover ed- background-area_determ ning flag associated with the pixel to be
pr ocess8GFeFRdNgtdqndEEERAENE R BBEt PéKRel20B- f1amaphn| a_dt Hee pixel
uncoyer ed- hack rgung-ﬁlag dgternining 25 flag to the, ,
det et m APngFAMGg¥Btor tAGEFFANRE nEhBr §23841 a8 PIshblembes Ples
pixel in frame #n is moving, the area 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
10 and the pixel in frame #n+l located at the same image
position as the pixel in frame #n is moving, and when the
determination result for the pixel in frame #n+l located at
the same image position as the pixel in frame #n and the
pixel in frame #n+2 located at the same image position as
15 the pixel in frame #n is stationary, the area specifying
unit 103 determines that the pixel in frame #n belongs to an
uncovered background area.
Figs. 26A through 26D illustrate examples of the area
determination results obtained by the area specifying unit
20 103. 1In Fig. 26A, the pixels which are determined to belong
to a covered background area are indicated in white. In Fig.
26B, the pixels which are determined to belong to an
uncovered background area are indidated in white.

In Fig. 26C, the pixels which are determined to belong

25 to a moving area are indicated in white. - In Fig. 26D, the



-- 100 the process proceeds to step 5214. If it is determned in step S211
that the determnation result for the pixel in frame t ixel in
frame #n+l1 |ocated at the same position is stationary?QN%a%¥wP§m?s 5 .
~determned in step S212 that the determi nation result for the pixel in
frame #nfl and the pixel in frame #n+2 is noving, the pixel in frame
#n-does not belong to an wuncovered background area. Accordingly, the
processing of step S213 is skipped, and the process proceeds to step S214.
10 In step 5214, the area specifying,unit 103 determ nes whether the areas
of all the pixels in frame #n are sggcified. If it is determned that the
areas of all the pixels in frame #n are not yet specified, the process
returns to step 5202, and the area specifying processing is 15 repeated for
t he renpixehy Wwikeh sard fdeterminded etoi lpetong 5t ep SR4ddi¢haty tdeear eas of

all the pixels in frame #n are specified, the process proceeds to step
S215. |13retEpdBased tie wWyktdesi zer 215 generates area information
indicating the m xed area based on the 20 uncovered-background-area

det er m ni ng Hi%g Zdnd e tedr@se d-hebadian durrrandd adetiaydiqai tHa o [t st ored
in the determning- flag-storing frane nenory 204, and al so generates area
i nf or M5 | HeFTatihd- it ¥R P bfa? nEhER oV R TR KEFIlINERE 2822 t he

stationary area, the nmoving area, or the covered 25 background area each
pi X6l bt SHGE Lol PGS (FRP T Lt S AR b19 2065 1ng frame
| memory 206. In Fig. 27, the pixels which are determined to
belong to the covered background area or the uncovered
background area, i.e., the pixels which are determined té
belong to the mixed area, are indicated in white. The area
10 information indicating the mixed area output from the
determining-flag-storing frame memory 206 designates the
mixed area and the portions having a texture surrounded by
the portions without a textﬁre in the foreground-area;
The area specifying processing performed by the area
15 specifying unit 103 is described below with reference to . the
flowchart of Fig. 28. 1In step 5201, the frame memory 201
obtains an image of ffame #n—2-through frame #n+2 including
ffame #n, for which a determination is t¢ be made. |
In step 5202, the stationary/moving determining portion
20 202-3 determines whether the determination result for the
pixel in frame #n-1 and the pixel in frame #n located at the
Samerposition is stationary. If it is determihed tha£ the
determination result is stationary, the process proceeds to
- step 5203 in which the sﬁationary/moving determining portion

25 202-2 determines whether the determination result for the



~area information corresponding to fhé

- 101 area information in the determ ning-flag-storing frame nenory 206.
The processing is then conpleted. As di scussed above, bhg.aL8a, &peci fying
unit 103 is capable of generating area information indicating to which .5

of the noving area, the stationary area, the uncovered background area, or

t he covered background area each of the pixels contained in a frane
bel ongs. The area specifying unit 103 may apply logical ORto the area
i nformation corresponding to the uncovered 10 background area and the area
information corresponding to the covg;gp background area so as to generate
m xed area, and then may generate
area information consisting of flags indicating to which of the noving
area, the stationary area, or the m xed 15 area the individual pixels
cont ai n@dxied tihe firrawe #bekodg theWhéneflhénobremt édoriledpoatedgatothbae
foreground has a texture., the area specifying unit 10.3 is able to
speci f ySeRe pasithgnaieasipitdopravi-sely. The area specifying unit 103 is
able to output the area 20 .information indicating the noving area as the
area 25 infoffetfobsidatenringdt e $tergf dUhdtareathadebrrpinstide. area
informati on_indicating the stationary area as the area information
i ndi cat FR§UthetBACkEPoRASAr éB. ITRBecHBoANArRhchRixBEehndEERRE bBRT L assuni ng

tha%ithiocg%kgcgtcgkges ondlngi%o t he backg[ound is stationary.

same po lon 1s stationary, the process
proceeds to step S204. 1In step 5204, the area determining
. portion 203-2 sets "1", which indicates that the pixel to be
processed belongs to the stationary area, in the étationéry—
area‘determining flag associated with the pixel to be
10 processed. The area determining portion 203-2 supplies the
stationary—area determining flag to the determining-flag—
storing frame memory 204, and the process proceeds to step
S205.
If it is determined in step S202 that the determination
15 result for the ﬁixel in frame #n-1 and the pixel in frame #n
located at the same position is moving, or if it is |
determined in step S203 that the detefmination result for
the pixél ih_frame #n and the pixel in frame #n+l located éf
the same positioﬁ is moving, the pixel to be processed does
20 not belong to a stationary,afea. Accordingly, the
'processing of step -5204 is skipped, and the process procéeds
to step S$205.
In step 5205, the stationary/moving determining pdrtion

202-3 determiﬁes whether the determination result for the

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



23 Novenber 2005 - 102 However, the above-described area specifying
processing can be applied even if the inage correspondipg to thos
background area contains notion. For exanple, if the inage correspondi ng
-to the background area is uniformy nmoving, 5 the area specifying unit 103
shifts the overall image in accordance with this notion, and perforns
processing in a manner simlar to the case in which the object
correspondi ng to the background is stationary. If the image correspondi ng
to the background area contains locally different notions, 10 the area
speci fying unit 103 selects the piiePg corresponding to the notions, and
executes the above- described processing. Fig:. 29 is a block diagram
illustrating another exanple of the configuration of the area specifying
~unit 108amdheosilbiam ebs speeidyi ngronit iHDJshommnded Higat 28 does not use a
notion vector. A background inage generator 301 generates a background

i mage odetregpongiion toeswl { nputndaye, dnd psupds gsrddwsedenes adteth ‘
background i mage to a binary-object- inage extracting portion 302. The
backgr otk i mgeh Poh gerer sitori GUIrvieaiots , dd orrrekainpy eyo @i a2 -obj ect
correspondi ng to a background object contained in the input imge, and
gener atesig trripbeky roeich e nelgee detean@inpl el ot reswdel fabtidinadil expandi ng
inthe tine - direction the pixel values of pixels aligned side-by-side in

25 Phe. iThoWiafe dit et dehofPire] ndyf tag ddpondionrptias &t the same

position is'moving.

If it is determined in step 5206 that the determination
result for the pixel in frame #n and the pixel in frame #n+1
located at the same.position is moving, the process proceeds

10 to step S207. In step S207, the area determining portion
203-2 sets "1", which indicates that the pixel to be
proceésed belongs to a moving area, in the moving-area
determining flag associated with the pixel to be processed.
The area determining area 203-2 supplies the moving—area

15 determining flag to the determining-flag-storing frame
memory 204, and the process proceeds to step S208.

If it is determined in step 5205 that the determinatiﬁn
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

20 determined in step S206 that the determination result for
the pixel iﬁ-ffame #n and the pixel in-frame_#n+1 located at
the same p&sition is stationary, the pixel in frame #n does
not belong to a moving area. Accordingly, the processing of
step 5207 is skipped, and the process pfoceeds to step S208.°

25 . In step 5208, the stationary/moving determining portion



. | eft

23 Novenber 2005 -- 10 3 - foreground object is shown in Fig. 30. For
exanple, if the noving direction of the inmage corresposei,ng.d.Lrdo3e
foreground object is horizontal with respect to the screen, the nodel
shown in Fig. 30 is a nodel obtained by expanding 5 the pixel values of

pi xel s di sposed side-by-side on a single l|line in, the time direction. In
Fig 30, the line in frame #n is the sane as. the line in franme #n-Land
the line in frame #n+1l. In frane #n, the foreground conponents
corresponding to 10 the object coq;%hpqg in the sixth through seventeenth
pixels fromthe left are contained i'm the second through thirteenth

pi xels fromthe left in frame #n-1 and are also contained in the tenth
through twenty-first pixel fromthe left in frame #n+l. 15 In frame #n-1
t he pi x@08Yedengirmgnes whetbevetbe deiekgriioandoar easaie fhe eheventh
through thirteenth pixels fromthe left, and the pixels belonging to the
uncover @dxeBadkgfoamg &ncid ard the vézeddinhfosgh foult hopaketisafrom the
left. In frame #n, the pixels belonging to the covered 20 background area
are 'théhFi pEBENPRSLKLBOghSsEaRterArt -pi £ §tf enfehermiéhed Bhdtthe pixel s
belongin% to the uncovered background area are the sixth through eighth
pi xel s FPGnPEAET™LBREIOPNTLPYME AF+FLathenpiYel §hBePBAGERY PEOERRIZOVer ed

background area_are the pineteenth through twenty-first 25 pixels fromthe
1 %8 F%gppﬁggss1Bewgﬁ§pn@hFosFﬁglongry/mOVLXg determlnEng,

' portion 202-3 determines whether the determination result
for the pixel in frame #n-1 and the pixel in frame #n
located at the same position is moving.

If it is determined in step 5209 that the determination
10 result for the pixel in frame #n—~1 and the pixel in frame #n
located at the same position is moving, the process proceeds
to step §210. 1In step S5210, the area determining portion
203-3 sets "1", which indicates that the pixel to be
processed bélongs to a cdvered background area, in the
i5 covered—baékground—grea detérmining flag associatéd with the
ﬁixel to be processed. Therarea determining portion 203-3
supplies'the covered-background—area determining flag to the
détermining—flag—storing frame memory 204, and the ﬁrocessl
preoceeds to step S211.- The area determining portion 203-3
20 supplies the covered-background-area determining flag to the
'determining—flag¥Storing frame ﬁemory 204, and the process
proceeds to‘stéﬁ‘Sle.
If it is determined in step S208 that the determination
result fof fhe pixel in frame #n-2 and the pixel in frame

25 . #n-1 located at the same position is moving, or if it is



23 Novenber 2005 - 104 uncover ed background area are the tenth through

twelfth pixels fromthe left. In frame #n-1, the pixel i to the
background area are the first pixel fromthe left, an&gsﬁg&?%%??genth 5
.through twenty-first pixels fromthe left. In frame #n, the pixels

bel ongi ng to the background area are the first through fifth pixels from
the left, and the eighteenth through twenty-first pixels fromthe left. In
frame #nfl, the pixels belonging to the background area are the first 10
through ninth pixels fromthe left. An exanple of the background inmge
corresponding to the exanple showi o Fig. 30 generated by the background
imge generator 301 is shown in Fig. 31. the background i nage consists of
t he pi xel s corresponding to the background .15 object, and does not contain

i mage coepenehhsdchireseEns0gy thatt bee fo1egr ounds ei@€Ctn-Thehd the

bi nary-obj ect-i mage extracting portion 302 generates a binary object inmage
based opixée torfebati én lbetwednathehbackgeopndiicivge iandthkeohapy, | mage,
and 20 supplies the generated binary object inage to a time change

det ect okh@0Bix ¢l gin 3Prdme affh| deks diaygriaed éid ust ratdawgetdie  configurati on of
t he binary-object-imge extracting portion 302. A correlation-val ue

cal cul dRdPkIqued| axeat esAther@bngby r ethe ioredrstsioen dhetmekafldund | mage

supplied fromthe
5 1s skipped, and the process proceeds to step S211.

In step S211, the stationary/moving determining portion
202~2 determines whether the determination result for the
- pixel in frame #n and the pixel in frame #n+l located at-the
same position is moving. If it is determined in step S211
10 that the determination result is moving, the process
proceedé to step 5212 in which the stationary/moving
determining portion 202~1 determines whether the
determination result for the pixel in frame #n+l and the
pixel in fréme #n+2 located at the same position is
15 stationary.

If it is determined in step 5212 that the determination
result for the pixel in frame #n+l and the pixel in frame
#n+2 located at the same position is stationary, the process
proceeds to step S213. In step 5213, the area determining

20 portion 203-1 sets "1", which indicates that the pixel to be
ﬁrocessed beloﬁgs te an uncovered bhackground area, in the
uncovered—background—areé determining flag associated wifh
the pixel to be processed. The area détermining portion
203~1 supplies the uncovered-background-flag determining

25 flag to the determining~flag~storing-frame memory 204, and



23 Novenber 2005 - 105 background i nmage génerator 301 and the input inage

SO as to generate a correlation value, and supplies t@%b% DEsR5665
correlation value to a threshol d-val ue processor 322. e correlation- value

cal cul ator 321 applies equation 5 (4) to, for exanple, 3x3-background inmage
bl ocks having X4 at the center, as shown in Fig. 33A, and to, for exanple,
3x3- background i mage bl ocks having Y4 at the center which corresponds to

t he background i mage bl ocks, as shown in Fig. 33B, thereby calculating a
correl ation value corresponding 10 H Y4. Correlation value = s _ a E(X

- X)I(Yi - i=0i=0 (4) X=a _2 a _ ? - X) +(Yi Y) i=01i=0 (5) (6) The
correl ation-val ue cal cul ator 321 supplies. the 15 correlation val ue

cal cul ated for each pixel as discussed above to the threshol d-val ue

pr ocessdhe3 I ochlste pratdasslsy  ta sEepord2dl4at i on- val ue cal cul ator 321 may

If it is determined in step 8211 that the determination
result for the pixel in frame #n and the pixel in frame #n+l -
located at the same position is stationary, or if it is

5 determined in step 5212 that the determination result for
the pixel in frame #n+l and the pixel in frame #n+2 is
moving, the pixel in frame #n does not belong to an
uncovered background area. Accordingly, thé proceésing of
step‘8213 is skipped; and the process proceeds to stép 5214,

10 In step 5214, the area specifying unit 103 determinés
whether the areas of all the pixéls 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
feturns to step 5202, and the area specifying processing is
15 repeated for the remaining pixels.‘

If it is determined in step S$214 that the areas of all
the pixels in frame #n are specified,-the process proceeds
to step S5215. In step 8215, the synthesizer 215 generates.
area information indicating the mixed area based on the

20 uncovered-background-area determining flag and the covered-
background-area determining flag stored in ﬁhe determining-
flag;storing frame memory 204,.and also generates area
information indicating to which of the uncovered background
area, the stationary area, the moving area, or the covered

25 backgrocund area each pixel belongs,. and sets the generated



apply equation (7) to, for exanple, 3x3--.background image bl ocks having
X4 at the center, as shown in Fig. 34A, and to, 20 for »2¢xga0Bhikr 2005
3x3-background i nage bl ocks having Y4 at the 23 Novenber 2005 - 106
whi ch corresponds to the background i nage bl ocks, as shown in Fig.
t hereby cal cul ating the sum of absolute values of differences
corresponding to Y4. Sum of absolute values of differences = I (X -
(7) i"Q5 The correlation-val ue cal cul ator 321 supplies the absol ut
val ues of the differences cal cul ated; @s described above to the

t hreshol d-val ue processor 322.a s the correlation value. The

t hr eshol d- val ue processor 322 conpares the pixel 10 value of the

correlation image with a threshold val ue thQ

center
34B,

Yi)l
e

If the correlation value is

snal | er2¥RanibfoBgakion oin hehe t e berBidivar fbaghetoning Seamén t he pixe
value of the binary object image. |If the correlation value is greater
than t MBSPPFEsHBP d VERREPEINOSSHIRG 3t then tpempleesdval ue of 15 the binary
obj ect i nmage, TEe t hr eshol d- val ue processor 322 then outputs the b

obj ect inagéﬁ
processor

tore . the threshold value thO,therein in advance,

2
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i mgeé shown
background area, or the covered background area each of the

pixels contained in a frame belongs.

The area specifying unit 103 may apply logical OR to 
the area information corresponding to the uncovered
-background area and the area information corresponding to
the covered background area so as to generate area
information corresponding to the mixed area, and then may
generafe area information censisting of flags indicating to
whicthE the moving area, the stationary area, or the mixed
area the individual pixels contained in the frame belong.

| When the object corresponding to the foreground has a
texture, the area sPeCifying unit 103 is able to specify the
moving area more precisely. |

The area specifying unit 103 is able to output the area

- I
~information indicating the moving area as the area

information indicating the foreground area, and outputs the
area information indicating the stationary area as the area
information indicating the background area.

The embodiment has been described, assuming that the

.object corresponding to the background is stationary.

nary

Bis&d ahavfe itde &ied SRR O YL it idshdisd- val ue

or may
35



30. In the binary object image, 0 is set in the pixel val ues of the pi xel s

having a higher correlation with the background inmagess;zZ3vNpwesdaer 2005 -
107 - Fig. 36 is a block diagramillustrating the configuration of the .

.time change detector 303. Wien determning the area of a pixel in frame

#n,. a frame nenory 341 stores a binary object imge of franme #n-1, frame

#n, and franme #n+1 supplied fromthe binary-object-inmage extracting ,
‘portion 302. An area determ ning portion 342 determ nes the area of each

pi xel in frame #n based on the bingriogbLect i mge of frame #n-1, frame #n,
and frame #n+l so as to generate are i nformation, and outputs the

"generated area information. Fig. 37 illustrates the determ nations nmade by

the area determ ning portion 342. \Wen the designated pixel of the binary
obj ect Hpwgeerrn thaneb#nei-deBrribedaneaadsperhitping ppottkobndddadet er m nes

.. that the designated pixel in frame #n 15 bel ongs to the background area.

When t hbedepbdhatiedvpnxelf shet hmabienapyrebpeotingage the baakgr#unds 1, and
when the correspondi ng pi xel of the binary object inmage in frame #n-1 is
1, and ®REA FRBTaE¢bFraspéndi ngFprxekavpleheibi hheyivbgect image in frame
#n+l 20 is 1, the_ area determ ning portion 342 determ nes that the
desi gnafe8rprREPILATf EanEhenbpekgrgentoarha {orvpibonuldreavinghen the
des@@“a£§g gkéglsgécgggiggn3£¥to?5%Céhggggetﬁg overall image in
aécordance with tﬁis motion, and pe;forms processing in a
manner similar to the case in which the ocbject corresﬁonding
to the background is stationary. If the image corresponding
to the background area contains locally different motions,
10 | the area specifying unit 103 selects the pixels
corresponding to the motions, and executes the ébove~
'-descfibed processing. |
Fig. 29 is a block diagram illustrating another example
of the configuration of the area specifying unit 103. The
15 area Speciﬁying unit 103 shown in Fig. 29 does not use a
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-
image extracting portion 302. The backgrouﬁd_imagé
20 .generator 301 extracts, for example, an image object
: correspondinglto a background object contained in the input
image, and generatés the baékground image.
An example of a model ob£ainéd by expanding in £he time

direction the pixel values of pixels aligned side-by-side in’

25 the,mov;ng direction of an image corresponding to a



franme #n is 1, and when the correspondi ng pixel of the binary object inmage
in frame #n-1 is 0, the area determning 25 portion 342;dgleit sgs that the
desi gnated pixel in frame-#n 23 Novenber 2005 - 108 be?ongs to a covered

. background area. when the designated pixel of the binary object inage in
frame #n is 1, and when the correspondi ng pi xel of the binary object inage
in frame #n+1l is O, the area determning 5 portion 342 determ nes that the
designated pixel in franme #n - bel ongs to an uncovered background area. Fig.
38 illustrates an exanple of the determnations nade by the tinme change
detector 303 on the binary object image corresponding to the nodel of the
i nput image shown in 10 Fig_30. The tinme change detector 303 determ nes
that the first through fifth pixels fromthe left in frame #n belong to

t he backyreoameined ezbBiicels hehaor rigs Wingi P pi xeds etampies, himarhe obj ect
image in frame #n are-0. The tinme change detector 303 determines that the
si xt h. M7 iHF sligtegfiinm @f xdis ¥mage tdnrtefpomdimngte othide uncover ed
background area since the pixels of the binary object image in franme #n
are 1, ERwPITRIRbrokshdi i daintaln irtdmeespedt afe the Brradme change
detector, 303 determ nes that the tenth - 20 through thirteenth pixels from
the | ef "W (I 15 dFiehr ctthd are s o trinrd s Qﬁpé{fﬁg-l’%ﬁ nary

obj ect .image, i.n frane #n,are 1, the corresponding. pixels in frame #n-|
VECU B «d) Jaiies o pixé&s isposed éide—bélsfhe on a single

- line in' the time direction.
In Fig. 30, the line in frame #n is the same as the
line in frame #n-1 and the line in frame #n+1.
In framé #n, the foreground components corresponding-to

10 the object contained in the sixth through seventeenth pixels
from the left ére contained in the second through thirteenth
pixelé from the left in frame #n—-1 and are also cdntained in
the tenth through twenty-first pixel from the left in frame
#n+1.

15 In frame #n-1, the pixels belonging to the covered
background area are the eleventh through thirteenth pixels
from the left, and the pixels ﬁeloﬁging to the uncovered
background area are fhe second through fourth pixels from
the left. In frame #n, the pixels belonging to the covered

20 background area are the fifteenth through seventeenth pixels
from the left, and the pixels belonging to the uncovered
background area afe the sixth through eighﬁh pixels frowm the‘

- left. In frame #n+l, the pixels Eelonging to the covered
'background area are the nineteenth through twenty-first

25 pixels from the left, and the pixels belonging to the



are 1, and the corresponding pixels in frame #n+l1 are 1. The tinme change
detector 303 determ nes that the 25 fourteenth throughgeuateentds pi xel s
fromthe left bel ong 23 Novenber 2005 - 109 to the covered background area
since the pixels of the binary object inmage in frame #n are 1, and the
corresponding pixels in frame #n-1 are 0. The tine change detector 303
determ nes that the 5 eighteenth through twenty-first pixels fromthe |eft
bel ong to the background area since the correspondi ng pi xels of the-

bi nary object image in frame #n are Q. The area specifying processing
performed by the area specifying ani®4103 is described bel ow with
reference to the 10 flowchart of Fig. 39. .In step S301, the background

i mge generator 301 of the area specifying unit 103 extracts, for exanple,
an i ngenghjveste tacdspondidng rea arkackgr awith aliretighc @mteaisaed i n an i nput
i mge based on the input image so as to generate a background i nage, and
suppl i epixied s15 mpendrhat deéfitackgr ound i mage to the binary-object-imge
extracting portion 302. In step S302, the binary-object-inmge extracting
portion 302 é&anl éupmtednalcothel pikehsvhklengéhween the bapkyroumdge and t he
background i nage supplied fromthe background 20 inmge generator 301

accor di g o arfor-hex dipisé, réardulfapimoithgi defdsednn tther ébarereatho Fi gs.

33A and 33B. In step S303, the binary-obj.ect-inmage extracting portion 302
nﬁgte§ rough twenty-first pixels from the left.  In frame #n, the

co
pixels belonging to the background area are the first
through‘fifth pixels from the left, and the eighteenth
through twenty-first pixels from the left. In frame #n+i,
the pixels belonging to the background area are the first
10  through ninth pixels from the left.

An example of the background image corresponding ﬁo the
examﬁle shown in Fig. 30 generated by the background image
‘generator 301 is shown in Fig. 31. The background image
consists of tﬁe pixels corresponding to the background

15 object, and does not contéin image components cofresponding
to the foreground object.

The bihary—object—image extracting portion 302
generates a binary object image based on the correlation .
between the backgroundiimage and the input image, and

| 20 supplies the generaﬁed'binary object image to a time change
detector 303.l

Fig. 32 is a block diagramrillustrating the
configuratipn of the bilnary-object-image extracting portion
302. A correlation-value calculator 321 calculates the

25 correlation between the background imagé supplied from the



bi nary object inmage fromthe correlation value and the threshold value thO
by, for exanple, conparing. the 25 'correl ation val ue wstNvétier bdoseshol d
val ue th0. 23 Novenber 2005 - 110 |In step 5304, the tinme change detector
-303 executes the area determ ning processing, and the processing is
conpleted. Details of the area determ ning processing in step S304 are
descri bed below with reference to the flowhart of Fig. 5 40. In step
"5321, the area determ ning portion 342 of the tine change detector 303
determi nes whether the designated _pjxel_in frame #n stored in the frane
menory 341 is 0. If it is determne hat the designated pixel in frame #n
is 0, the process proceeds to step 5322. In step 532.2, it is 10
determ ned that the designated pixel in franme -#n belongs to the background
area, PRCFFECWRGcEBRRINPERERVIPE ed@H. and the| dnplet eimagpedsd nastep 5321
that the designated pixel in frame #n is 1, the process proceeds to step
S323. JHSIRF 52Tk bk wn et e? ni atdgsvept ieon B efnemetedne 15 change
detector 303 determ nes whet her the designated pixel in franme #n stored in
the frafEEnehriPB4ee 1£0 ghot iRt ebd-YREUR cPFRIPHIRN ML Di xel in frane
#n-1 is 0. bj it is d Lernin%q t hat, the des;gggted pixel. in frame #n is 1
and the cortdsSoFEEts Eioral e Sl Wt 40, A0Rd 1% GBS e oceeds t o
step 5324. 'step 5324, it j eterm ned that the designated pixel in
fr argre #ﬁﬁbe %’ng%o L lceo’vejr d abc(é%%@?‘brtﬁ‘ndlr&?%%,b % HEPr¥tessing i s
CO”p'QEf@-the center, as shown in Fig. 33A, and to, for example,

3x3-background image blocks having Y4 at the center which

corresponds to the background image blocks, as shown in Fig.

33B, thereby calculating a correlation value corresponding

10 to Yg4.

8 _8 _
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The correlation-value calculator 321 supplieé.the
15 - correlation value calculated for each pixel as discussed
abové to the threshold4Value,procesgor 322.
Alternatively, the correlation-value calcﬁlatdr 321 may
apply equation (7} to, for example, 3x3fbackground image
blocks having X4 at the.center, as shown in Fig. 342, and to,

20 for example, 3x3-background image blocks having Y4 at the



If it is determned in step 5323 that the designated pixel in frame #n is
0, or that the corresponding pixel in 25 frame #n-1 | 93 Novdnh2r PH0@CESS
proceeds to step S325. In step . 23 Novenber 2005 - 111 $325, the area .
determ ning portion 342 of the time change detector 303 determ nes whet her
the designated pixel in frame #n stored in the frame nenory 34.1 is 1, ‘and
whet her the corresponding pixel in franme #n+l is 0. If it is 5 determ ned
that the designated pixel in franme #n is 1 and the correspondi ng pixel in
frame #n+l is 0O,.the process procgeq%6tg step 5326. In step 5326, it is
determ ned that the designated pixel " i'n frame #n bel ongs to the uncovered
background area, and the processing is conpleted. 10 If it is determned in
step S325 that the ‘designated pixel in frane #n is 0, or that

t he. cor re8¥edivig qii xelriespohidamectiche e ckgrichedpriecess Hloeteedsast 0 st ep
$327. In step S327, the area determning portion 342 of the time change
det ect orSh33 dét &gl -nS4 Bt hahemiebyd esilgndindd ngi stéle ismnt reimebks 1#ebel ongs t o
t he foreground area, and the processing is conpleted. As discussed above,
the ared°Ip&S M §g ffsrentes icorrgspenddngpdei fy,- based on-the correl ation
val ue between the input imge and the correspondi ng background i nage, to

whi ch 2Guaf SheNeALONAdaLERy L1G DATKL “@dgrlfﬂ’ B SO e 1 nput

background area, or the uncovered background ar each prxel of
i mge bel ongs, and generates area information

5 The correlation-value calculator 321 supplies the
absolute values of the differences calculafed as described
above to the threshold-value processor 322_aé tﬁe |
correlation value.

The thresholdwvalue processor 322 compares the pixel
10 wvalue of the correlation image with a threshold value thoO.
If the correlation value is émaller than or equal to the
threshold value th0, 1 is set in the pixel value of the
binary object image. If the correlation value is greater
than the threshold valuerthO, 0 is sét in the pixel value of
15 the binary object image. The threshold-value processor 322
then outputs the binary bbject image whose pixel Qalue is
set to 0 or 1. The threshoid—value processor 322 may store
the threshold value th0 therein in advance, or may use the
threshold value th0 input from an external source.
20 Fig. 35 illustrates the binary object image
corresponding to the model of the input image shown in Fig.
30. In the binary object image, 0 is set in the pixel
values of the pixels haviﬁg a higher correlation with the

background image_ 



corresponding to the specified result. Fig. 41 is a bl ock diagram

illustrating another 25 configuration of the area spechfy itz 103.° The
area 23 Novenber 2005 - 112 specifying unit 103 shommb§ﬁb€¥ggn%@5uses a
notion vector and positional information thereof supplied fromthe notion
detector 102. The sanme el enents as those shown in Fig. 29 are designated
with like reference nunerals, and an 5 explanation thereof is thus omtted
A robust-processing portion 361 generates a robust binary object inmage
based on binary object images of N frames supplied fromthe

bi nary- obj ect-i mage extracting pd?ﬁ#ﬁh'BOZ, and outputs the robust binary
object image to 10 the tinme change detector 303. Fig. 42 is a block diagram
illustrating the configuration of the robust-processing portion 361. A

-notion conpérsat 86 381 ac wpensatiesyrfat itNerstd wimpftide binary obj ect

i mages of N franmes based on the notion vector 15 and the positional

i nf or mataronidierteoh suppthedtinonnideye it tontadet 283 or @W&n and out puts a
not i on- conpensated binary object inage to a switch 382. The notion
conpensig feymipeiforided dyea hef notpirel conpernsest ofn 384 fsamk seerssed bel ow
with reference to 20" exanples shown in Figs. 43 and 44. It is now assuned,
for exdfblEondmia tHaarerbiedt aeagm ¢85 feame ProkesEedne ifren  binary

obj ect images of frame #n-1, frame #n, and frane #n+1
5 and frame #n+l supplied from the binary-object-image

extracting portion 302.

An area determining portion 342 determines the area of
each pixel in frame #n based on the binary object image éf
frame #n-1, frame #n, and frame_#n+1 so as to generate area_

10 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
binary object image in frame #n is 0, the area detérmining
portion_342 determines that the designated pixel in frame #n.

15 belongs to the background area.

When the designated pixgl of the binary object image in
frame #n is 1, and when the corresponding pixel of the
binary object image in ffame #n—-1 is 1, and when the
CorrESponding pixel of the binary object image in frame #n+l

20 is 1, the area determining portion 342 determines that the
designated pixel in frame #n belongs to the foreground area.

When the.designated pixel of the binary object image in
frame #n is 1, and when the corresponding pixel of the
binary object image in frame #n-1 is 0, the area determining

25 .portion 342 determines that the designated pixel in frame -#n



shown in Fig. 43 are input; t he notion conpensator 381 conpensates for the
motion of the binary object image of 25 frame #n-1 anngQQVQﬁﬁﬁﬂmsobieCt
i mge of frame #n+l, as 23 Novenber 2005 - 113 indicated by the exanple
shown in Fig. 44, based on the notion vector supplied fromthe notion
detector 102, and supplies the notion-conpensated binary object inmages to-
the switch 382. 5 The switch 382 outputs the notion-conpensated binary
object image of the first frame to a frame nenory 383-1, and outputs the
not i on- conpensat ed bi nary obj ect inagg of the second frame to a frane
menory 383-2. Sinmilarly, the swtch 82 out puts the notion-conpensat ed
bi nary object inmages of 10 the third through (NN1)-th frame to frane
menories 383-3 through 383-(N-1), and outputs the notion-conpensated
bi nary befijcags itwage cofvetrlkd Nathgkpamd teea.frane nenory 383-N. The frane
menory 383-1 stores the notion-conpensated binary object inmage of the
first frane, Wapd buepdesigheted Spstel edf btharyindiecobi eageitnaga imei ghting
portion 384-1. The frane nenmory 383-2 stores the notion-conpensated binary
obj ect ifFage. #pf iphd . seadndherafibe andreappotsngheisedr ed thenary obj ect
image to.a meighting portion 384-2. Simlarly, the frame nenories 383-3
t hr oughP38rYNORy g8 dfgpesinhéraBei HRtéoipelsathe Birear fesprméningages of
the _third throggh N-1)-th frames, and outputs the stored binary object
i mges PETRPBhPi AgUFGPITMORES38R2S theotgRiigpateft pixel in frame” #n
belongs to an uncovered background area.
Fig. 38 illustrates an example of the determinations
made by the time change detector 303 on the binary object
image corresponding to the model of the input image shown in
10 Fig. 30. The time change detector 303 determines that the
first through fifth pixels from the left in frame #n belong
to the background area since the corresponding pixels of the
binary object image in frame #n are 0.
The time change detector 303 determines that the sixth
15 through ninth pixels from the left belong to the uncovered
background area since the pixels of the binary object image
in frame #n are 1, and the corresponding pixels in frame
#n+l are 0.
.The time change detector 303 determines that the tenth
20  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

25 _ fourteenth through seventeenth pixels from the left belong



The frame nmenory 383-N stores the notion-conpensated binary object inmage
of the N--th frame, and outputs the stored 25 binary Obh el ehbRe60st 0 @

wei ghting portion 384-N. 23 Novenber 2005 - 114 The wei ghting portion
384-1 multiplies the pixel value of the notion-conpensated binary object
image of the first franme supplied fromthe frane nenory 383-1 by a
predeterm ned weight W, and supplies a weighted binary 5 object inmage to
an accunul ator 385. The weighting portion 384-2 nultiplies the pixel value
of the notion-conpensated binary object inmage of the second frame supplied
fromthe franme nmenory 383-2 by a pr term ned wei ght w2, and supplies the
wei ghted binary object inage to the accurmul ator 10 385. Likew se, the

wei ghting portions 384-3 through 384-(N- 1) multiply the pixel values of

t he mtﬂ@mmmﬁé@%a@h{w%@ 64 s1REEstRE %bﬁei@'&ﬁ theough (N-1)-th
frames supplied fromthe frame nenories 383-3 through 383-(N-1) by 15

predet erimaed o) ght sinegd oUBhané Nkd ) arand, syppl t8s &here yEbaht bi nary
obj ect imges to the accunul ator 385. The melghtlng portion 384-

mul ti plpieseltdheipi kedmevadiel ofrd e. nDti on- conpensat ed binary obj ect inmage
of the N-th frame supplied fromthe franme nenory 383-N by a predeterm ned

20 'wei ght WRe dridesghphiges delte oweirg B08d dutsamyiohy etiad mage to the
accurul at or 385. The accunul at or 385 accunul ates the pi xel values of the
5 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 bélow with reference to the
- 10 flowchart_of Fig. 39. 1In step S301, the background image
generator 301 of the area specifying unit 103 extracts, for
exampie, an image object corresponding to a background
object contained in an input image based on the input image
80 as to generate a background image, and supplies thé
15 generated background image to the binary-object-image
extracting portion 302.
In step 8302, the binary-object-image extracting
portion 302 calculates a correlation value betweeﬁ the iﬁput
imagé‘and the background image supplied from the background
20 image generator 301 according to, for example, calculation
discussed with refefence to Figs. 33A and 33B. In step $303,
_thé binary-object~image extracting porfion 302 computés a
binary object image from the correlation value and the
threshold value th0 by, for example, comparing the

‘25 'cqrrelation_value with the threshold wvalue thi.



not i on- conpensat ed binary object inmages multiplied by the - weights w
through wN of the first through N-th frames, and 25 comp&LSSnieP€005

accurul ated pi xel value with the predeterm ned 23 Novenber 2005 threshol d
value thO thereby generating the binary object imge. As discussed above,
t he robust-processing portion 361 generates a robust binary object inage
fromN binary object inages, and supplies it to the tinme change detector
303. Accordingly, the area specifying unit 103 configured as shown in
Fig. 41 is able to*specify the area nore precisely than that shown in Fig.
29 even if noise is contained in thellPnput image. 10 The area specifying
processing perfornmed by the area specifying unit 103 configured as shown
in Fig. 41 is described belowwth reference to the flowhart of Fig. 45.

The processi ngss@bpsteps S3dlet PLAHIBLSLER S348c86L S F bk cutOsthrse of
step S301 through step S303 discussed wth 15 reference to the flowhart of

Fi 9. 39araad dvtcifindmnat ildbcddameof dmsi tines adddng N Stepn®Bdded t he
robust - processing portion 361 perforns the robust processing.. In step
S345, the tibetahasgerdehecipea3Q3tpenining bheceds btigaiwles espi 510y
processing, and the processing is conpleted. Details of the processing of
step S34Feadessinibledr bedowheitpr ce¢eskengeditscihsedluwtharef efertg.to the
flowchart of Fig_ 40, and an explanation thereof is thus omtted.
5 40. 1In step $321, the area determining portion 342 of the
time change detector 303 determines whether the designated
pixel in frame #n stored in the frame memory 341 is 0. If
it is determined that the designated pixel in frame #n ié 0,
the process proceeds to step $322. In step S322, it is
10 determined that the designated pixel in frame #n belongs to
the background area, and the processing is completed.
.If it is determined in step S321 that the designated
pixel in frame #n is 1, the process proceeds to step $323.
In step $323, the area determining-portion 342 of the time‘
15 change detector 303 determines whether the designated pixel
in frame #n storea in the frame memory 341 is 1, and whether
the ¢o¥resp0nding pixel in frame #n-1 is 0. If it is_.
determined tﬁat the designated pixel in frame #n is 1 and
the corresponding pixel in frame #n-1 is 0, the process
20 proceeds to step S$324. In step S§324, it is determined that
the designated pixel in frame #n belongs to the covered
- background area, and the processing 1s completed.
If it is determined‘in step 5323 that the designated

pixel in frame #n is 0, or that the correéponding pixel in

25 frame #n—llis 1, the process proceeds to step $325. 1In step



Details of the robust processing corresponding to the 25 processing of
step 5344 in Fig. 45 are given bel ow with 23 Novenber 2QQR.smbkifogsr ef erence
.to the flowhart of Fig. 46. In step 5361, the notion conpensator 381
perforns the notion conpensation of an input binary object inmge based on
the notion vector and the positional information thereof supplied fromthe
notion detector 102. In step S362, one of the frame nenories 383-1

t hrough 383-N stores the correspondi ng noti on-conpensated bi nary obj ect

i mage supplied via the switch 382. In step 5363, the robust-processing
portion 361 determ nes whether Nbilldry object images are stored. If it
.10 is determned that N binary object inages are not stored, the process
returns to step S361, and the processing for conpensating for the notion

of the $1@S ytiob] £eda | d@germivh nd heo PERKESIANG £ OFh SO GRRydi nary
object imge are repeated. 15 If it is determined in step 5363 that N

bi nary dédfector i Ey ek @ nistiat athe tier proe abss PFOceedspiestap S364 in

whi ch weighting is perfornmed. In step 5364, the weighting portions 384-1

t hr oughf 38de Nfrmd tta iy itrhetloor fespo mibumgryN 340 nisg y1 phjettwhemgas by .t he

wei ghts Wl through wN. 20 In step S365, the accunulator 385 accunul ates the
N wei giteddireaporohijractpiyeslgesn framt dmB36i63 @ he BCcumuisat or 385

generates a binary object inmage fromthe accunul ated i mages by, for
exafpl gletermined that the designated pixel in frame #n is 1 and -

the corresponding pixel in frame #n+l is 0, the process
proceeds to step S$326. In step S326, it is determined that
the designated pixel in frame #n belongs to the uncovered
background area, and the processing is completed.

10 If it is determined in step 5325 that the designated
pixel in frame #n is 0, or that the correéponding pixel in
framer#n+1 is 1, the process proceeds to step $327. 1In step
S327, the area determinihg portion 342 of the time change
detector 303 determines that the designated pixel in‘frame

15 #n belongs to the foreground area, and the prpcessing is
completed.

As discussed above, the area specifying unit 103 is
able to specify, based on the correlation value between the
Vinput image and the corresponding background image, to which

20 of the foreground area, the bapkgrbund area, the covered
background areé, or the uncovered background area each pixel
of the input image belongs, and generates area information
corresponding to the specified result.

Fig. 41 is a block diagram illustrating another

25 configuration of the area specifying unit 103. The area



conparing the accunul ated value with a predeterm ned 25 threshold val ue
thi, and the processing is conpleted. 23 Novenber 2005 y3\]ddunefSo0di scussed
above, the area specifying unit 103 configured as shown in Fig. 41 is able
to generate area information based on the robust binary object inmage. As
is seen fromthe foregoing description, the area 5 specifying unit 103 is
able to generate area information indicating to which of the noving area,
the stationary area, the uncovered background area, or the covered
background area each pixel contained in a frame belongs. Fig. 47 is a

bl ock diagramillustrating an exanpl é1éf ~ 10 the configuration of the

m xture-ratio calculator 104. An estimated-m xture-ratio processor 401
calculates an estimated m xture ratio for each pixel by cal cul ations

cor r espapdidigting umidel1 0 shavevaredikackor ayng af edthasedecenrt he i nput

i mge, and supplies the calculated estimated 15 m xture ratio to a

m xt ur e-anat ipesdatiems Iniing atdtiiem 403 reon sagip TiRdde dEidinK ttikee mbatba
processor 402 cal culates an estimted m xture.ratio for eachpi xel . by

cal cul atdedres togoriiéspormtiengane & lmpeelt sofasarchuseowdroaah Hackdgoound ar ea
based on the input image, and supplies the calculated 2.0 estimated m xture
rati o t @reheegibanated atiitdgr ddtker mafiengngeomurerad@®.,.3.an€i age it can be
assuned that the object corresponding to the foreground is noving with
Consﬁan@xméﬁﬂﬁﬁﬁPﬂMﬁﬂﬁQ?Of is thus omitted.

A robust-processing portion 361 generates a robust
binary object image based on binary object images of N
frames supplied from the binary-object—image extracting
‘portion 302, and outputs the robust binary object image to

10 the time change detector 303.

Fig. 42 is a block diagrém illustrating the
configuration of the robust—processing portion 361. A
motion compensator 381 compensates for the mofion of the
binary object images of N frames based on the motion vector

15 ‘and the positional information thereof supplied from the
motion detector 102, and outputs a motidh—compensated binary
object image to a switch 382.

Thé motionlcompensation performed by the motion

compensator 381 is discussed below with reference to

20 examples shown in Figs. 43 and 44. It is now aséumed, 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+1
‘shbwn in Fig. 43 are input, the motion compensator 381
compensates for the motion of the.binary object image of

25 frame #n-1 and the binary object image of frame #n+l, as



the shutter tine, the mixture ratio a of the pixels 25 belonging to a m xed
area exhibits the followi ng 23 Novenber 2005 - 118 Ch?%ﬁCte%E§%b§s' That

is, the mxture ratio a linearly changes according to eog%éltlonal change

in the pixels. If the positional change in the pixels is one-dinensional, a
change in the mxture ratio a can be represented linearly. 5 If the
positional change in the pixels is two-di nensional, a change in the m xture
ratio a can be represented on a plane. Since the period of one frame is

short, it can be assuned that the oetht corresponding to the foreground is
a rigid body noving with constant” City. The gradient of the m xture
ratio a is inversely proportional to the amount of novement v within the
shutter tine of the foreground An exanple of the ideal mxture-ratio ais
shown iimdH catedy Thiee geadhiyelnd sh@in tihe Fieal 44 xdanet rat itha in the 15
~m xed area can be represented by the reciprocal of the anount of novenent
V. As gmmiwon rvdeigor 48yphhieed deadm nihd uiet Tad | detsediase t1e, waldie of 1 in
t he background area, the value of 0 in the foreground area, and the val ue
of greadwrpliem thanbshmltempatdtmh Hinary hdbjratedmrgas dan tHe exanpl e
shown in Fig. 49, the pixel value CO6 of the seventh pixel fromthe left
in fraf¥rkai8be indicated by equation (8) by using the pixel value P06
of the seventh ]
5 The switch 382 outputs the motion~compensated binary
object image of the first frame to a frame memory 383-1, and
outpﬁts the motion-compensated binary object image ‘of the
second frame to a frame memory 383-2. Similarly, the switch
382 outputs the'motion—compensated binary object images of
10 the third through (N-1)-th frame to frame memories 383-3
through 383-(N-1), and outputs the motion-compensated binary
object image of the N-th frame to a frame memory 383-N.
The frame memory 383-1 stores the motion-compensated
binary object image of the first frame, and outputs the
15 stored binary cobject image to a weighting portion 384-1.
" The frame memory 383-2 stores the motion—compenséted binary
object image of the second frame, and outputs the stored
binary object image to a weighting portion 384-2.
Similarly, the frame memories 383-3 through 383-(N-1)
20 stores the motion-compensated binary object images of the
third through (N-1)-th frames, and outputs the stored binary
object images to weighting portions 384-3 through 384-(N-1).
‘The frame memory 383-N stores the motion—compensated binary

object image of the N-th frame, and outputs the stored

25 Dbinary object image to a weighting portion 384-N.



pi xel fromthe left in frame #n-1. 25 23 Novenber 2005 - 119 Q06 =

B06/ v+B06/ v+F01/ v+F02/ v =P06/ v+P06/ v+FO1/ v+F02/ v (8) 23 nNoobMEP6gpéFi /v I n
equation (8), the pixel value C06 is indicated by a pixel value Mof the
pixel in the mxed area, while the pixel value P06 is indicated by a pixe
value B of the pixel 5 in the background area. That is, the pixel value M
of the pixel in the mxed area and the pixel value B of the pixel in the
background area can be represented by equations (9) and (10),

respectively. M= Q06 (9) 10 B = P06 (10) In equation (8), 2/v corresponds
to the mixture ratio a. Since the afddnt of noverment v is 4, the mxture
ratio a of the seventh pixel fromthe left in frame #n is 0.5. As

di scussed above, the pixel value Cin the designated 15 frame #n is

consi dered aghéhrephieinyapyetiont Beanixpdl 8l §RiesWhbepi el pixphe val ue P
of frame #n-1 prior to frame #n is considered as the pixel value in the

backgr owfd takemot iAacebiiprgbhteaqbanaey o) echdimabingft Raemextyte ratio a
can be represented by equation (11): 20 C = aP+f (11)
frame supplied from the frame Memory 383~1 by a
predetermined weight wl,.and supplies a weighted binary
5 object image to an accumulator 385. The weighting portion
384-2 multiplies the pixel value of the motionécompensated
binary object image of the second frame supplied from the
frame memory 383-2 by a p;edetermined weight w2, and |
supplies the weighted binary object image to the accumulator
10 385.
Likewise, the weighting portions 384-3 through 384-(N-
1) multiply the pixel values of the motion—cémpensated
binary object images of the third through (N-1)-th frames
supplied from the frame memories 383-3 through 383-(N-1) by
15 predetermined weights w3 through w(N-1), and supplies the
weighted binary object images to the accumulator 385. The
| weighting portion 384-N multiplies the pixel value of the .
motion-compensated binary object image of the N-th frame
supplied from the frame memory 383-N by a predetermined
20 weight wN, and supplies the weighted binary object image to
the accumulator 385.
The accumulétor 385 accumulates the pixel values of the
.motion—compensated binary object images multiplied by the
weights wl through wN of the first through N-th frames, and

25 compares the accumulated pixel value with the predetermined



where f in'equation (11) indicates the sumof the foreground conponents

Ei Fi/v contained in the designated pixel. The vari abl Qnt ai in-
equation (11) are two factors, i.e., 23 Novenber 2005'2§f%8mn$ﬁ2&%ixture
ratio a and the sumf of the foreground conponents. Simlarly, a nodel
obt ai ned by expanding in the time direction the pixel values in which the
anount of novenent 5 is 4 and the nunber of virtual divided portions is 4
in an uncovered background area is shown in Fig. 50. As in the
representation of the covered background area, in the uncovered background
area, the pixel value C of the desifhated frame #n is considered as the

pi xel value in the 10 m xed area, while the pixel value' N of frane #n+l
subsequent to frame #n is considered as the background area. '

Accor di tgk¥shotguaii @8 {B), | PEéEaby NGeh8La i XGUERBe NBLARr R S eche
represented by equation (12). C = aNtf (12) 15 The enbodi nent has been
descri bmdagassum ng that the background object is stationary. However,
equations (8) through (12) can be applied to the case in-which the
background Gt etitsdis sl iatpiry, udieagrdihes Pipeedcasd ivey gfortidy B@ll | ocated
corresponding to the amount of novenent v of 20 the background. it is now
assunedyeneratxanpl epbusit FognadP, objdat imeganbuoort 0fbimyveyestijactof the
obj ect corresponding to the background is 2, and the nunber of virtual
di vPdedimages, 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
input image.
10 The area specifying processing 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 5341 through step $343 are similar
to those of step S301 through step S303 discussed with
15 reference to the flowchart of Fig. 39, and an explanation .
thereof is thus omitted.
In step S344, the robust-processing portion 361
performs the robust processing. .
In step 5345, the time change detector 303 performs the
20 area determining processing, and the processing is cdmpleted.
Details of the processing of step S345 are similar to the
processing discussed with reference to the flowchart of Fig.
40, and an explanation thereof is thus omitted.

Details of the robust processing corresponding to the

25 processing of step 5344 in Fig. 45 are given below with



~#n in Fig. 51 can be expressed by equation 12 M= V
(13) (18ptlibnequabenBatd?) 382/ pettothe Ehésmotgbﬁ1@6m%aﬁsatgbﬁ oBi de

portions is 2. In this.case, when the object corresponding to the

background is nmoving to the right in Fig. 49, the 25 pixel,yaldig@ of the
pi xel in the background area in 23 Novenber 2005 - 121 equation (10) is

represented by a pixel value PO4. Since equations (11) and, (12) each
contain two variables, the mxture ratio a cannot be determ ned w t hout
nodi fyi ng the equations. Here, generally, since an image 5 has a strong
correlation. inrelation to space, pixels in proximty to each other have
approximately the same pi xel values. Accordingly, since the foreground
conponents have a. strong correl atibh®in relation to space, the equation
Is 10 nodified so that the sumf of the foreground conponents can be
derived fromthe previous or subsequent frame, and the mixture ratio a is
det er ni pederdheepiseknwalruewMuaeht bhersgveaih p&ﬁektégoghbbg tgfit -in frame
BO6+~; Fily 15 i=11

corresponds to the mxture ratio a. The second termo
an input binary object image based on the motion vector and

the positional information thereof supplied from the motion
'5 detector 102. 1In step 5362, one of the frame memories 383-1
through 383~N stores the corresponding motion-—compensated
binary object imade supplied via the switch 382.
In step S363, the robust—processing portion 361
determines whether N binary object images are stored. If it
10 is determined that N binary ébject images are not stdred{
the process returns to step 5361, and the processing for
compénsating for the motion of the binary object image and
the processing for storing fhe binary object image aré
repeated. o
15 If it is determined in step S363 that N binéry 6bject
images are stored, the proceés proceeds to step S364 in
which weighting is performed. 1In step 5364, the weighting
portions 384~1 through 384-N multiply the correspbnding N
binary object iméges by the weights wl through wN. |
20 In step 8365, the accumulétor 385 accumulates the N
weiéhted binary chject images.
In step S$366, the accumulator 385 generates a binary
object image from the accumulated images by, for example,
comparing the accumulated value with a predetermined |

25 threshold value thl, and the processing is completed.



the.right side in equation (13) is shown as in equation (14) 12 10 ', Fil v
,8 -T Filv 20 i=11 i=7 (14) Here, by using the space %g Oelq;ig of the
foreground conponents,. it is assumed that equation ( ;JH%?6§. = FO5 =

.FO6 = FO7 = FO8 = FO9 = F10 = FIt = F12 (15) 23 Novenber 2005 - 122

Equation (14) can be replaced as shown in equation (16) by using equation
(15): 12 >J Fily=- -F :=rr V =13 4-F As a result, J can be expressed by
equation (17): 5 J3 - 2/4 (17) In general, if it is assunmed that, as shown
in equation (15), the foreground_gqﬁgyﬂgnts related to the mxed area are
equal , equation (18) holds for all t pt xel s of the mxed area on the
basis of the relation of the internal 10 ratio: j3 =1 - a (18) If it is
assuned that equation (18) holds, equation

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.

As is seen from the foregoing description, the area

5 specifying unit 103 is able to generate area information
indicating to which of the moving area, the stationary area,
the uncovered baékground area, or the covered background
area each pixel contained in a frame belongs. |

Fig. 47 is a block diagram illustrating an example of

10 the configuration of. the mixture-ratio calculator 104? An
estimated-mixture-ratio ?rocessor 401 calculates an
.estimated mixture ratio for each pixel by calculations
corresponding to a model ofra covered background érea based
on the input imége, and supplies the calculated estimated

15 nmixture ratio to a mixture-ratio determining pottion 403 .

An estimated-mixture-ratio processor 402 calculates an
estimated mixture ratio for each pixel by calculations
corresponding to a model of an uncovered background area
based on the input image, and supplies the calculated

20 estimated mixture ratio to the mixture—ratio-determining
portion 403.

Since it can be assumed that the object corresponding

to the foreground is moving with constant velocity within

the shutter time, the mixture ratio & of the pixels

25 Dbelonging to a mixed area_exhibits the following




(11) can be expanded as shown in equation (19): C= aP+f 7+V-I

=a- P+Q (V}-ZFi 1lv | =r =a-P+(1-a)-N (19) 15 Simlarly, |f med t hat
equation (18) holds, equation (12) can be expanded as éh%%ﬂ§1ﬁigﬁuatlon
(20): C=aNt+f r+v-1 = aN+(1l-a)-ZFily ==r =aN+(1l-a)-p (20) . 23 Novenber
2005 -- 123 - In equations (19) and (20), since C,. N, and P are known

pi xel values, the variables contained in equations (19) and (20) are only
the m xture ratio a. The relationship anong C, N, and P in equations (19)

and (20) is shown in Fig. 52. C5 Lnf%gages t he pixel value of the
designated pixel in frame #n. N indfcates the pixel value of the pixe
in-frame #n+l, whose position in the spatial direction corresponds to the
designated pixel. P indicates the pixel value of the pixel in frame #n-1
‘whose poBataohnerhsthesspatrhat dsrecheomit@ueer respondsiinetheydesi gnat ed
"pixel. Therefore, since equations (19) and (20) each contain a
changes according to the positional change in the pixels.
If the positional change in the pixels is one-dimensional, a
change in the mixture ratio « can be represented linearly.
5 If the positional change in the pixels is two-dimensional, a
change in the mixture ratioc a can be represented on a plane.
Since the periocd of one frame is short, it can be
assumed that the object corresponding to the foreground is a
rigid body moving with constant velocity.
10 The gradient of the mixture ratio a is inversely
proporticonal to the amount of movement v within the shutter

time of the foreground.

An example of the ideal mixture-ratio o is shown in Fig.

48. The gradient 1 of the ideal mixture-ratio o in the
.15 mixed area can be represented by the reciprocal of the

amount of movement v.

As shown in Fig. 48, the ideal mixture-ratio o has the

value of 1 in the background area, the value of 0 in the
foreground area, and the value of greater than 0 and smallerx
20 ‘than 1l in the mixed area.

In the example shown in Fig. 49, the pixel value C06 of
the seventh pixel from the left in frame #n can be indicated
by equation (8) by using the pixel value‘POG of the seveqth
pixel from the left in frame #n-1.

25



single variable, the.m xture ratio a can be cal cul ated using the pixel

val ues of the pixels of three franmes. By solving equatiqns (.19 nd (20),
it is shown that the condition 15 under which the corréggﬂW?évﬂi%ﬁ}atio a
is calculated is that the foreground conponents related to the m xed area
are equal, that is, the pixel values of the successive pixels of a nunber
tw ce the anount of novenent v, which are the pixels'positioned at the
boundary of the image object, 20 corresponding to the noving direction of
the object of the foreground, in the inage object of the foreground, which
is captured when the foreground dbj%%? Ts stationary, are fixed. As

di scussed above, the mxture ratio a of the pixels belonging to the

covered ba%b rgu ea_li ﬁJCU|ak§€ n %5 %ge basi s of equation (21),
and the m X gre gg?ﬁé“é+bgog e 23 éﬁﬁé B%5 ¥ 124 pixel's bel onging to
t he uncover ed bakkgriound Bd®a s+ EB@l quiratreEbd the basis of equahi on (22) _
a =(GN / (P-N(21) a =(C-B) / (NP)(22) 5Fig.53 is a block diagram
illustrating the2qorfi gosati dnrofy tthe m xture ratio estimati on processor
401. A frame nmenory 421 stares input inmages in units of frames, and
~supplies the frame which is one frame after the frame input as the input
i mge to a firamsivadnimry @2 dive PieInvalwe -GG i daldidasitat b423. . The
frame nennrf 422 stores input images in units of
pixel value M of the pixel in the mixed area, while the
pixel value P06 is indicated by a pixel value B of the pixel
5 in the background area. That is, the pixel value M of the
pixel in the mixed area and the pixel value B of the pixel
in the background area can be represented by equations (9)
and (10), respectively.
M = C06 : (9}
10 B = P06 : (10) "
In equation‘(S), 2/v corresponds to the mixture ratio «.
Since the amount of movement v is 4, the mixture ratio o of
the seventh pixel from the left in frame #n is 0.5.
As discussed above, the pixel value C in the designated
15 frame #n is Considered as the pixel value in the mixed area,
while the pixel value P of frame #n-1 prior to frame #n is
considered as the pixel value in the background area.
Accordingly, equation (3) indicating the mixture ratio a can
'be represented by equation (11):
20 C = o*P+f (11)
where f in egquation (11) indicates the sum of the foreground

components XZ;¥i/v contained in the designated pixel. The

variables contained in equation (11) are two factors, i.e.,



frames, and supplies the frame which is one frane after the frame supplied

fromthe frame nenory 421 to the mxture- ratio calcul% %@ %ﬁ%.(%g
Therefore, when the frame #n+l has been input as an i %u M @% o the

m xture-ratio calcul ator 423, the frame nenory 421 supplies frane #n to
the mixture-ratio calculator 4123, and the frane menory 422 supplies the
frame #n-1 to the mxture-ratio calculator 423. 20 Based on the

cal cul ation shown in equation-(21), the mxture--ratio' calculator 423
calculates the estimated mxture Iaié? of the designated pixel, on the
basis of the pixel value C of the d gnated pixel in frame #n, the pixe
.value N of the pixel in franme #n+1l, whose spatial position 25 corresponds
to the designated pixel, and the pixel value P 23 Novenber 2005 - 125 of

t he pi xthei miktame #atie whasd spat saln Posift the feeepespadds to the
designated. pixel, and outputs the <calculated estinmated m xture ratio- For
exanpl ecompenenhe. background is stationary, the m xture-ratio cal cul ator
423 5 calculates the estimated m xture ratio of the designated pixel on
the basis ofSimelypikel aarede’C ditainedidsy geraranding xbh the friame #n, the
pi xel value N of the pixel in frame #n+l, whose position within the frame
i s the 94RBChiorhbReoPirnt Weisngpatedwhivbl thandmpnatppRekovakentP of the

pix% in %0 frapne #n-1, whose position within the frane is the sane as 15
is and the number of virtual divided portions is 4 in an

uncovered background area is shown in Fig. 50.

As in the representation of the covered background area,
in the uncovered background area,lthe pixel value.C of tﬁe
designated.frame #n is considered as the pixel value in the

10 mixed area, while the pixel value N of frame #n+l subsequent
to frame #n is considered as the background area.
Accofdingly, equation (3) indicating the mixture ratio o can
be represented by equation k12).

C = o-N+f - (12)

15 The embodiment has been described, assuming that the
background object is stationary. However, equations (8)
~through (12) can be ap?lied to the case in.which the
background object is moving by using the pixel value of a
pixel located corresponding to the amount of movement v of

20 the background. It is now assumed, for example, in Fig. 49,
that the amount of movement v of the object corresponding to
the background is 2, and the number of virtual divided
portions is 2. 1In this case, when the object Corresponding
to the background is moving to the right in Fig. 49; the

25 pixel value B of the pixel in the background area in



20 that of the designated pixel, and outputs the cal culated estimted

m xture ratio. In this manner, the esti mat ed-mxture-ragibg)vgrl%ggéogor 401
is able to calculate the estinated m xture rati o based ~0n e i nput image,
~and supplies it to the mxture-ratio determning portion 403. The
estimated-m xture-rati o processor 402 is configured - the sane as the
estimated-m xture-rati o processor 401 except that, whereas the
estimated-m xture-rati o processor 401 calculates the estimted m xture
ratio of the designated pixel on _thebasis of the calculation shown in
equation (21), the estimated-m xture-ratio processor 402 cal cul ates the
estimated m xture ratio of the designated pixel on-the basis of the

cal cul ati on shown in equation (22), and an 25 explanation thereof is thus
omi t t e®IURS- IV efifBr FO0BpresEgteR] QY 58 . pistphwvalime il e of an esti mat ed
m xture ratio calculated by the estimted-m xture-ratio processor 401.

The esti nat ednfexegrétignso (dAdwanch (FiZg. esehsigomgaifotwene |ine, the
result in .a _case where the amount, of novenent. v of 5 the foreground

cor r espaidiaty &% i SoBedtt i Ratd Wit FanyistRmtdste oringd jwithpul t can be
seen that..the estimted m xture ratio near@LI%/aE1 changes linearly, as shown in

Fig. 48°RHFME fJosRatdanmsy. Frrey Wshthetiat i et nitidry

5 has a strong correlation in relation to space, pixels in
proximity to each othér have approximately the same pixel
values.

Accordingly, éinée the foreground components have a
strong correlation in relation to space, the equation is
190 modified so that the sum f of the foregréund components can
be derived from the previous or subsequent frame, and the
mixture ratio o is determined.
The pixel wvalue Mc of the seventh pixel from the left

- in frame #n in Fig. 51 can be expressed by equation (13):

12 .
Mec= ;’; -BO6 + > Filv (13)

15 i=11

In equation (13), 2/v of the first term of the right
side corresponds to the mixture ratioc «. The second term of

- the right side in equation (13) is shown as in equation

(14) :
2 Filv=8-3Filv (14)

20 i=I11 -

Here, by using the space correlation of the foreground
components, it is assumed that equation (15) holds:
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10 portion 403 sets the mxture ratio a based on the area information
supplied fromthe area specifying unit 103 and |nd|ca55@%v fyg&ﬁh of the
foreground area, the background area, the covered backgroun area, or the
uncovered background area the pixel for which the mxture ratio ais 15 to
be cal cul ated bel ongs. The m xture-ratio determning portion 403 sets the
m xture ratio a to 0 when the corresponding pixel belongs to the
foreground area, and sets the mxture ratio a to 1 when the correspondi ng
pi xel belongs to the background aLeg When the correspondi ng 20 pi xel

bel ongs to the covered background ar % the m xture- ratio determning
portion 403 sets the estinmated m xture ratio supplied fromthe
estimated-m xture-ratio processor 401 as the mxture ratio a. Wen the
correspondi ngapikedn bedbngszntioe t hep lmced ex2ds haok gi o unguat ban  {he)

m xture-ratio 25 determining portion 403 sets. the estimated m xture ratio
23 Novekbets2pg5equaonsdppliced from the estimated-mi xture-rati o processor
402 as the m xtuge ratio a. The m xture-ratio determ ning portion 403
outputs QTMW%igée Fatio a which has been set based on the area

i nf or mai+ion. | . 55 is a block diagramillustrating another
~configuration of hef m xture-ratio calculator 104. A s ctor 441 supplies
a pi xel bel ongi& gt covered background area and.t correspondi ng

pi xel in the previous and subsequent frames to an estimated-m xture-ratio

As a result, P can be expressed by equation (17}):
5 B =2/4 ' (17)
In general, if it is assumed that, as shown in equation
(15), the foreground components related to thermiked area
- are equal, eqguation (18) holds for ail tﬁe pixels of the
mixed area on the basis of the relation of the internal
10 ratio:
B=1-a | (18)
If it is assﬁmed that equation (18) holdé, equation

(11) can be expanded as shown in equation (19):

C=a-P+f
THV—1

=@-P+(I-@)- > Filv | -
—@-P+(l-0)-N (19)

15 Similarly, if it is assumed that equation (18) holds,

equation (12) can be expanded as shown in eguation (20):

C=a-N+f
V-]

=@-N+(1-0)- S Fily |
=@-N+(I-@)-P o



10 processor 442 based on the area information supplied fromthe area
specifying unit 103. The selector 441 supplies a pixel3 | 0 '? to the
uncover ed background area and the corresponding pixel ©NYHEHFEYI ous and

~subsequent franmes to an estimated-m xture-ratio processor 443 based on the

area 15 information supplied fromthe area specifying unit 103. 20 Based on
the pixel values input fromthe selector 441, the estimated-m xture-ratio
processor 442 calculates the estimated mxture ratio of the designated
pi xel belonging to the covered bacgﬁr ound area by the cal cul ati on shown in
equation (21), and supplies the cal Yted estimated nmixture ratio to a
sel ector 444. Based on the pixel values input fromthe selector 441, the
estimated-m xture-rati o processor 44.3 calculates the estimted m xture

rati o of thé&ndesivgrdteds piddel amkl @i ngitmr2® t hg. dmt @vered khasigr ound
area by the cal culation shown in 23 Novenber 2005 - 128 equation (22), and
suppl i exlxdle walusd at e esi ¥ mit e ndod taiened atn cequathensel Bt arndd44. Based
on the area information supplied fromthe area specifying unit 103, the
sel ect of2W4pxetentnethe xpuxburat Fatis @.t oTBewrendatthienddspgrabed pi, xel
belongs to the foreground area, and sets the mxture ratio a to 1 when the
desi gndted2diBelr RIWHgCtD (WD ik gtdUndi argrewivhien Fie. debsi grfat ed
pi xgl beldo,rzz%s to the covered background area, the selector

indicates the pixel value Of the designated pixel in frame

#n. N indicates the pixel value of the pixel in' frame #n+1,

whose position in the spatial direction corresponds to the

designated pixel. P indicates the pixel value of the'pixel

in frame #n-1, whose position in the spatial direction

10 corresponds to the designated pixel.
Thereforé, since equations (19) and (20) each contain a

single variable, the mixture ratio @ can be calculated using

the pixel wvalues of the pixels of three frames. By solving

equations (19) and {20), it is shown that the condition

15 under which the cdrrect mixture ratio @ is calculated is
that the foreground components related to the mixed area are
equal, that is, the pixel values of the successive pixels of
a number twice the amount of movemént v, wﬁich are the
pixels positioned at the boundary of the image object,

20 corresponding to the moving direction of the object of the |
'foreground, in the image object of the foreground, which is
captured when the foreground object is stationary, are fixed.

As discussed above, the mixture ratio o of the pixels

_belonging to the covered background area is c¢alculated on

25 the basis of equation (21), and the mixture ratio o of tﬁe-



444 selects the estimated m xture rati 0o supplied fromthe 10
estimated-m xture-rati o processor 442 and sets it as t?g ni&}ugﬁ rati o a.
When the desi gnated pixel belongs to the uncovered baékQPETME 418a, the .
selector 444 selects the estimated mxture ratio supplied fromthe
estimated-m xture- ratio processor 443 and sets it as the mxture ratio a
15 The sel ector 444 then outputs the mxture ratio.a which has been

sel ected and set based on the area information. As di scussed above, the

m xture-ratio calculator 104 configured as shown in Fig. 55 is able to
calculate the mixture ratio a for eath pi xel contained in the inmge, and
20 outputs the calculated m xture ratio a. The cal cul ati on processing for
the m xture ratio a perforned by the m xture-ratio cal cul ator 104

confi gupéckeds ®edwngiingFitg. tAé uscdiveewssedckel-ownwi bheseference to the
flowchart of Fig_56. In step S401, the m xture-ratio 25 cal cul ator 104
obt ai ns calealiatkedr pat itbe bappki el Egoattibe (223 .Novenber 2005 -w 129 area
specifying unit 103. In step $402, the estimted- m xture-ratio processor
401 execut es”ttie (PrdcésBiNy for estinmati(@g)the mixture ratio by using a
nodel corresponding to a covered background area, and supplies the
estimated 5 #i Xt {FePt4(¥oPto the mi xturedR3li o determining portion 403.
Details of the processing for estimating the mxture ratio are discussed
bel ow wi th rBf@rentelt o thkosh dlkdram of L pgtrating the -

configuration of the mixture ratio estimation processor 401.
A frame memory‘421 stores input images in units of frames,
and supplies the frame which is one frame after the framé
input as the input image to a frame memory 422 and a

10 mixture-ratio calculator 423.

The frame memory 422 stores input images in units of
frames, and supplies the frame which is one frame after the
frame supplied from the frame memory 421 to the mixture—
ratio calculator 423.

15 Therefore,. when the frame #n+l has been input as an
input image to the mixture-ratio calculator 423, the frame
memory 421 supplies frame #n to the mixture-ratio calculator
423, and the frame memory 422 supplies the frame #n-1 to tﬁe
mixture~ratio calculator 423.

20 . Based on the calculation shown in equation {21), ﬁhe
mixture-ratio calculator 423 calculates the estimated
mixture rqtio of the designaﬁed pixel, on the basis of the
pixel walue C of the designated pixel in frame #n, the pixel
value N of the pixel in frame #n+1, whose spatial position

25 corresponds to the designated pixel, and the pixel value P



57. In step 5403, the estimated-m xture-rati o processor 402 10 executes
the processing for estimating the mxture ratio by usigg Owg%%e%ms _
correspondi ng to an uncovered background area, .and supplies € estimted
m xture ratio to'the mxture- ratio determ ning portion 403. In step S404,
the m xture-ratio calculator 104 15 determ nes whether the m xture ratios
have been estimated for the whole frane. If it is determned that the

m xture ratios have not yet been estimted for the whole frane, the
process returns to step $402, and thg,processing for estimating the
mxture ratio a for the subsequent pixel is 20 executed. If it is
determned in step S404 that the m xture ratios have been estimted for
the whole frame, the process proceeds to step S405. In step 5405, the

m xt ur ¥ ath® PHERriR nf g dttibn WO etrat el mogikorati o based on the
25 area information supplied fromthe area specifying unit 103 23 Novenber
2005 - -CABEYSPAME | 1i iR iIRF IR P et n b rulnY Hrea, the

backgr oun ;Lea, t he covered background, are or the _uncovered background

a
area t et bF%ET CFdre it e h e it 4R 3t 0 & 9% LRIl TARLEE bel ongs.
The mxture-ratio 5 determnin Hﬁ%tioﬂ 403 sets, the mxture ratio ato O

t e

when e EBFPELDGHY e i S - PP U ey r AR RE Sl sets the
m X%ur ecéfé&fai?éé Otk{e Vg'secrg.rrtla S ULES ro.endli”an@icpicg(f’\lthe designated
pixel on the basis of the pixel value C of the designated
pixel in frame #n, the pixel value N of the pixel in frame
#nfl,-whose position within the frame is the same as thaf of
the designated pixel, and the pixel value P'bf the pixel in
10 frame #in-1, whose positioﬁ within the frame is the same as
that of the designated pixel, and outputs the calculated
estimated mixture ratio.
In this manner, the esﬁimated—mixture—ratio processor
40i is able to calculate the estimated mixture ratié based
15 on the input‘imaqe, and supplies it to the ﬁixturé—ratio
determininé portion 403.

"~ The estimatedfmixture~rétio processor 402 is configured -
the same as the estimated-mixture-ratio processor 401 excepf
that, whereas the estimated—mixture—fatio proceésor 401

20 calculates the estimated mixture ratio of the designated
pixel on the basis 6f the calculation shown in equation (21);
the estimated-mixture-ratio processor 402 calculates the
estimated mixture ratio of the designated pixel on the basis
of the calculation shown in equation (22), and an

25 explanation thereof is thus omitted.



belongs to the background area. \WWen the corrésponding pi xel belongs to the
covered background area, the mxture- 10 ratio determ BiRg. AL+ 403 sets
the estinmated mi-xture ratio supplied fromthe estimted-m xture-ratio

processor 401 as the mxture ratio a. Wen the correspondi ng pi xel
. belongs to the uncovered background area, the m xture-ratio determ ning

portion 403.sets the estimated m xture ratio 15 supplied fromthe
estimated-m xture--rati o processor 402 as the mxture ratio a. The
processing is then conpleted. As discussed above, the m xture-ratio
calculator 104 is able to calcul ate the Wixture ratio a, which indicates a
feature quantity corresponding to each pixel, based on the 20 area
information supplied fromthe area specifying unit 103, and the input

i mge. The prbgessi nghdws &rl cxdmbiagof hen ndxt Uiet @tk tturpardtarored by the
m xture-ratio cal cul ator 104 configured as shown in Fig. 55 is simlar to
t hat di seldssédteiit hyr eher encémabetiomi heutbowahaot pobcEsgor 5601 and an

expl anation thereof is 23 Novenber 2005 - 131 thus omtted. A description
i s now Fheemstiibhedemérénce retfiheshbowthaFigof SEi gho®d, OHbr tdre

m xture-ratio estimating processing by using a nodel of the covered
backgr okhticar he Bepnlst ép B40ageowhPrg. t56. ahpuntepf PModememe v of

m xture-ratio cal cul ator 423 obtains the pixel value C of the designated

: pixéi i Rher dreegronpgnrorresponding to an object moving with

constant velocity is 11.
It can be seen that the estimated mixture ratic nearly
changes linearly, as shown.ih Fig. 48. |
Referring back to Fig. 47, a mixture-ratio determining
10 portion 403 sets the mi#ture ratio o based on the area
information supplied from the area specifying unit 103 and
indiéating to which of the foreground area, the background
area, the covered background area, or the uncovered
background area the pixel for which the mixture ratio ¢ is
15 to be calculated belongs. The mixture-ratio determining
portion 403 sets the mixture ratio @ to 0 when the
corresponding pixel beidngs to the foreground areé, and sets
the mixture ratio o to 1 when the corresponding pixel |
belongs to the background area. When the corresponding
20 pixel belongs to the covered background area, the mixture—
ratio determining portion 403 sets the eétimated mixture
ratio supplied from the estimated~mixture—ratio processor
401 as the mixture ratio . When the corresponding pixel
belongs to the uncovered background area, the mixture-ratio

25 ‘determining portion 403 sets the estimated mixture ratio



the frame nenory 421. In step $422, the m xture-ratio cal cul ator 423
obtains 10 the pixel value P of the pixel in frame #n-3N.690£5R8NdI ng to
t he designated pixel, fromthe frame nenory 422. In step S423, the

-m xture-ratio cal cul ator 423 obtains the pixel value N of the pixel in
frame #n+l, corresponding to the designated pixel contained in the input
image. 15 In step 5.424, the mxture-ratio cal culator 423 cal cul ates the
estimated m xture ratio on the basis of the pixel value C of the
designated pixel in frame #n, the pi e; value P of the pixel in franme
#n-1, and the pixel value N of tﬁé3§% el in frane #n+l. 20 In step 5425,
the m xture-ratio cal cul ator 423 determ nes whether or not processing for
calculating the estinmated mxture ratio is termnated for the whole frane.
When i tsugplieedr itoedthdat s piiotesdimx fore-cad €l apragesder A5t id@t ed
mxture ratio is not termnated for the whole 25 franme, the process returns -
to steptisaxixtmdet hatpe oessTing @Bk iNovenberi@0dstermiBindy fart @t cul ati ng
the estinmated m xture ratio for the next pixel is repeated. Wen it .is

det er mi $@d Putreep BAPSnikkere praciesdt rmhich haallkedat $ay hdeedsin mat ed
mxture ratio is termnated for 5 the whole frane., the processing is

t er mi nated. 272 i R APove, the estimated--nixture-ratio processor 401

is %Ple to calculate the estimted m xture )
Fig. 55 is a block diagram illustrating another

configuration of the mixture-ratio calculator 104. A
selector 441 supplies a pixel belonging to the covered
background area and the correspdnding pixel in the previous
and subsequent frames to an estimated-mixture-ratio
10 processor 442 based on the area information supplied from
the area specifying unit 103. The selector 441 supplies a
'pixel belonging to the uncovered background areé and the
corresponding pixel in the previous and subsequent frames to
an estimated—mixture—ratio'processor 443 based on the‘area-
15 information supplied from the area specifying unit 103.
Based on the pixel values input from the selector 441,
the estimated—mixturewfatiq processor 442 calculates. the
estimated mixture ratio of the designated pixel belonging to-
the covered background area by the calculation shown in
20 equation (21), and supplies the ;alculatedvestimated mixture
ratio to a seLecto; 444.
Based on the pixel values input from the selector 441,
the estimated-mixture-ratio processor 443 calculates the
estimated mixture ratio of the designated pixél‘belonging to

25 . the uncovered background area by the calculation shown in



rati o based on the input inmage. The m xture-ratio estimating processing by
using a 10 nodel corresponding to the uncovered backgr aungdvangs 20d% St ep
S403 of Fig. 56 is simlar to the processing indicated by the flowhart of
_Fig. 57 by using the equations corresponding to a nodel of the uncovered
background area, and an explanation thereof is thus omtted. 15 The
estimated-m xture-ratio processor 442 and the estinmated-m xture---ratio
processor 443 shown in Fig. 55 performprocessing simlar to that of the
flowchart shown in Fig. 57 in order_to calculate the estimated m xture
rati o, and anexpl anation t hereof Tst3hus omitted. 20 The enbodi ment has
been descri bed, assum ng that the object corresponding to the background
is stationary. However, processing for determning the above-described

m Xt ur eegast Do ¢2M) heavPpsuEsl Bventhé thechiBged €9F1@shaNdingd: t he
background area contains notion. For 25 exanple, if the inmage correspondi ng
t o-t he batkgroonthareal23tdNovesber 2005 - 133 is uniformy noving, the
estimated-m xture-ratio processor 401 shifts the.overall imge in-

accor dance \Vigded e ndte airesofintflvernizeaciogr cunehl sl fremf ates apreacessing in a
"manner simlar to the case in which the object corresponding to the 5
backgr otipeici By snat imhar §03 ) fthdes¢hageox ot 4 éspobni the toitthere baokigr ound
area contains locally different notions of the background, the

est Prat@dtei ktvhen r B¢ iy barated @miMel belongs to the foreground

area, and sets the mixtute ratio « to 1 when the designated
pixel belongs to the background area. When the designated
pixel belongs to the covered background area, the selectér
444 selects the estimated mixture ratio supplied from the

10 estimated—mixturé—ratio processor 442 and sets it as the
mixture ratioc o. When the designated pixel belongs to the
uﬁcovered background area, the selector 444 selects.the
estimatedrmixture ratio supplied from the estimated—mixturef
ratio processor 443 and sets it as the mixture ratio a.

15 The selector 444 then outputs the mixture rafio o which has
been selected and set based on the area information.

As discussed above,‘the mixture-ratioc calculator 104
configured as shown in Fig. 55 is able to calculate the
mixture ratio « for each pixel contained in the image, and

20 ocutputs the caiculated mixture ratio o.

'The calculation processing for the mixture ratio o
performed by the mixture-ratio calculator 104 configured as
shown in Fig. 47 is discussed below with reference to the
flowchart of Fig. 56. 1In step S401, the mixture-ratio

25 calculator_104 obtalins area information supplied from the



“of the foreground conponents for th

sel ects the pi xel s corresponding to the notions of the background as the
pi xel s belonging to the m xed area, and 10 executes thesahesardemsri bed
processing. The m xture-ratio cal cul ator-104 nmay execute the mxture-ratio

.estimating processing on all the pixels only by using a nodel

corresponding to the covered background area, and outputs the cal cul ated

estimated m xture ratio as 15 the mxture ratio a. In this case, the

m xture ratio a indicates the ratio of the background conponents for the

. pi xel s belonging to the covered bac%g£ound area, and indicates the ratio
e“hixel s bel onging to the uncovered

background area. 20 Concerning the pixels belonging to the uncovered
background area, the absolute value of the difference between the

cal cul adeeh et &rirad itnit a3 1 i Bn deteyr 4, #Hnd ddheimcaddul at ed
absolute value is set as the mxture ratio a. Then, the inmage processing
appar atisx feremhtat o metersdor 6L tdreeamiteurehe ginacesdindf catn ng the ratio
of the backgreound 23 Novenber 2005 - 134 conponents for the pixels

bel ongi $Ht 4R g it verddir ackigro it weiew Sinmder oo tdwpanddngr e-rat i o
processor 104 may execute the m xture-ratio estimating processing on al

t he pi X ¢ ¥ PbPaEiFiPuhoga c o spomliing tdha v imedest ed

background area, and outputs the calculated estimated mxture ratio as the
m x Ln(?%%ﬁﬁ??gfatlo to the mixture-ratio determining portion 403.

Details of the processing for estimating the mixture ratio
are discussed below with reference to the flowchart of Fig.
57. |
In step 5403, the estimated-mixture-ratio processor 402
10 executes the processing for estimating the mixture ratio by
using a model corresponding to an uncovered background area,
-and supplies the estimated mixture ratio to ‘the mixture-
ratio determining portion 403.
In step 5404, the mixture-ratio calculator 104
15 determines whether the mixture ratios have been estimated
for the whole frame.  If it is determined that the mixture
ratios have not yet been estimated for the whole frame, the
process returns to step 5402, and the processing for
estimating the mixture ratio o for the subsequent pixel is
20 executed.
If it is determined in step S404 that the mixture
ratios have been estimated for the whole frame, the ﬁrocess
. proceeds to step S405. In step S405, the mixture-ratio
determining portion 403 sets the mixture ratio based on the

25 area information supplied from the area specifying unit 103



Next, a description is given of the estimted-m xture- ratio cal cul ator 104
for calculatlng the mxture ratio a by 10 using charackeih&htiessoosn whi ch
the mxture ratio a changes linearly. As discussed above, since equations
- (11) and (12) each contain two variables, the m xture ratio a cannot be
determ ned wi t hout nodifying the equations. 15 By utilizing the
characteristics in which the mxture ratio a linearly changes in
accordance with a change in the position of the pixels because the object.
~corresponding to the foreground is nDV|ng wi th constant velocity, an
equation in which the mixture ratioldand the sumf of the foreground 20
conponents are approximated in the spatial direction is established. By
utilizing a plurality of sets of the pixel values of the pixels bel onging

to the angedndieatand tbewpixnl o¥alnesrefetbeupiixgkeabetpaging to the
-background area, the equations in which the mxture ratio a and the sumf

of 25 bhekfjpoegdoHrdagonpenestvaragehappyoxiinat edear eosotyed. 23 Novenber
2005 -- 13 5 Wen a change in the mxture ratio a i s approxi mated as
a. st rai ghtoivened bhekpgrytindearadi thecpiaal becexphnesaetdhbymieguasi on (?3). a
= it+p (23) 5 In equation (23), i indicates the spatial index when the
p05|t|oﬁaﬁiotﬁeldespghatedlpuietedsbséongs 0, T&edmstna&esati@e gradlent of
thesftralgermiggg of ige nlﬁggre LatLE a,
g portion sets e mixture ratio o to 0 when
the corresponding pixel belongs to the foreground area, and
sets the mixture ratio 0 'to 1 when the corresponding pixel
belongs to the background area. When the corresponding |
pixel belongs to the covered background area, the mixtufe—
10 ratio detefmining portion 403 sets fhe estimated mixture
ratio supplied from the estimated-mixture-ratio processor
401 és the mixture ratio ®. When the corresponding pixel
belongs to the uncovered-background area, the mixture-ratio
determining portion 403 sets the estimated mixture ratio
15 supplied from the estimated-mixture-ratio processor 402 as
the mixture ratio . The processing is then completed.
As discussed above, tﬁe mixture-ratio calculator 104 is
able to calculate the mixfure ratio o, which indicates a
feature quantity corresponding to each pixel, based on the
20 - érea iﬁformation supplied from the'area specifying unit 103,
and the input image.
The processing for calculating the mixture ratio o
- performed by the mixture-ratio calculator 104 configured as

shown in Fig. 55 is similar to that discussed with reference

25 to the flowchart of Fig. 56,'and an explanation thereof is



and p designates the intercept of the straight line of the mxture ratio a
and al so indicates the mxture ratio a of 10 the deS|g@gq@gm£&%g@m;In
equation (23), the index i is known, and the gradient 1 and t

intercept.p are unknown. The relatlonshlp anong the index i, the gradlent
1, and the intercept pis shown in Fig. 58. In Fig. 58, the while dot

i ndi cates the designated pixel, and the black dots 15 indicate the pixels

|l ocated in close proxinmty with the designated pixel. By approxinmating the
mxture ratio a as equation (23), a pjurality of different mxture-ratios a
for a plurality of pixels can be expressed by tw variables. In the
exanple 20 shown in Fig. 58, the five mxture-ratios for five pixels are
expressed by the two variables, i.e., the gradient 1 and the intercept p.
When t hehws xemuftetedtio a is apprOX|nated in the plane shown in Fig. 59,
equation (2.3) is expanded into the plane 25 by considering the novenent v
cor r espondi fy 45 IHP &I 2F NV isie005 th efertinasctticondie i .e., the

hori zon direction and the vertical direction of the image, and the

m xt ur e’%]r%‘f‘?lb"‘% t ¢ BT exdf ested- sy f%h‘&‘fa‘t‘?%nri"?&? c3RLMMGINGI, the white

dot indicates. th de5| atedtylxel 5 a = jmkq+p (24) In equation (24), |
i s the PHEETHY W st ihe $¥FR¢@§b%¢%9¥9ﬁﬂﬁ<ﬁ??%he

ver 1;5i ca_{n ds'treeé:tétpdlz V\héerk,I he

| In step 8421, the mixture-ratio caiculator 423 obtains
the pixel value C of the designated pigel in frame #n from
the frame memory 421. |

In step S422, the mixture-ratio calculator 423 obtains

10 the pixél value P of the pixel in frame #n-1, corresponding
to the designated-pixel, from the frame memory 422.

In step S423,7the mixture-ratio calculator 423 obtains
the pixel value N of the pixel in frame #n+1, corréspdﬁding
to the designated pixel contained in the input image.

15 In step 5424, the mixtﬁre—ratio calculator 423
calculates the estimated migture ratio on the basis of the
pixel value C of the designated pixel in frame #n, the pixel
value P of the pixel in frame #n-1, and the pixél value N of
the pixel in frame #n+1.

20 In:step_S425, the mixture-ratio calculator 423
determines whether br not proceséing for calculating the
gstimated mixtﬁre ratio is terminated for the whole frame.
When it is determined that processing for calculating the

 estimated mixture ratio is not terminated for the whole

25 ' frame, the process returns to step S$421, and the,processihg



position of the designated pixel is 0. mdesignates the hori zont al
gradient of the mxture ratio a in the plane, and 10 g2 Rdi&Gesookhe

. vertical gradient of the m xture ratio a in the plane.” p indicates the
intercept of the mxture ratio a in the' plane. For exanple, in frane #n
shown in Fig. 49, equations (25) through (27) can hold true for CO5
t hrough C07, 15 respectively. C05 = a0S - BO5/v+f05 (25) C06 = al06 -
B06/ v+f 06 (26) Q07 = a07 - BO7/v+f07 (27) ..Assum ng that the foreground
conponents positioned in 20 close proximty with each other are equal to
each other, i.e., that FOl through™Fb32are equal, equation (28) true by
replacing FAO through FO3 by fc. f.(x) = (1-(X(x).) Fc (28) holds In
equation (28), x indicates the position in the spatial 25 direction.. 23
Novenbeifo200a1culdting Yheneatxhaksdr apkaced bytequabkonne24pxtequation
(28) can be expressed by equation (29). f (x) = (1- (jmtkg+p) )- Fc =j-
(- nFc) +kikelqke) répkappdlFc) = ] s+kt+u
When it is determined in step 8425 that,processing-for
calculating the estimated mixture ratio is terminated for
5 the whole frame, the processing is terminated.
As discussed above, the estimated-mixture—-ratio
processor 401 is able to calculate the estimated mixture
ratio based on the input image.
The mixture-ratio estimating processing by using a
10 model corresponding to the uncovered background area in step
S403 of Fig. 56 is similar to the processing indicated by
the flowchart of Fig. 57 by using the equations
corresponding to a model of the uncovered background area,
and an explanation thereof is thus omitted.
15 The estimated-mixture-ratio processcr 442 and the
estimated-mixture-ratio processor 443 shown in Fig. 55
perform processing similar to that of the flowchart shown in
Eig. 57 in order to calculate the estimated mixture ratio,
and an explanation thereof is thus omitted.
-20 " The embodiment has been'described, assuming that the
object corresponding to the background is stationary.
_.Howeﬁer, processing'for determining the above-described
mixture-ratio o« can be applied even if the image

corresponding to the background area contains motion. For

”257 example, if the image correéponding to the background area



(29) In equation (29), (-nFc), (-g-Fc), and (1-p) Fc are replaced, as
expressed by equations (30) through (32), respectivel ys gvansddbgos(30) 10
t =--gF.c(31) u=(1-p) Fc (32) In equation (29), j is the index in
~the horizontal direction and k is-the index in the vertical direction when
the position of the designated pixel is 0. 15 As di scussed above, since it
can be assuned that the object corresponding to the foreground is noving
with constant velocity within the shutter time, and that the foreground
conponents positioned in close proxijgdy with each other are uniform the
sum of the foreground conponents 20 can be approxi mated by equation (29).
When the mxture ratio a is approximated by a straight 'line, the sum of
the foreground conponents can be expressed by equation (33). f (x) = is+u
(33) 25 Wi haptiatingy s ribe wstimatedanbnith tderation mfotdms @3 Novenber
2005 - 138 foreground conmponents in equation (92) by using equations (24)
and (2901 (e Tiscihs, AYigs v o dinaste edprageeriaice etiieh i e (Baiom = (|
- mtkg+p) %ﬁj i;kt+u A
of e background, and performs processing in a manner
similar to the case in which the object corresponding to the
5 background is stationary. If the image corresponding to the
background area contains locally different motions of the
background, the estimated-mixture-ratio processor 401
selects the pixels corresponding to the motions of the
background as the pixels belonging to the mixed area, and
10 executes the above~described. processing.
The mixture-ratio calculator- 104 may execute the
mixture-ratio estimating processing on all the pixels only
by using a model corresponding to the covered background
area, and outputs the calculated estimated mixture ratio as
15 the mixture ratio o. In this case, the mixture ratio «
‘indicates the ratio of the background components for the
pixels belonging to the covered background area, and
-indicates the ratio of the foreground components for the
pixels belonging to the uncovered backgrodnd area.
20 Concerning the pixels belonging to the uncovered background
area, the absolute value of the difference betwéen the
calculated mixture-ratio o and 1 is determined, and the
calculated absolute value is set as the mixture ratio o.

Then, the image processing apparatus is able to determine

25 the mixture ratio o indicating the ratio of the background



= ] B-mrkBq+Bp+j - s+k-t+u (34) In equation (3.4), unknown variables are six
factors, such as the horizontal gradient mof the m xtgmevémer 2008 in  the
pl ane, the vertical gradient g of the m xture ratio a in the plane, and.
the intercepts of the m xture ratio a in the 10 plane, p, s, t, and u.
According to the pixels in close proximty with the designated pixel, the
pi xel value Mor the pixel value Bis set in the normal equation shown in
equation (34),. Then, a plurality of normal equations in which the pixel
value Mor 15 the plxel value B is_s % are solved by the nethod of [ east
.squares, thereby cal culating the mi tre ratio U For exanpl e, the
hori zontal index j of the designated pixel is set to O, and the vertical
index k is set to 0. Then, the pixel value Mor the pixel value B is set
in 20 nepmabnentat fon tBa)pfispl8xBeporelisgl boatbd cheseetedt he designated
pi xel , thereby obtaining equations (3.5) through (43). 1°'q 1.-x = (-1)
B-i.-inkgckyrpund agem®.1, 1p+(-1) -s+(-1) -t+u (35) 25 Ma, -1 (0)
-Bn,-1"m+(-1) Bo,-1'qg+Bo, --1' p+(0) s+(-1) t+u (36) 23 Novenber 2005 139
M1, -1 = {+1%er1-ﬂiarJ£LYn+(tf1@) mJBquurei*QFﬂB-Iq Pllq?ﬂfx‘a-‘-*ef)rsld-‘(‘l 1r)laYtelécﬁc1(1337) M1, 0 =
(- 1) Brr%ﬂ om’r%ﬁ% q+B- | g+ {--1) s+(0) t+u ,0 = (0)
) ?8) BﬁQBEaBbQ(9§t§m? $ng{REOEe9§ing on al the plxels

%
i 5 only by using a model corresponding to the uncovered

background area, and outputs the calculated estimated
mixture ratiozas the mixture ratio «.

Next, a description is given of the estimated-mixture-
ratio calculacor 104 for calculating the mixture ratio « by

10 using characteristics in which the mixture ratio a changes
"linearly.

As discussed above, since equations (11) and (12) each
contain two variables, the mixture ratio o cannot be |
determined without modifying the equations.

15 By utilizing the characteristics in which the mixture
ratio a linearly changes in accordance wiﬁh e change in the
position of the plxels because the object corresponding to
the foreground is moving with constant velocity, an equatlon
in which the mixture ratio o and the sum f of the foreground

20 components are'approximated in the spatial direction is
established. By utilizing a plurality of sets of the pixel
values of the pixels belonging to the mixed area and the
pixel . values of the pixels belonging to the background area,
the equations in which the mixture ratio « and the sum f of

25 the foreground components are approximated are solved.



5 Mtl,0 = (+1) B+l,0-m+(0) B+l ,o0q+B+3., 0op+(+1) s+(0) t+u (40) M1, +1 =
(-1) B-1,+1-m+(+1) B-1,+1' g+B-1, +1-p+(-1) -s+(+1) -t+u = (0)

" Bo, +| - mr(+1) - Bo, +1q+Bo, +1p+(0) -s+(+1) t+u (42) N&i,ff(ﬁ:}’%%lﬁ%m% _
.B+1, +1- m+(+1) -B+1, +1q+B+1, +1' p+(+1) -s+(+1) t+u 10 (43) Since the
horizontal index j of the designated pixel is 0, and the vertical index k
of the designated pixel is O, the mxture ratio a of the designated pi xel
is equal to the value when j is O and k is O in equation (24), i.e_, the
15 mixture ratio a is equal to the_iﬁgfrgept p in equation (24)

Accordi ngly, based on nine equations,”7.e., equations (35).through (43), -
the horizontal gradient m the vertical gradient g, and. the intercepts p,
s, t, and u.are calculated by the nethod of |east squares, and the
intercept pWher® cdtgnge ias tthwe miixdture ratio @. 1A specfimatprdoeess for
calculating the mxture ratio a by applying the nethod of |east squares is
as fol | duwstragEht t hing ndelke i manurderd htlexakcanebe ndkpatesedybya  si ngl e
index x, the relationship anong the index i, the '25 index k, and the

i ndex x*q%2 YR eb58H- by equation (44). 23 Novenber 2005 - 140 x = (j+1)
3+(k+1) (44) 1t is now assuned that the horizontal gradient m the vertical
gr adi ent q,ohﬁaléﬁé’intercepts p, s, t, and u are {(Z3lpressed by vari abl es

V\D, V\A, V\Q V\B.VV41 dV\51- .l ’
5 In @dquation (fgs, 1 indicates the spatial index when the

position of the designated pixel is set to 0, 1 designates
‘the gradient of the straight line of the miﬁture ratio «,
andrp designates ﬁhe intercept of the straight line of tﬁe
mixture ratio @ and also indicates the mixture ratio o of
10 the designated pixel. In equation (23), the index i is
known, and the gradient 1 and the intercept p are unknown.
The ﬁelationship among the index i, the gradient 1, and
the intercept p is shown in Fig. 58. In Fig. 58, the while
dot indicates the designated pixel, and the black dots
15 indicate the pixels located in ciose proximity with the
designated pixel.
By approximating the mixture ratio o as equation (23),
a plurality of different mixture-ratios & for a plurality 6f‘
pixels can be expressed by two variables. In the example
20 shown in Fig. 58, the five mixture—ratios for five pixels
- are expressed by the two variables, i.e., the gradient 1 and
| the intercept p.
Wheﬁ the mixture ratio o is approximated in the plane
shown in Fig. 59, eQuation (23) is expanded into the plane

- 25 by considering the movement v corresponding to the two



5 respectiVer, and jB, kB, B, j, k and 1 are expressed by a0, al, a2, a3,
a4, and a5, respectively. In consideration of the errggwex §ts!

t hrough (43) can be nodified into equation (45). s Nkébﬁ ?”§9§y+e
(45) 10 In equation (45), x is any one of the integers fromO to 8.
Equation (46) can be found fromequation (45). s ex = M - Eayw (46) Y=0O
Since the nethod of |east squares is applied, the square sumE of the

error

is defined as follows, as 15 expressed by equation (47). E E

x=0 In order to mnimze the error, igg partial differential value

variable W with respect to the squ

sum E of the error should b

is any one of the 20 integers fromO to 5. Thus, wy is determned s
"equation (48) is satisfied. 23 Novenber 2005 - 141 8E

10
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20

25

‘directions, i.e., the horizontal direction and the vertical
direction of the image, and the mixture ratio o caﬁ be
-expressed by equation {(24}. 1In Fig. 59, the white dot
indicates the designated pixel.

o = jm+kgtp (24}
In equation (24), j is the index in the horizontal direction
and k is the indexrin the vertical direction when the
position of the designated pixel is 0. m designates the
horizontal gradient of the mixture ratio « in the plane, aﬁd
q indicates the vertical gradient of the mixture-ratio o in
the plane. p indicates the intercept of the mixture ratio «
in the‘plane. |

Eor example, in frame #n shown in Fig. 49, equations

(25) through (27) can hold true for €05 through CO7,

respectively.
C05 = a05 - BO5/v+£05 (25)
C06 = a6 - BO6/v+f06 . (26)
CO07 = a7 - BO7/v+£07 (27).

~Assuming thatrthe foreground components positioned in
close proximityrﬁith each other are equal to each other,
i.e., that F01l through F03 are egqual, equation (28) holds
true by replacing FOllthrough FO3 by fc.

£(x) = (1-a(x))-Fc ' (28)
In equation (28),'x indicates the position in the spatial

direction.

ons (35)
X Y=0

ex' (47)
of the
e 0. v
o that



t3W 2 a X ex (48) xmkaa =2 - Eex -av = 0 x=0 By substituting equation
(46) into equation (48), equation (49) is obtained. a 58 M veleMoRY -
=EavMk X=0 Y=0 x=0 (49) 5 For exanple, the sweep-out nethod uss-Jordan
imnation) is applied to the normal equations of six normal equations

obtai ned by substituting one of the .integers fromO to 5 into v in
equation (49), thereby obtaining w. As stated above, wOis the horizonta
10 gradient m wi is the vertical gradient q, w2 is the intercept

el

S,

_ w4 is t, and wo is u. As discussed above, by applying the nethod of
| east squares to the equations in whiéh the pixel value Mand the pixe
value B are set, the horizontal gradient m the 15 vertical gradient g, and

P,

y)

w3 is

the intercepts p, s, t, and u can be deternm ned. A description has been

gi

ven Wi th reiet enee) ts replaced by equation (24), equation (28)
can be expresséd by equation (29). |

£(x) = (1-(jm+kg+p)):Fc

H

j* (—m-Fc)+k* (-g*Fc)+((1-p) -Fc)
5 ' = js+kt+u (29)
In equation (29), (—m-Fc), (-g+Fc), and (l-p):Fc are

replaced, as expressed by equations (30) through (32),

respectively.
s = -m-Fc ' (30)
10 t = —qFo : (31)
u = (1l-p)-Fc ' (32)

In equation (29), j is the index in the horizontal
direction.and k is the index in the vertical direction when
the position of the designated pixel is 0.
15 As discussed above, since it can be assumed that the
"object corresponding to the foreground is moving with
constant velocity within tho shutter time, and that the
- foreground components positioned in oloSe proximity oith
each other are uniform, the sum of the foreground components
20 cao be approximated by equation (29).
When the mixture ratio « io approximated by a straight
line, the sum of the foreground components can be expressed
by equation (33}.
£(x) = is+u (33)

25 . By replacing the mixture ratio o and the sum of the



equations (35) through (43), by assuming that the pixel value of the pixel
contained in the mxed area is M and the 20 pixel val yeng{etfieadisxel
contained in the background area is B. In this case, it Is necessary to

set normal equations for.each of the cases where the designated pixel is

23 Novenber 2005 -- 142 contained in the covered background area, or the
designated pixel is contained in the uncovered background area. For
exanpl e, when the mxture ratio a of the pixel contained in the covered
background area 'in frame #n shown 5 in Fig. 49 is determ ned, C04 through
C08 of the pixels in frame #n and Thé3pixel val ues P04 through P08 of the
pixels in frame #n--1 are set in the normal equations. For determning the
m xture ratio a of the pixel contained in the uncovered background area in

frame #moskgwdundOcbipbhgnt80int Bgupikxehs (€28 bR avghgCguakibhame #n and

t he pi xel values N28 through N32 of the pixels in-frame #n+l are set in

t he nor f@k)equdt i(8A% , Maheopéreli fralhier Mexanpbe, ekbeelisxtdubg ratio (c of the
pi xel contained in the covered background area shown in Fig. 15 60 is

cal cul aegtiatihe f(3k) owi ng equations (50) through (58) are set. In Fig. 60,
the white dots indicate pixels to belong to the background, and the bl ack
dot s i ndi cat® i kishskatw) betbdetkttrt he m xed area. The pixel value of the
pixel for which the mixture ratio a is calculated is M5. 20 Ml = (-1)

Bcl -tm+(- 1) Bcl= gBartiR{a8 - _{ -Syk 14t ( 50) - (34)

In equation (34), unknown variables are six factors,
such as the horizontal gradient m of the mixture ratio a in
the.plane, the vertical gradient g of the mixture ratio @ in
the plane, and the intercepts of the mixture ratio o in the

10 plane, p, s, t, and u.

According to the pixels in close proximity with the
designated pixel, the pixel value M or the pixel value B is
set in the normal equation shown in equation (34). Then, a
plurality of normal equations in which the pixel value M or

15 the pixel value B is set are solved by the method of least
sguares, thereby calculating the mixture ratio o.
For ‘example, the hQrizontal index j of the designated
'pixel is set to 0, and the vertical index k is éef to 0.
. Then, the pixel wvalue M or the pixel value B is set in
20 normal equétion (34) for 3x3 ﬁixels located close to the
designated pixel, thereby thaining eqﬁations (35) through
(43) . |
My, = (—l)'B~L—1'm+(—l)'B—L_l'Q+B~Lm1'é+(“1)'Sff—l)’t+U
(35)

l 25 Mb,—l = (O) 'Bg_’-l‘m‘i'(—l) ‘Bo,_l‘q'['B(]’_l'p'l'(O) '_S+(—1) - t4+u (36)



M2 = (0) -Bc2-m+(-1) -Bc2-g+Bc2-p+(0) s+(-1) -t+u (51) M3 = (+1)
-Bc3m+(-1) -Bc3g+Bc3p+(+l) -s+(-1) -t+u (52) M4 = (-1} @ﬁék (gE)
Bc4q+Bc4- p+(-1) s+(0) -t+u (53) M5 = (0) Bcb5m+(0) Bc qkﬁc -pgg s+(0)
t+u (54) 25 -Mc6 = (+1) Bc6-m+(0) Bc6qg+Bc6-p+(+l) -s+(0) t+u (55) 23
Novenber 2005 - 143 M7 = (-1) -Bc7mt(+l) Bc7q+Bc7p+(-1) -s+(+1) t+u (56)
M8 = (0)-Bc8-m+(+1)Bc8q+Bc8p+(0)s+(+1)-t+u (57) M9 = (+1) BcOm+(+l)
Bc9- g+Bc9p+(+l) s+(+l) t+u (58) For calculating the mxture ratio a of the
pi xel 5 contained in the covered background area in frame #n, the pixel
val ues Bcl through Bc9 of the pixel 3% the background area in frame #n-1
corresponding to the pixels in frame #n in equations (50) through (58),
respectively, are used. When the m xture ratio a of the pixel contained in

the 1@uncoveyed) bagkgraundiarea, shoysin, Fhe.(+69. L~,$_(C@} cyigted, the
fol | owi hg equations (59) through (77) are set. The pixel value of the
pi xel f@7which the mxture ratio a is calculated is Mi5. Ml =(-1)
-Bul -m+(-1) Bul g+Bul p+(-1) s+(-1) t+u(59) 15Mu2 =(0) Bu2m+(-1)
- Bu2q+Bu2p+E0) -2+ ( BL), o turti (60) BNUS q(Bth )o - pBUSIY (o) (0BU3G-HBU3R86Y ) s+(-1)
t+u(61). M4 =(-1) Bud4m+(0) Budq+Bu4-p+(-1) s+(0) t+u .(62) M5 =(0)
Bu5- m+(@) o0 BuS@4BERpotEO) ( 5H-(E) o toBo( £33+ VUG s ¢@) - Busm+-( (39)Bubg+Bubp+( +1)
s+(0) t+u(64) _ ,
5 Ma,e = (+1) *Bur,o m+(0) *Bey,0°g+Ber, o pt+(+1) s+ (0) - t+u (40}
M;1,+1 = (-1) 'B_]_'H_.'IIH' (+1) 'B-1'+1'q+B_1,+1'p+ {(-1) *8+{+1) -t+u
(41)
Mo, +1 = (0) *Bo,+1 m+ {+1) *Bo,+1*qtBg,+1 D+ (0) *s4+(+1) - t+u (42)
Mii,e1 = (+1) "Bep,cx m+t(+1) *Byr,+1°g+Bsy,+1 pH{(+1) s+ (+1) - t+u
10 (43)
Since the horizontal index j of the designated pixel is
0, and the vertical index k of the designated pixel is 0,
the mixture ratio @ of the designated pixel is equal to the
value when j is 0 and k is 0 in equation (24), i.e., the
15 mixture ratio o is equal to the intercept p in equation (24).
Accordingly, based on nine equations, i.e., equations
(35)fthrough (43) , the horizontal gradient m, the vertical
gradient q, and. the intercepts p, s, t, and u are calculated
"by the method of least squares, and the intercept p is
20 output as the mixture ratio .
A specific ﬁrocess.for calculating the mixture ratio a
by applying the method of least squares is as follows.
When the index i and the index k are indicated by a

single index x, the relationship among the index i, the

25 index k, -and the index x is expressed by eguation (44).



20Mu7 =(-1) -Bu7-m+(+1) Bu7q+Bu7p+(-1) s+(+l) t+u(65) Mu8 =(0) -Bu8-mr(+1)
Bu8qg+Bu8p+(0) s+(+l) -t+u(66) Mu9 =(+l) -Bu9mt(+1) BU9§?§H9&$&I%&B s+(+|)
"t+u(67) For calculating the m xture ratio a of the pixe contained in the
uncover ed background area in frame #n, the 25 pixel values Bul through Bug
of the pixels of the background 23 hbvenber 2005 - 144 area in franme #n+l
corresponding to the pixels in frame #n in equations (59) through (67),
respectively, are used. Fig. 61 is a block diagramillustrating the
configuration of the estinmated-m xture-ratio processor 401 5 An inmage input
into the estimated-m xture-ratio proté8sor 401 is supplied to a delay
circuit 501 and an adder 502. The delay circuit 501 del ays the input inage
for one frame, and supplies the inage to the adder 502. When frane #n is
supplied as khe ippyf-sppge;fo the adder 502, the ydelay circuit 501
supplies frane #n-1 to the adder 502. The adder 502 'sets the pixel value

of the pixel rradiaggntatouhde phxel chornypishnthe (%}ﬁﬁ%@t Rl ohd 1S
cal cul ated, and the pixel value of franme #n-1 in t normal ~ equation. For

exaﬁpleye&hecaddgkaa@én$eﬁ$ the phxehn¥akueptdSpMck throngh M9rand.the
pi xel values Bcl through Bc9 in the normal equations based on equations

(50) theepgksEb8) by respebleveky, #he fddew35024,suppl kes the nornal

equations in which the pixel values are set to a cal cul ator 503. The

cal dul aresp428idef.gr nendsiBhekBst Bpaf edknaxtiuleare expressed by a0,
al, a2z, a3, a4, and a5, respectively. In consideration of

the error ex, equations (35) through (43) can be modified

into equation (45).

3
= Y ay - wy + ex (45)

y=0

10 In equation (45) , x is any one of the integers from 0 to 8.

Equation (46} can be found from equation (45} .

S
ex=Mx—Zay-wy ' (46)

y=0

Since the method of least squares is applied, the
- square sum E of the error is defined as follows, as

15i expressed by equation (47).
' 8 . :
= }:exz : (47)
x=0

.In order to minimize the error, the partial
differential value of the variable Wv with respect to the
square sum E of the error should be 0. v is any one of the

20 integers from 0 to 5. Thus, wy is determined so that

.'equation (48) is satisfied.



20 ratio by solving the normal equations supplied fromthe adder 502 hy
using the sweep-out nethod, and outputs the determ neds@std Rl &hsm xture
ratio. In this nmanner, the estimted-m xture-ratio processor 401 is able
to calculate the estimated m xture rati o based 25 on the input inmage, and
supplies it to the mxture ratio 23 Novenber 2005 14 5 - determ ni ng
portion 403. The estimated-m xture-ratio processor 402 is configured
simlar to the estimted-m xture-ratio processor 401, and an expl anation
thereof is thus omtted. 5 Fig. 62 shows an- exanple of the estinated
mxture ratio calculated by the esti$hted-mi xture-ratio processor 401. For
the estinmated m xture ratio shown in Fig. 62, the notion v of the

f or egr ound corre%pondlng to an object nmoving with constant velocity is 11,
and thelﬁés 4exrd by 10 generating an equation using blocks of 7 x
7 pi xel éwas unltgéf abevshown for one line. It can be seen fromFig. 61
that the estimatad mixture ratio changes approxi matel ¥4Binearly in the

m xed area. _Azde§§@&pig@n:i§ now given, with reference to the flowhart of
Fig. 63, of the smxture ratio estimating processing by the

estimated-m xture-rati o processor 401 having the configuration shown in
Fig. 61 by & mybsdirmudding efquahd cpovigitad ilmaek grauatdi car e@l8) ,

-equation (49) is obtained.

g 5 ‘ 8 ‘
Z (av - Zay - Wy) -—=Z av « Mx - (49)
x=0 = x=0 :
5 For example, the sweep-out method {(Gauss—Jordan

elimination) is.applied to.the normal equations of six
normal equations obtained by subétituting one of the
integers from 0 to 5 into v in equation (49), thereby
‘obtaining wy. As stated above, w0 is the hqrizontal.

10 gradient m, wl is the vertical gradient g, w2 is the
intercept p, w3 is s, w4 is t, and w5 is u.

As discussed above, by applying the method of least
squares to the equations in which the pixei value M and the
pixel value B are set, the horizontal gradient m, the

.15 wvertical gradient g, and the intercepts p, s, t, and u can
be determined. |

A description has beeﬁ given with reference to
équations (35) through (43), by assuming that the‘pixel
valge of the pixel contained in the mixed area is M, and the

20 pixel value of the pixel contained in the background area is
B. 1In this case, it is necessary'to set_normal equations

for. each of the cases where the designated pixel is



‘circuit 501 in a nornal equation corresponding to a no

.I'n step S521, the adder 502 sets the pixel value 20 contained in the input

i mge and the pixel value contained in the inmage Squbg%ﬁv&?%fﬁkﬁe delaé
el o e covere

background area. In step S522, the estinmated-m xture-ratio processor 401

25 determi nes whether the setting of the target pixels is 23 Novenber 2005

-- 146 finished. If it is determned that the setting of the target

pi xels is not finished, the process returns to step 5521, and the
processing for setting the pixel values in the. normal equation is
repeated. 5 If it is determned in-slég S522 that the setting for the
target pixels is finished, the process proceeds to step S523. In step.
S523, a.calculator 503 calculates the estimated m xture rati o based on the
nor mal eatd; i3 M e pi I e n t he

cal cul ated é?gﬁﬁ%f?hsgﬁiggﬁo. ﬁﬁkﬁféﬁﬁﬁﬁgﬁﬁiﬁg%g,%?ﬁgh% ﬁegqgggkad

esti mat goi-4¥IX il @orAld i edPHRCaTIONntdlhav RY G SR hguwration shown in
Fig. 61 is able to calculate the estimted m xture ratio based on the

i nput i mage. Fo2 Ehempiist UkBehathe AsktABLi PELRHOGESSI PH-DYi¥si Ng a nodel

~corresponding to the uncovered background area is simlar to the

pr ocessiceg tHaridiecatied the dee cfideaWbaaikiyrolind are63 iby rusmeg #hhensennal
equations corresponding to a nodel of '

5 in Fig. 49 is determined, C04 through C08 of the pixels in
frame #n and the pixel values P04 through P08 of the pixels
in frame #n-1 are set in the normal equations.

For determining the mixture ratio o of the pixel
contained in the uncovered background area in frame #n shown

10 in Fig. 50, the pixels C28 through C32 of frame #n and the
pixel values N28 through N32 of the pixels in-frame #n+l are
set in the normal equations. |

Moreover, if, for example, the mixture ratio o of the
pixel contained in the covered background area showﬁ in Fig.

15 60 is calculated, the following equations (50) throughl(58)
are set. In Fig. 60, the white dots indicate pixels to
belong to the background, and the black dots indicate pixels
to belong fo'the mixed area. The piﬁel value of the pixel

~ for which the mixture ratio o is calculated is Mc5.

20 Mcl = (-1)-Bcl-m+(-1) -Bel-g+Bcl-p+(-1) +s+(-1)-t+u  (50)
Mc2 = (0)-Bc2jm%(—l)-BcZ-q+B¢2-p+(0)'s+(—1$'t+u (51)
‘Mc3 = (+1)'BCB'm+(—1)'BCB'q+BC3-p+(+l)-s+(—1)ft+u (52)
Mcd4d = (-1)Bcd-m+{0) -Bcd-g+Bc4-p+(—1) s+ (0) -t+u {53)
Mc5 = (0) *Bc5-m+ (0) *BeS-g+BeS5-p+(0) s+ (0) -t+u {54)

- 25 Mcéb = {(+1) -Bc6 'm+ (0) -Bc6 - g+Bchp+ (+1) -s+(0) - t+u {55)



t he uncovered background area, and an explanation thereof is 20 thus

om tted. The enbodi ment has been. described, assum ng b@@%ﬁ%ﬁ&zaﬁject
correspondi ng to the background is stationary. However,. the
above-described m xture-ratio calculation processing can be applied even
if the image corresponding to 25 the. background area contains notion- For
exanple, if the 23 Novenber 2005 - 14 7 - inage corresponding to the
background area is uniformy noving, the estimated-m xture-rati o processor
401 shifts the overall image in acc‘idance with this notion, and perforns
processing in a manner simlar to't Hé*tase in which the 5 object
corresponding to the background is stationary. If the imge

correspondi ng-to the background area contains |locally different notions,

t he estMarat=edél X{Bre-naf+10 - peboessor - gOl-5el £t 51t he+pi xelB6xor r espondi ng
to the notions as the pixels belonging to the m xed area, and 10 executes
t he abd¥e8 desth) ek protek)siBrf - g+Bs8 des i) bed(abovetut he(Hixture-rati o
calculator 102. is able to calculate the m xture ratio a, which is a

f eat ur dcurant ity Bt melspondi B tor Bt bl kel ; sbaskd- bhut he(38put i mage
and the area information supplied fromthe area 15 specifying unit 101. By
utilizing t F@rmcrlgud aitdmido tgle L xtgnsogsitice & @f ddpramdtelt he foreground

conBonents and the background conponents_contained_ in the pixel values
e il Q%qﬁqufn the covered background area in frame #n, the

pixel values Bcl through BcY9 of the pixels of the background

area in frame #n-1 corresponding to the pixels in frame -#n

in eéuations {50) through (58), respectively, are used. |
When the mixture ratio ¢ of the pixel contained in the

10 uncovered background area shown in Fig. 60 is calculated,
the following equations (59) through (77) are set. The
pixel value of the pixel for which the mixture ratio ¢ is
calculated is MuS.

Mul = (-1) *Bul-m+(-1) Bul-q+Bul-p#(-1) -s+ (1) -t4u  (59)

15 Mu2 = (0)-BuZ-m+(-1) -Bu2 -q+Bu2-p+(0) -s+(-1) -t+u  (60)

Mu3 = (+1)-Bu3-mt(-1) -Buld-q+Buld -p+ (+1) -8+ (=1) -t+u  (61)
Mu4 = (-1)-Bud-mt+(0)-Bud-gq+Bud-p+{-1) -s+{0) -t+u (62)
Mus = (0) -Bu5-m+{(0) -BuS5-gq+Bub5-p+(0) s+ (0) - t+u (63)

Mué = (+1) -Bu6-m+(0) -Bub-g+Bub p+(+1) -s+(0) - t+u (64)

200 Mu7 = (=1)-Bu7-m+(+1) -Bu7l-q+Bu7 -p+(-1) -s+(+1) -t+u  (65)
Mu8 = (0) -Bu8-m+{+1) -Bu8-g+Bu8-p+(0) s+ (+1) -t+u (66)
Mﬁ97$ (+1) *Bu9-m+ (+1) -Bu9-g+Bu3-p+(+1} - s+ (+1) - t+u (67)

For calculating the mixture ratio a of the pixel
- contained in the uncovered background area in frame #n, the

25 pixel values Bul through Bu9 of the pixels of the background



the information of notion blur contained in the i mge 20 corresponding to

the noving object. By conbining the i mages based on thes g, WeE2d0dti 0 a,
it is also.possible to generate an i nage which contains correct notion bl ur

that coincides with the speed of 25 a noving object and which faithfully
reflects the real world. The foreground/ background separator 105 is

di scussed - 148 below. Fig. 64 is a block diagramillustrating an exanple
of the configuration of the foreground/ background separator - 105. The input -
i mge supplied to the foreground/ background - separator 105 is supplied to a
separating portion 601, a 5 switch-6024 and a switch 604. The area
information supplied fromthe area specifying unit 103 and indicating the
i nformation of the covered background area and the uncovered background

area i sasepphihedrbfiet BR+3eR8EALEPILAORGI P8 BAL pi fsaiﬁaf%&%%f@ﬁtion

indicating the foreground area is 10 supplied to the swtc 2 The area

i nf or maihoaguadieati NG9y henbaakyr eengl areapsuppliegd to Lhgssyitch 604. The
m xture ratio a supplied fromthe mxture-ratio calculator 104 is supplied

to the separEigngepoid iorbBddk diler £ paraid £ 9ald itk 601 separates the
foreground 15 conponents fromthe input image based on the area
i nf or macPoAigndatadnngft hee covelvdtbackyx ound-aiede PhecOEESr 401.
5 An image input into the estimatéd—mixture—ratiO'proéessor
401 is supplied to a delay circuit 501 and an adder 502

The delay circuit 501 delays the input image for one
frame, and supplies the image to the adder 502. When fréme
#n is supplied as the input image to the adder 502, the

10 delay circuit 501 supplies frame #n-1 to the adder 502.

The adder 502 sets the pixel value of the pixel
adjacent to the pixel for which the mixture ratio o is
calculated, and the pixel value of frame ffn-1 in the normal
equation. For example, the adder 502 setsrthe pixel valués

15  Mcl through Mc9 and the pixel values Becl through Bc9 in the
normal equations based on equations (50) through (58),
réspebtiveiy. The adder 502 supplies the normal equations
in which the pixel values are set to a calculator 503.

‘The calculator 423 determines the estimated mixture

20 ratio by solving the normal equations supplied from the
adder 502 by using the sweebéout method, and outputs the
determined estimated mixture ratio.

In this manner, the estimated—mixturé—ratio processor
401 is able to calculate the estimated mixture ratio based

25 on the input image, and supplies it to the mixture ratib



i nformation indicating the uncovered background area, and the m xture
ratio a, and supplies the separated foreground conpon tg a nt hesi zer
603. The separating portion 601 20 al so separates the.%gg%ﬁaggﬁ% .

. conponents fromthe input inage, and supplies the separated background
conponents to a synthesizer. 605. The switch 602 is closed when a pi xel
corresponding to the foreground is input based on the area infornmation 25

i ndicating the foreground area, and supplies only the pixels 23 Novenber
2005 - 149 corresponding to the fore%{ound contained in the input inage

to the synthesizer 603. The swi t ch~80% is closed when a pi xel correspondi ng
to the background is input based on the area information 5 indicating the
background area, and supplies only the pixels corresponding to the

backgr claftk moim e ntiarhetGnput image to the synthesizer 605. The

synt hesi zer 603 synt hesi zes a foreground conponent inmage based on the

f oreground &bepenénme tedpplikédrergmttiive p1ocesparatdioRy iportoindiige@kdand t he
pi xel s corresponding to the foreground supplied fromthe switch 602, and
out put $iMHelam i Hde Aed imertegounkt wenpere mtpianegso1Si 4k, tdrel dmor egr ound
area and the m xed area do not overlap, the synthesizer 603 applies, for

exanpl ExXRiggiaddioroes eore iss ireetonponent s and the foreground

i xels, thereb synt hesi zi ng t he foreground conponent i nmage. -
P g Fggy 62yshows an gxample ofgthe estiggted mixtu%e ratio

calculated by the estimated-mixture-ratio processor 401.
For the estimated mixture ratio shown in Fig. 62, the motion
v of the foreground corresponding to an object moving wi£h
constant velocity is 11, and the results calculated by
10 generating an equation using blocks of 7 x 7 pixels as units
are shown for one line.
It can ﬁe seen from Fig. 61 that the estimated mixture
ratio changes approximately linearly in the mixed area.
A descfiption is now given, with reference to the
15 | flowchart of Fig. 63, of the mixture ratic estimating
processing by the estimated-mixture-ratio processor 401
having the configuration shown in Fig. 61 by using a model
of the covered background aréa.
In step S$521, the adder 502 sets the pixel value
20 contained in the input image and the pixel value contained
in the image supplied from the'delay éircuit 501 in a normal
equation corresponding to a model of the covered background
area.
In step 5522, the estimated-mixture-ratioc processor 401

25 determines whether the setting of the target pixels is



In the initializing processing executed at the start of the synthesizing

processing for the foreground conponent inage, the syg? Si
an i mage whose pixel 20 values are all 0 in a built-in

in the

er
overnber 2
rane nenor

synt hesi zi ng processing for the foreground conponent inmage,

&83 stores
y.

Then,
t he

synthesi zer 603 stores the foreground conponent inmage (overwites the
previ ous i mage by the foreground conponent image). Accordingly, O is

stored in the pixels 25 corresponding to the background area in the

foreground 23 Novenber 2005 - 150 conponent image output fromthe
synt hesi zer 603. The synt hesi zer 60514¢nthesi zes a background conponent

i mge based on the background conponents supplied fromthe

separ ati ng

portion 601 and the pixels corresponding to the 5 background supplied from

the swi tfGhhi604d .and routputss ddie rmsvetiheshzed nRaglkgrougd gogpanent i mage.
Since the background area and the m xed area do not overl-ap, the-

synt hesitzaigetOpiapplsi €, no@r faxampled, tagi pabcBst @ckliensbaskgreoynd

conponents and t he background pi xels, thereby 10 synthesizing the
backgr o3& icoapdneht pregesslingt feri Beticahiyzithe pieeesshNgeexesutrd at the
start. of the synthesizing processing for the background conponent
t he syntivesiaierg6BSisnories rapeciamege whose pixel values are all 0 in a

built-in frame menory. Then

i mage, .

in the 15 synthesizing processing for the

back®yround cbhpbhehs dabgeminedeinysterss22? BO5L sthe esettindatkgr ound
conponent i nmage

10

15

20

25

the target pixels is finished, the process proceeds to step
S523. 1In step $523, a calculator 503 calculates the
estimated mixture ratio based on the normal equations in
which the pixels values are set, and outputs the calcuiated'
mixture-ratio.

As discussed above, the estimated—mixture¥ratio
processor 401 having the configuration shown in Fig. 61 is

able to calculate the estimated mixture ratio based on the

" input image.

- The mixture-ratio eétimating processing by using a
model corresponding to the uncovered background area is
similar to the processing indicated by the flowchart of Fig.
63 by using the normal.équations corresponding to a model éf
the uncovered background area, and an explanation thereocf is
thus omitted. |

The embodimenf has been described, assuminq that the
object corresponding to the background is stationary.
However, the above-described mixture-ratio calculation
processing can be applied even if the image corresponding to

the:background area contains motion. For example, if the



(overwites the previous image by the background conponent i nmage)-
Accordingly, O is stored in the pixels corresponding t ound area
in the background 20 conponent inage output fromthe 232?%%@%%2@3605_ Fi g.
65A il lustrates the input inage input into the foreground/background
separator 105 and the foreground conponent inmage and the background
conponent inmage output fromthe foreground/ background separator 105.
Fig. ' 65B 25 illustrates a nodel corresponding to the input imge input 23
Novenber 2005 - 151 - into the fopggégtng/background separator 105 and the
f oreground conponent imge and the ground conponent i mage output from
t he foreground/ background separator 105. Fig. 65A is a schematic di agram
illustrating the inage 5 to be displayed, and Fig. 65B is a nodel obtained
by expina@agednreseondimg dio eche dpatkherpixeé! sreh sposath formne | i ne
including the pixels belonging to the foreground area, the pixels

bel ongi RV i1Jt hehgaekgimaiedanbal uaadrd hto ppretss sdel 401gi stegl f1os tHee ni xed
area corresponding to Fig_ 65A. 10 As shown in Figs. 65A and 65B, the
backgr dRifRIr2bhpohest in negeordapire ¥idm tinks freepouratidarkgfoums separ at or
105 consists of the pixels belonging to the background area and the
backgr RTCeITPehet 2 dbE hetMhla hetpi et scate the wiistedthg ea. 15 As

sho in Figs. 65A and 65B, -the foreground conponent _inage output fromthe
f or €gr oﬂ?ﬂﬁ%ﬁc“k@’?%‘%ﬁ%"%’ﬂéﬁ‘a*%‘brtki%ﬂoac}‘gm“nd is stationary. I

. the image corresponding to the background area contains
locally different motions, the estimated-mixture-ratio
processor 401 éelects the. pixels corresponding to the
motions as the pixels belonging to the mixed area, and

10 executes the above-described processing.

As described above, the mixture-ratio calculator 102 is
able to calculate the mixture ratio o, which is a feature
quantity corresponding to each pixel, based on the input
image and the afea information supplied from the area

15 specifying unit 101. |

By utilizing the mixture ratio «, it is possible to
separate the foreground components and the background
components contained in the pixel values while mainfaining
the information of motion blur contained in the image

20 corresponding to the moving object.

By combining the imagés based on the mixture ratio «,
it is also possible to generate an image which contains
correct motion blur that coincides with the speed of a
moving object and which faithfully reflects the real world.

_25 . The foreground/background separator 105 is discussed



consists of the pixel belonging to the foreground area and the foreground
conponents contained in the pixels of the m xed area.zgnggﬁwpﬂﬁ | val ues
of the pixels in the m xed area are separated into thé backgroun ‘
conponents and the foreground conponents by the foreground/ background
separator 105. The separated background conponents formthe background
conponent inmage together with the pixels belonging to the. 25 background
area. The separated foreground conmponents form 23 Novenber 2005 - 152 the
f oreground conponent image together with the pixels belonging to the
foreground area. As discussed above,1%#% the foreground conponent inage,

t he pi xel -values of the pixels corresponding to the 5 background area are
set to 0, and significant pixel values are set in the pixels correspondi ng

to the benegroupdgarea iand LhecRi dehgremr L esRORELAInGOahhex iy ed area. -
Simlarly, 1in the background conponent inmage, the pixel values of the

pi xel s e@r tRepostlrngutatibe bor egeoBdegreanarpasklirbanl, sdfadltdor
significant pixel values are set in the pixels corresponding to the
backgroufd.ar eacandptiheipagel suppdt easpondhagfbeetheuntXpdchyeaund
description is given bel ow of the processing executed by the separating
porti onséparaborséfar asi sgprphéeflotegrosadaribisonponeinbs &0, t he background
conponents fromthe pixels bel.onging to the m xed area.

5 switch 602, and a switch 604. The area information supplied
from the area specifying unit 103 and indicating the
information of the covered backgrOund area and the uncovered
background area is supplied to the separating‘portidn 601.
The area information indicating‘the foreground area is

_10 supplied to the switch 602. The area information indicating
the background area supplied to the switch 604.
The mixture ratic o supplied from the mixture-ratio
calculator 104 is supplied to the separating portion 601.
The separating poftion 601 separates the foreground
15 components from the input image based on the area
information indicéting the covered background area, the area
information indicating the uncovered background area, and
the mixture ratio-a,land supblies the separated foreground
components to a synthésizer 603. The separating portion 601
20 also separates the background components from the input
image, and supplies the separated 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

25 indicating the foreground area, and sﬁpplies only the pixels




Fig. 66 illustrates a nodel of an inage indicating .foreground conponents
and background conponents in two frames including a fgﬁ rougd 8 ] ect
noving fromthe left to 20 the right in Fig. 66. In th d he i mage
shown in Fig. 66, the ampbunt of novement v is 4, and the nunber of '
virtual divided portions is 4. In .frane #n, the |leftnost pixel and the
fourteenth through eighteenth pixels fromthe |eft consist of only the 25
background conponents and bel ong to the background area. In 23 Novenber
2005 - 15 3 frane #n, the second through fourth pixels fromthe left
contain the background conponents ant?? he foreground conponents, and

bel ong to the uncovered background area. In. frane #n,_the eleventh
through thirteenth pixels fromthe 5 | eft contain background conponents and

f or egr ovodresppodeng sto eRd beteggotiad t ben eoves@di hackar ounek afggye | N frane
#n., the fifth through tenth pixels fromthe left consist of only the

f or egr oumdtlce npomelnd si zand6®®l ong to the foreground area. In frane #n+1,
the first through fifth pixels fromthe 10 left and the ei ghteenth pixel

fromthe | efthecengitsth df0rilsy clidmedadiagr eund xednuenradsponaidgbebong to the
background area. In frame #n+l, the sixth through eighth pixels fromthe
left Clotf drarkaergprduhe tarponensed vl flor egreunth tompoient s, and  bel ong
to the uncovered background area. In frame #n+l, the 15 fifteenth through
sevent eeMtiCdiiag sthe dmekarowtd 2em aiandatkep bierl woipdrfen s xeld

foreground conponents, and bel ong
corresponding to the background contained in the input image

Lo the synthesizer 605.

The synthesizer 603 synthesizes a foreground componeﬁt

image based on the foreground components suppliéd from the

10 separating portion 601 and the pixels ‘corresponding to the
foreground supplied from the switch 602, and outputs the
synthesized foreground component image. Since the
foreground area and the'mixed area‘do not overlap, the
synthesizer 603 applies, for example, logical OR to the

i5 foreground components and the foreground pixels, thereby
synthesizing the foreground component image.

In the initializing processing executed at the start of
the synthesiziﬁg processing for the foreground component |
image, the synthesizer 603 stores an image whose pixel

20 valﬁes are all 0 in a built-in frame memory. Then, in the
synthesizing processing for the fgreground component image,
the synthesizer 603 stores the foreground component imaQe
(overwrites fhe previous image by the foreground component
image) . Accordingly, 0 is stored in the pixels

25 . corresponding te the background area in the foreground



to the covered background area. In frane #n+l, the-ninth through
fourteenth pixels fromthe left consist of only the ? %pdmﬁgnponents
and belong to the foreground area. 20 Fig. 67 illustra e processi ng
for separating the foreground conponents fromthe plxels belonglng to the
covered background area. In Fig. 67, al through al8 .indicate

m xture-ratios of the individual plxels of frame #n In Fig. 67, the
fifteenth through seventeenth pixels from25 the, left belong to the
covered background area. 23 Novenber 2005 - 154 The pixel value C15 of the
fifteenth pixel fromthe left in frad® #n can be expressed by equation '
(68): Cl15 = B15/v+F09/v+F08/v+FO07/v al5B15+F09/v+F08/v+F07/v 5 =

al5. P15+F09/ v+F08/ v+F07/v (68) where al5 indicates the mxture ratio of the

fifteentbmpbyeht fimaet Bathakt firBmf &ﬁ@s?ﬂth@@dz@¥56@@$i gnates the pi xel
value of the fifteenth pixel fromthe left in frame #n-1. The sum f1l5 of

the foregrounle copponesi seof cohesiRthéestieenth PhurrbiOM thfpdeédtin frane
#n can be expressed by equation (69) based on equation (68). f15 =
FO9/ v+FOBAgeFBEbed=0615hal bREEgE6QhdStaimbankyt st Bappuaetiléroh the
foreground conponents of 15 the sixteenth pixel fromthe left in frame #n
can be separating portion 601 and the pixels corresponding to the
5 background éupplied from the switch 604, and outputs the
synthesized background componént image. Since the
background area and the mixed area do not overlap, the
synthesizer 605 applies, for example, logical OR to the
background components and the background pixels, thereby
10 synthesizing the background component image.
In the initializing processiné executed at the start of
“the synthesizing processing for therbackground component |
image, the synthesizer 605 stores an image whose pixel
values are éll 0 in a built-in frame memory. Then, in the
15 synthesizing processing for the background component image,
the synthesizer 605 stores the background component image
(overwrites the previous image by the'background component
image) . Aécordingly, 0 is stored in the pixels |
corresponding to the foreground area in the background
20 component image output from the synthesizer 605.
Fig. 65A illustrates the input image input into the |
foreground/backgréund separator 105 and the foreground |
component image and the background component image output

from the foreground/background separator 105. Fig. 65B

25 illustrates a model corresponding to the input image input



expressed by equation (70), and the sumfl1l7 of the foreground conponents
of the seventeenth pixel fromthe left in frame #n ca expr ed by
equation (71). 20 f16 = Cl6-al 6P16 (70) f17 = 017--a1%?‘§"’?r§’%§0%$n-thi s
manner, the foreground conponents fc contained in the pixel value C of the
pi xel belonging to the covered background area can be expressed by equation
(72):. fc = Ca,P (72) 25 where P designates the pixel value of the
correspondi ng 23 Novenber 2005 - 155 pixel in the previous. frame. Fig. 68
illustrates the processing for separating the foreground conponents from
the pixels belonging to the uncoverid background area. In Fig_ 68, al
through al8 5 indicate m xture-ratios of the individual pixels of frame #n.
In Fig. 68, the second through fourth pixels fromthe left belong to the

uncover g baekgr foRsy 26 @ad / Tk Pt X@hd Vad per L0 of o4 hnhgagpnd pi xel fromthe

left in frame #n can be expressed by equation (73): 10 C02 =

BO2/ v+ B B +Eokih v B0l / amn d 2002 HRA yr &) Mich - | ndi cates the
m xture ratio of the second pixel fromthe left in frane #n, and NO2
desi gnaimsy¢ heuppwel from the foreground/background separator 105.
Fig. 65A is a schematic diagram illustrating the image
5 to be displayed, and Fig. 65B is a model obtained by
| expanding in the time diréction the pixels disposed in one
line including the pixels bélonging to the foreground area,
the pixels belonging to the background area, and the pixéls
‘belonging to the mixed area corresponding to Fig. 63A.

10 | As shown in Figs. 65A and 65B, the background component
image output from the foregrouﬁd/background separator 105
consists of the pixels belonging to the background area and
the background components contained in the pixels of the
mixed area.

15 As shown in Figs. 65A and 65B, the foreground component
image output from the foreground/background separator 105
cqhsists of the pixel belonging to the foreground area and
the foreground componenté contained in the pixels of the
mixed area.

20 The pixel values of the pixels-in the mixed area are
separated into the background components and the foregfound
components by the foregrQund/background separator 105. The
separated background components form the backgroﬁnd
component image together with the pixels belonging to the

25 background area. The separated foreground components form



15 val ue of the second pixel fromthe left in frame #n+1. The sum f02 of

the foreground conponents of the second pixel fromthg;, @én&$zggane #n
can be expressed by equation (74) based on equation (73). 20 Of = FOl/v =
C02-a2-N02 (74) .Simlarly,.the sumf03 of the foreground conmponents of
the third pixel fromthe left in frame #n can be expressed by equation
(75), and the sumf04 of the foreground conponents of the fourth pixel
fromthe left in frame #n can 25 be expressed by equation (76). 23

Novenber 2005 - 156 f03 w C03- a3- Noja_é%w) f04 = CD4-a4N04 (76) In this

manner, the foreground conponents fu ntained in the pixel value C of the

pi xel belonging to the uncovered 5 background area can be expressed by
cequation (77): fu = CGCCN (77) where N designates the pixel value of the-
cor r espthgi figrepirgrehdi nompensuliségaget tbgatberAgidhstusspdxabsve, the
separating portion 601 is able 10 to separate the foreground conponents
from t heepPrelisg bel bhgi Agregrphedniaxed-area and the background conponents
fromthe pixels belonging to the m xed area based on the information

i ndi cati ng the ¢bv@rePaRRGYOUNtN akled BpEegheund component image,

the pixel values of the pixels corresponding fo the

5 background area are set to 0, and significant pixel values
are set in the pixels corresponding to the foreground aréa
and the_pixeis corresponding to the mixed area. .Similarly,
in the background component imaée, the pixel values of tﬂe
pixels corresponding to the foreground area are set to 0,

10 and significant pixel values are set in the pixels
corresponding to the backgﬁound 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

15 - compéneﬁts and the bacquound components from the pixels
 belonging to the mixed area.

Fig. 66 illpstrates é_model of an image indicating
 fofeground chponents and background components in two
frames including a foreground object moving from the left to

20  the right in Fig. 66. In the model of the image shown in
Fig. 66, the amount of-movement v is 4, aﬁd the number of
virtual divided portions is 4.

In frame #n, the:leftmost pixel and the fourfeenth

through eighteenth pixéls from the left consist of only the

25 background components and belong to the background area. In



information indicating the uncovered background area 15 contained in the
area information, and the mxture ratio a for each pi@gthmg%gz(gQ is a
bl ock diagramillustrating an exanple of the configuration o t%e ]
‘separating portion 601 for executing the above-described processing. An
i mage input 20 into the separating portion 601 is supplied to a frane
menory 621, and the area information indicating the covered background
area and the uncovered background area supplied fromthe m xture-ratio
calculator 104 and the mxture ratio a are supplied to a separation
processing bl ock 622. 25 The frame nmetry 621 stores the input inmages in
units 23 Novenber 2005 - 157 of franmes. Wien a frame to be processed is
frame #n, the frame nenory 621 stores frame 4n--1, which is the frame one

frane betene fhanehénsebbafetHPoughdrbn bR qﬂiéismﬁkéﬂ tBe 1bgcframe one
frame after frame #n. 5 The frame nenory 621 supplies the correspondi ng

pi xel s contdiANeEh&nbdckEaiRd#Bompbfleht aMBnéNtiet BotBgrseRAr ati on
processi ng bl ock 622. The separation processing bl ock 622 applies the

cal cul atbopsnehssysard belbngeter enseuhorigsd PAcRGHoGBdt redD the pi xel
val ues of the corresponding pixels in frame #n-1, 15 nmenory 623_ The
separ at fpampr e esshagebéovektb2fhirsuflor tietlroéeanh pixels from the
5 left coﬁtain backgrqund compeonents and foreground cbmponents,
and belong to the covered background area. In frame #n, the
fifth through tenth pixels from the left consist of only the
foreground éomponents, and belong to the foreground area;
In frame #n+l, the first through fifth pixels from the
10 left and the eighteenth pixel from the left consist of only
the background compbnents, and belong to the background érea.
In frame #n+l, the sixth throﬁgh eighth pixels from the left
éoﬁtain background components and foreground components, and
belong to the uncovered background area. In frame #n%l, the
15 fifteenth fhrough seventeenth pixels from the left contain
background components and foreground components, and belong
to the covered background area. In frame #n+l, the ninth
through foufteenth pixels from the left éonsist of oniy the
fqreground components, and belong to the foreground area.
20 Fig. 67 illustrates the proceSsing for separating the
foreground components.from the pixels belonging to the |

covered background area. In Fig. 67, ol through ol8g

~indicate mixture-ratios of the individual pixels of frame #n.

In Fig. 67, the fifteenth through seventeenth pixels from

25 - the left belong to the covered background area.



uncovered area processor 631, a covered area processor 632, frame #n, and
frame #n+1 supplied fromthe frame nmenory 621 based 0R3hRS«AEL3005
information. indicating the covered background area and the uncovered
background area and the mxture ratio a so as to separate the foreground
components and the background conponents fromthe pixels belonging to the
m xed area in frame #n, and supplies themto a frame 20 a synt hesi zer 633,
and .a synthesizer 6.34 A nultiplier 641 of the uncovered area. processor 631
multiplies the pixel value of the pixel in frame #n+l supplied fromthe
frame menory 621 by the mixture rafi >4, — and outputs the resul ting pixel
value to a switch 642_ The 25 switch 642 is closed when the pixel in franme
#n 23 Novenber 2005 - 158 (corresponding to the pixel in frame #n+l),

suppl i ed froméheixélavriaenoly 621thel ongsebathhgikacoresRdcackgr ound
area, and supplies the pixel value nultiplied by the mxture ratio a
suppl i etleftoimt feane! #npkhear bedéxpeeasedl byl atjaatbdd agd) e the synthesi zer
634. The val ue obtained by nultiplying the pixel value of the pixel in
frame #n+l byldhe BIX{wrel?At+008Av0BOPAt fromthe switch 642 is equival ent
to the background conponents of the pixel value of the correspondi ng pixel
in frame #n. 10= TEScBlotF@®.Ov+BAB/etBOY &¢t s t he background conponents
supplied fromthe switch 642 fromthe pixel value of the pixel in frame #n

supplied from the ¥FanBlibhe?(veDas fothe7/v (68)

where al5 indicates the mixture ratio of the fifteenth pixel
from the left in frame #n, and P15 designates the pixel
value of the fifteenth pixel from the leéft in frame #n—l;
The sum £15 of the foreground components of the
10 fifteenth pixel from the left in frame #n can be expressed
by equation (69) based on equation (68).

fi5

H

FO09/v+F08/v+FQ7/v
= Cl5-al5-P15 (69)
Similarly, the sum f16 of the foreground componeﬁts of
15 the sixteenth pixel from the left in frame #n can be
expressed by equation {(70), and the sum fl17 of the
foreground components of the seventeenth.pixel from the left
in frame #n can be expressed by equation (71}.

£16 = Cl6-al6-P16 | - (70)

I

Cl7-al7 P17 ' (71)

20 £17
| In -this manner, the foreground components fd contained
_in the pixei valﬁe‘c of the pixel belonging to the covered
background area can be expresseé by equation (72):

fc = C-a-P | {72)

25 _where P designates the pixel value of the corresponding



to obtain the foreground conponents. The cal cul ator 643 supplies the
foreground conponents of the pixel in frame #n 15 bel ongNadgenRr bdb8
uncover ed background area to the synthesizer 633. A nultiplier 651.of the
.covered area processor 632 nultiplies the pixel value of the pixel.in
frame #n-1 supplied fromthe frame nenory 621 by the mxture ratio a, 20
and outputs the resulting pixel value to a switch 652. The switch 652 is

cl osed when the pixel in frame #n (corresponding ' to the pixel in frame
#n-1) supplied 'fromthe frame nmenory 621 belongs to the covered
background area, and supplies thé‘p¥ | “value multiplied by the m xture
ratio a 25 supplied fromthe nmultiplier 651 to a cal cul ator 653 and the 23
Novenber 2005 - 159 synthesizer 634. The val ue obtained by nmultiplying the
pi xel valxel ofinttiee ppxetidws fFfea@e#n-1 by the m xture ratio a output from
the switch 652 is equivalent to the background conponents of the pixel

val ue of . t hé igpr réds pdnidisig gliece|tian prodesainginfod hesad Liaf athH53
subtracts the background conponents supplied fromthe switch 652 fromthe
pi xel VERrRIBPundecoqppoednisn frometis sippls cdefongitdetdrame menory 621 so
as to obtain the foreground conponents. The cal cul ator 653 10 supplies the
f or egr SR ERFpO Rt gTuncheapxel T Fiane6%n abetbngugly «bst he cover ed

bacEgroun area to the synthesizer 633. :
indicate mixture-Zatios of the individual pixels of frame #n.

In Fig. 68, the éecond through fourth pixels from the left
belong to the uncovered background area.

The pixel value C02 of the second pixel from the lef£
in frame #n can be expressed by equation (73): |

10 co2

B02/v+B02/v+B02/v+F01l/v

a2-B02+FO01l/v

= O2-NO2+F01/v (73)
~where a2 indicates the mixture ratio of the second pixel
from the left in frame #n, and N02 designates the pixél

15 wvalue of the second pixel from the left in frame #n+1.
The sum f02 of therforeground components of the second
- pixel from the left in frame #n can be expfessed,by equation
(74) based on equation (73). |

f02 = FO1l/v

20 C02-02-NO2 - (74)
,Similérly,‘the sum f03 of the foreground components of

the third pixel from fhe léft in frame #n can be egpressed

by eguation (75), and the sum £f04 of the fofeground |

-components of the fourth pixel from the left in frame #n can

25 Dbe expressed by equation (76).



The synt hesizer 633 conbines the foreground conponents of the pixels

bel ongi ng to the uncovered background area and 15 suppbi dvdaiemdobe

cal cul ator 643 with the foreground conponents of the pixels belonging to
.the covered background area and supplied fromthe cal cul ator 653, and
supplies the synthesized foreground conponents to the frame nenory 623.
The synt hesi zer 634 conbi nes the background conponents 20 of the pixels
bel ongi ng to the uncovered background area and " supplied fromthe switch
642 with the background conponents géstbe pi xel -s belonging to the covered
background area and supplied fromt switch 652, and supplies the

synt hesi zed background conponents to the franme nenory 623. 25 The frane
menory 623 stores the foreground conponents 23 Novenber 2005 - 160 and the
background cHdponedd®3—@3- 802 pixels in the m xed area (@fS)frame #n supplied
fromthe separation processing block 622. The franme nenory 623 outputs the
stored foregfdtind GOtonpotiehts of the pixels in the nm xXdd)area in frane #n
and the stored background-conponents of the pixels in the mxed area in.
frame #n. Bylmtthrizimgneae. nike uferegreeond, compeneinsi fat esntdined eat ure
quantity, the foreground conponents and_the 10 background conponents

cont ai nél FhetﬁéxﬁgxgﬁlvélGé@fc§HebE1X€énB?éP§99n§eﬁaréb@d?n¢ﬁ@e§9%thesizer

603 conpi nes t he .foreground. conponents _
ff ngacﬁground areg can be ggpressed by equation (77):

fu = C-a-N (77)
where N designates the-pixel value of the corresponding
pixel in the subsequent frame.

As discussed above, the separating portion 601 is able

10 to separate the fofeground components from the pixelé
belonging. to the mixed area and the background components
fxrom the pixels belonging to the mixed area based on the
information indicating the covered background area and the
information indicating the uncovered background area

15 contained in the area information, and the mixture ratio «
for each pixel.

Fig. 69 is a block diaéram illustréting an example of
the configuration of the separating portion 601 for |
executing the above-described processing. An image input

20 into the separating portion 601 is supplied to a frame
_memory-621, and the area information indicating the covered
background area and the uncovered background aréa supplied
from the mixture-ratio calculator 104 and the mixture. ratio
a are supplied to a separétion processing biock 622.

25 The frame memory 621 stores the input images in units



of the pixels in the mxed area in frame #n output fromthe separating
portion 601 with the pixels belonging to the 15 foregreypd,AlRpxpe as to
generate a foreground conponent inmage.- The synthesizer 605.coaibines the
background conponents of the pixels in the mxed area in frame #n output
fromthe separating portion 601 with the pixels belonging to the
background area so as to generate a 20 background conponent inmage Fig. 70A
illustrates an exanple of ‘the foreground conmponent i mage corresponding to
frame #n in Fig. 66. The |eftnost g} and the fourteenth pixel fromthe
| eft consist of only the backgroun onponents before the 25 foreground
and t he background are separated, and thus, the 23 Novenber 2005 - 161 -

pi xel values are set to 0. The second and fourth pixels fromthe |eft

bel ong dfo franwss undtwer ed Heokegriourse greacdedad el 4 herdms ey purtce and t he
background are separated. Accordingly, the background 5 conponents are set
to 0, drminehandgyeyralind tomponarmee atre-1 mevint ch nesl. thdef sy enteh t hr ough
thirteenth pixels fromthe |eft belong to the covered background area
‘bef or e fifane fasrfeyre Uichmm dfn h el ek oftrourandr Ecarep aftat ed . whiedoridi ngl y, the
backgr ound conponents are set to 0, and the foreground 10 conponents are
mRi Nt ai e ETARE 97 RO R efiRns X8t s fromthe |eft consist of only

t he foregrougd conponents, which are thus_maintained.
frame memory 621 supplies the correspondlng pixels

in frame #n-1, frame #n, and frame #n+l to the separation
processing block_622;
The separation processing block 622 applies the
célculations discussed with reference to Figs. 67 and 68 to
10 the pixel wvalues of the corresponding pixels in frame #an,
-frame #n, and frame #n+l supplied from the frame memory 621
based on the area information indicéting the covered
background area and the uncovered background area and the
mixture ratio o so as to separate the foreground components
15. and the background components from the pixels belonging to
the mixed area in frame #n, and supplies them to a fraﬁe
memory 623. |
The separation.processing block 622 is formed of an
uncovered area processor'631, a covered area processor 632,
20 a synthesizer 633, and a synthesizer 634.
A multiplier 641 of-the uncovered area .processor 631
‘multiplies tﬁe pixel value of the pixel in frame #n+1
supplied froﬁ the frame memory 621 by the mixture ratio «a,
and oﬁtputs the resulting pixel value to a switch 642. The

.25 switch 642 is closed when the pixel in frame #in



Fig. 70B illustrates an exanple of the background conponent image
corresponding to frame #n in Fig. 66. The 15 |eftnost »pigedmiapshoshe
fourteenth pixel fromthe left consist of only the background conponents
before the foreground and the background are separated, and thus, the
background conponents are mmi ntai ned. The second through fourth pixels from
the left belong 20 to the uncovered background area before the foreground
and the background are separated. Accordingly, the foreground conponents
are set to 0, and the background confonents are naintained. The el eventh
through thirteenth pixels fromthe  }e8t~belong to the covered- background
~area before the 25 foreground and t he-background are separat ed.

Accordi ngly, 23 Novenber 2005 - 162 the foreground conponents are set to

0, and t(eerbaekenaungd teoepengnkslaig Fehnbained) dhgpfifdhribhnough tenth
pixels fromthe left consist of only the foreground conponents, and thus,

t he pi xélramal nesoayescset bkDoflgs Sto ThRepunessstag backgepanat dnga | he
foreground and the background executed by the foreground/background
separ at end %$0Ppilsedeshei bedebelraiuai hhltépeiedceytohe heiktonehastiof Fig.
71. In step S601, the frane nenory 621 of the separating portion 601
obt ai ns®amupppaedi fags, thadmsl biptietObfitane #ncdbcubhteh 642 4md egr ound
and the background are separated together with the previous frame #n-1 and
theESSugggqunthesaﬁgr#ﬁgg The value obtained by multiplying the
pixel value of the pixel in frame #n+l by the mixture ratio
o output from the switch 642 is equivalent to the backgropnd-
components of the pixel value of the corresponding pixel.in
frame #n.
10 The calculator 643 subtracts the background componénts
supplied from the‘switch 642 from the pixel value of the
pixel in frame #n supplied f:ém the frame memory 621 so as
to obtain the foreground components. The calculator 643
supplies the foreground'compénents of the pixel in frame #n
15 Dbelonging to the uncovered background area to the
synthesizer 633. | |
A multiplier 651 of thercovered area processor 632
multiplies the ﬁikel value of the pixel in framé #n-1
supplied from the frame memory 621 by the mixture ratio o,
20 and outputs the resulting pixel wvalue to a switch 652. The
switch 652 is closed wheﬁ the pixel in frame #n
(édrrespoﬁding'to the pixel in frame #n-1) supplied from the
frame memory 621 belongs to the covered background area, and

supplies the pixel wvalue multiplied by the mixture ratio «

25 supplied from the multiplier 651 to a calculator 653 and the



In step $602, the.separation processing block 622 of the separating
portion 601 obtains area information supplied 15 fromxhe BlsdyYs@-ratio
calculator 104. In step S603, the separation processing block 622 of the
_separating portion 601 obtains the.mixture ratio cc-supplied fromthe

m xture- ratio calculator 104.. In step $604, the uncovered area processor
631 extracts 20 the background conponents fromthe pixel values of the
pi xel s bel onging to the uncovered background area supplied fromthe.frane
menory 621 based on the area information and the mixture ratio a. Instep
S605, the uncovered area processor- 6849 extracts 25 the foreground
conponents fromthe pixel values of the 23 Novenber 2005 - 163 pixels
‘bel onging to the uncovered background area supplied fromthe frane nmenory

621 basegn ot heedr s | NfoR LB Dl alSa 108 Xt B {51 & Pnd il Step S606,

the covered area processor 632 extracts 5 the background conponents from

the pixeix&Bleebudfof hene Phxeds bel ORGhOGHA-0L the €y eredbackg oynd area
supplied fromthe frame nenory 621 based on the area information and the

m xt ur exrattout Xrdm SHepsS60dh ¢H2 TOVEGely AT &at PEOCEES Wabdirsxdd acts 10
-the foreground conmponents fromthe pixel values of the pixels belonging to

t he coverrpohparkyrancharessupplies of rigm tderf&apendempryitl hased on
the area information and :
5 frame #n.
The-calculator 653 subtracts the background components
supplied from the switch 652 from the pixel value of the
© pixel in frame #n supplied from the frame memory 621 so és
to obtain the foreground components. The calculator 653
10 supplies the foregroundlcomponents of the pixel in frame‘#n
belonging to the covered background area to the synthesizer
633. |
The synthesizer 633 combines the foreground components
of the pixels belonging to the uncovered background afea and
15 supplied from the calculator 643 with the foreground
components of the pixels belonging to the covered background
~area and supplied from the calculator 653, and supplies the
syqthesized foreground components to the frame memory 623.
The synthesizer 634'combines.the béckground components
20 of the pixels belonging to the uncovered background area and
supplied from the switch 642 with the background components
of the bixels belonging to the covered background area and
Subplied from the switch 652, and suppiies the synthesized
background components to the frame memory 623.

25 .- The frame memory 623 stores the foreground components



the mxture ratio a In step S608, the synthesizer 633 conbines the 15
f oreground conponents of the pixels belonging to the wieRVEhsH H@&Cckaround
area extracted in th e processing of step,S605 with the foreground
conponents of the pixels belonging to the covered background area
extracted in the processing of step S607. The synthesi zed foreground 20
~conmponents are supplied to the synthesizer 603. The synthesizer 603
further conbines the pixels belonging to the foreground area supplied via
the switch 602.with the foreground conmponents supplied fromthe separating
portion 601 so as to generate a forégPound conponent inmage. 25 In step
S609, the synthesizer, 634 conbines the 23 Novenber 2005 - 164 background
conponents of the pixels belonging to the uncovered background area

extract gddl Rhkn®aRi@cestid¢ofbontheR S804nW hxkhe hackgropnd.gonponents of
the pixels belonging to the covered background area extracted in the 5

processkr@a0b£strepn26@6. shpp13¥at hesizedbackarawnd, coopreREnLs are
supplied to the synthesizer 605. The synthesizer 605 further conbines the

pi xel s bebergieng.to the background area supplied via the switch 604 with
the background conmponents supplied fromthe separating portion 10 601 so
as to gener aTke af bakgheuady CORPoNEDhut fBgRe stdr&lepobbdbouide
synt hesi zer. 603 outputs the foreground conponent image. In step S611, the
synthesicemponents of the pixels in the mixed area in frame #n and
the stored background components of the pixels in the mixed
area in frame #n.
By utilizing the mixture ratio «, which indicates thé
feature quantity, the foreground components and_the
10 backgfdund components contained in the pixel values can be
completely separated.
The synthesizer 603 combines the foreground components
of the pixels in the mixed area in frame #n output from the
separating portion 601 with the pixels belonging to the
15 foreground area so as to generate a foreground component
image. The_synthesizer 605 combines the background
components of the pixels in the mixed area in frame #n
output from the separating portidn 601 with the pixels
belonging to the.background area so as to generate a
20 background component image.
Fig. 70A illustrates_an example of the foreground
cdmpohent image correspoﬁding to frame #n in Fig. 66. The
leftmost pixel and the fourteenth pixei from the left

consist of only the background components before the

25 f'foreground,and the background are separated, and thus, the



605 out puts the background conponent inage. The processing is then
conpleted. 15 As discussed above, the foreground/backggyggqmﬁgpgﬂ@tor - 105
is able to separate the foreground conponents and the background conponents
fromthe input inmage based on the area information and the m xture ratio
a, and outputs the foreground conponent inmage consisting of only the
foreground 20 conponents and the background conponent image consisting of
only the background conponents. Adjustnents of the anount of notion blur
froma foreground conponent inage are described below Fig. 72 is a block
diagramillustrating an exanpl e of- &l the. configuration of the notion-blur
adjusting unit 106-. 23 Novenber 2005 - 165 The npotion vector and the
positional information thereof supplied fromthe notion detector 102 and

the argaixdf oFAPLeHN SPPLE e, fom the area specifying unit 103 are.
supplied to a unit-of-processing determ ning portion 801 and_ 5 a

model - f or M MhepAddoR 802 FBie-aY §a A Oramn AhesSURY et ifgremdhe
f or egr ound/ background separator 105 is supplied to the adder 804. The

uni t - of Ehps OTESETdE dl abLE kY Mo POFdad ave BOde SURP| F&SegrdRgethiey ¢id h the
notion vector, the unit of processing that 10 is generated based on the
not i on hackgrownd die pasitdondl idosreiigly | heieBadangeddiel area
information to the nodel - form ng portion 802. The unit-of-processing
detérmqugpnents are set to 0, and the foreground components are
maintained. The eleventh through thirteenth pixels from the
left belong to the coveréd background area before the
foreground and the-baékground are separated. _Accordinglf,
the background components are set to 0, and the foreground
10 components are maintained. The fifth through tenth pixels
from the left consist of only the foreground components,
which are thus maintained.
Fig. 70B illustrates an example of the backgiound
component image corresponding to frame #n in Fig. 66.l Tﬁe
15 "leftmost pixel and the fourteenth pixel from the left
~consist of only the background components before the
_ foreground and the background are separated, and thus, the
background components are maintained.
The second through fourth pixels from the left belong
20 to the uncovered background area befoée the foreground and
the background ére separated. Accordingly, the foreground
components are set to 0, and the background components are
maintained. The eleventh through thirteenth pixels from the

left belong to the covered background area before the

25 - foreground and the background are separated. Accordingly, -



portion 801 supplies the generated unit of processing to the adder 804. 15
As an exanple indicated by "A" is shown in Fig. 73, thesnudwelfoopr ocessi ng
generated. by the unit-of-processing determ ning portion 801 indicates
consecutive pixels disposed in the nmoving direction starting fromthe

pi xel corresponding to the covered background area of the 20 foreground
conponent inmage until the pixel corresponding to the uncovered background
area, or indicates consecutive pixels disposed in the noving direction
starting fromthe pixel correspondin% to the uncovered background area
until the pixel corresponding to thébZovered background area. The 25 unit
of processing is formed of two pieces of -data which 23 Novenber 2005 - 166
i ndi cate, for exanple, the upper left point (which is the position of the

| ef t NDStEr@y £ drRe rbRRID FonlokRin dsh alke Ja1ae odesignatied e idfe i t of
processing) and the lower right point. 5 The nodel-form ng portion 802

forms acongenedhased renmaliheaidledon weed ¢ rand thieughPWent bHigk1Rr ocessi ng.
More specifically, for exanple, the nodel-form ng portion 802. mray store
i n advarfeena thleulalfitt yoak immdelfs onn yaater dategrdiund doigonerer, ahapi xel s
contained in the unit of processing, 10 the nunber of virtual divided
porti onghyfs,t ibeppieklvakhlaeisn areheetti e di.recti on, and the nunber of"
foreground conponents for each pixel. The nodel -form ng portion 902 then
may 2 The processing for separating the foreground and the
background executed by the foreground/background separafor
105 is desc¢ribed below with reference to the flowchart of
Fig. 71. 1In step S601, the frame memory 621 of the |
separating portion 601 obtains an input image, and stores
'10 fraﬁe #n for which the foreground and the background are
separated togethér ﬁith the previous frame #n-1 and the
subsequent frame #n+l. B
In step 5602, the separation processing block 622 of
the separating portion 601 obtains area information supplied
15 from the mixture-ratio calculator 104. 1In step 5603, the
| separation processing block 622 of the separating portion
601 obtéins.the‘mixture ratio o supplied from the mixture—_
ratio calculator 104. .
- In step 5604, the uncovered area processor-631:extrécts
'20‘ the background components from the pixel values of the
: pikels belonging‘to the uncovered background area supplied
from the frame mémory 621 based on the area information and
the mixture ratio'a,

In step 5605, the uncovered area processor 631 extracts

25 the foreground components from the pixel values df the



sel ect the nodel in which the correlation between the pixel values and the
foreground conponents is designated, such as 15 that iB;K Gennédgohased on
the unit of processing and the nunber of virtual divided portions of the
~pixel value in the time direction. It is now assuned, for exanple, that

t he nunber of pixels corresponding to the unit of processing is 12, and 20
that the anount of novenment v within the shutter tinme is 5. Then, the
nmodel -formi ng portion 802 sets the nunber of virtual divided portions to
5, and selects a nodel fornmed of eight types of foreground conponents so’
that the |leftnost pixel contains oneé3 oreground conponent, the second
pi xel 25 fromthe left contains two foreground conponents, the third 23
Novenber 2005 - 167 pixel fromthe left contains three foreground

conpongitseels el Jirdd R X@le fl R NG 6 lﬁ{c@salté)é"?tgg%ﬁ(leiléd

conponents, the fifth pixel fromthe left contains five eground

conponefiicsm HHe Siard oty fgpmpdeed efd &heontal ns, Fd Mes £ e WRnd
conponents, the seventh pixel from the left contains five foreground

conponeittes mitdtmrel ghidio prxel fromthe left contains five foreground
conponents, the ninth pixel fromthe left contains four foreground

conmponent s, Inhetkeentld i, xehef omerie laekh poicaisisrt kee k@ rheregr ound
conponents, the eleventh pixel fromthe left contains two .foreground
conponeits bamkgrnchmd welrfidnaui b frdu orhd heldedf tvadortaio e f or egr ound
conmponent . '
' pixels belonging to the covered background area supplied
from the frame memory 621 based on the area information aﬁd
the mixture ratio o. |
In step 5607, the covered area processﬁr 632 extracts
10 the foreground components from the pixel values of the
‘pixels belonging to the covered background-area'supplied
from the frame memory 621 based on the area information and
the mixture ratio o.
In step 8608,.the synthesizer 633. combines the
i15 foreground components of the pixels belonging to the
uncovered background area e#tracted in the processing of
step 5605 with the foreground components of the pixels
belonging to the covered background area extracted in the
processing of étep S607. The sYnthesized féreground
20 .components are supplied to the synthesizer 603. The
synthesizer 603 further combines the pixels belonging to the
 foreground area supplied via the}switch 602 with tﬁe
foreground components supplied from the separating portion

501 80 as to generate a foreground component image.

25 . In step S609, the synthesizer 634 combines the



Instead of selecting a nodel fromthe prestored nodels, the hDdeI'forning

portion 802 may generate a nodel based on 15 the ”Dt'QQBM€&E££2&Bd t he
unit of processing when the notion vector and the unit of processing are

supplied. The nodel -form ng portion 802 supplies the selected nodel to an
equation generator 803. The equation generator 803 generates an equation
based 20 on the nodel supplied fromthe nodel-form ng portion 802. A
description is given below, with reference to the nodel of the foreground
conponent image shown in Fig. 74, equations generated by the equation
generator 803 when the nunber of fodégreund conponents' is 8, the nunber
of pixels 25 corresponding to the unit of processing is 12, and the 23
Novenber 2005 - 168 anpunt of novenent v is S. Wen the foreground

conpone%g%kgggggdn%%nkgn%%ﬁfbO&;egro# g%pgggﬁg;Jjﬁgqg)qghrespondlng to

the shutter " tine/v a roug tionshi ps between 5

FOL/ v t hinheudgh I, %8l I expressed
by equati ons {%Sl?b}éﬁ%gﬁ%(%{g%ﬁé% y‘aﬁflé%e%]l&gh%u%f%ﬁgi% \?Egdlv (79)

Q03 = FeIey+EQRMV whEhY th80baltRq@Rdna EOAMDGHERI v HROZ Lt 1681) Q05 =
F05/v+FO4/v+FCB/v+FC2/v+FC1v (82) Co06 = F06/v+F05/v+FO /v+F03/v+FC2/v (83)

belonging to the covered background area extracted in the

5 processing of step 5606. The synthesiied background
components are supplied to the synthesizer 605. The
synthesizer 605 further combines the pixels belonging to the
background area supplied via the switch 604 with the |
background components supplied from the separating portion

10 601 so as to generate a backéround component image.

In step 5610, the synthesizer 603 outputs the
foreground compenent~image. In step S6l11, the synthesizer
605 outputs the background component image. The processing
is then completed.

15 _ As diseussed above, the foreground/background separator
105 is able to separate the foregreund components and the
background components from the input image based on the'area
information and the mixture ratio o, and outputs the

' foreground component image con315t1ng of only the foreground

20 components and -the background component image consisting'of
only the background components.

Adjustments of the amount of motion blur from a
foreground component image are described below.

Fig. 72 is a block diagram illustrating an example of

25 the configuration of the motion-blur adjusting unit 106.



Q07' = FO7/ v+FO6/ v+FOb/ v+FO4/ v+FO3/ v (84) CO8 =
FO08/ v+F07/ v+F06/ v+F05/ v+FO4/ v (85) 15 C09 = FO8/v+F07/v §ﬂ@&ﬁ% %&ﬁv (86)

Cl O = F08/v+F07/v+FO6/v (87) Cl1 = F08/v+F07/v (88) Cl2 = FO03/v (89) The
~equation generator 803 generates an equation by 20 nodifying the generated
equations. The equations generated by the equation generator 803 are

i ndicated. by equations (90) though (101) . Q01 =

| FO1/ v+OFQ2/ v+OFQ3/ v+0O. FO4/ v+O FCB/ v +0- FO6/ v+0- FO7/ v+O- FO8/v (90) 25
C02. = 1-FO1/ v+1-F02/ v+OF03/ v+O F04/ v+OF05/ v 23 Novenber 2005 - 169

+0F06/ v+0F07/ v+0OF08/ v (91) (@03 =-1RGYH wv+1F02/v+1F03/v+0F04/ v+0F05/ v
+0F06/ v+0F07/ v+OF08/ v (92) Q04 1F01/ v+1FQ2/ v+l FOB/ v+l FO4/ v+O FCB/ v 5
+0F06/ v+0F07/ v+0F08/v (93) CO05 1F01/ v+1FQ2/ v+1FQ3/ v+1FO4/ v+l FOB/ v
+OF06/ v -+ = AVA TAVES N+ EQ4/ v+1FCB/ v

+1F0° 6/v+og‘gd7ﬁ/&v°$gg%ge/tv°(1? g5 dooc?‘oe &%ssqiglooﬁ{)%o% of vﬁOIPOﬁqq\;gﬁﬁQg;/vﬂFOS/v
+1F06/ \StbQWoy 4B/ thd ¥ 1 o081t AU Vit QR o 40f08/ 1 FO4/ v+ FCB/ v

" information supplied from the area specifying unit 103 are

sﬁpplied to a unit-of-processing determining portion 801 aﬁd
5 a model-forming portion 802. The area information supplied
from the foreground/background separator 105 is supplied to
the adder 804.
The unit-of-processing determining portion 801 supplies,
together with the motion vector, the unit of piocessing that

10 is genergted based on the motion vector and the positionél

information thereof and the area'information to the model-
forming portion 802. The unit-of-processing determining
portion 801 supplies the generated unit of processing to the
adder 804.

15 As an example indicated by "A" is shown in Fig. 73, the
‘unit- of processing generated by the unit-of-processing
~determining portion 801 indicates consecutive pikels
disposed in the moving direction starting from the pixe1

corresppnding to the covered background area of the

20 foreground component image until the pixel corresﬁénding to
Fhe uncovered background area, or indicates coﬂsecptive
pixels disposed in the moving direction starting from the
pixel corresponding to the uncovered béékground area until
the pixél corresponding to the covered'backgroﬁnd arear The

25 unit of processing is formed of two pieces of data which



-1-1 FO6/v+l FO7/v+l FOB/v (97) 09 =
OF01/ v+0F02/ v+0F03/ v+0FO4/ v+1F05/ v 15 +1F06/v+1F07/ v+1B08kbvVeriB005Cl O =
4FOL/ v+O FOR/ v+0FO3/ v+0FO4/ v+OFOB/ v +1- FOB/ v+l FO7/ v+1F08/ v (99) C11 _
OFOL/ v+OFQ2/ v+0F03/ v+0FO4/ v+OFCE/ v +0F06/ v+1F07/ v+1F08/ v (100) 20 Cl2 =

0- FOL/ v+OFQ2/ v+OFCB/ v+4FO4/ v+OFCB/ v +OF06/ v+0F07/ v+1F08/ v (101)

Equati ons

(90) through (101) can be expressed by equation (102). os ¢ =1 aij - F
/ v (102) i-ol 23 November 2005 - 170 In equation (102), j designates the

12.
ai j

g

In

equation (102), i designate Re~position of the foreground

val ue.

. position of the pixel. 1In this exanEIe ] has one of the values from1l to
S

In this exanple, i has one of the values froml to 8 5 In equation (102),

has the value 0 or 1 according to the values of i and j. Equation

i0

15

20

25

| aij - Fi / v + e i=01
position of the leftmost or the topmost pixel in the image

designated by the unit of processing) and the lower right
point. | |

The model-forming portion 802 forms a model baséd on
the motion vectbr.and'the input unit of processing. More
specifically, for example, the model-forming portion 802 may
store in advance a plurality of models in accordance with
the number of pixels contained in the unit of processing,
the number of virtual divided portions of the pixel vélue in
the time direction, and the number of foreground compdnents
for each pixel. The model-forming portion 902 then may
select the model in which the correlation between the pixel
values and the foreground componénts is designated, sﬁch és
that in Fig. 74, based on the unit of'processing and the
number of virtual divided portions of the pixel value in the
time direction. |

It is ﬁow assumed, for example, that the number of

plxels corresponding to the unit of processing is 12, and

that the amount of movement v within the shutter time is 5.

Then, the model-forming portion 802 sets the number of
virtual divided portions to 5, and selects a model formed of
eight types of foreground components-sb that the leftmost

pixel contains one foreground component, the second pixel

from the left contains two foreground components, the third

(102) camdieaexpr €észedxhypeayathenupp@3d) 1ett poRsidqiaLican;af thhe error. 08



(103) 10 In equation (103), e] designates the error contained in the
desi gnated pixel ¢ . Equation (103) can be nodified inb%bﬁggﬁ%%ﬂﬂ5(lo4)' 08
' od o

ej =G - laijFi/v i=01 (104) In order to. apply the netho east
squares, the 15 square sumE of the error is defined as equation (105). 12
E _ | ez j=01 (105) In order to mnimze the error, the partial

differential value using the variable Fk with respect to the square sum
E of the error should be 0. Fk is determ ned so' 20 that equation (106) is
satisfied. 23 Novenber 2005 - 171 O E 2 12 ej GCbj tVk j=01 b 'k 12 08
=2 . 1{(g -- »aij F [/ v) (-akj ¥6¥)-=0 j=01 i=01 (106) In equation
(106), since the amount of novenent v is a

pixel from the left contains three foreground components,
the fourth pixel from the. left contains four pixel
components, the fifth pixel from the left contains five
foreground components, the sixth pixel from the left
5 contains five foreground components, the seventh pixel from
‘ the left‘contains five foreground components, the eighth
pixel from the left contains five foreground components, the
ninth pixel from the left contains four foreground |
components, thé fenth pixel from the left contains three
10 foreground components, the eleventh pixel from the left
contains two foreground components, and the twelfth pixel
from the left contains one foreground component.
Instead of selecting a model from the prestored models,
the model~forming portibn 802 may génerate a model baéed on
15 the motion vector and the unit of proceésing when thé motion
vector and the unit of processing are supplied.
The model-forming pbrtion 802 Supélies the selected
model to an equation generator 803.
The equation generator 803 generates an equation baSed
20 on the model supplied from the model—forming portion 802.
| A description is given below, with reference to the
model of the foregrbund componenﬁ image shown in Fig. 74, of
equations generated by the equation generator 803 when thé
number of foréground components is 8, the ﬁumber of pixels

25 corresponding to the unit of processing is 12, and the



fixed value, equation (107) can be deduced. 12 08 zakj((-- >aijFi/v) =0
j =01 i=01 (107) 5 To expand equation (107) and transpo ,
equation (108) can be obtained. 12 08 12 Z (akj aij -§§P%Q§m%??ﬁgkj - g
j=01 i=01 j=01 (108) Equation (108) is expanded into eight equations by
substituting the individual integers from1l1l to 8 into k in 10 equation
(108). The obtained eight equations can be expressed by one matrix
equation. This equation is referred to as a "nornal equation”. An.exanple
of the normal equation generated by the equation generator 803 based
on.the nethod of |east squares 15-i $6i8ndi cated by equation (109): 23
Novenber 2005 - 172 12 YC i=08 11543 210 0 OF011G -

amount of movement v is 5.

When the foreground components contained in the
foreground component imagé corresponding to the shutter
time/v are F01/v through F08/v, the relationships between

5 FO01/v through F08/v and the pixel wvalues CO0O1 throﬁgh Cl2 can

be expressed by equations (78) through (89).

CO0l = FO1/v | (78)

€02 = F02/v4F0l/v | (79)

Cc03 = FO3fv+F02/v+F01v (80)

| 10 C04 = FO04/v+F03/v+F02/v+F0lv (81)
CO05 = FOS5/v+F04/v+F03/v+F02/v+F01lv (82)

C06 = FOG/V+F05/v+F04/v+F03/v+F02/Q (835

CO07 = FO7/v+F06/v+F0S/v+F04/v+F03/v (84)

CO08 = FO8/v+F07/v+F06/v+F05/v+F04/v | {85)

15 C09 = FO8/v+F07/v+F06/v+F05/v (86)
Ci0o = FOB/V+FO7/V+F06/V {(87)

Cll = FO8/v+F07/v ‘ (88) -

c12 = FO8/v | - (89)

The equation generator 803 generates an equation by
20 modifying the generated equations. The equations generated
by the equation generator 803 are indicated. by équations

{90) though (101).

COLl = 1-FO1/v+0:F02/v+0-F03/v+0-F04/v+0<F0S/v
+0+F06/v+0-F07/v+0-F08/v (90)
25 C02 = l-FOl/v+1-FOZ/v+O-F03/V+O-F04/v+0-F05/v



1745 43210 0F02to
= v V.i=05 (109) 08 1 2 3
123 45 4F07Y G

When equation (109) is

is unknown- A and v are known when

known when the pixel 5

10

15

20

C03 = 1-F01l/v+1-
C04 = 1-FOl/v+l-
C05 = 1-F01/v+1-
co6 =‘0-F01/v+1-
cio7 = O-F017v+0'
C08 = Q0-FO1/v+0-
COQ = 0-FOLl/v+0-
Ci0 = 0-F01/v+0
Cll = 0-F01/v+0
ciz = 0'EOl/V+0
Equations

equation (102).

i=03 000

IC 16 34543 2 1 0F0309
45 432F0501234 5 4
123 FO806 | > [

45

expressed by AF = vC, C, A,
the
t i

val ue is inpu
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+0-F06/v+0-F07/v+0-F08/v
FO2/v+1-FO3/v+0-F04/v+0-FOS5/v
- +0-F06/v+0-F07/v+0-F08/v
FOZ/V+1;F03/v+1-EO4/v+O-F05/v
+0-F06/v+b-F07/v+O-F08/v
FO02/v+1-FO03/v+1-F04/v+1-FO05/v
+0-F06/v+0-F07/v+0-F08/v
F02/v+1-F03/v+1-F04/v+1-FO05/v
" +1-FO6/v+0-FO07/v+0-F08/v
FO2/v+1-FO3/v+l-FO4/v+1-FO5/v
+1-F06/v+1-F07/v+0-F08/v
FO2/v+0-F03/v+1l-F04/v+1-FO05/v
+1+F06/v+1-F07/v+1-F08/v
FO2/v+0-F03/v+0-F04/v+1-FO5/v

+1:F06/v+1-F07/v+1-F08/v

“F02/v+0-F03/v+0-F04/v+0-F05/v

+1-F06/v+1-F07/v+1-F08/v

*FQ2/v+0-F03/v+0-F04/v+0-FO05/v

+0-FO6/v+1-FO07/v+1-F08/v

*F02/v+0+F03/v+0-FO4/v+0-FO5 /v

+0+F06/vt0 FO7/v+1-F08/v

08
> aij-Fi/ vy

i=Q1

2 345 432 1F04Y G

3 407 00
Enggéh%;%gﬁL =01 J

and v.are known, and F

nodel is formed, while C becones
n the addition processing.

(91)
(92)
(93)
(92)
(95)
(96)
©7)
(98)
(99)
(100)

(101)

(90) through (101} can be.expressed by

(102)



‘integers from

By cal cul ating the foreground conponents according'to the normal equation.
based on the nethod of |east squares, the error contai;Reg ik BeysPi xel C
can be distributed. The equation generator 803 supplies the normal equation
10 generated as discussed above to the adder 804. The adder 804 sets, based
on the unit of processing supplied fromthe unit-of-processing determning
portion 801, the pixel value C contained in the foreground conponent i mge
in the matrix equation supplied fromthe equation 15 generator 803. The
adder 804 supplies the matrix in which 23 Novenber 2005 - 173 the pixel
value Cis set to a calcul ator 805 IMde -cal cul ator 805 cal cul ates the
foreground conmponent Fi/v fromwhich notion blur is elimnated by the
processing based on a solution, such as a sweep-out nethod (Gauss 5 Jordan
el imnag,] Q,.as, 1 obt.ai | onding: to | _indi cating one of the
i Mua 1qjtrg %1,(?2\/3{11 cﬁ %flt%rgaag({)sleigé]&sac?%ﬁw%rﬁ %/\/rﬁq%% prrl[)}f‘g‘lg’to'n blur is.
el i m nageden heex R f HaB5d o il R, ber [t egrging, congonent i mage
consisting of the pixel values FI w thout notion ur, such 10 as that in
Fi 9. 7Squidx for"Oli @) bl urqaddar 06 and o sel 861 Ur 80/ #4kddiedQy egr ound
conponent inmage w thout notion blur shown in Fig. 75, the reason for
settingrdAQle t hroughh F98 i fmp (D3 1 HHLIObhe AP, thespgehibYelYomi § REL gt O
change the position 15 of t%e foreground conponent imge with respect to
t he5scrigerequation (102), aij has. the value 0 or 1 according to the

values of i and j.
Equation (102) can be expressed by equation (103) in

consideration of the error.

08
Ci= D aij-Fi/ v + ej | (103)
i=01 T
10 In equation (103), ej designates the error contained in the

designated pixel Cj.

Equation {(103) can be modified into equatioh {104) .

0§ - i
ej=Cj- D aij-Fi/v (104)

i=01

In order to. apply the method of ieast squares, the

15 square sum E of the error is defined as equation (105).

12 '
E= D ef | | (105)

j=0

In order to minimize the error, the partial
differential value using the variable Fk with respect to the
square'sum E of the error should be 0. Fk is determined so

20 that equation (106) is satisfied.



However, FOl1 through FO8 may be set in any desired positions. The
noti on-blur adder 806 is able to adjust the anpunt of i by
addi ng the anount v' by which notion blur is adj usted?%l’%ﬂ)epbdbgi fferent
fromthe anount of novement 20 v, for exanple, the anmount v' Dby which
notion blur is adjusted, which is one half the value of the amount of.
novenent v, or the anount v' by which notion blur is adjusted, which is
irrelevant to the amount of novenent v. For exanple, as shown in Fig. .

76,' the notion-blur adder 806 25 divides the foreground pixel value Fi

‘wi thout notion blur by 23 Novenber—2b0b - 174 the anount v' by which
notion blur is adjusted so as to obtain the foreground conponent Fi/v'.
The not idfg-bl ur adder 806 then cal cul ates the sum of the foreground
conpone Ei hv. St r@ generating the pixel value in .5 which the anount
of noti @kkbl ur ig@ ] us¥ied. For exanple, when the anpbunt v' by which
notion blur is agjusted ig 3, the pixel value C02 is set t6L{&01)/v', the
pi xel value=G3. 4 (FOL+FQ2)Y /) . (L isel yalue CO4 is set to
(F01+F02+F03)/v'j§é§(?thgpi%él val)u‘)eé (i)éﬂﬁsps‘?est t?() 10 (FO2+FB+FOX4) [/ V!
The notion-blur adder 806 supplies the foreground conponent image in which
t he anmount ofnnequanidsh ufl0s) , adinust echd caeowwsel actt adoBhentThe iselaect or 807
sel ects one of the foreground 15 conponent inage w thout notion blur

suppl i efikednvehee, equation (107) can be deduced.

12 08
Dakji-(Ci- D aij Fi/v) =0 L (107)
j=o1 i=n1 ‘ _

5 To expand equation (107) and transpose the terms,

equation (108) can be obtained.

1z a8 12
Y. @kj- D aij-Fi) = v akj - C] (108)

§=01 i=o1- - j=01

Equation (108) is expanded into eight equations by
substituting the individual integers from 1 to 8 into k in
10 equation (108). The obtained eight equations can be
expressed by one matrix equation. This eguation is referred
to as a "normal equation'.
An example of the normal equation generated by the
equation generatbr 863 based on the method of least squares

15 is indicated by equation (109).



cal cul ator 805 and the foreground conponent i mage in which the anount of
nmotion blur is adjusted supplied fromthe notion-blurasdemBPfosased on a
selection signal reflecting a user's selection, and outputs the sel ected
foreground 20 conmponent inmage. As discussed above, the notion-Dblur
adjusting unit 106 is able to adjust the anpbunt. of notion blur based on
the selection signal and the amount v' by which notion blur is adjusted.
25 Al'so, for exanple, when the nunber of pixels 23 Novenber 2005 - 175
corresponding to the unit of processing is 8 and the amount of novenent v
is 4, as shown in Fig. 77, the not T oh? Bl Tr adj usting unit 106 generates a
matri x equation expressed by equation (110). F08 43 2 10F01 3432
.1 F02 234 32F03 12343F04 01234F051 G 1i=0507YG(C
i =04 12
| | Q.cif |
i=08 -
11l
o > ci
FO1 L=07
FO2 {D.ci

FO3 ‘o
FO4 | Z Ci
Fos| -~ YV 'y . (109)
2:(3_
FO6 io=_?4
FO7 ZCi
FO8 ] 1=03

06
d.ci

i=02

05
> ci

| £ =01 .

W b s W N oo

SO RN W U

S = NW s e W

HOoN W oe s N

RIS R O S Y O TR S

e R N R N =
L I R sl =R =N =

O QOO N W

When equation (109) is expressed by A+F = v+C, C, A,
and v are known, and F is unknown. A and v are known whén
the model is formed, while C becomés known whenrthe pixel

5 valué is input in the addition processing.

By calculating the foreground components according to
the normal equation based on the method of least squares,
the error contained in the pixel C can be distributed.

The equation generatbr 803 supplies the normal equation

10 generated as discussed abové to the adder 804.

The adder 804 sets; based on the unitrof processing
supplied from the unit-of-processing determining portion 801,
the pixel-value C contained in the foréground component
image in the matrix equation éuppliéd from the equation

15 generator 803. The adder 804 supplies the matrix in which



= VYV 015 (110) YCG i=03 05 EC i=0204 [YC i=011 In this manner

the notion-blur adjusting unit 106 cal culates Fi, whi | Lxel val ue
i n-which the amount of notion blur is adjusted, by se???%gﬂﬁgp%ﬁg equati on
in accordance with the length of the unit of processing. Simlarly, for
exanpl e, when the nunber of pixels contained in the unit of processing is
100, the equation corresponding to 100 pixels is generated sous to
calculate Fi. Fig_ 78 illustrates an exanpl e of another configuration of
the notion-blur adjusting unit 106. The sane el enents as those shown in
Fig.. 72 are designated with |like reléBence nunerals, and an expl anation
thereof is thus omtted. Based on a selection signal, a selector 821
directly supplies an input notion vector and a positional signal thereof
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The calculator 805 calculates the fqreground component
Fi/v from which motion blur is eliminated by the processing
based on a solution, such as a sweep-out method (Gauss-—

5 Jordan elimination), so. as to obtain Fi correspondiﬁg to i'
indicating one of the integers from 1 to B, which is the
pixel value from which motion blur is eliminated. The
calculatbr_BOS then outputs the foreground component image
consisting of the pixel values Fi without motion blur, such

10  as that}in Fig. 75, to a motion—-blur adder 806 and a
selector 807.
In the foreground component image without motion blur
shown in Fig. 75, the reason for setting FO01 through F08 in
C03 through C10, respectively, is not toc change the position
15 of the-foregroﬁnd component image with respect to the screen.
However, F0l1 through F08 may be set in any desired positions.
The mbtion;blur adder 806 is able to adjust the amount
of motion blur by adding the amount v' by which motion blur
is adjuste@, which is different from the amcunt df movement
20 wv, for example, the amouﬁt v' by which motion blur is
adjusted; which is omne haif the value of the amount'of‘
movement v, or the amount v' by which motion blur is
"adjusted, which is irrelevant to the amount of movement v.
For examplé,'as shown in Fig; 76, the motion-blur adder 806

25 divides the foreground pixel value Fi‘without motion blur by



and the nodel -formng portion 802. Alternatively, the selector 821 may
substitute the magnitude of the nmotion vector by the agRu Ol Ner 249 Which
notion blur is adjusted, and then supplies the notion vector and the
positional. 5 signal thereof to the unit-of-processing determning portion
801 and the nodel :formng unit 802. Wth this arrangenent, the

unit-of -processing determning portion 801 through the cal cul ator 805 of
the notion-blur adjusting unit 106 shown in Fig 78 are able to 10 adj ust
t he amount of notion blur in accordance with the amount of nobvenent v and
the amount v' by which notion blurT %% adjusted. For exanple, when the .
anount of novenent is 5, and the anount v' by which notion blur is ,
adjusted is 3, the unit-of-processing determning portion 801 through the

15 cal cyhat 8ro8RE 6f ‘bPewAREhORcBLYR BOLHSLENgaisted 06 showy, in Fig. 76
execute conputation on the foreground conponent™ inage in which the anount

of noveokbhin theS5FsheyRoiAdFe@mporddnacEDydi NO 110 thet 1®deb1shown in Fig.

76 in which the anount v' by which notion blur is adjusted is 3. As a 20
resul t, attieri ddgeticont abbeafatesi ohe bbutt bAviing fdeegrownt of noverment v
of (ampbunt of novenment v)/(amount v' by which notion blur is adjusted) =
5/ 3, i.eompabeuts 1IFY/v§, obharaed. geharabisg calse, pthel calud atred | mage does
not contain notion. blur corresponding to the anbunt of novenent v of 3. 25
Accor di Wgleh the semeiat bef nootion Hatux hiss red s ondhi P8 ddampirer 2005 -
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when the amount v’ by which motion blur is adjusted is 3,

the pixel value C02 is set to (F01l)/v', the pixel value C3
is set to (FO1+F02)/v', the pixel wvalue C04 is set to |
7 (FOL+F02+F03) /v', and the pixel value C05 is set to
10 (FO2+F03+F04) /v

The motion-blur adder 806 supplies the foreground
component image in which the amount of motion blur is
adjusted to a selector 807. |

The selector 807 selects one of the foreground

15 component image without motion blur supplied from the
calculator 805 and the foreground component image in which
the amount of motion blur is adjusted supplied from the
motion-blur adder 806 based on a selection signal reflecting-
a user's sélection, and outputs the selected foreground

20 compqﬁent image.

As discussed above, the motion-blur adjusting unit 106
is able to adjust the amount of motion blur based on the
selection signal and the amount v' by which motion blur is
adjusted.

25 Also, for example, when the number of pixels



bet ween the amobunt of novenment v and the anmount v' by which notion blur is
adjusted is different fromthe result of the notion-bhtk.adger2&36. As

di scussed above, the notion-blur adjusting unit 106 5 generates the
equation in accordance with the anmount of novenent v and the unit of
processing, and sets the pixel values of the foreground conponent image in
the generated equation, thereby cal cul ating the foreground conponent i nage
in which the anount of notion blur is adjusted. 10 The processing for
adjusting the anobunt of notion blur contained in the foreground conponent

i mage executed by the notion-blurddfusting unit 106 is described bel ow
with reference to the flowhart of Fig. 79. In step S801, the

uni t-of -processing determ ning 15 portion 801 of the notion-blur adjusting
uni t 1080 8LEEHEREENG 1 HE £ Ludi t REOCGESSEAG Das et of, tdigs MOt oy yget or and
the area information, and supplies the generated unit of processing to
the nmodef -hevamage perison, 802.sHdwstap BRP2,71 hecn®dgb+ f - ng- portion 802
of the 20 notion-blur adjusting unit 106 selects or generate's the nodel

i N accoxrdineei mg tinibel @erogdrie of t SOV MRt r ik adtghd hiton WigreHfePnpeessi ng.
In step 5803, the equation generator 803 generates the normal equation
based osgudeism| ect@d. nodel. 25 In step S804, the adder 804 sets the pixel
val ues of 23 Novenber 2005 - .178 .
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In this manner, the motion-blur adjusting unit 106
calculates Fi, which is the pixel value in which the amount
of motion blur is adjusted, by setting up the equatioﬁ in
accordance with the length of the unit of processing.

10 Similarly, for example, when the'number‘of_pixels contained
in the unit of processing is 100, the equation corresponding
to 100 pixels is generated so as to calculate Fi.

Fig. 78 illustrates an example of another configuration
of the motion—bluf adjusting unit 106. The same elements as

15 those shown in Fig. 72 are éesignated with like reference‘
numerals, and an explanation thereof is thus omitted.

Based on a selection Signal, a seléctor 821 directly
supplies an input ﬁotion vector and a positional signal

" thereof to the unit-of-processing determining porticn 801



t he foreground'conponent imge in the generated normal equation. In step
5805, the adder 804 determ nes whether the pixel valu%§}QLa§k$2&Be pi xel s
corresponding to the unit. of processing are set. If.it I's determ ned that

~the pixel 5 values of all the pixels corresponding to the unit of

processing are not yet set, the process returns to step 5804, and the
processing for setting the pixel values in the normal equation is repeated.
If it is determned in step 5.805 that the pixel values 10. of all the

pi xel s corresponding to the unit of processing are set, the process
proceeds to step S806. In step S866176the cal cul ator 805 cal cul ates the

pi xel values of the foreground in which the anmount of notion blur is

adj usted based on the normal equation in which the pixel values are 15

set supld athd hadinecaddely St ibae spP0CessicRGniag ikReR , ¢pppl eted. As
di scussed above,: the notion-blur adjusting unit 106 1is able to adjust the

anmount =1 J8Hdrom 2l wayolsutRe ifeneo N chid g deoBiraithicngoabihon bl ur based
on the notion 20 vector and the area information That is, it is possible

t 0 adj wsictidie et agbul®! von bybhitri ceorcaiipad binrt he pidselsted, ues, .t hat
is, contained in sanpled data. As is seen fromthe foregoing description,
the | magel t2enproapeddiengthppaocativs skewor and ¢he? posialb@atio adj ust the 23
Novenber 2005 - 179 .
5 signal thereof to the unit—of-processing determining portion
- 801 and the model~forming unit 802.
With this arrangement, the unit-of-processing
determining portion 801 through the calculator 805 of the
motion-blur adjusting unit 106 shown in Fig. 78 are able to
10 adjust the amount of motion blur in accordance with the
amount of movement v and the amount v' by which motion blur
is adjusted.' For example,Awhen the amount of movement is 5;
-and the.amount v' by which motion blur is adjusted is 3, the
unit-of-processing determining portion 801 through the
i5 calculator 805 of the motién—blur adjusting unit 106 shown
~in Fig. 76 execute computation on the foreground component
image in which the amount of movement v is 5 shown in Fig.
74 according to the model shown-gn Fig. 76 in ﬁhich the
~amount v' by which motion blur is adjusted is 3. As a
20 result, the iﬁage containing mofion blur having the amount
of movement v of (amount of movement v)/(amount v' by which
mofion blur is adjusted) = 5/3, i.e., about 1.7 is obtained.
In this casé, the calculated image does‘not contain motion

blur corresponding to the amount of movement v of 3.

25 Accordingly, it should be noted that the relationship



amount of notion blur contained in the input inmage- The inmage processing
apparatus configured as shown in Fig_ 2 is able to cal yL@; vk Oglxture
ratio a, which is enbedded information, and outputs t e calcu

‘mxture-ratio a. 5 Fig. 80 is a block dlagranllllustratlng another exanple_

of the configuration of the notion-blur adjusting unit 106. The notion .
vector and the positional information thereof supplied fromthe notion
detector 102 are supplied to a unit-of-processing determ ning portion 901
and an adjusting 10 portion 905. The area information supplied fromthe
area specifying unit .103 is supptikt’to the unit-of-processing
determ ni ng portion 901 The foreground conponent inage supplied fromthe
f oregr ound/ background separator 105 is supplied to a cal cul ator 904. 15

The Um}Be@&e@ﬂiogﬁéSérﬂcguﬁ'@@f%&&Qeﬂﬁr&'91@d9913ce5&'r98bh€5v'tﬂﬁe&}%‘éhwth the
notion vector, the unit of processing generated based on the notion vector

and themposoh i ®N@t isni@)aBtéQNisheiepbrand thematra FOEQTHBEE Ofhd O A
nodel - form ng portion 902. 20 The nodel -form ng-portion 902 forns a nodel

based amotidwe-lDht caddect ®o6and the input unit of processing. Mre
specifically,. for exanple, the nodel---formng. portion 902.may store in
advance a plag aiidousofedradedws: | ke cartdance it lad fdet imgrheri oflogi xel s
contained in the unit of processing, 25 the nunber of virtual divided
por i ongendratbes pilkel eqad veon ni@3adoveddrece 2006h - ti8Oamount of

movement v and the unit of processing, and sets the pixel

values of the foreground component image in the generated

equation, thereby calculatingrthe foreground component image

in which the amount of motion blur is adjusted.

10 | " The processiﬁg for adjusting the amount of motion blur
contained in the foreground component image executed by the
motion-blur adjusting unit 106 is described below with
reference to the flowchart of Fig. 79.

| In step S801, the unit—of?processing determining

15 portion 801 of the motion-blur adjuéting.unit 106 generates
the unit of processing based én the motion vector and the
area information, and suppliés the generated unit of
prqcessing to the model-forming portion 802.

‘In step 5802,.the model-forming porﬁion 802 of the

20 _ motiOn—bluf adjusting unit 106 selects or generates the

model in accordance with the amount of movement v and the
‘unit of processing. In step S803, the equation generator
803 generates the normal eguation based on the selected

" model.

25 - In step S804, the adder 804 sets the pixel values of-



the time direction, and the nunber of foreground conponents for each

pi xel . The nodel -form ng portion 902 then may select thg, &l »do8 Whi ch
the correlation between the pixel .values and the.foreground conponents is
.desi gnated, such as 5 that in Fig. 81, based on the unit of pr.ocessing and
the nunber of virtual divided portions of the pixel value in the tine
direction. It is now assuned, for exanple, that the nunber of pixels
corresponding to the unit of processing is 12, and 10 that the anount of
-movenent v within the shutter tinme is_5. Then, the nodel-form ng portion
902 sets the number of virtual dividk#8portions to 5 and selects a nodel
formed of eight types of foreground conponents so that the |leftnost pixe
cont ai ns one foreground conponent, the second pixel 15 fromthe |eft

cont ai nshéWwbo fofeghiRdNdospoREAE N fagéhent RhedgeRbX¥8kehir ABLLAE | eft contains
t hree foreground conponents, the fourth pixe?—fron1the | eft contains four
pi xel egopohents, Ihhetépfs5B0P| xehef s0aetheokelibreent absswhi¥Rerf Or eground
conponents, the sixth pixel fromthe left 20 contains five foreground
conponehhs, ptkel sexbuth pExellftiom pihelketbreespanasngi ve treeghound
conponents, the eighth pixel fromthe |left contains five foreground
conponedf spré¢esshiat hrpi xet. f rbm theisefleteomiabdsthatr theregireund
components, the tenth pixel fromthe left contains three 25 foreground
conponefisues hef ex bl el pixels feormresponrding28oNohenbeit 26005 -- 181

processing are. not yet set, the process returns to step S804,
and the processing for setting the pixel values in the
normal equation is repeated.

If it is determined in step $805 that the pixel values

10 of all the pixels corresponding to the unit of processing
are set, the process proceeds to step 8806. In step 5806,
the calculator 805 calculates the pixel values of the
foreground in which the amount of motion blur is édjusted
based on the normal equation in which the pikel values are

15 set supplied from the adder 864. The processing is then
completed.

| As discussed above,: the motion-blur adjusting unit 106
is able to adjust the amount of motion blur of the
foreground image containing motionrblur based on the motion

20 vector and the area information.

That is, it is poSsibie to adjust the amount of motion
blur contained in the pixel values, that is, contained in
sampled data.

As is-seen from the foregoing descfiption, the image

- 25 processing-apparatus shown in Fig. 2 is able to adjust the



contains two foreground conponents, and the twelfth pixel fromthe |left
contai ns one foreground conponent. Instead of sel ectingsaot@mael2dosom t he
prestored nodels,. the nodel-formng portion 902 may generate a nodel
based on 5 the notion vector and the unit of processing when the notion
vector and the unit of processing are supplied. An equation generator 903
generates an equation based on the nodel supplied fromthe nodel-formng.
portion 902. A description is now given, with reference to the 10 nodel s
of foreground conponent inages shov Figs. 81 through 83, of an exanple
of the equation generated by the \é\w i on generator 903 when the nunber of
foreground conponents is 8, the nunber of pixels corresponding to the

unit of processing is 12, and the anmobunt of novenment v is 5. 15 Wen the

f or egr camouconpH Mert Sow dntar neshtanindd id ovlegrbumndt comppnentThaerage
corresponding to the shutter tine/v are FAO/v through F08/v, the

rel at.i oldiespbeteweing Rdpara tesughn FOBivedinas pélxein viah Ueilsy CA ishr ough C12
can-be. expressed by equations (78) through.(89), as stated above. 20 By
consi det?PhR) Enecplxelaval s rOiptere Gluio the Wikelh isgmieedtied cont ai ns
only.the foreground conponent FO08/v, as expressed by equation (111), and

t he pi xErEoTAR P01 120¢ gt &S oFhe Hea b okRie?d Ui giretea i &t ound
conmponent FQ8/v and the foreground conpaonent FQ7/v. Accordingly, the 25

- f or 8gr ound g&?por@nﬂ*@?ﬂ?"&é‘nddégfréﬂh&lﬂvlsécf@&%“@na@ff?ﬁr 2X3FB}Erber 2005
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of the configuration of the motion-blur adjusting unit 106.

The motion vector and the positional information thereof
éupplied from the motion detector 102 are supplied to a |
unit-of-processing determining portion 901 and an adjusting

i1t portion 9205. The areé information supplied from the area
specifying unit 103 is supplied to the ﬁnit"of;processing
determining portion 901. The.foreground component image
supplied from the foreground/background separator 105 is
supplied to a calculator 904.

15 The unit-of-processing determining portion 901 suppliés,
together with the motion vector, the unit of processing
generated based on the motion vector and the positional
information thereof and the area information to a model-
forminé portion 902.

20 - - The model-forming portion 902 forms a.model based on
the motion vector and the input unit of processing. More
specifically, for example, the model-forming portion 902 may
store in advance a plurality_of models in accordance with
the number of pixels contained in the unit of processing,

25 the number of virtual divided portions of the pixel wvalue in



FO8/v = C12 (111) FO7/v = Cll-C12(112) Sinilarly, by considering t he

f oreground conponents 5contained in the pixel values 1, the
f oreground conponents FO06/v through FO1/v can be found 8§$§%ﬁ% ?%ﬁg (113)

~through (118), respectively. FO6/v = C10-d 1| (113) FO5/v = C09-C10(114)
FO4/v = C08-C09(115) FO03/v = CO7-C08+C12(116) FO02/v = CO06- CO7+Cl1-C12(117)
FO1lv CO5- C06+C 0-C11(118) The equati on generator 903 generates the
equations for calculating the foreground conponents by the difference 15
.""between the pixel values, as indicated by the exanples of equations (111)
t hrough (118). The equation generat 8303 supplies the generated equations
to the cal cul ator 904. The cal cul ator 904 sets the pixel values of the

f oreground conponent inage in the equations supplied from the equation

gener ati@le Y%heS @i82HA RP! Ay e MRG0 WE-r SUMONEY Jﬁ?@ﬁf& the
equations in mhlé' the pi'xel values .are set. For exanpﬁé eﬁlequations

(111) tdvroughn piskl. ar@rﬁéi%deqd-ﬁ‘d &g%cﬁ%&%d Yy ANRALRY, 903, the
cal culator 904 sets the pixel val ues t hrough C12 i n equatlons (111)
25 t hr eugledtl il mddcNovenherio0@he correlation between the pixel
values and the foreground components is designated, such as
5 -that in Fig. 81, based on the unit of prooessing and the
number of virtual divided portions of the pixel value in the
time direction.
It is now assumed, for example, that the number of
pixels corresponding to the unit of processing is 12, and
10 that the amount of movement v within the shutter time is 5.

"Then, the model—forming portion 902 sets the number of
virtual divided portions to 5, and selects.a model formed of
oight types of foreground components so that the leftmost
pixel contains one foreground component, the second pixel

15 from the left contains two foregroﬁnd oomponents, the third
pixel from the left contains three foreground componenﬁs,

. the fourth pixel -from the left contains four pixel
components, the fifth pixel from the left.contains five
foreground components, the sixth pixel from,the left

20 contalns five foreground components the sevénth pixel from

7 the left contalns five foreground components the eighth -
plxel from the left contains five foreground components, the
ninth pixel from the left contains four foreground
oomponents, the tenth pixel from the left contains three

25 foreground components, the eleventh pixel from the left



- 18 3 The cal culator 904 cal cul ates the foreground conponents based on
the equations in which the pixel values are set. For ezagpisher 2608
cal cul ator 904 cal cul ates the foreground conponents FO1/v through FO08/ v,

as shown in Fig_ 82, based 5 on the cal cul ati ons of equations (111) through

(118) in which the pixel values Q5 through Cl2 are set. The calcul ator
904 supplies the foreground conponents FO1/v through FO8/v to the
adj usting portion 905. The adjusting portion 905 nultiplies the foreground
10 conponents supplied fromthe calcyhator 904 by the anpunt of novement v
contained in the notion vector suppliéed fromthe unit-of--processing
determ ning portion 901 so as to obtain the foreground pi xel values from
which notion blur is. elimnated. For exanple, when the foreground
conponefEEta1ysFEEYPy fpKegnghnROgPRranensgppkindd theomwedd thabdwkat or 904,
t he adjustin% portion 905 nultiples each of the foreground conponents
FO /v t krefghProdpfthgonkalasoane &prreverBst cpmpopedt. 5 so as to obtain
t he foreground EiX§L values FO through FO8 from which notion blur is
elininated, H8SSHOANCE28elaCEIYT B39k SEPHsERAGPHSF EPBRC Jomielpplies the
foregro%ﬁ% caggggent.in&ge consighéng of the foreground pixel val ues
wi t hout “fiot "BREBT aP *RAFTuPFEG°as *HestrY bEEEREVE Eo™a9ehoPRr8RLPEr adder
906 @and,g_s é rngo .25 .. The notion-.blur adder 906 is _able to adjust
t .
t he anoln % %E%gev 8%0506gd tge un1£ of processing wgen tﬁe motion
vector and the unit of processing are supplied.
An equation generator 903 generates an equation based
on the model supplied from the model-forming portion 902.
A description is now given, with reference to the
10 models of foreground component images shown in Figs. 81
through 83, of-an'example of the equation generated by the
equation generatbr 303 when the number of foreground
components is 8, the number of pixels corresponding to the
unit of processing is 12, and the amount of movement v is 5.
15 When the foreground components contained in the
foreground_componént image corresponding to the shutter
time/v are F01/v through F08/v, the relationships between
FOl/v through F08/v and pixel values COl through C12 can be
expressed by equations (78) through (89), as stated above.
20 | By considering the pixel values Cl2 and Cil, the pixel
value C12 contains only the foreground component F08/v, as
expressed by equation (111}, 3nd the pixel wvalue C1l1
consists of the product sum of the foreground component

F08/v and the foreground component F07/v. Accordingly, the

25 foreground component F07/v can be found by egquation (112).



- 184 of notion blur by using t he amount v' by, which notion blur is
adjusted, which is different fromthe anount of novenens NovemHeprOBXanpl e,
t he amount v'- by which notion blur is adjusted, which is one half the val ue

~of the amount of 5 novenment v, or the anmount vl by which notion blur is

adj usted, which is irrelevant to the anount of novenent v. For exanple, as
shown in Fig. 76, the notion-blur adder 906 divides the foreground pixel
value Fi without notion blur by the anmount vl by which notion blur is

adj usted so as to 10 obtain the fqrgg§£upd conponent Fi/v'. The notion-blur
adder 906 then cal cul ates the sum of the foreground conponents Fi/vl,

t hereby generating the pixel value in which the anobunt of notion blur is
adj ust ed, For exanple, when the anount v' by which notion blur is adjusted
is 3, 15 th&4§¥elF ¥dl2ue C02 is set to (FO)/v', the pikkl)value C3 is set
to (FOL+FQ2)/v', the pixel value C04 is set to (FO +FQ2+FX3)/-vl, and the
pi xel val ue *€I8Y & &1 32 (FOR+FB+FO4) /v' The notiohlB2lr adder 906
supplies the faqreground 20 cqonponent image in which the anount of notion
blur is adj%&é‘F GT t hY SOPSILST 1887 thfhd aBONEE FOTPSSIAdtSs eit her the

fo . ] t i it t f] bl lied f th
ad] uat R D Lo g B ““fvoaﬁé’g%ﬁodﬁ B CT e ddS n' 25 whi ch th
amoynt Qf - L4 QM Wl ipdiie A YER, SUPRLIGT 45200 23, Nqyenper 2992 |

equations (113}‘through (118) , respectively.

FO6/v = C10-Cll (113)
F05/v = C09-C10 ' (114)
FO4/v = C08-C09 | (115)
10 F03/v = CO07-C08+C12 | (116)
F02/v = C06-C07+C11-C12 (117)
FO1/v = C05-C06+C10-C11 (1i8)

The equation generator 903 geﬁerates the equations for
calculating the foreground components by the difference
15 'between the pixel values, as indicated by the examples of
equations (111) through (118). The equation generator 903
supplies the generated equations to the calculator 904.
The calculator 904 sets the ﬁixel values of the
foreground component image in the equations supplied from
20 the equation generator 903 so as to obtain the foreground:
components based on the eguations in which thg-pixel values
.are sef. For example, when eguations (111) through (118)
~are supplied from the equation generator 903, the calculator
904 sets the pixel values C05 through Clé in equations (111

25 through (118).



- 185 the notion-blur adder 906 based on a selection signal reflecting a
user's selection, and outputs the sel ected foreground2ztopaientoosmge. As
di scussed above, the notion-blur adjusting unit 106 5 is able to adjust -
t he amount of .notion blur based on the selection signal and the anmount Vv’
by which notion blur is adjusted. The processing for adjusting the anount
of notion blur of the foreground executed by the notion-blur adjusting
unit 10 106 configured as shown in Fig. 80 is described below with
reference to the flowchart of Fig._84g5ln step S901, the unit-of-processing
determning portion 901 of the notion-blur adjusting unit 106 generates
the unit of processing based on the notion vector and the 15 area
i nformation, and supplies the generated unit of processing to the
nodel - f or mi ngEpofFeienlabor afd4t Relcadptissi ABepbPERERCYDS. CPIPSRept$902, t he
nodel -form ng portion 902 of the notion-blur adjusting unit 106 selects or
2e5eb °B0 ¢

gener at dERVaLisRdi Ag F@iFﬁet§ﬁDEﬁFeé#Vﬁd@@ﬁeﬁﬁevséﬁd the unit
o PS5 Hidyel2, L8R, 003 ble 04t o) generator 903, genergtes, based
gener derr, ?Phe “2eGiatitens Her TO&PPaCH g t he
oo o SRTISICRR Y Byl BGTEDG g EEs S8 T, VBbtER o the
5 on the calculations of equatiohs (111} through (118) in
whiéh the pixel wvalues CO05 through Cl2 are set. The
calculator 904 supplies the foreground components F01l/v
through F08/v to the adjusting portion 905.
The adjusting portion 905 multiplies the foreground
10 components supplied from the calculator 904 by the amoﬁnt of
movement v contained in the motion vector suﬁplied-from the
unit-of-processing determining portion 901 so as to obtain
the foreground pixel wvalues from which motion blur is.
eliminated. For example, when‘the foreground components
15 VFOI/V through F08/v are supplied from the calculator 904,
- the adjusting portion 905 multiples each of the foreground
compdqents F0l/v through F(08/v by the amount of movement v,
i.e.; 5, so ﬁs to obtain the foreground pixel values FO1l |
through FOS from which motion blur is eliminated, as shown
' 20 in Fig. 83.
The adjusting portion 905 supplies the foreground
component image consisting of the foreground pixel values
without motion blur calculated as described above to a

motion-blur adder 906 and a selector 907.

25 - The motion-blur adder 906 is able to adjust the amount



- 186 In step S904, the cal cul ator 904 sets the pixel values. of the
foreground conponent image in the generated equations, 23aR¢kneet rmets the

f oreground conponents by using the difference between the pixel val ues -
based on the equations 5 in which the pixel values are set. In step S905,
the calculator 904 determ nes whether all. the foreground conponents
corresponding to the unit of-processing have been extracted. If it is
determned that all the foreground conponents corresponding to the unit of
processing have not 10. been extractggd, the process returns to step S904,
"and the processing for extracting Hhe f oreground conponents is repeated.
If it is determned in step S905 that all the foreground conponents
corresponding to the unit of 15. processing have been extracted., the

pr oces LHrRedSs Rl s thsh vsSons. the anipisg06, by Heh belp use Fiep gortt on 905
adjusts_eg&p of the foreground conmponents FOllv through FO8/v supplied
from t Hé SPUAEDr Jofhase Aff a1 tanoifit Bte yvemehtof mevenent o obt ai n

t he foreground pi xel values FOL/v through FO08/v 20 from whjch notion bl ur
is eli rﬁfna'-’it)oerq.e aﬁ“@teerp SR AN bt iBh-BHAD diRfetoBds ¥l €l ates the
and e By, AR EabetE Rl MR e Tiece e B obr Che Tnage in
51 SRR oA, 8 L B A 27 (e ol e
adjusted, which is irrelevant to the amount of movement v.
Fbr example, as shown in Fig. 76, the motion-blur adder 906
divides the foreground_pixel value Fi without motion bluf by
the amount v' by which motion blur is adjusted so as to
10 obtain the foreground component Fi/v'. The motion-blur
~adder 906 then calculates the sum of the foreground
componentlei/v', thergby generating the pixel value in
which the amoupt of moticn blur is adjusted. For example,
when the amount v'rby which motion blﬁr is adjusted'is 3,
15 the pixel value C02 is set to (F01)/v', the pixel value C3
is set to (F01+F02)/v', the pixel'value C04 is set to
(FOL+EO2+F03) /v, énd tﬁe pixel value C05 is set to
(FO2+F03+F04) /v' . | |
.The motion-blur adder 906 supplies the foreground
20 - component image in which the amount of motion blur is
adjusted to the selector 907.
The selector 907 selects either the foreground
component image without motion blur supplied from the
adjuéting portion 905 or-the‘foreground component image -in

25 which the amount of motion blur is adjusted supplied from



- 18 7 - is then conpleted As descri bed above, the notion-blur adjusting
unit 106 configured as shown in Fig. 80 is able to nonenspead:poos adj ust
nmotion blur of the foreground i mage containing notion 5 blur according to
si nmpl er conputations. A known technique for partially elimnating notion
blur, such as a Wener filter, is effective when being used in the ideal
state, but is not sufficient for an actual image quantized and contai ni ng
noise. In contrast, it is proved 10 that the notion-blur adjusting unit 106
configured as shown in Fig. 80 is suffdciently effective for an actua

i mage quantized and containing noise. It is thus possible to elimnate
notion blur with high precision. Fig. 85 is a block diagramillustrating
anot her 15 configuration of the function of the inage processing

appar at 8¢ TREI@PehERE saddat | 206 thrsedsenr showml ¢ativy. sumrle  desi gnat ed
with like_reference nunerals, and an explanation thereof is thus omtted.
20 The BFERSSHERTT i RECTNT tSADRC kPP | FE HEEPTES oFMatTOkECted t he

m xture-ratio calcul ator 104 and a synthesi zer 1001. The m xture-ratio

cal cul at B IDARAppPTRIEHE Hi%9%re ratio a to the foreground/ background
separ at or 18% and the eﬂ%gat hes’i[\églgen%%%l. %%Jﬂlre afdo_ruc?gq:ri(i)luntiljl/nlgﬁt:cli%%ound
separator 105 suppltes 5 3500 ] d )
5 is able to adjust the amount of motion blur based on the
selection signal and the amount v' by which motion blur is
adjusted.

The processing for adjusting the amount of motion blur
of the foreground executed by the motion-blur adjusting unit

10 106 configured as shown in Fig. 80 is described below with
reference to the flowchart of Fig. 84.

In step 8901, the unit—oprrocessing defermining
portiocn 901 of the motion-blur adjusting unit 106 generates
the unit of processing based on the motion vectorAand the

15 area information, and supplies the generated unit of
preocessing to the model—forming portion 502 and the
adjusting portion 905.
In step 8902, the ﬁodel—forming‘portion 802 of the
motion-blur adjusting unit 106 selects or generates-fhe
20 model according to the amount of movement v and the unit of
processing. In step S903, the equation generator 903 |
generates, based on the selected or generated model, -the
'equations for.calculating the foreground éomponents by the
difference between the pixel values of the foreground

25 component image.



- 188 foreground conmponent inmage to the synthesizer 1001. The synthesi zer
1001 conbi nes a certain background i mage with the foregseushupaganent

i mge supplied fromthe foreground/ background separator 105 based on the
m xture 5 ratio a supplied fromthe mixture-ratio cal culator 104 and the
area information supplied fromthe area specifying unit 103, and outputs
the synthesized inage in which the certain background i nage and the

f oreground conponent image are conbined. 10 Fig. 86 illustrates the
configuration of the synthesizer lQQL 6A_background conponent gener at or
1021 generates a background conponent i mage based on the m xture ratio a
and a certain background i mge,.and supplies the background conponent
imge to a m xed-area-i mage 15 synt hesi zing portion. 1022 The

m xed- ar ea- iiPagd-epy H99dsi Aiheg qedrailat a0 20 L adindashe tikddaciegrmsnd
conponent |nage supplied fromthe background conponent generator 1021 with
the forfgriifdteerperierd compenest aBage danéhgt geaaviasted apatdpnshesi zed
i mge, and 20 supplles t he generated m xture-area synthesized i mage to an

i mage rﬁﬁﬁ%ﬁ?ﬁf[ﬁﬂ% T P IROTRRRRN 5y vheds 29 9023 conbi nes t he

f oregropn conpo [ t he m xed-area synthesi zed i mage, suppli ed
fromt i ST %&ﬁ]tw]ﬂ YOt (RITFEA0P2, PRAP TR 2 Ter t ai n
backar qynd ﬂwethbeaspﬂ Wl ed LT P 58, 4568, NgrePer 2005

calculator 904 determines whether all the foreground
components cofresponding to the unit of .processing have been
extracted. TIf it is determined that all the foreground |
components corresponding to the unit of processing have not

10 been extracted, the process returns to step $904, and the
processing for extracting the foreground components is
repeated.

If it is determined in step S905 that all the
foreground components corresponding to the unit of

15 processing have been extracted, the process proceeds to step
§906. In step S906, the adjusting portion 905 adjusts each
of the foreground components F0l/v through F08/v supplied
from the calculator é04 based on the amount of movement v so
as to obtain the foreground pixel values FOi/v through FOB/V

20 .from which motion blur is eliminated.

In step-S%07, the motion-blur adder 906 calculates tﬂe
foreground pixél values in which the amount of motioﬁ blur
is adjusted, and the selector 907 selects the image without
motion blur or the image in which the amount of motion blur

25 is adjusted, and outputs the selected image. The processing



- 189 to generate a synthesized inage, and outputs it. As discussed above,
t he synthesizer 1001 is able to conbine the. foreground eodmRpesis | mage
with a certain background inmage. 5 The inmage obtai ned by conmbining a
foreground conponent inmage with a certain background i mage based on the
m xture ratio a, which is the feature quantity, appears nore natural
conpared to an i nmage obtained by sinply conbining pixels. Fig. 87 is a
bl ock diagramillustrating still another 10 configuration of the function.
of the image processing apparatus_fpg;adjusting the amount of notion bl ur-
The 1mage processing apparatus shown in Fig. 2 sequentially perforns the
area-speci fying operation and the calculation for the mxture ratio a. In
contrast,-the i mage processing 15 apparatus shown in Fig. 8.7
si mul t akéoi8FY) peFPbERBdt he area- specifying operation and the cal cul ation
for the mxture ratio a. The functional elements simlar to those in the
bl ock di agri#in WIS EF gD aheviesitmhaicid i ug led iusftdmen @ izo 1¢ner al s,
and an exglanatignﬁthe eof |s thus omtted. An input inmage is supplied to
- a

a m xt uF8RFAPYEeCaf R UPAPBE 3R0H1Ta $Orgrehhbe/ bacreFouTRESEF at or 1102,
t he area

_ .sg_cif¥in$ ugi£ 1g3t ang t he OQ&%CI extracting unit 101. The
m xt ur e FabT 6 LRFEOF aPHPF 19515031 LT QT eURY A HRE S CORER HLAR RALiFge,  t he.
estigrat ge, i XLUL Eal BY £o WOSHL 1 Lr | Sodsh DOVELDET 2005 |

A known technique for partially eliminating motion blur,
such as a Wiener filter, is effective when being used in the -
ideal state, but is not sufficient for an actual image |
quantized and containing noise. In contraét, it is proved

10 that the motion-blur adjusting unit 106 configured as shown
©in Eig. 80 is sufficiently effective for an actual inage
quantized and ceontaining noise. It is thus possiblerto

eliminate motion blur with high precision.

Fig. 85 is a'biock diagrém illustrating another

15 configuration of the fuanction of the image processing
apparatus.

The elements similar to those shown iﬁ Fig. 2 are
designated with iike reference numerals, aﬁd an explanationr
thereof is thus omitted.

20 The area specifying unit 103 supplies area information.
to the mixture-ratio calculator 104 and a synthesizer 1001.

The mixture-ratio calculator 104 supplies the mixture

ratio o to the foregroﬁnd/background separatér 105 and the

synthesizer 1001.

25 . The foreground/backgroundrseparatOE 105 supplies the



190 assuned that each pixel contained in the i nput inmage belongs to the
covered background area, and the estimted mxture rathWhem,béos S '
assunmed that each pixel contained in the input inmage belongs to the
.uncover ed background area, and 5 supplies the estinmated m xture rati os
cal cul ated as described above to the foreground/ background separator 1102.
Fig. 88 is a block diagramillustrating the configuration of the
m xture-ratio calculator 1101. An estimated-m xture-ratio processor 401
shown in Fig_ 10 8.8 is the sane gs%ége_estinated-nixture-ratio processor
401 shown in Fig. 47. An esti mated- ture-ratio processor 402 shown in
Fig. 88 is the sane as the estimated-m xture-ratio processor 402 shown in
Fig. 47. The estimated-m xture-ratio processor 401 cal culates 15 the
esti mat édragxbuné cahponéont easheptaethbysyhehesirpatald0h. corresponding to
a nodel of the covered background area based on the input inmge, and
out puts the Tat cagmaitless et Ml Ed gomdtiures raatdeortdie mstkqmiwdi m xture-ratio
processor 402 calculates 20 the estimated mxture ratio for each pixel by
t he conpea€i vAtbothespondingund admpeetnbf imhge unuppéied fbamkgheund area
based on the input inage, and outputs the calculated estinmated m xture
rati o. Theegbprendtondkprekud otpasehbr at@P hasodgenciht eBixheres for eground
conmponent inage fromthe input image based on the ‘
5 ratilo supplied from the mixture-ratio calculator 104 and
‘the area information supplied from the area specifying unit
103, and outputs the synthesized image in which the certain
background image and the foreground component image are
combined.
i0 Fig. 86 illustrates the configuration of the
synthesizer 1001. A background component generator 1021
generates a background componént image based on the ﬁixture
ratio a and a certain background image, and supplies the
background component image to a mixed-area-image
15 synthesizing portion 1022.
The mixed—area-image synthesizing portion 1022 combines
the baékground component image supplied. from the background
component generator 1021 with the foreground component image
so as to generate a mixed-area synthesized image, and
20 supplies the generated mixture-area synthesized image to an
image synthesizing p0rtion‘1023u
The image synthesizer 1023 combines the foregrouﬁd
component image, the mixed*area synthesized image supplied

from the mixed-area—image synthesizing portion 1022, and the

25 certain background image based on the area information so as



-23 November 2005 191 - estimated nmixture ratio cal culated when it .is

assuned that the pixel belongs to the covered backgrownfl,adaa. dappl i ed
fromthe m xture-ratio cal culator 1101, the estimated m xture ratio
.calculated when it is assuned that the pixel belongs to the uncovered
background area supplied fromthe mxture-ratio calculator 1101, and the
area information supplied fromthe area specifying unit 103, and supplies
the generated foreground conponent imge to the notion-blur adjusting
unit 106 and the selector 107. 10 Fi 89 is a block diagramillustrating
an exanple of  the configuration of ?%% T oreground/ background separator -
1102. The elenents simlar to those of the foreground/ background separator
105 shown in Fig. 64 are 15 designated with |like reference nunerals, and an -
expl anate ogentheteoh sgnthusiosdtiedge A sedectiopuid2itsel ects, based on the
area information supplied fromthe area specifying unit 103, either the
esti mat ed nmaa Wiescwtsial cidaud at@te whernthds imeasdliiied s Rl 20Gd he pi xel

bel ongs to the covered background area supplied fromthe mxture-ratio

cal cul atorbingithe fhreaseindt eeltpeisntr bnage| oithl zutetedimhen it is
assuned that the pixel belongs to the uncovered background area supplied
from t RACkIRPUR@- $1R¥S- cal cul ator 1101, and supplies the sel ected 25

estimated m xture -ratio to the separatjing portion 601 as the
5 The image obtained by combining a foreground component

image with a certain background image based on the mixture
ratiq o, which is the feature quantity, appears more natural
compared to an image obtained by simply combining pixels;

Fig. 87 is a block diagram illustrating still another

10 configuration of the function of the image processing
apparatus for adjusting the amount of motion_blur. The
image processing apparatus shown in Fig. 2 sequentially
performs the area-specifying operation and the calculation
for the ﬁixture ratio ®. In contrast, -the image processing

15 apparatus shown in Fig. 87 simultaneously performs the area-
specifying operation and the calculation for the mixture
ratio o,

The functional elements similar to those in the block
diagram of Fig. 2 are designated with like reference

20 numerals, and an explanation thereof is thus omitted. .

An input image is supplied to a mixture-ratio
calculator 1101, a foreground/backgroﬁnd separator 1102, the
area specifying unit 103, and the object extracting unit 101.

The mixture-ratio calculator 1101 calculates, based on

25 the. input image, the estimated mixture . ratio when it is



23 Novenber 2005 - 192 mixture ratio a. The separating portion 601

_extracts the. foreground conponents and the backgroung3§8aggggﬂb§ fromthe
a on

pi xel values of the pixels belonging to the mxed are t he

.mxture ratio a supplied fromthe selector 1121 and the area i nf or mati on,

and supplies the extracted foreground conponents to the synthesizer 603
and al so supplies the foreground conponents to the synthesizer 605. The
separating portion 601 can be configured simlarly 10 to the counterpart
shown in Fig. 69. The synthesizer 603 synthesizes the foreground conponent
i mage and outputs it. The synthesizé®9%605 synthesizes the background
conponent inage and outputs it. The notion-blur adjusting unit 106 shown in
Fig. 87 can 15 be configured simlarly to the counterpart showm in Fig. 2.

The motd Hnmddireiadd Ustd@iuist b Adidistisn thite amunt Bfagdmid ¥hdd ur

contained in the foreground conponent inage supplied fron1the

f or egr ot dé ackar ol e @duid ik baged e tdhe aieged MOf@Ed on and the
notion vector, and outputs 20 the foreground conmponent image in.which the

anount mﬁtmtwmn i urs s sanjadstiatht Erecis gl iead oredka ishegwin nerd 9. 87
selects the' foreground conponent image supplied fromthe
f or egr oumm th aickegreo Ured eeartat drhel 102-mre ik Haorkegrooumtl a2z5e$,ormﬁ:nent i mge
in which the anount of notion blur is
5 supplies the estimated mixture ratiocs calculated as
described above to the foreground/background separator 1102.
Fig. 88 is a block diagram illustrating the
configuration of the mixture-ratio calculator 1101.
An estimated-mixture-ratioc processor 401 shown in Fig.
10 88 is the same as the estimated-mixture-ratio processor 401
shown in Flg. 47. An_estimatedwmixtﬁre—ratio processor 402
shown in Fig. 88 is the same as the estimated-mixture-ratio
processor 402 shown in Fig. 47.
The estimated-mixture-ratic processor 401 calculates
i5 the estimated mixture ratio for each pixel by the
computation corresponding to a model of the covered
background area based on the input image, and outputs the
calculéted eétimated mixture ratio. |
‘The estimated—-mixture-ratic processor 402 calculates
20 the estimated mixture ratio for each pixel by the
computatiop corresponding to a model of the uncovered
background area based on the input image, and outputs the
calculated estimated mixturé ratio.

The foreground/background separator 1102 generates the

25 foreground component image from the input image based on the



}

23 Novenber 2005 - 19 3 -- adj ust ed -suppl i ed from the motion- Dbl ur adjusting

unit 106 based on, for exanple, a selection signal refhgggkggm%moyser

sel ection, and outputs the selected foreground conponent | nmage.

di scussed above, the inmage processing apparatus shown in Fig. 87 is able
to adjust the anount of notion blur contained in an inmage corresponding to
a foreground object of the input inmage, and outputs the resulting
foreground object image. The image processing apparatus having the 10
configuration shown in Fig. 87 is abJe to calculate the 15 m xture ratio a,
whi ch is enbedded information, and %uts the calculated m xture-ratio a
in the sanme manner as in the first enbodinent. Fig. 90 is a bl ock diagram
illustrating still another configuration of the function of the inage

pr ocessesgimappdrmixsuter ratj astahguldeedmivent Of otassuddirthalthe | mage
processi ng apparatus shown in Fig. 85 sequentially perforns the

ar ea- spele¢ fyixegl dpeltandgonto ablde t beveadd Ubatkarouddratde suipgliearatio a. In
contrast, the image processing 20 apparatus shown in Fig. 90 sinmultaneously
per f or nErethethe daixperesfyahie opelarlarorntl@he thae cedtatiaored or the mixture
ratio.a. The functional elenments simlar to those indicated by the block
of Fi g.nByture erafest grrat el akeh Yhee iefbf eppgumed that the pixel

5 belongs to the uncovered background area supplied from the
mixture-ratio calculator 1101, and the area information
supplied from the area specifying unit 103, and supplies the
generated foreground component image to the motion-blur
adjusting unit 106 and the selector 107.

10 Fig. 89 is a block diagram illustrating an example of
‘the configuration of fhe foreground/background separator
1102.

The elements similar to those of the
rfOreground/background separator 105 shown in Fig. 64 are

15 designated'with like reference numerals, and an explanation
thereof is thus omitted.

A selector 1121 selects, based on the area information
supplied from the area specifying unit 103, either the
. estimated mixture ratio calculated when it is assumed that
20 the pixel belongé to the covered background area supplied
- from the mixture-ratio calculator 1101 or the estimated
mixture ratio calculated when it is assumed that the pixel
bélpngs to the uncovered background area supplied from the
mixture-ratio calculator 1101, and supplies the selected

25 estimated mixture ratio to the separating portion 601 as the



25 nunerals, and an explanation thereof is thus omtted. 23 Novenber 2005 -
194 The mixture-ratio calculator 1101 shown in Fig. 909s3nalsud 8dgs. based
on the input inage, the estimated mxture ratio when it is assumed that.

-each pixel contained in the input inmge belongs to the covered background

area, and the 5 estimated m xture ratio when it is assuned that each pixe
contained in the input inmge belongs to the uncovered background area, and
supplies the estimated m xture ratios calculated as descri bed above to the
f oreground/ background separator 1102-and a synthesizer 1201. .10 The

~foreground/ background separator 110Z shown in Fig. 90 generates the v
~ foreground conponent image fromthe input inmage based on the estimated

m xture ratio calculated when it is assunmed that the pixel belongs to the

. cover ed™baekes otmdiar®a supplied fromthe mxture-ratio calcul ator 15

1101, the estimated m xture ratio cal culated when it is assuned that the
pi xel bel ond&&t &R A Soad19xc 1690 GFF ragrtda tp Floregous t he
m xture-ratio calculator 1101, and _the area information supplied fromthe

area spUIHSASLLARY e barko=aipyl | SARIREeh e Bt - H o Rigiedund conponent
i mge 20 to the SH nthe5|%kg 12)‘?01 The S nthe5|zer 1201 conbi pnes a certain
f

backgr o{d S ritlge i % Xe?qraadée LFbapﬁeide(?“f romthe
T AR A b0 TS o1
area information, and supplies the extracted foreground
components to the synthesizer 603 and also supplies the
foreground components to the synthesizer 605.
The separating portion 601 can be configured similarly
10 to the counterpart shown in Fig. 69.

The synthesizer 603 synthesizes thé foreground
component imége and cutputs it.. The synthesizer 605
sfnthesizes the background component image and outputs it.

The motion-blur adjusting unit 106 shown 'in Fig. 87 can

15 bhe configufed similarly to the counterpart shown in Fié. 2.
The motion-blur adjusting unit 106 adjusts the amount of
motion bluf contained in the foreground component image
supplied from the foreground/background separator 1102 based
on the area information and the motion vector, and outputs

20 the foreground component image in which the amount of motidﬁ
blur is adjusted.

The selector 107 shown in Fig. 87 selects the:

'foreground-COmponent image supplied from the
foreground/background separator 1102 or the foreground

25 component image in which the amount of motion blur is



25 belongs to the covered background area supplied fromthe 23 Novenber
2005 - 195 mixture-ratio cal culator 1101, the esti mat g6 g Shisk 8odsati o

cal cul ated when it is assuned that the pixel belongs to the uncovered
background area supplied fromthe m xture-ratio calculator 1101, and the
area information supplied fromthe 5 area specifying unit 103, and outputs
the synthesi zed inage in which the background i mage and the foreground

conponent inage are conbined. Fig. 91 illustrates the configuration of the
synt hesi zer 1201. The functional elepggnts simlar to those 10 of the bl ock
di agram of Fig. 86 are designated w |i ke reference nunerals,

and- expl anation thereof is thus omtted. A selector 1221 selects, based on
the area information supplied fromthe area specifying unit 103, -either the
est i mat édlifsaad eummtliied dwal dhed matrdoni-blivg asumsdd nghanit510ke pi xel

bel ongs to the covered background area supplied fromthe m xture-ratio

cal cul at@SefL®n, don kxaggtliennigedeleickiane signad calfdeicatad when it is
assuned that the pixel .belongs to the uncovered background area supplied
from t hé'S&R % - 9dtion c ancuckitpts1dhe &/d esifss! ifogeomeusdl ect ed 20
estimated m xture ratio to the background-conponent generator 1021 as the
mi xt ur e PHRG L #@9Sackgr ound- conponent generator 1021 shown in Fig. 91

gene;ates a Racﬁground ﬁongonent %na e based on the mnmixture ratio a
suppli ed froft R&SEBPEEHOFCT%21 g 4Page processing apparatus

shown in Fig. 87 is able to adjust the amount of motion blur
contained in an image corresponding to a foreground object
of the inputlimage, and éutputs the resulting foreground.
object image. The image processing apparatus having the
10 configuration shown in Fig. 87_is ablé to calculate the
mixture ratio o, which is embedded information, and outputs
the calculated mixtufe—ratio a in the same manner as in the
first embodiment. |
Fig. 90 is a block diagram illustrating still another
15 configuration of the ‘function of the image processinq
apparatus for adjusting the amcocunt of motion blur. The
image processing apparatus shown in Fig. 85 sequentially
performs the area-specifying operation .and the calculation-
. for the mixture ratio o. In contrast, the image processing
20 apparatus shown in'Fig; 90 simultaneously perfofms the area-
specifying operation and the calculation for the mixture
ratio_a.
The functional elements similar'tcrthose indicated by
the block of Fig. 87 are designated with like reference

25 numerals, and an explanation thereof is thus omitted.



-25 certai n background-i mage, and supplies the background 23 Novenber 2005
- 196 conponent inmage to the m xed-area-i mage synt hesbzinagedddf poozn 1022.
The m xed- area-i mage synt hesi zi ng portion 1022 shown in Fig. 91 conbines

t he background conponent inmage supplied 5 fromthe background conponent
generator 1021 with the foreground conponent inmage so as to generate a

m xed-area synthesized imge, and supplies the generated m xed-area

synt hesi zed image to the i mage synthesi zing portion 1023. The i mage

synt hesi zing portion 1023 conbi nes_t 10 foreground conponent inage,. the
m xed- area synt hesi zed i nage suppli fromthe m xed-area-i nage

synt hesi zi ng portion-1022, and the background i mage based on the area
information so as to generate a synthesized image and outputs it. In this
manner, the Byhtihesiwesr-klib icilablletar cobbl nehdsdn tihe Higr.egroound conponent

image with a certain background inmage. A description is given of an image
- processFabychppheat Usasedronr deeskipygt abmiaput theeget ke misktiwnput as

component  signals, according to the present invention. 20 In this

speci f i EAbEtOn"hemel Eolporetiinedfehat toagh pPindl vieritingdnl thich as a

| um nance sigpal, a color- difference signal,. or an RGB (Red-green-blue)
si gnal 1P he MRFPpRREPRIS| hathe N%%‘E?&&@%W?%m@qiv%?ﬁ&belw bdxed on an

exagp|QEé{Emated mixture ratio when it is assumed that each-pixel
contained in thé input image belongs to thé uncovered
background area, and supplies the estiﬁated mixture ratios
calculated as described above to the foreground/backgrouﬁd
separator 1102 and a synthesizer 1201.

10 The foreground/background separator 1102 shown in Fig.
90 generates the foreground component image from the input
imége based on the estimated mixture ratio calculated when

it is assumed that the pixel belongs to the covered
background area supplied from the mixture—raﬁio‘calculator

15 1101, the estimated mixture ratio calculated when it is
assumed that the pixel belongs to the uncovered background
area supplied from the‘mixture—ratio calculator 1101, and
the area'information supplied from the area specifying unit
103, and supplies the generated foreground component image |

20  to the synthesizer-1201.
The synthesizer 1201 combines a certain background
image with the foreground component image supplied from-the
'foreground/background separator 1102 based on the estimated
mixture ratio calculated when it is assumed that the pixel

25 belongs to the covered background area supplied from the



25 whi ch conponent 1 is a lumi nance value Y, conponent.2 is a 23 Novenber
2005 - 197 color difference u, and conponent 3 is a ceRLv&ikf Bpgnce V.

Fig. 92 shows an enbodi nent of an inage processing apparatus for generating
area information on the basis of an input inmage which is input as
conponent signals. 5 The conponent 1, which is one of the conponent signals
of the input inmage, is input to an area specifying unit 103- 1. The
conponent 2, which is another -one of.the conponent signals of the input
image, i.s input to an area specifyLn% unit 103-2. The conponent 3, which
is still another one of 10 the conpo 2nt signals of the input inmage, is
input to an area specifying unit 103-3. Based on the conponent 1, the area
specifying unit '103- 1 generates area information 1 and supplies the
gener at adxtarearanfior mai cohatotrolaOlogitbal eERipabedsndrtddlrathe area 15
specifying unit 103-1 has the same configuration as that of the area
speci f yFagcuhptedog8hennditahserpbamatii thathéheopikel bhlisngai tbetheBased on
the conponent 2, the area specifying unit 103- 2 generates area information
2 and sHpgPVesefhbagkacpunédageaasurpilAfEr Aupiiohh2 mbxiuregrealoOR .
processor 1302. The area specifying unit 103-2 has the sane configuration
as that ©8fcthetaredlpectryi Rjcunrea163foamatannexppahiefohrenetef is
thu%;onitted. Basgd_on t he congonent 3, the area specifying unit 103-
area specifying unit 103, and outputs the synthesized image
in which the background image and the foreground component
image are combined.
Fig. 91 illustrates the configuration of the
synthesizer 1201. The functional elements similar to those
10 of the block diagram of Fig. 86 are designated with like
reference numerals, and explanation thereof is thus omitted.
A selector 1221 selects,-based on thé area information
supplied from the area specifying unit 103, either thé
estimated mixture ratio calculated when it is assumed that
15 the pixel belongs to the covered background area supplied
from the mixture-ratio calculator 1101 or the estimated
mixture ratio calculated when it is assumed that the pixel
belongs to the uncovered background area supplied from the
mixture-ratio calculator 1101, and supplies the selected
20 estimated mixture ratio to the background component
generator 1021 as the mixture ratio o.
The'background-component‘generatdr 1021 shown in Fig.
91 generates a background component image based on the

mixture ratio @ supplied from the selector 1221 and a

125 certain background‘image, and supplies the backgfound



25 3 generates area information 3 and suppliés the generated 23 Novenber
2005 - 198 area information 3-to a | ogical OR processos NdZdder 008 area
~specifying unit 103-3 has the same configuration as that of the area

- specifying unit 103, and an explanation thereof is thus omtted. 5 Based
on the area information. | supplied fromthe area specifying unit 103--1,
the area information 2 supplied from the area specifying unit 103-2, and
the area information 3 supplied fromthe area specifying unit 103-3, the

| ogi cal OR processor 1301 cal cul at gg ¢4 he I ogical OR of the foreground 10
area indicated by the area information 1, the foreground area indicated by
the area information 2, and the foreground area indicated by the area
information 3, and generates area information in which the foreground area
cal cul HLEP WL ogitle IR i s aixBhsEeninate HWEEher orima imrrtiauppl i ed

- 15 fromthe area specifying unit 103-1, the area information 2 supplied
from theP % ea specifying unit 103-2, and the area information 3 supplied
fromthe are%i specifying unit 103-3 t he | ogi cal, OR _processor 1301
conput es t hd TS grEsi-eresr iFRge 5 §dfd "G ER ARG cded FOWRe 18r ea

i nfor ion 1 :the 20 bagkground area,indicated by the area jinformation 2,
and 1 hd LB SRR e £ AP B (RPSHST T At 676 B thnd

oer o s g, LSLIBLLOD (el U nnkr Ul s, gl eueea
foreground component image so as to generate a mixed-area
synthesized image, and supplies the generated mixed-area
synthesized image to the image synthesizing portion 1023;
The image synthesizing portion 1023 combines the

10 foreground component image, the mixed-area synthesized image
supplied from the mixed-area-image synthesizing portion- 1022,
and the background image based on the area information so as
to generate a synthesized image and outputs it.

In this manner, the synthesizer 1201 is able to combine

15 -the foreground component image with a certain background
image.

‘B description is given of an image processing apparatus
for processing an input image, which is input as component
signals, according tolthe present invention.

20 '_ In thisrspecificationr the component refers to an
‘individual signal, such as a luminancc signal, a color—
differcnce sighal, or an RGB (Red—g;een—blue) signal in the
component signal.

A description is given below based on an example in

25 which component 1 is a luminance value Y, component 2 is a



25 spéci fying unit 103-1, the area i nfor mation 2 suppl ied from 23 Novenber
2005 - 199 the area specifying unit 103-2, and the areaNoMmsyepRiosoN 3
supplied fromthe area specifying unit 103-3, the logical OR processor .

-1301 conputes the |ogical OR of the covered background area indicated by
the area informati-on 1, the 5 covered background area indicated by the area

information 2, and the covered background area indicated by. the area
.information 3, and generates area information in which the covered

“background area cal cul ated by | ogi cabﬂ??_i s set. Based on the area
S

information 1 supplied fromthe area peci fying unit 103-1, the area
information 2 supplied from the area 'specifying unit 103-2, and the area
information 3 supplied fromthe area specifying unit 103-3, the |logical OR
pr ocessorldr 3Dif tomguutesU | hend ogompdn&RE 08 1 hea unebyer @if £ daekes ound ar ea.

i ndi cated by the area information 1, the 15 uncovered background area

i ndi cat ed byitthe 9% edowd eamemitmdinenamet tdre ey ermed-dzacikgy ound ar ea
indicated by the area information 3, and generates area information in

whi ch t¥ePaiFedV e derkipblng area tafeuratien byn| Uy s OR 98 &et. The

| ogi cal , OR processor 1301 outputs the area 20 information in which the -
f or egr otiM ard229e e e kigf ottt s 2 aCOTPRNeRY of BENdhekgr ound area, and the

uncqQvered b ck%rﬁound area are set. Fig. 93 illustrates the relationship
anofg t he cr:@'r‘?p BRCERY He @hdhert e ffd Whive COMMRNRt s397@dst ai ned

‘of the input image, is input to an area specifying unit 103-

1. The component 2, which is another one of the component
signals of the input image, is input to an area Specifyiﬂg
unit 103—2.‘ The component 3, which is still another one of
10 the component signals of the input image, is input to an
area specifying unit 103-3.
Based on the component 1; the area specifying unit 103-
1 generates area informatidn 1 and supplies the generated
area information 1 to a logical OR processor 1301. The aréa
i5 specifying unit 103-1 has the same configuration as that of
the area specifying unit 103, and an explanation thereof is
thus omitted.
Based on the component 2, the area specifying unit 103-
2-generates area information 2 éhd supplies the generated
20 . area infdrmation 2 to a logical OR processor 1302. The area
specifying unit 103-2 has the same configuratioq as that of
the area specifying unit 103, and an explanation thereof is
thus omitted. |
7 Based on the component 3, the area specifying unit 103- -

25 3 genérates*area information 3 and supplies the generated



25 in the component signals. In Fig. 93, reference letter A 23 Novenber

2005 - 200 denotes the conponent 1, reference letter B,denotes.the
conponent 2, and reference letter C denotes the conponént §.]%:sensor has,
for exanple, three CCD area sensors corresponding to the conmponent 1, the
conponent 2, and the 5 conponent .3. The characteristics of the CCD area
sensor corresponding to the conponent 1, the characteristics of the CCD
area sensor corresponding to the conponent 2, and the characteristics of
the CCD area sensor corresponding tq the conponent 3 are the sane, and

di stortions which occur in the 10 c onent 1, the conponent 2, and the
conponent 3 are the sanme. The sensor captures the inmage of an object 111
corresponding to a single foreground and an object 112 corresponding to a
si ngl e dyak girofiodna @inoh odit puts 1dmpiddl coRponenesdort he0Tonptinentre and t he
conponent 3. The real world including the object 111 corresponding to a

si ngl e gre@givurg wndt theSobjlezt 1L sore espohiiimyator asitigte dackground
is one, and the phenonmenon which occurs in the real world is one. That is,
for exddft ereshesrirbey big 20n1hel bj end 1an lexplarspberli thpterf is ngl e
foreground . is one, and the notion of the object Ill corresponding to a

f or egr P i ¥ igrfeed- Therefore, when the image of the object 111 '

Corgespondin% to a single foreground and the i nage of the _
. ‘Based on the area information.l supplied from the area

specifying unit 103-1, the area information 2 supplied from
the area specifying unit 103-2, and the area informatiqn 3
supplied from the area specifying unit 103-3, the logicai OR
processor 1301 calculates the logical OR of the foréground
.10 area indicated by the area information 1, the foreground
area indicated by the area information 2, énd the foreground
area indicated by the area information 3, and generates area
information in which the foreground area calculated bj
logicai OR 1s set. Based on‘the area information 1 supplied
:15 from the area specifying unit 103-1, ?he area information 2
supplied from the area specifying unit 103-2, and the area
information 3 supplied from the area specifying unit 103-3,
‘the logical OR processor 1301 computes the logical OR of thé
background area indicated by the area information 1, :the
20 background area indicated by the area information 2, and the
background‘area indicated by the aréa infofmation 3, and
generates area information in which the background area
calculated by iogical OR is set.
Based on the area information 1 supplied from the area

25 specifying unit 103-1, the area information 2 supplied from



25 object 112 corresponding to a single background are captured 23 Novenber
2005 - 201 by the sensor, the foreground area, the bagkgyround, asga. the

m xed area, and the m xture ratio a of.the conponent 1, the foreground .
area., the background area, the m xed area, and the mxture ratio a of the
conponent 2, and the foreground ‘5 area, the background area, the m xed area,
and the m xture ratio a of the conponent 3 are the sane as each other.
However, when the sane processing is performed based on each of the
conponent 1, the conponent 2, and th gonponent 3, the sane area
information and the same mixture ratfd’a 10 cannot al ways be cal cul ated
for each. For exanple, when the imge of the object 111 corresponding to a.
~foreground and the image of the object 112 corresponding. to a background,
havi ng theosmeknsphitlivihg uolorldBfEer endetbkgagkaconfespandong3to the
conponent 3, 15 which is a color-difference signal, is approximately 0 are
capt ur edPphéedofipomehhelanhi chresifyiogi nantel8Bglal thadlogheatodBonent 2
which is a color-difference signal contain significant values, but the
conponeRFC8eRAPENIPELlaceBPBies diheeteateadi gRapPfsthecepyeredt ai ns
significant values. In 20 such a case, even if the area signal and the

mi xt ur ePrekPEOUNdgRrECRaf Bl G2 BAI DA% B BN F AR EBRPERRRAIOB, 15 HhRTi cant
va&gfs ccaggo& ge detergiped. Fur hernn&e, for exagpleﬁ mheg t he conponent
I ch®P¥SraY| BATNARRENY| ghaf RAtcaFyIch¥nGBS fReEhENEPRB2BIPRCE! ON
. and the covered background area indicated by the area
information 3, and generates area information in‘which the
covered background area calculated by 10gi¢al OR 1is set.r
Based on the area information 1 supﬁlied from the area
10 specifying unit 103-1, the area information 2 supplied from
the area specifying unit 103-~2, and the area information 3l
supplied from therarea specifving unit 103-3, the logical OR
processor 1301 computes the logical OR of the uncovered
backgrouﬁd area indicated by the area-information 1, the
15 uncovered background area indicated by the area information
2, and the uncovered background area indicated by the area
information 3, and generates area information in which the
uncovered background area calculated by Iogical OR is set.-
The logical OR processor 1301 outputs the area
20 information'in which the foreground area, the background
area, the covered background area, and the uncovered
- background area are set.
Fig. 93 illustrates the relationship among the

component 1, the component 2, and the component 3, céntained

25 in the component sighals; In Fig. 93, referéence letter A



25 and in the spatial direction and only the color-difference 23 Novemnber

- 2005 202 signal changes in the time direction or in thexgpaldefboos
direction, even if the area signal and the m xture ratio a are cal cul ated

- based on the conmponent 1, significant values cannot be determ ned, and if
the area signal and the mxture 5 ratio a are cal cul ated based on the
conponent 2 or 3, -significant values can be determ ned. Furthernore, there
are cases in which the CCD area sensor corresponding to a specific '
conponent may cause an error to occyr, 10 As discussed above, as a result
of performng processing using a plurality of conponents corresponding to
single area information and a single mxture ratio a to be cal cul ated,
results with a higher accuracy conpared to processing using, for exanple,
a si ngldemvrpongnt cigraleror 115 e Sreglee conpost tle damgnads attee obt ai ned. .
When a statistical process is performed using a plurality of conponents,
since tdnRATOIE bf afud areferénm destethr thealesracthofcdmnicessed
results is inproved further. Furthernore, for exanple, the accuracy of the
20 m xture Paficdsgrwhiaeh forcgixampdeaed thyegpfICH rgea wenisodsof 25 | east
squares to a plurality of conponents is higher than the accuracy. of the
m xt ur EXFHTPRERE Joatldte HPHRBEEssihg thsisrirengHy %2 @nthddent si gnal
or @ sfn%le coqposite si gnal . L :

component 3. The Ttharacteristics of the CCD area sensor

corresponding to the component 1, the characteristics of the

CCD area sensor corresponding to the component 2, and the

characteristics of the CCD area sensor corresponding to the

component 3 are the same, and distortions which occur in the
10 component 1, the component 2, and the component 3 are the

-Same .

The sensor captures the image of an object 111

corresponding to a single foreground and an object 112

g ' corresponding to a single background, and outputs the
15 'gomponent 1, the component 2, and the component 3.

The real world including the object 111 corresponding

to a single foreground and the object 112 corresponding to a

single background‘is one, and the phenomenon which occurs iﬁ

‘the real world is one. That is, for example, the shape of
.i‘20 ._the object 111 corresponding to a .single foreground is oné,

and the motion of the object 111 corresponding to a

foreground is one. |

Therefére, when the image of the object 111
correspondiﬁg to a single foreground and the image of the

25  object 112 corresponding to a single background are captured



Next , referfing to the flowchart in Fig. 94, a description will now be

gi ven of area determ ning processing 23 Novenber 2005 » ﬁgémm§§ﬂﬁ9 a
conponent signal by the inage processing apparatus con%lgure as shown in
Fig. 92. In step S1301, the area specifying unit 103-1 executes area

speci fying processing on the basis of the conmponent 1 5 in order to .
generate area information 1, and supplies the generated area information 1
to the logical OR processor 1301. The processing of step S1301 is the sane
as the processing of step Sll, and f?fejailed expl anation thereof -"is thus
omtted. In step S1302, the area speciTying unit 103-2 executes area

speci fyi ng processing based on the conponent 2 in order to generate area
information 2, and supplies the generated area infornmation 2 to the

| ogi cal b@Rtpeogessor, 180¢. fThegrpnndesseag bhesbapk8t802di srehe Slame as the
processing of step S11, and a detail ed explanation thereof.is thus

om ttedP®lKkAdsfEpa 51808, thhembkbarepeetriyi fgofinthel0gmporgatul esthar ea

speci fyi ng processing based on the conponent 3 in order to generate area

i nf or mafPHRIBOURA G BBl FBE PhekgEpERAt @Eea ar BAe| RivPARAFOA . 3289 t he

| ogi cal szgrocessor 1301. The _processing of step S1303 is the sanme as the
processFR§ BExterepraiio HnafahhexpParatedh2t hereothPsIPRAG Ot ed. In

step. 51304, the logical OR processor 1301 calculates, the logical OR of the
forgbroﬁﬁﬁaar es$%%¥gfgﬂpdb§r?ﬁe the mlxeg area,_and tﬂe migture _

ratio @ of the component 3 are the same as each other.
However, when the same processing is performed based on
each of the componeht i, the component 2, and the componént
3, the same area information and the same mixture ratio «
10 - cannot always be calcuiated for each.‘
For example, when the image of the object 111
corresponding to a foreground.and thé image of the object
112 corresponding to a background, havipg chroma in which
the color—differeﬁce signal corresponding to the'compbnent 3,
15 which is a color—-difference signal, is approximately 0 are
_captured; the component 1 which is a luminance signal and
the component 2 which'isra color-difference signal contain
‘significant values, but the component 3 whicﬁ is a color-
difference signal scarcely contains significant values. In
20 such a case, even if the area signal aﬂd the.mixture raiio o
are calculated based on the component 3, significant values
cannot be determined.
Furthermore, for example, when the component 1 which is
a luminance signal scarcely changes in the fime direcfion

25 and in the spatial direction and only the color-difference



conponent 1, the foreground area specified by the conponent 25 2, and the
foreground area specified by the conponent 3, and 23 hgggﬁpgﬁ 200R - 204
sets the foreground area cal culated by logical OR as aréa intormation. In
step S1305, the logical OR processor 1301 calculates the logical OR of the
background area specified by the 5 conponent 1, the background area

~specified by the conponent 2, and the background, area specified by the

conponent 3, and sets the background area cal cul ated by | ogical OR as area
information. In step S1306, the IOgiCﬁI OR processor 1301 calculates 10
the | ogical OR of the covered backg d area specified by the conponent

1, the covered background area specified by the conponent 2, and the
covered background area specified by the conmponent 3, and sets the covered
backgr cunrphadr ethamspdc ulmtiate yindogiioadctORmsoAaraa thd adpedizon. 15 In step

S1307, the | ogi cal OR. processor 1301 determines the logical OR of the

uncov erdd dvdcikgr oumnderarisa Wpeafdeedimnalt hend orfponenttdrse thetiuncover ed
background- area specified by the conponent 2, and. the uncovered

backgr eufd carlea s fhased mp tihe compomentt 31, anidysiefiscarhe walooaser ed
background area 20 cal cul ated by | ogical OR as. area information. The

| ogi calcanoR Hise ekd@rmized o @nputis tihe @nen i giaradtdch e whixtnnde
foreground area, the background area, the covered background .area, and the

uncaveréd-ak Grsurtp e ek kegred gy threrromponent 2 Tor 3,

significant values can be determined.

Furthermore, there are cases'in which the CCD area
sensor corresponding to a specific component may cause an
‘error to cccur.

10 As discussed above, as a result of performing
processing using a plurality‘of components corresponding to
single area information and a Single mixture ratio a to be
calculated, results with a higher accuracy compared to
processing using, for examplé, a single component signal or

15 a single composite signal are obtained. .

When a statisticéi process is performed using a
pluraliﬁy of cdmponénts, Since the'amoﬁnt of data is
increased, the accuracy of the processed’results is improved
further. Furthermore, for example, thé accuracy of the

20  mixture ratio.m which is calculated by applying a method‘of
least sguares to a-plurality of components is higher than
the accuracy of the mixture ratié o Calcﬁlated bﬁ processing
using a single component signal or a siﬁgle composite signal.

Next, reféfring to the flowchart in Fig. 94, a

25 description will now be given of area determining processing



the processing is termnated. 25 As di scussed above, the inage processing
appar atus 23 Novenber 2005 - 205 configured as shown ig ig.. 9 pecifies
&° Nv ity U3

“an area for

each conponent of the conponent signal an

t he

logical OR of the specified areas in order to generate final area

i nformati on- The inmage processing apparatus configured as 5 shown in Fig..
92 is able to thoroughly output the area information in which the
~foreground area, the background area, the covered background area, and the
uncovered background area are specified. Fig. 95 shows anot her enbodi nent

~of the inmage

processi ng appar at us—f éP3generating area. information on the

basi s of an input inmage which is input as conponent signals. The sane
el enents as those shown in Fig. 92-are designated with |like reference

numer al sisiakd Ak cpRnaRdt se@natihekeehel $mhds pgabbbgﬂggB%ﬁggreﬂag he area

information supplied fromthe area specifying unit 1

the area

i nf or matdo@l iZnuseep laise @ hbk@mint kegar ea .speci fying unit 103-2, and the area
information 3 supplied fromthe area specifying unit 103-3, a |ogical AND
processor 132& s28pastaldindikat etdear epethy Lad ethiar e@ + nddeat etk s '

area specifying processing on the basis of the component 1

5 in order to generate area information 1, and supplies the

generated area information 1 to the logical OR processor

1301.

- The processing of step §1301 is the same as the

'processing of step 511, and a detailed explanation thereof

is thus omitted.

10

In step S1302, the area specifying unit 103-2 executes

area specifying processing based on the .component 2 in order

to generate area information 2, and supplies the generated

area information 2 to the logical OR processor 1301. The

processing of step 51302 is the same as the processing of

15

20

step 811, and a detailled explanation therecf is thus ohitted.
In step S1303, the area specifying unit 103-3 executes
area specifying processing based on the component 3 inAorder
to generate afea information 3, and supplies the generated.
area information 3 to the logical OR processor 1301. The

processing of step S$1303 is the same as the processing of

step S11, and an explanation thereof is thus omitted.

In step S1304, the logical OR processor 1301 calculates

' the logical OR of the foreground area specified by the

25

component 1, the foreground area specified by the component

2, and the foreground area specified by the component 3, and



information in logical AND is calculates the |ogical-AND of the foreground

by the area information 1, the foreground by the area,i tl 2, the
foreground by the area information 3, and generates arégﬂk%%ﬁ%ﬁb@ﬁe
foreground area cal cul ated by set. Based on the area information supplied
25 fromthe area specifying unit 103-1, the area information 2 23 Novenber
2005 - 206 supplied fromthe area specifying unit 103-2, and the area
information 3 supplied fromthe area specifying unit 103-3, the | ogical
AND pr-ocessor 1321 calculates the logical AND of. the background area ,

i ndi cated by the area information 1,20#e-5 background area i ndicated by the
area information 2,. the background area indicated by the area information
3., and generates area information in which the background area

cal cul akedsbynkoghealrRgi arest caBased el bLhe18E8a-hnber Mt i,en supplied
fromthe area 10 sgggifyingrunifa103-l, thepareg iﬁ#o?na??oﬁggasupplied
from tharargatsprcifying unit 103-2, and the area information 3 "supplied
fromthe area specifying unit 103-3', the logical AND processor 1321

cal cul ates the 4o ca308\D Bie thegroveren phackgsountdzaieaaindisated by the
area information 1, the 15 covered background area indicated by the area
i nf or mathenlagictheorRover eHebhakyyeovntdaneaai sgeeateddbyyt hgear ea
5 ' component 1, the background arearspecified by the component
2, and the background .area specified by the component 3, and
sets the background area calculated by logical OR as area
~information. |
In step 51306, the logical OR processor 1301 ecalculates

10 the logical OR of the covered background area Specifiéd by
the component 1, the covered backgrouod area specified by
the component 2, and the covered background area specified
by the component 3, and sets the covered baokground area

~calculated by logical OR as area information.

15 In step S1307, the logical OR-processor 1301 dete:mines
the logical OR of the uncovered background area specified by
the component 1, the uncovered background area specified by
the component 2, ano the uncoﬁered background area specified
by the component 3, and sets the uncovered background area

20 caloulated by logical OR as area information.  The logical
OR processor 1301 oﬁtputs the area information in'wﬁich the
foreground area, the background area, the covered baokgroundr

. area, and the uncovered background area are set, and then
the processing is terminated.

25 . As discussed above, the image processing apparatus



information 3, and generates area information in which the covered
background area cal culated by logical AND is set. Basggbgqaﬂ@y @fsea
information supplied fromthe area 20 specifying unit .103- %e area
information 2 supplied fromthe area specifying unit 103 2, and the area
information 3 supplied fromthe area specifying unit 103-3, the | ogical
AND processor 1321 calculates the | ogical AND of-the uncovered background
area indicated by the area information 25 1, the uncovered background area
i ndi cated by the area 23 Novenber 2005 - 207 5 information 2, the
uncover ed background area indicated B background area are set Next ,
referring to the flowhart in Fig. 96, a ‘description will now be given of
area determ ning processing using conponents, performed by the inmge

‘pr ocessican figppadatys st duwr edgas oghewacifiiEkJan98rehnNfstepadil321, the
area specifying unit 103-1 executes area specifying processing on the
basi s ofcorpeneanpeorfenhel compoakder signgeénandt eegeemnih8botnat iegitannd
supplies the generated area information 1 to the |ogical AND processor
1321. TH& pfotbesspgcdffisdepr®d32ini srtihe sanmgeasrthe fpnatesseéag of step
S11, and a detailed explanation thereof is thus omtted. the area
|nfornaﬂméﬁr3atand geﬁéﬁaﬂ@@gareaocnﬁsmnatapparﬂtuahcohfigarﬂﬁcawered

.bac&ground area cal cul ated by | ogica
shown in Fig. 92 is able to thoroughly output the area

information in which the foreground area, the background
area, the covered background area, and the uncovered
background area are specified.
Fig. 95 shows another embodiment of the image
10 processing apparatus for generating area. information on the
basis of an iﬁputlimage which is input as component signals.
The same elements as thoée shown in Fig. 92 are
designated with like reference numerals, and an explanation
thereof is thus omitted.
15 Based on the aréa information supplied from the area
specifying unit 103-1, the area information 2 supplied from
- the area specifying unit 103-2, and the area information 3
supplied from the area specifying unit 103-3, a logical AND
processor 1321 calculates thé logical ‘AND of the foreground
20 area indicated by the area information 1, the foreground
area indicated'by the area information 2, the foregrbund
area indiéatéd by the area information 3, and generates area
'information in whiéh the foreg;ound area calculated by
logical AND is set. Based on the area information éupplied

25 from the area specifying unit 103-1, the area information 2



AND i s set: The | ogical AND processor 1321 outputs the area information in
whi ch the foreground area, the background area, the c I gﬁ% round
area, and the uncovered 20 In step 51322, the area speg? 9%%5£un| 103-2
executes area specifying processing-on the basis of the conponent 2 in
order to generate area information 2 and supplies the generated area
information 2 to the | ogical AND processor 1321. The processing of step

- 51322 is the sane as the 25 processing of step 511, and a detail ed.

expl anation thereof 23 Novenber 2005 - 208 is thus omtted. In step
51323,. the area specifying unit 103063 -executes area specifying processing
on the basis of the conmponent 3 in order to generate area information 3
and supplies the 5 generated area information 3 to the |ogical AND

processippIdd . £ A€ HOCEES b i 51180y $323 ids1he Ssamems dhe,
processing of step S11, and a detail ed explanation thereof is thus

om t t edin fdked €15 18 24ip hiead @&ﬁ'tr@“@ﬁ@%ﬁ&ﬂfyﬁlﬁ@j— ukl: wWetey1g nes the
| ogi cal . AND.- of the foreground area specified by the conponent 1, the

f or egr cilnd IaspiecspaMD ithds ddie 1 TONReeill st eanthd NediafE0xuma Aar ea
specified by the component 3, and sets the foreground area cal cul ated by
| ogi calthaNDaskegareamd nfcrardtridica ten by strep 858325 n idwendtagircal, Ald2
processor 1321 , :
5 Dbackground area indicated by the area information 2, the
background area indicated by the area information 3, and
"generates area information in which the background area
calculated by logical AND is set.
Based on the area information supplied frém the area
10 specifying unit 103-1, the area information 2 supplied from
the area specifying unit 103-2, and the area information 3
supplied from the area specifying unit 103—3;_the logical
AND processor 1321 calculates the logical AND of the covered
background area indicated by the area information 1, theA
15 covered background area indicated by the area information 2,
the covered background area indicated by the area
information 3, and generates area information in which the -
covered background area calculated by logical AND is set.
Based on the area information supplied from the area
20 specifying unit 103-1, the area information 2‘supplied from
the area specifying unit 103-2, and the area information 3.
'supplied'ffom the area specifying unit 103—3, the logical
AND prééessor 1321 calculates thé logical AND of. the |

uncovered background area indicated by the area information

25 1, the uncovered background area indicated by the area



.determ nes the | ogical AND of the background area specified by the -
conponent 1., the background area specified by the .ceyReNsHL %osand the
background area specified by the conponent 3, and sets the background area
cal cul ated by 20 | ogical AND as area information. In step 51326, the

| ogi cal AND processor 1321 determ nes the |ogical AND of the covered
background area specified by the conponent 1, the covered background area
speci fied by the conponent 2, and the covered background 25 area specified
by the conponent 3, and sets the covered 23 Novenber 2005 - 209 background
area cal cul ated by logical AND as' “af€4 ~information. Ln step S1327, the

| ogi cal AND processor 1321 deternmines the |ogical AND of the uncovered
background area 5 specified by the conponent 1, the uncovered background
area spdeifoirae thynt Re eaBpaRedireZedandcklecungoveead ihackgreundy area

specified by the conponent 3, and sets the uncovered background area
cal cul atthe byeclhodin€akrmANDoas 3ar aad gaheradkisoAredihenifognaali cANDn processor
1321 outputs the 10 area information in which the foreground area, the
backgr owhd clir ¢ae theowevedebabigkguodndrareaalandatbd byntowyeredl background
area are set, and the processing is then term nated. As discussed above,
t he i ma@&DpAsceéssi-ng apparatus 15 configured as shown in Fig. 95 specifies
an area for each
5 The logical AND processor 1321 outputs the area
information in which the foreground area, the background
area, the covered background area, and the uncovered
background area are set.
Next, referring to the flowchart in Fig. 96, a
10 description will now be given of area determining processing
using components, performed by the image processing
apparatus configured as shown in Fig. 95.
In step S1321, the area specifying unit 103-1 executes
area specifying processing on the basis of the component 1
15 in order to generate area information 1 and supplies the
generated area information 1 to the logical AND processor
1321, The processing of step 51321 is the same as the
_processing of step S1l1, and a detailed explanation thereof
is thus omitted.
20 In step S1322, the area specifying unit 103-2 executes
area specifying processing on the basis of the component 2
in order to- generate area information 2 and supplies the
generated area information 2 to the logical AND processor

1321. The processing of step S1322 is the same as the

25 - processing of step S11, and a detailed. explanation thereof



conponent, and determ nes the |ogical AND of the specified areas in order
to generate final area information. The image processi R4 \aRARLAbMS
configured as shown in Fig. 95 is able to output area Information having a
smal | amount of 20 errors. Fig. 97 shows still another enbodi nent-of the

i mage processing apparatus for generating area-information on the basis
of an input inmage which is input as conponent signals. An area specifying
unit 1331 adds, for each pixel, the 25 conponent 1, the conponent 2,'and

t he conponent 3, contained 23 Novenber 2005 - 210 in the input conponent
signal s, and determ nes whether the 20 xel belongs to a noving area. or a
stationary area on the basis of the conponent 1, the conponent 2, and the
conponent 3, which are added for each pixel. The area specifying unit 5
1331 gepnerahes aneeceédf ormation on the basis of the result of the

determ nation of the noving area or the stationary area, and outputs the
generat ed arga sudramgipN. tiRefafdd npddd fiigsy B8 4 A0¥0B dheupeacessi ng of

the area specifying unit 1331 will now be described. 10 As shown in Fig.
98, froarthespeeipplimy pfostasisdi eml thehpdaisd esf Sthescafpdimgess the tine
correlation is stronger than the space correlation in the stationary area
of the inneyder Fur tdemepate aned hinfommagi@r eh @id téheppege, theconver sel y.
the space correlation is stronger than the tine 15 correlation.
5 generated area information 3 to the logical AND processor
1321.- The processing of step 81323 is the same as the
processing of step S11, and a detailed explanation thereof
is thus omitted.
In step S1324, the logical AND processor 1321
10 determines the logical AND of the foregrbund area specified
by the component 1, the foreground area specified by the
component 2, and the foreground area specified by the
component 3, and sets the foreground area calculated by
logical AND as area information.
15 In step S1325, the logical AND processor 1321
determines the logical AND of the background area specified
by the component 1, the background area specified by‘ther
_.componént 2, and the background area specified by the
component 3, and sets the background.area calculated by
20 logical AND as area information. | |
In step 51326, the logical AND processor 1321
détermines the logical AND of the covered background area
specified by the component 1, the covered background area
specified by the component'2, and the co#ered background’

-

25 area specified by the component 3, and sets the covered



When the space correlation for the determ nation of the noving area or the -
stationary area is to be calculated, as shown in Fig. 79%vd Qe 803! €,
with regard to the pixels of a block of 5 x 5 pixels wth the designated
pi xel being the 20 center, the area specifying unit 1331 cal cul ates the

differences of the pi xel values of the adjacent pixels, and calculates the
.total sum of the absolute values of the «calculated.differences.. The area

speci fying unit 1331 calculates the correlation value corresponding to the
space 25 correlation by dividing the total sum of the absol ute val ues 23
November 2005 - 211 of the.cal cul at é8°differences by the number of the

di fferences. For exanple, when the designated pixel is x33 and the pi xel
val ues of the pixels contained in the block are xli to 5 x55, the area

speci f yibagkgticduntB 3lrezaleilaties ddeys ubgdfcdinerab s uireaval ues the
differences, which is the total. sumof the absolute values of the
di f f er e rofattilee .pi xel val ues of  the adj acent pixels, shown in equation
(119): Sumof =1 (xIl -x12)1+1(x12-x13)!+1(xl3-x14)1+ absolute values of
di fferences InlEx6p- 833RJ+| thiwbBogbdprl +tARSHxwbE ot L3LXI | -x21) | +l
(x2.1-x31) | +l (x31-x41)'1+ + 1 (x25--x35)1+1(x35-x45)1+1(x45-x55) (119 10
The ar ededgaaiingisndheniltogiz3al @dlDcwifattde timeovered background area
5 specified by the component 1, thé uncovered background area
specified by the component 2, and the uncovered background
area specified by the ¢0mponent 3, and sets the uncovered
background area calculated by logical AND as area |
information. rThe logical AND processor 1321 outputs the
10 area information in which the foreground area, the
background area, the covered background area, and the
uncovered background area are set, and the processing is
then terminated.
As discussed above, the image processing apparatﬁs
15 ~'configured as shown in Fig. 95 specifies an area for each
component, and determines the 1ogical AND of the specified
areas in order to generate final area infoimation. The
image procéssing apparatus copfigured as shown in Fig. 95 iﬁ
able to output area information having a small amount of
20 errors.l
Fig. 97 shows still another embodiment: of the image
processing apparatus for generating area.infofmation on the
basis of an input image which is input as component signals.

An area specifying unit 1331 adds, for each pixel, the

25 compcnent 1, the component 2, and the component 3, contained



correlation val ue corresponding to the space correlation by dividing the
sum of the absolute values the differences by the difhengogsnppoer, i.e.,

40. When the tinme correlation for determning whether or 15 not it is a
.nmoving area or a stationary area is to be cal cul ated, the area specifying
unit 1331 calculates the difference between the pixel value of the
desi gnated pi xel and the pixel value of the pixel at. the corresponding
position in the previous frane, and al so cal cul ates the 20 difference
bet ween the pi xel value of the desigﬂﬁfqg pi xel and-the pixel value of the
pi xel at the corresponding 23 Novenbé&r 2005 - 212 position in the
subsequent frane. In order to prevent the area from being determned to be
wide in the boundary as a result of using a difference indicating a
st rongeincbhe efmppitbncompenan tas speel § yi agd udeétetBBlesalieetiseeitiner 5 t he
difference with respect to the pixel value of the pixel at the
cor r espBhAFhgPPbIRY S oFC | & MPEipd evFoysof ranetatiomary dif¢@remcehan t h
respect._ to the _pixel value of the pixel at the corresponding position in
the preR?dis $fakee GpmRAneRt Lnathercompomert of e2RPeths yGompanent 1331
cal cul ates ﬁhe total sum of the absolute values of the selected .
di f f er ence¥M - Fhe?TaraddePet? ¥ yPRgh unt¥e1331Tha Fifat VIS Hey BoF ret it i on
vaI%e ggﬁ{es ondigg to the time correlation b _djvid%n the total sum of
t he “abs IVATIREC D2 e YAt LAt 7 rEr e fiestpyelt the result
of the determination of the moving area or the stationary
area, and outputs the generated aréa information.
Referring to Figs. 98 to 102, the processing of the
area specifying unit 1331 will now be described.
10 As shown in Fig. 98, from the viewpoint of statistical
characteristics of images, the time correlation is stronger
than the space correlation in the stationary area of the
image. Furthermore, in the moving area of the image,
conversely, the space correlation is stronger than the time
15 correlation.
When the space correlation for the determination of the
moving area or the stationary area is to be calculated, as
shown in Fig. 99, for example, with regard to the pixels of
'a block of 5 x 5 pixels with the designated pixel being the
20  center, the area specifying unit 1331 calculates the
differences of the pixel values of the adjacent pixels, and
calculates the total sum of the absolute values of the
calculated differences. The area specifying unit 1331

calculates the correlation value corresponding to the space

25 correlation by dividing the total sum of the absolute values



15 the nunber of differences. For exanple, when the designated frane is
frame #n, as shown in Fig. 100, the area specifying um i dadir Sa5cul ates
the. differences between respective pixels of a block of 3 x 3 pixels, for
.exanple, with the designated pixel x22 being 20 the center. The area
specifying unit 1331 calculates the difference between the pixel value x11
of the pixel in frame #n and the pixel value x11 of the pixel at the
correspondi ng position in frame #n-1, and the difference between the

pi xel value 25 x11 of the pixel in frame #n and the pi xel value x11 o f the
23 Novenber 2005 - 213 pixel at thekbrtesponding position in frame #n+1
The area specifying unit 1331 selects either the difference with respect
to the pixel value x11 of the pixel at the corresponding position in frame

#n-1 orofhehdi ¢dbtenseed D Bere8pEE by Othdenphxet Al tige x11 of the pixel
at the corresponding position in frame #n+l, which is smaller. Simlarly,
the aredifpecehyesmg unit 1331 cal cul ates the difference between each of the
pi xel values x12 to x33 of the pixels in frane #n and each of the pixel

val ues x12 tRer kxau@B epf wheen pgiheeldesitgridted ericeslpdradindp posi tthens in frame
#n--1, and the difference between each of the pixel values x12 to x33 of
t he pi xelxel walese oh tinel Rhodlof comba phad|in vheidsladR doe x83L ofo t he

pi xel s at _the corresponding positions in franme #n+l. The area specifying
uni £ 13893, the area specifying unit 1331 calculates the sum of the

abseclute values the differences, which is the total sum of
the absolute values of the differences of the pixel values

of the adjacent pixels, shown in equation (119):

Sam ol o wes = |G|+ (12-x13) [+ |13~ xI) [+
of differences 1 |67 53)|+|(x53-x54)|+|(x54- 155)]
+ |l -2D)|+| (21 -3 |+ (31 - paD) | 4+
+ |(x25-x35)|+] (35 - x45) [+ | (045 - £35)]
(119)
iO The area specifying unit 1331 calculates fhe
correlation value corresponding to the space correlation by
dividing the sum of the absolute values the differences by
the difference number, i.e., 40.
When the time correlation for determining whether or
15 not it is a moving area or a stationary area is to be
cdalculated, the area specifying unit 1331 calculates the
difference betﬁeen the pixel value of the designated pixel
gnd the pixel valué of the pixel at the corresponding
position in the previous frame, and also calculates the
20 difference between the pixel vaiue of the designated pixel

- and. the pixel value of the pixel at the corresponding



15 selects either the corresponding difference with each. of the pixel

val ues x12 to x33 of the pixels at. the correspondi ng 2p8sidiRPSogksN frane
#n-1 or the corresponding difference with each of the pixel values x12 to
x33 of the pixels at the corresponding positions in frame #n+l, which is
smaller. 20 The area specifying unit 1331 determines the total sum of the
absol ute val ues of the selected nine differences. The area specifying unit
133.1 calculates the correlation value corresponding to the tine

‘correlation by dividing the total sumof the absolute val ues of the

cal cul ated 25 di fferences by the nurdér of differences, i.e., 9. 23
Novenber 2005 - 214 Furthernore, the area specifying unit 1331 may
calculate the tine correlation and the space correlation for each pixel.
Fur t herprsiet idrhelmarigee spassdqidgt Unidmd 331 mmeyrd&al €l ptrerith ta@ddi tion to
the sum of the absolute values of 5 the differences, values indicating

- ot her corezlfdrorissisycietasnided swmtef weiglearias fe dddetances aas val ues

indicating the tine correlation and the space correlation. The nunber of

pi xel s Rl ed Usinher bliothkefarceninchicathiend iavestcorrgdmat i on and the space

correlation are to be 10 calculated does not |imt the present invention.

Fi g. 1Phngigdticateshe tdras careel Gtiingn wrid d ¥jace: ooy eidgthieon in a

stationary area. For exanple, in the stationary area, since the image is

st aPi orfdrsy diffenaneg wird vespasit tive Wesingneleddiveelof Sheheisade as the
pi xel at the corresponding position in the previous frame or the
difference with respect to the pi#el value of the pixel at
the correspondiﬁg position in the previous frame, which is

Smaller.

10 The area specifying unit 1331 calculates the ﬁotal sum
of the absolute values of the selected differences. The
area specifying unit 1331 calculates the correlation value
corresponding to the time correlation by dividing the total
sum of the absolute values of the calculated differences by

15 the number of differences.

For example, when the designated frame is frame #n, as
shown in Fig. 100, the area specifying'ﬁnit 1331 calculates
the differences between respective pixels of a block of 3 x
3 pixels, fqr example,-ﬁith the designated pixel x22 bheing

20 the center. |

The area specifying unit 1331 calculates the difference
between the pixel value x11 of the pixel in frame #n and the
'pixel value x11 of the pixel at the cofresponding positidn

in frame #n-1, and the difference between the pixel value

25 xl1l of the pixel in frame #n and the pixel wvalue x11 of thé



15 value J of the pixel at the corresponding position. Therefore, in the
stationary area, the tine correlation is very strong.zégfcoqirg%', t he
pi xel adjacent to the designated pixel has a pixel valué&“l* o1 éixel
value Kdiffering fromthe 20 pixel value J_ As discussed above, in the
stationary area, the space correlation is weaker than the tine
correlation. Fig. 102 illustrates a time correlation and a space
correlation in a noving area. For exanple, of the 25 conponents 1/4, J/4,
K/'4, and L/ 4 of the inmage, containedziﬂ 23 Novenber 2005 - 215 the

e

desi gnated pixel in the noving area, “conponents 1/4, J/ 4, and K/ 4 of

the image are contained in the adjacent pixels, and the conponents J/4,
K/'4, and L/4 of the image are contained in other adjacent pixels.

Ther ef opéxelnathéh8d poviragpanéangt hesspace dor fehati gn+its srhengrehn
contrast, the pixel of the adjacent frame, corresponding to the designated
"pi xel , epAcafvsndi ifdfehB3li pafectonpdhbarsthAsddif§cussed abohke, in the
moving area, the time 10 correlation is weaker than the space correlation.
As i.s EeeRefEoRPt Keeapbyel deatvepkibnofbyhdepékalnbbigthehe space
correlation and the time correlation and by conparing the space

correl atPERETPPRALRE PPAbtioRrbhafreme #Rhe arek §p€égf9Fﬁ§C@nW%t3331 i's

abl% to knOM/mhetheﬂ t he . )
respect to the pixel value xl1 of the pixel at the

corresponding position in frame #n+l, which is smaller;
Similarly, the aréa specifying unit 1331 calculateé the

difference between each of the pixel wvalues x12 to x33 of
the pixels in frame #n and each of the pixel wvalues x12 to

10 .X33 of the pixels at the corresponding positions in frame
#n—-1, and the difference between each of the pixel wvalues
x12 to x33 of the pixels in frame #n and each oflthe pixél
values x12.to x33 of the pixels at the corresponding
positions in frame #n+l.. The area specifying unit 1331

15 selects either the corresponding difference with each of the
pixel values -x12 to x33 of the pixels at the correspondihg
positions in fﬁame #n-1 or-ﬁhe correspeonding difference with
each of the pixel values x12 to x33 of the pixels at the
corresponding positions in frame #n+l1l, which is smaller.

20 o The area specifyiﬁg unit 1331 determines the total sum
of the absolute values of the sélected nine diffe;énces.
Ihe area specifying unit.1331 calculates the correlation
value corresponding to the time correlation by dividing the
total sum of the absolufé values of the calculated

25 differences by the number of differences, i.e;, 9.



15 designated pixel is contained in the.noving a,-rea or in the stationary
area. The area specifying unit 1331 perforns the deteQ Iﬂ&yzﬁk t he
novi ng area or the stationary area with respect to all e pl xel s

contained in the frane. 20' Based on the determ nation’ result of the nDV|ng
area or the stationary area, the area specifying unit 1331 determnes to
whi ch one of the foreground area, the background area, the covered
background area., and the uncovered background area each pi xel bel ongs,
and generates 25 area information. 23 Novenber 2005 - 216 For exanple,
when-the sane area as the foregrounétﬁﬁea is determned to be a noving
area, the area specifying unit 1331 nakes a determnation as.to the
foreground area, the background area, the covered background area, and the

5 uncover ed Fhaditgirauwne arte fafeaeagedqlitydng mriike 1331 ewdyng - manner. Wen -
t he designated pixel in frame #n is determined to be noving, the area
speci f ydalgrwihte 11384 deterapnesl dthiadn die desi gt e depix€lativd rege #n

bel ongs to the foreground area. 10 Wen the designated pixel in franme #n
is det etafmeriixel . b wttdte owary, trel awen spwcipiwielg iwnitams#¥nwdy | ocat ed
at the sane position as the position of the designated pixel in frame #n
in the $avegelate, dier evddifelpn o-dethm\iumy,o f Heharazsobpeeifaylwes uni t 1331

determ nes that the designated pixel in
5 the differences, values indicating other correlations, such

as the sum of squares of differences, as values indicating
the time correlation and the space correlation.
The number of pixels contained in the block for whicﬁ
the time correlation and the space correlation are to be
10 calculated does not limit the present invention;
| Fig. 101 illustrates a time correlation and a space
correlation in a stationary area. For example, in the
stationary area, since the image isrstationary, the pixel
value J of the designated pixel is the same as the pixel
15 ﬁaluerJ of the pixel at the corresponding position.
Therefore, in the stationary area, the time correlation is
very strong.
In contrast, the pixel adjacent toe the designatedlpixél
has a pixel value I or a pixel value K differing from the
20 pixel value J. |
Aé discussed above, in the stationary area, the space
correlation is weakér than the time correlation.
Fig. 102 illustrates a time correlation and a‘space
correlation in a moving area. For example, of the

25 components 1/4, J/4,7K/4, and L/4 of the image, contained in



15 frame #n bel ongs to the covered background area. -Wen the desi gnated
pixel in frame #n is determned to be stationary, and whgp L& Phose!l in
frame #n-1 located at the same position as the position of the designated
pixel in frame #n in the inmage, is determ ned to- be noving, the area 20
specifying unit 1331 determ nes that the designated pixel in  frane #n

bel ongs to. the uncovered background area. The area specifying unit 1331
determ nes. that the pixel which is determned to be stationary and which
does not belong to the covered back ngd area or the uncovered 25
background area bel ongs to the background area. 23 Novenber 2005 - 217
When the area forned of the background area and the mxed area is

determ ned to be a noving area, the area specifying unit 1331 nakes a .
det er mi #&e€i 8asagnesetheixpdr égr shrdmavéag aleabatkgr congoareas the,covered
background 5 area, and the uncovered background area for each pixel by

ref erri Ag4ro2pAekKéapfofliry impag oret Kenadjinedntnf theeadAadestription wil
now be Lveg of an exanpl e of grocessin? results with reference to Figs.
103 to PoESLSE gndidhesremBoRAnERadple Bf 2anandplt’ 4i pégéheoivagrespondi ng
to the conmponent .1, .the congonent 2, and the conBonent 3, which are input
to the 8F8aC8PERIPFAngRuREler1391ackny. Pi2LshowWd NEESEPES i ARWEREh the area

specy fYhgsnhted391nlkgs 8 deteryipation, ag, Lo the moving area or the

In contrast, the pixel of the adjacent frame,
corresponding to the désignated pixel, contains different
image components. |

As discussed above, in the moving area, the time

10 correlation is wéaker than the space correlation.

As is seen‘from the above description, by determining
the space correlation and the time correlation and by
comparing the space correlation with the time correlation,
the éfea specifying unit 1331 is able to know whether the

15 ~designated pixel is contained in the moving area or in the
stationary area. |

The area specifying unit 1331 performs the
determination of the moving area or the statibnary-aréa Wifh
respect to all the pixels contained in the frame.

20 Based on the determination result of the moving area or
the stationarf area, the area specifying unit 1331
determines to which one of the foreground area, the
background area, the covered'background area, and the
uncovered backgrbund'area each pixel belongs, and generates

25 area information.



15 stationary area for each pixel in such a manner as to correspond to the
~input inmage shown in Fig. 103. In Fig. 104, white indi 0ahgSembealBYWsNg area,
and black indicates a stationary area. It can be seen that, although there
are incorrectly determ ned portions, the noving area or the 20 stationary
area is nearly specified as a whole. Fig. 105 shows results in which the-
area specifying wunit 1331 has nade the determ nation of the noving area or
the stationary area by using a block of 15 x 15 pixels as wunits in such a
manner as to correspond to the input_imge 25 shown in Fig. 103. In Fig_
105, white indicates a noving 23 Noverfber 2005 - 218 area, and bl ack
indicates a stationary area. It can be seen that the noving area or
‘the.stationary area is specified nearly accurately. Fig. 106 shows results
in which t h&car exaspde,f whag Thenisark33k dmasmade: the ddptema ratdon of the
foreground area, the background area, the covered background area, and the
uncoverisd dmokgrined] tar d2e an ndweibasisedf the aesal sseoffthey deter m nation
of the noving area or the stationary area shown in Fig. 105. In Fig.'106,
ref er encBl erakas & Eienhiiostiom dmchyrowmdferesroRed esonee thetter B

i ndi cates an uncovered background area. Reference letter Cindicates a

f or egr Gtk ErAmd Rate ertdee |eavared haglamwyd aacoverantl taeckground ar ea.

It can be seen that, since the area is determ ned based
uncovered background area for each pixel in the following

manner. When the designated pixel in frame #n is determined
to be moving, the area specifying unit 1331 determines that
the designated.pixel in frame #n belongs to the foreground
area.

10 When'the'designated pixel in frame #n is determined to
be stationary, and when the pixel in frame #n+l located at
the same position as the position of the designated pixel in
frame #n in the image, is determined to be moving, the area
specifying unit 1331 determines that the designated pixel in

15 frame i#n belongs to the-covered background area.

When the designatéd pixel in frame #n is determined to
~ be stationary, and when the pixel in frame #n-1 located at
the same position as the position of the designated pixel in
frame #n in the image, is determined to be mqving, the area
:20 spegifying.unit 1331 détermines that the designated pixel in
frame #n belongs to. the uncovered background area.
The area specifying unit 1331 determines that the pixel
which is determined to'bé stationary and which does not
' belong to thé covered background area or the urncovered

25 - background area belongs to the background area.



15 on the al nost accurate specification of the noving area or the
stationary area, the foreground area, the background a%®avenitdgrg@ver ed
background area, and the uncovered background area can al nost be specified
accurately. The area specifying processing using conponents, 20 perforned
by the.area specifying unit 331, is described belowwth reference to the
flowhart of Fig. 107_ In step S1331, the area specifying unit 1331

calcul ates the total sum of the conponents for each pixel. In step S1332,
the area specifying unit 1331 determnes 25 the. space correl ation by
using, for exanple, a block 23 Novenbef 2005 - 219 conposed of a
predeterm ned nunber of pixels as units. In step S1333, the area

speci fying unit 1331 determnes the tinme correlation by using, for

exanpl e, a biibek thaposed Ofrmed psedetiervaciegsunberr«ef fketise as units. 5
In step S1334, .the area specifying unit 1331 conpares the space

correl amigedwatrkat he tiehernbdned| adi ba homoedsy apexel tha arder to determ ne
whet her or not the time correlation is stronger than the space

correl asperifwhag bniti §3gdétmekencd dhhernheatioe esrtel &beon i s stronger
than the 10 space correlation, the process proceeds to step S1335, where

t he ar e&°¥pEEPRPiingraai t thesnagkgsonnd gdeshgnbbhedeprgeedabackairagnin a
stationary area, and then the process proceeds to step S1337. Wen it is
det et ni AE83 n2BHepe18820TREEIt Backpgrpund area for each pixel by '

referring to the stationary area of the adjacent frame.

A description will now be given of an example of
processing results with reference to Figs. 103 to 106.

Fig. 163 shows an example of an input lmage

10 corresponding to the component 1, the component 2, and the
component 3, which are input to the area specifying unit
1331.
Fig. 104 shows results in which the area specifying
unit 1331 makes a determination as to the moving area or the
(15 stationary area for each pixel in sﬁch a ﬁanner as to
correspond to the input image shown in Fig. 143. In Fig.
104, white indicates a moving area, and black indicates a
stationary area. It can be'seén that, althouqﬁ theré are
incorrectly determined portions, the moving area or the
20 stationéry area is nearly specified as a whole.

Fig. 105 shows results in which the area spécifying
unit 1331 has made the determination of the mofing area or
the stationary area by using a block of 15 x 15 pixels as
units inlsuch a manner as to correspond to the input image

25 shown in Fig. 103. 1In Fig. 105, white indicatesAa moving



15 correlation is not stronger than the space correlation, since the space
correlation is stronger than the tine correlation, theyRsReRsSI0PEO0Ceeds to
step S1336, where the area specifying unit 1331 sets the designhated pixel
as being in a noving area, and then the process proceeds to step 20 S1337.
Processi ngs of steps. S1334 through S1336 are performed from each of al
the pixels within the frame. In step S1337, based -on the stationary or
noving setting, the area specifying unit 13.31 nakes a determ nation 25
as to the foreground area, the baqgg%ﬁgng area, the covered 23 Novenber
2005 - 220 background area, or the overed background area, and then

the processing is termnated. For exanple, when it is determned in step
S1337 that the designated pixel in frame #n is deternmined to. be noving, 5
t he arearepeciidimpakiindB3dteetersiattonhay sheadesignadedbepsaxeh in
frame #n belongs to the foreground area. Wen it is determ ned that the
desi gnatledt piheImdving rapes #pir | thet atd bhanyry andeahen specifdeder mi ned t hat
the pixel in frane #n+l |ocated at the sanme position.as the 10 position of
the desi¥matedgiuE@tedframe #n in the imge is noving, the area . '
speci fying unit 1331 determ nes that the designated pixel in frame #n

bel ongs to tHE-cdPér SGOMFaAEF ORI df e imlertie dzea stRaGH Fi8hd hat t he

desggnQL%%J%ggﬂ ﬁgg made the determination of the fdreground area,
the background area, the covered background area, and the
uncovered background area on the basis of the results of the
determination of the moving area or the stationary area |
shown in ¥ig. 105. 1In Fig. ‘106, refereﬁce letter A
10 indicates a background area. Reference letter B indicates
" an uncovered béckground area. Reference letter C indicates
a foreground area. Reference letter D indicates a covered
background area.
It can be seen that, since the-area is determined based
15 on the almost accurate specification of the moving area or
“the stationary'area, the foreground area, the background
area, the covered baCkground area, and the uncovered
background area caﬁ almost be specified acCufately.
- .The area specifying proc?ésing using components,
20 perfofmed by the area specifying unit 331, is described
below with reference to the flowchart of Fig. 107.
| In step 81331, the area specifying unit 1331 calculates
the total sum of the components for each pixel.
In-step 51332, the aréa specifying unit 1331 determines

25 the. space correlation by using, for example, a block



15 frame #n is stationary, and when it is determ ned that the pixel in
frame #n-1 |ocated at the same position as the positionseiaiiieréigsi gnat ed
pixel in frame #n in the image is noving, the area specifying unit 1.331
determ nes that the designated pixel in frame #n belongs to the uncovered
20 background area. The area specifying unit 1331 determ nes that the

-pixel. which is determned to be stationary and which does not belong to

t he covered background area or the uncovered background area belongs to

t he background area. 25 As di scussed ﬁgove, based on the components, the
area 23 Novenber 2005 - 221 speciTy% unit 1331 shown in Fig. 97 is able
to specify the foreground area, the background area, the covered
background area, or the uncovered background area. Fig. 108 shows an
enbodi neptpotedn oifnagerpdetessingdSnapparatvfispirelsabhsubaitsag the m xture
ratio a on the basis of input imges and area information, which are input
as conpsapntlgidgnaltbe Armpxspeeifming paktulaBbrded4rmivabcthates a

m xture ratio 1 on the basis of the area information and the 10 conponent

1, and $&pgl cesrepatéanchivanedng xfareexpampie, 1atblogh aompagidgohrocessor

1401. The m xture-ratio calculator 1.04-1. has the sanme configuration as
that of @ PREESEFRared RIRPEFeCf aPibetal 6 BREFS104, and an expl anation

therfof is , s . :
In step 51334, the area specifying unit 1331 compares

the space correlation with the time correlation for each
pixel in order teo detérmine whether or not the time
correlation is stronger than the space correlation. Wheﬂ it
is determined that the time correlation is stronger than the
10 space correlation, the process proceeds to step $1335, where
the area specifying unit 1331 sets the designated pixel as
being in a stationary area, and then the process proceeds to
step S51337.
When it is determined in step 51334 that the time
15 correlation is not stronger than the space correlation,
since the space correlation is stronger than the time
correlation, the process proceeds to step S1336, where the
area specifying unit 1331 sets the designated pixel as beiﬁg
in a moving area, and then the process proceeds to step
20 §1337. |
Processings of steps.81354 through S1336 are performed
from éach of all the pixels within the frame. |
In step S1337, based on the stationary or moving
setting, the area specifying unit 1331 makes a determination

25 as to the foreground area, the background area, the covered



thus omtted. 15 A m xture-ratio cal cul ator 104-2 cal culates a m xture
ratio 2 on the basis of the area information and the 69RRAMNRRE200s and
supplies the calculated mxture ratio 2 to the averagi ng processor 1401.
The m xture-ratio calculator 104-.2 has the sane configuration as. that of
the estimated 20 m xture-ratio cal cul ator 104, and an expl anation thereof
is thus omtted. A mxture-ratio calculator 104-3 cal culates a m xture
.ratio 3.on the basis of the area information and the conponent 3, and
supplies the cal cul at ed nixture'rq;;%%g_;o 25 the averagi ng processor 1401.
The m xture-ratio cal cul ator 23 Nov er 2005 - 222 104-3 has the sane
configuration as that of the estimted- m xture-ratio cal cul ator 104, and
an explanation thereof is thus omtted. The averagi ng processor 1401

cal cul abaskgheundezbge, ovathe wicehered dpacikegratnd drsappinédtfiemm t he

m xture-ratio calculator 104-1, the mxture ratio 2 supplied fromthe

m xt ur ethatpPooeaseinat b dodunated. the nmixture ratio 3 supplied fromthe
m xture--ratio cal cul ator 104-3, and outputs the cal cul ated average val ue
‘as the m xt i radmPlg . 10eAs litndiscsted@ipyi e’ iim stigp SIGSB7 tihethi xture
ratio a  corresponding to the |um nance value Y which is the conponent 1,
the mi xtif el¢3t9RR e Rpieshorti kg el dlorermiredriendes PQMiRd- i s t he

conponent 2, and the m xture ratio -
n% the drea speciggfgg un{t 1331 determines that the designated

pixel in frame #n belongs to the foreground area.‘

When it is determined that the designated pixél in
'frame #n is stationary, and when it is determined that tﬁe'
pixel in frame #n+l located at the same pdsition as the

10 position of the designated pixel in frame #n in the image is
moving, the area specifying unit 1331 determines ﬁhat_the
designated pixel in frame #n belongs to the. covered
,backgrognd area.
| When it is determined that the designéted pixel in

15 frame #n is stationary, and when it is determined that the
pixel in frame #n-1 located at the same position as the
position of the designated pixel in frame #n in the image is
moving, the area specifying unit 1331'détermines that-the |
.designated pixel in frame #n belongs to the uncovered

20 ‘background area.

The area sbecifying unit 1331 determines that the pixel
which is determinedrto be stationary and which does not
belong to the covered background area or the uncovered
background area belongs to the background area.

- 25 - As discussed above, based on the éomponents, the area



a corresponding to the color difference V which is the 15 conponent 3 in a
predeterm ned pixel are the sane. The inmage processi ngsaRPaht 455
configured as shown in Fig..108 is able to calculate the mxture ratio a
nore accurately by calculating the mxture ratio a using the conponent 1,
the conponent 2, and the conponent 3. 20 Referring to.the flowhart of

Fig. 110, a description 1is given of the processing for calculating the

m xture ratio a using conponent signals, perforned by the imge processing
apparatus configured as shown in Fig,,108. In step 51401, the mixture-ratio
calculator 104-1 25 calculates the M kture ratio 1 on the basis of the
area 23 Novenber 2005 - 223 information and the conponent 1. The

m xture-ratio calculator 104-1 supplies the calculated m xture ratio 1 to
t he aveppgragvprocessor13301shdhe pnoEégsi g dE sbip bddSpeciBystielar to
that of step 512, and a detailed explanation 5 thereof is thus omtted. In
st ep S140zegrhendi arefe-thei bachbcabatonrredq- ghecapraradesathagromnd ur e
ratio 2 on the basis of the area information and the conponent 2. The

m xt ur e2F&8i oo chhreuracere1ed- baskpppied #heacal cul ated m xture ratio 2 to
10 the averagi ng processor 1401. The processing of step S1402 is simlar
to that of s‘?Jeq)- 108 SRy dbtrPLesit atabrimagr rRFICesS IS omi tt ed.

In §}ep 51403 thg m xture-ratio cal culator 104-3 ,
apparatus or calculating the mixture ratio o on the basis

of input images and area iﬁformation, which are input as
compoﬁent signals.

- A mixture-ratio calculator 104-1 calculates a mixture
ratio 1 on the basis of tﬁé area information and the

10 component 1, and.supplies the calculated mixture ratioc 1 to
an averaging processor 1401. The mixture-ratio calculator
104-1 has the same configuratioﬁ as that of the estimated-
Imixture—ratio calculator 104, and an explanation thereof is
thus omitted.

15 _ A mixture-ratio calculator 104-2 calculates a mixture
ratio 2 on the basis of the area information and the
component 2, and supplies the calculated mixture ratio 2 to
the averaging processor 1401. The‘mixture—ratio calculatof
104-2 has the same configuration as that of the estimated-

20 mixture-ratio calculator 104, and an explanation thereof is
thus omitted. |

A mixturé—ratio calculator 104-3 calculates a mixture
‘ratio 3 on the basis ofrthe area information and the
'cqmponent 3, and supplies the calculated mixture ratio 3 to

25 the averaging processor 1401. The mixture-ratio calculator



calculates the mxture ratio 3 on the basis of the area 15 information and
the conponent 3. The mxture-ratio calculator 104-3 supphjesndsogzal cul at ed
m xture ratio 3 to the averagi ng processor 1401. The processing of step -
S1403 is simlar to that of step S12, and a detail ed explanation thereof
is thus omtted. 20 In step-S1404, the averagi ng processor 1401 cal cul ates

t he average value of the mxture ratio 1 based on the conponent 1; the

m xture ratio 2 based on the conponent 2, and the mxture ratio 3 based on
t he conponent 3, and outputs the _c? %ul_at ed average value as the mxture
ratio ac 25. The. processing is the 4%rni nated. 23 Novenber 2005 - 224 As
di scussed above; the inmage processing apparatus configured as shown in
Fig. 108 calculates the m xture ratio for each conponent, and cal cul ates

t he avel@yed ieduietlod sdree calCidwtedion darthatatibdstha oyidierattasd-gener at e
the final 5 mxture ratio a. The inmage processi ng apparatus configured .as
shown iRiFigre-108tic ebleutatenl L atand mn exeiama tian ccherdaf vitd ch an
influence due to an error which occurs in one conponent is reduced. Fig.
111 shoWRuartHere®nmbodi nent of an image 10 processing apparatus for :
calculating the mxture ratio a on the basis of input inages and area

i nf or mat i on ThghPVRIFGE T MIRCeRS Coddlle s lsiudidies. thice 2¥8%89€| enent s as

t ho§e value' 'c; tﬁieg'mi:!':?i?ulat—:r‘ eregteisci' glnastuepdplvgécp %J_ioigr? trlrxee]:c engiexntcuere—ratio
calculator 104-1, the mixture ratio 2 supplied from the
mixture-ratio calculator 104-2, and the mixture ratio 3
supplied from the mixture~ratio calculator 104-3, and
6utputs the calculated average value as the mixture ratio «.

10 As indicated by "A" in Fig. 109, the mixture ratio o
corresponding to the luminance value Y which is the
component 1; the mixture ratio o corresponding to the color
difference U which is the component 2, and the mixture ratio
o corresponding to the color difference V which is the -

15 component 3 in a predetermined pixel are the same. The
image processing épparatus configured as shown in Fig. 108
is able to calculate the mixture ratio o more accurately by.
calculating the mixture ratio @ using the éoﬁponent 1, the

' component 2, and the component 3.

20 Referring to.the flowchart of Fig. 110, a description
is given of the processing for calculating the mixture ratio
0. using component signals, performed by the image processing
‘apparatus configured as shown in Fig. 108. |

In‘step 51401, the mixture-ratio calculator 104-1

25 calculates the mixture ratio 1 on the basis of the area



nuneral s, and an explanation thereof is thus omtted. 15 A mgjority
processor 1411 classifies the mxture ratio 1 suppli edsNoossehenos

m xture-ratio calculator 104-1, the mxture ratio 2 supplied fromthe

m xture-ratio calculator. 104-2, and the mxture ratio 3 supplied fromthe
m xture ratio calculator 104-3 at a predeterm ned interval, and 20

determ nes the frequency corresponding to the representative value of the
interval. The majority processor 1411 deternmnes the mxture ratio a on
the basis of the frequency corresponding to the representative val ue and
outputs the determned mxture rati 8%2d. - 25 For exanple, when the width of
the interval is 0.1 and 23 Novenber 2005 - 225 the representative val ues
are 0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, and 1.0, and when

the m xturferindtiionl angl thel2ompbaeficxtiur € That g xZuire-@atdo and the mxture
ratio 3 is 0.41, the mpjority processor-1411 determ nes the 5 frequency of

t he r epredenflattiore 10dHle s@ipblitiesbeh2 aadcudetedmiiesutrberbregueney of the
representative value 0.4 to be 1. The majority processor 1411 sets the
r epr esefthat Ave ragalnge pdotesspredgéindi ngheoptrbeekangesb ff segpenty02 to the
m xture ratio a. 10 Referring to the flowhart of Fig. 112, a description
i s gi veAsobimidapr doesdimgofostenl Sikat knd thdemiflede erpl roatapnusi ng
components, perforned by the area specifying unit 331 configured as shown
in ﬂig_tyfggof is thus omitted.
In step S1402, the mixture-ratioc calculator 104-2
calculates the mixture ratio 2 on the basis of the area
information and the component 2. The mixture-ratio
calculator 104-2 supplies the calculated mixturé ratio 2 to
10 the averaging processor 1401. The processing of step 81402
is similar to that of step S12, and a detailed explanation
thereof is thus omitted.
In step S1403, the mixture-ratio calculator 104-3
calculates the mixture ratic 3 on the basis of the afea
15 information and the component 3. The mixture-ratio
calculator 104-3 supplies the calculated mixture ratio 3 to
the averaging processor 1401. The processing of step Sl403
is similar to that of step-Slz, and a detailed explanation
theresf is thus omitted.
20 In step S$1404, the averaging processor 1401 calculates
the average value of the mixture ratio 1 based on the
component 1, the mixture ratioc 2 based onlthe component 2,
and the mixture‘ratio 3 based on *the cbmponent 3, and

outputs the calculated average value as the mixture ratio .

25 The processing is then terminated.



The processings of step S1411 through step S1413 are 15 sinilar to those
of step S1401 t hrough step 51403, respectively, and an3 ssplinaatdgoon t her eof
is thus omtted.' In step 51414, the majority processor 1411 classifies .
the m xture ratio of each conponent at. a predetermned interval, and
determ nes the frequency. 20 In step 51415, the majority processor 1411
determnes the mxture ratio a on the basis of the frequency, and then the
processing-is term nated. As di scussed above, the inmage processing
apparatus configured as shown in Fihgz. 111 calculates the mxture ratio 25
for each conponent, and generates 1 %inal mixture ratio a 23 Novenber
2005 -- 226 on the basis of the frequency of the cal cul ated m xture
‘ratio. The imge processing apparatus configured as showmn. in Fig. 111 is
able to cal @d atiscudighlabdwd | die Miadainfrodeadd ih@ dgbadi@lys an influence
of a mxture ratio whose value 5 differs greatly due to an error of a
si ngl e conpogentdiss shdwh nmhedigFi gos 1d31shDasestthé anethes eqbugdi nent of
the image processing apparatus for calculating the mxture ratio a on the
basi s ofofrnpathi cegesnamd, tded acebcabdvesathonavabigd 30l as eof NiE s as
conponent signals. A mixture-ratio calculator 1421 adds, for each pixel,
t he pi xetlealaeed ohixters npaticonponendel, teoppomente 2thandingbnponent 3,
calculates the mxture ratio a on the basis of | _
mixture ratio a. The image processing apparatus configured
- as shown in Fig. 108 is able to calculate the mixture ratio
& in which an influence due to an error which occurs in one
component is reduced.
Fig. 111 shows another embodiment of an image
10 processing apparatus for calculating the mixture ratio o on
the basis of input images and area information, which are
input as component signals. The same elements as those
shown in Fig. 108 are designated with like reference
numerals, and an explanation thereof is thus omitted.
i5 A majority processor 1411 classifies the mixture ratio
1 supplied from the mixture-ratio calculator 104-1, the
"mixture ratio 2 supplied from the mixture-ratio dalculatori
104—2, and the mixture ratio 3 supplied from the mixture
ratio calculator 1Q4—3 at a predetermined interval, and
20 determines the frequéncy corresponding to the representative
value of the interval. The majority processor 1411
determines the mixture ratio o on the basis of the frequency
corresponding to the representative value and outputs the

"determined mixture ratio .

25 - For example, when the width of the interval is 0.1 and



t he added pi xel val ues of the conponeht 1, the conponent 2, 15 and the
conponent 3 and the area information, and outputs the§3],cUhidl afhsm xture
ratio a. Fig. 114 is a block diagramillustrating the configuration of the
m xture-.ratio calculator 1421. An adder 1431-adds, for each pixel, the
pi xel values of the 20 input conponent 1, conponent 2, and conponent 3, and
supplies the added value to the estinmated-m xture--ratio processor 40.1
and the estinmated-m xture-rati o processor 402. Based on the value in which
- the pixel values of the conponent 1 he conponent 2, and the conponent 3
~are added 25 for each pixel, the-es%% ted-m xture-rati o processor 401 23
Novenmber 2005 -- 227 - calculates the estimated m xture ratio for each:
pi xel by calculations corresponding to a nodel in the covered background
area, ahbesuppkeesnthtirel vallatedaestdnfted.lnyi Rtdrelrati 0.0 Ohe,
m xture-ratio determ ning portion 403 5 Equation (21) showing the m xture
ratio alef.tPe7pi ReP. BePonghdglt 6.t Aedcehenetdhbamiigtourdratea tahsbe
expressed by equation (120) through equation (122) for each conponent: aY
(CY-- NY§ - F2¢ PYRRyRigtpoy rabie ZCUsNY) 13, (PwdNGhe(mRxFurgoraviecy- NV) /
(PV-th,_l,ZZi CY denotes a pixel value of frame #n in the conponent 1,
whi ch i §5t Re?t unfhan®al 9att¥ wrosgsaerol &l adptgemipgrushsf
5 frequency of the representative value 0.1 to be 2 and
determines the frequency of the representative value 0.4 to
be 1. The majority processor 1411 sets the representative
value 0.1 correspoﬁding to the largest frequency 2 to the
mixture ratio «.
10 Referring to- the flowchart of Fig. 112, a description
is given of the processing for calculating the mixture ratio
0, using components, performed by the area specifying unit
331 configured as shown in Fig. 111.
The processings of step S1411 through step S1413 are
15 similar to those of step 51401 through step S1403,
respectively, and an explanation thereof is thus omitted.
‘In step S1414, the majority processcor 1411 classifies
the mixture ratio of each component at a predetermined
:interval, and determines thé frequency.
20 In step S1415, the majority processor 1411 determines
the mixture ratio & on the basis of the frequency, aﬁd then
the processing is terminated.
As discussed above, the image processing apparatus

configured as shown in Fig. 111 calculates the mixture ratio

25 for each component, and génerates-the final mixture ratio «



frame #n+l which is subsequent to frame #n in the conponent 1. PY denotes
a pixel value of frame #n-1 which is previous 15 to frargéhbdBodshe
conponent 1. CU denotes a pixel value of frame #n in the conponent 2,

which is the color difference U NU denotes a pixel value of frame #n+l
whi ch -is subsequent to franme #n in the conponent 2. PU denotes a pi xel

val ue of franme #n-1 which 20 is previous to frane #n in the conponent 2. CV
denotes a pixel value of frame #n in the conponent 3, which is the color
difference V. NV denotes a pi xel val%e6 of frame #n+1 which is subsequent
to frame #n in the conmponent 3. PV denotes a pixel value of frame #n-1
which 25 is previous to frame #n in the conmponent 3. 23 Novenber 2005 - 228
Since.the mxture ratio a to be calculated is the same value in the
conponétt sthe thpsis fudiionf (epBndiol o they calanlated @i2dureEquat i on (124)
can be derlved fromequations (120) to 5.(123). CY-N\Q - (PY-NY)

( CU- NUFFE3PU- NY© S9age NHTIPEing E(Hmatlﬁjrft Ired eguaham (125) for
calculating the mxture ratio a can be derjved from e(iuatlon (124). 10 a =
((CY+03-F’C,\§)%' : (W+Nl§+l€\¥)])el %(Wﬂil}ﬁj\ﬂ a_h q FP3YLYEE di scussed

above, t Y mxture ratio aﬁ
in which an infiluence of a mixture ratlo whose value

5 differs greatly due to an error of a single component is
eliminated.

Fig. 113 shows still another embodiment of the image
proceésing apparatus for calculating the migture ratio avon
the basis of input images and the afea information, which

10 are inputs as component signals.

A mixture-ratio calculator 1421 adds, for each pixel,
the pixel wvalues of the input component 1, component 2, and
‘component 3, calculates the mixture ratio o on the basis of
the added pixel values of the component 1, the componént 2,

15 and the component 3 and the area information, and outputs
the calculated mixture ratio «.

Fig. 114 is a block diagram illustrating the
configuration of the mixture—ratid_calculator 1421. An
adder 1431  adds, for each pixel, the pixel values of the

.20 input  compenent 1, component 2, and component 3, and
supplies the added value to the estimated—mixture-ratiO—
processor 4&1 and the estimated—mixfuremratio pfocessor 402 .

Based on the value in which the_pixel valﬁes of the

component 1, the component 2, and the component 3 are‘added

25 for each pixel, the-estimatedfmixtUre—rétio processor 401



cal cul ated based on the value in which the pixel values of the conponent
1, the conponent 2, and the conponent 3 are 15 added. »TR@vember 2005
estimated-m xture-rati o processor 402 cal cul ates an estlnateg m xt ure
ratio for each pixel by calculations corresponding to a nodel of an
uncover ed background area based on the value in which the pixel val ues of
the 20 conponent 1, the conponent 2, and the conponent 3 are added for
each pixel, and supplies the calculated estimated mnmxture ratio to the

m xture-ratio determ ning portion 4022 The m xture-ratio determ ning
portion 403 sets the mnmixture ratio {070 when the target pixel belongs to
‘the 25 foreground area, and sets the mxture ratio a to 1 when the 23
Novenber 2005 - 229 target pixel belongs to the background area. \Wen the
. target pexeblbtkengbet esthmatedemédtbaekgrndaind fareaachheixeilxbyre-ratio
determ ning portion 403 sets the estimated mxture ratio supplied fromthe
esti mat edlpiketienparporgsprodésgotod@lmasiefhénnitkeuceveatido a. Wen t he

t ar get glxel bel ongs to the uncovered background area, the m xture-ratio
det er ni RRREIPORRHOATYEO3 g@dssuhélégﬁlﬁhﬁe@a&p%ﬁat@drastemagappl|ed fromthe
estimated-m xture-rati o processor 402 as the mxture ratio U The

i xt ur eMEtPEedEREE R BP nghsomﬂﬁﬁﬁrfor%eg%éﬁ;ﬁ@wmh@qnps@mp@nr 4PBe a which

has been set based on _the area information. As djscussed above, by usi ng
t he conponen"?q‘ia YN (21) showing the mixture ratio & of the pixel

belonging to the covered background area can be expressed by

eguation (120) through equation (122) for each component:

oY = (CY-NY)/(PY-NY) (120)
U =~ (CU-NU)/(PU-NU) (121)
10 v =~ (CV-NV)/ (PV-NV) (122)

CY denotes a pixel value of frame #n in the component 1,
which is the luminance value Y, Nf denotes a pixel value of
frame'#n+1 which is subsequent to frame #n in the component
1. PY denotes a pixel value of frame #n-1 which is previous

15 to frame #n in the component- 1.

CU denotes a pixel value of frame #n in the component 2,
which is the color difference U. NU denotes a pixel value
of frame #n+1l ﬁhich is sﬁbsequent to frame #n in the: |
component 2. PU denotes a pixel value of frame #n-1 which

20 . is previous to frame #n in the component 2;

cv denofes a pixel value of frame #n in the component 3,
which is the colo: differenée V. NV denotes a pixel wvalue
of frame #n+l which is subsequent to frame #n in the
component 3. PV denotes a pixel value of frame #n-1 which

25 is previous to frame #n in the component 3.



conponent 2, and the conponent 3, the m xture-ratio calculator 1421 is
able to calculate the mxture ratio a 15 having a hi ghen nasedbaaodost han t he
m xture ratio a calculated based on a single signal. Next, referring to.
the flowmhart-OF Fig. 115, a description is given of the processing for
calculating the mxture ratio a based on the input inmage and the area 20
i nformati on, which are input as conponent signals, perfornmed by the inmage
processi ng apparatus of Fig. 113. In step S1421, an adder 1431 adds up the
‘pi xel values of the input conponent_1, conmponent 2, and conponent 3. for
each pixel. The adder 1431 suppliész% e added-up pixel value to the 25
estimted-m xture-ratio processor 401 and the estimated 23 Novenber 2005 -
230 mxture-ratio processor 402. In step S1422, based on the added-up
pi xel val ue,Siree st imbtd-a1i dd thi®-ad atd bPracrsshitddl satgsll a4ms t he
estimated m xture ratio for each pixel by a calculation 5 corresponding to
a nodel valua tovehedcdepdgeotundl ateal, Thguaesdn mal 28y nhaldge-ratio
processor 401 supplies the «calculated estimated m xture ratio to the
m xture-rati® . JHErMIN ng portion 403. Details of the (pe8gsessi ng of step
S1422 are simlar to those of the processing of step S402, 10 and an
expl anat i on BEtdem | 6 2usagnihg aterivedtioprSips t based( G0t e added- up
: pix%I v?iggj the estimated---m xture-ratio processor 402 cal cul ates the
(CY-NY) - (PY-NY) = (CU-NU)/(PU-NU) = (CV-NV)/(PV-NV)
(124)
Furthermore, equation (125) for calculating the mixture
ratio o can be derived from equation (124}).
10 o = ({CY+CU+CV) — (NY+NU+NV) ) / ( (PY+PU+PV) — (NY+NU+NV) )
{125)
As discussed above, fhe mixture - ratic ¢ can be
calculated based on the value in which the pixel values bf
the component 1, the component 2, and the component 3 are
15 added.
The estimated—miXturefratio processor 402 calculates an
7 estimated mixture ratio for each pixel by calculations
corresponding to a model of an uncovered background area
based on the value in which the pixel values of the
20 component 1, the component 2, and the component 3 are added
for each pixel; and supplies the calculated estimated
mixture ratio to the mixture-ratio determining portion 403.
The mixture-ratio determining portion 403 sets the

mixture ratio o to 0 when the target pixel belongs to the

25 - forgground_area, and sets the mixture ratio & to 1 when the



estimated m xture ratio for each pixel by calculations corresponding to a
nmodel of the uncovered background area. 15 The esti mat esiNglosiber ®0Fat i o
processor 402 supplies the calculated estinated m xture ratio to the :
m xture-ratio determning portion 403. Details of the processing of step
S1423 are simlar to those of the processing of step S403, and an

expl anation thereof is thus omtted. 20 In step S1424, the mxture-ratio
cal cul ator 104 determ nes whether the m xture ratios have been estimated
for the whole frane. If it is detegngggd_that the m xture ratios have not
yet been estimated for the whole frane]; the process returns to step S1422,
and the processing for 25 estimating the m xture ratio for the subsequent
pi xel is 23 Novenber 2005 - 231 repeated. |If it. is determined in step
S1424 t Raf9ehePaikRtubPelpagisosohae beekgestndaragaf.or Whike whel e frame, the

- process. proceeds to step S1425. In step S1425, the mxture-ratio 5

det er mi hRRGEPoPFKBh BB83°886s tohéhai vpupEcfabrekarpasddassa . t kbear ea
i nformat i on indicating to which of the foreground area, the background
area, tRe*EBYETEALHACREFEERANAPEaPOSEIORNEDdnEBTEr EhehaEkgmatGARE area t he

i xel belongs. The.m xture-ratio determnin ortion 403 sets the m xture
Patio Tﬁxggf% B gnSPﬁgiﬁﬁaggfoﬁi§QP B@Fb%@ oM KEUFETEFFdANd area, and

ot R PAEE B Sensh R puBapel DRe L A M e ety
belongs to the uncovered backéround area, the mixture-ratio
determining portion 403 sets the eétimated mixture ratio
éupplied from the estimated-mixture-ratio processor 402 és
the mixture ratio @. The mixture-ratio determining portion
10 403 outputs the mixture ratio @ which has been set based on
the area information. |

As discussed above, by using the component 1, the
compdneht 2, and the component 3, the mixture-ratio
calculator 1421 is able to calculate the mixture ratio a

‘15 having a higher accuracy than the mixture ratio a calculated
‘based on a single signal.

Next, referring to the flowchart .of Fig. 115, a
description is given of the processing for.calculating the
mixture ratio o based on the input image and thé area |

| 20 information, which are input as component signals, performed
by the image processing apparatus of Fig. 113. In step
51421, an adder 1431 adds up the pixel values of the input
component 1, component 2, and component 3. for each pixel.
?he adder 1431 supplies the added-up pixel value to the |

25 estimated-mixture-ratio processor 401 and the estimated-



15 belongs to the covered background area, the m xture-ratio determning
portion 403 sets the estimated mi xture ratio suppli ed 2B NeterbeEe2005
estimated-m xture-ratio processor 401 as the mxture ratio a. Wen the -
target pixel belongs to the wuncovered background area, the m xture-ratio
determ ning portion 403 sets the estimated m xture ratio supplied from the
estimated-m xture-rati o processor 402 as the mxture 20 ratio a. The
processing is then term nated. As discussed above, the image processing
apparatus - configured as shown in _Fig., 113 is able to calculate the

m xture ratio a, which is a feature guantity, corresponding to each pixel
wi th hi gher accuracy on the basis of the area 25. information, the
conponent 1, the conponent 2, and the 23 Novenber 2005 232 conponent 3.
The enydtvs dedsl e T s SR above by setting the mixture ratio a to
the ratio of the background conponents contained in the pixel values.
However , thénnﬁ%ﬁﬁrélggﬁhobés§dnﬁy es @ddegl+ape Bigslo vefl wehe ther egr ound
conponent s contained in the pixel values. The enbodi ment has been di scussed
above B TSRS UERHEA G ARG Ot heF bt etmd-shj ect to the
directio the left to the right. However, the noving direction 10 is

)
not restY %Fr&%a FieHe S AR &G seFuinslh &Y 4 Pt descri ption,

a rEa'E%E%%%ﬂdﬂ%¥%J“?Q'Ejé%del of a covered background area. The
estimated-mixture-ratio processor 401 supplies the
calculated estimated mixture ratio fo the mixture-ratio

_detéfmining portion 403. Details of the processing of step
81422 are simiiar to those of the processing of step 5402,
10 and an explanation thereof‘is thus omitted.
In step 51423, based on the added-up pixel value, the
estimated~mixture-ratio processor 402 calculates the
. estimated mixture ratio for each pixel by calculations
correspondiﬁg to a model of the uncovered background area.
i5 The estimated—mixture—ratio processor 402 supplies the
calculated estimated mixture ratio to the mixture-ratio
-determining portion 403. Details éf the processing of step
51423 are similar to those of the proceéSing of step 5403,
and ah explanation thereof is thus omitted; |
20 ‘7 In step S1424, the mixture-ratio calcuiator 104
determines whether the mixture ratios have been estimated
. for the whole frame. If it is determined that the mixture
ratios have not yet been estimated for the whole frame, the
process returns fo step 51422; and the processing for

25 estiméting the mixture ratio for the sﬁbsequent pixel is



t hr ee-di nensi onal space and tinme axis.information is projected onto a tine
space having a two-di nensional space and tine axis inboNgRiiRMdJaYy USi ng a
vi deo canera. However, 15 the present invention is not restricted to this
exanple, and can be applied to the.follow ng case.. Wen a greater anpunt
of first information in one-di nensional space is projected onto a snaller
amount of second information in a two di nensional space, distortion
generated by the projection 20 can be corrected, significant information

can be extracted, or a nore natural &gﬁg@ can be synthesi zed. The sensor is

not restricted to a CCD, and may be ot her type of sensor, such as a

solid---state i mage- capturing device, for exanple, a CMOS (Conpl enentary
Metal 25 Oxi de Sem conductor) a BBD (Bucket Brigade Device), a CID 23
Novenberep@esed.233 (Charge Injection Device), or a CPD (Charge Prim ng
Device). Al so, the sensor does not have to be a sensor in which detection
devi ces are afrahged datarmibned xin apiceprayl 624 athzensioe mixiwieh detection
devices are arranged in one line. 5 A recording nmediumin which a program
for per fFat¥righatRebsegnartpratedsfay bhet whoprefeame) nthat boAcessrecor ded
may be fornmed of a packaged mediumin which the programis recorded, which
i s di st PEBGEEESt &P PE6Fi ditAgSt heIBrée?anﬁMZafu@:g? BegAREEEF§tiPom t he
conmputer, as shown in Fig. 1, 10 such as the magnetic disk 51 (including a
floppy CPEGFELBLEd PPFL4ENNARR) SAFSKkFhet REXEPFRCARTdPsE BISEEDPROM ( Conpact

the area information indicating to which of the foreground
area, the background area, the covered background area, or
the uncovered background area the pixel belongs. The
mixture-ratio determining poxrtion 403 sets thé‘mixture fatio

10 o to 0 when the target pixel belongs to the foreground area,
and sets the mixture ratio @ to 1 when the target pixel
belongs to the background areé. When the target pixel
bélongs to the covered background area, the mixture-ratio
~determining portion 403 sets the estimated mixture ratio

15 supplied from the estimated—-mixture-ratio processor 401 as
the mixture ratio «. When the target pixel belongs to the
.uncovered backgrouhd area, the.mixture—fatio determining
portion 403 sets the estimated mixture ratio supplied from
the estimated—mixtﬁie—ratio processor 402 as the mixture

20 ratio oa. The procéséing is then terminated.

As discussed above, the image proceésing apparatus
configured as shown in Fig. 113 is.able to calculate the
mixture ratio ¢, which is a feature quantity, corresponding
to each pixel, with higher accuracy on the basis of the area

25 information, the component 1, the component 2, and the




Di sc-Read Only Menory) and a DVD (Digital Versatile Disc)), the

magnet o-opti cal disk 53 (including MD (Mni-Disc) (re@d?dbemgar200ade
nane)), or the sem conductor nenory 54. 15 The recordi ng nedium nay al so be
‘formed of the ROM 22 or a hard disk contained in the storage unit 28 in
which the programis recorded, such recordi ng nmedi um being provided to

the user while being prestored in the conputer. The steps formng the
programrecorded in a'recording 20 nedium nmay be executed chronol ogically
according to the orders described igy+4 he specification. However, they do
not have to be executed in a tinme-series manner, and they nmay be executed
concurrently or individually. 25 Industrial Applicability 23 Novenber 2005
- 234 Accordugg to aspects of the invention and enbodi nents as descri bed,

the m XAUREG i mges can be recogni zed. 23 Novenber 2005 - 235
CLAI M5 1. i m pro aratus for pr.ocessin |na e data whi ch
is formed oﬁ\?‘g 6F‘g ﬁletn e apsead groye \gf‘l I|ty of

oo SR %Tﬁvie‘a‘”e faxgéfeda%m@@nfb 2@“@%@%&%
RS LK ,ltd %e &SN AN UGy e 2231 thd TRAG RLLGESS I
5 .may be set to the ratic of the foreground components
contained in the pixel values.

The embodiment has been discussed above by setting the
maving direction of the foreground object to the diréctian
from the left to the righf. However, the moving direction

.10 is not restricted to the above-described direction.

In the above'description, a real-space image having a
three-dimensional space and time axls information is
projected onto a time space having a two—dimensianal space
and time axis information by using a video camera.r However,

15 the.presenﬁ invention is not restricted to this example, and
can be applied to the following case. When a greater amount
of first information in one—dimensional space is projédted
onto a smaller amount of second information in a two-
dimensional space, distortion generated by the projedtidn

20 can be corrected, significant information can belextracted,
Oor a more natural image can be synthesized. |

The sensor is not restricted to a CCD, and may be

- another type of sensor, such as a solid-~state image-—
capturing device, for example, a CMOS (Complementary Metal

25 Oxide Semiconductor) a BBD (Bucket Brigade Device), a CID



area specifying nmeans for specifying, in correspondence 10 with said inage
data, a m xed area in which foreground object conponentIyoihedh 266 M a
foreground object and background object conponents which form a background
object are m xed; and mi xture-ratio detection neans for detecting, in 15
correspondence with said i nage data, the mxture ratio indicating the
ratio of the mxture of said foreground . object conponents to the m xture:
of said background object conponents in a mxed area in which said
foreground object conponents and said_background object conponents are

m xed, 20 wherein at |east one of safd3afea speci fying nmeans and said

m xture-rati o detection neans perforns i mage processing on the basis, of
said plurality of types of components. 2. An image processing apparatus
accor di nghaog@ dnmettionh®reiikesai drapea@PopdchbyypgPERANSGCOBPECEES: 25-
conponent m xed-area detection nmeans for detecting said 23 Novenber 2005 -
236 mi Rddoar dhef sensachdokessabd phwealtbt peot sppesrofincehpohents and for
outputting the detection result corresponding to individual conponents as
conponefetgickdgnadey icetorrat honanged 15 A welirarkeaasgewhyybrganeans for
speci fying said m xed area corresponding to said i mage data on the basis of
the def&&SPénire¥tiichofledsicyinnxdevacea aser aspandpfginoosai dinplurality

of tgpes of congonents det ected, by sai d conponent
A recording medium in which a program for performing

the signal processing of the present invention is recorded

may be formed of a packaged medium in which the program is

recorded, which-is distributed for providing the program.to
4 user separately from the computer, as shown in Fig. 1,

10 such as the magnetic disk 51 (including a floppy (registered
trade name)} disk), the optical disc 52 (CD-ROM (Compact
Disc-Read Only Memory) and a DVD (Digital Versatile Disc)),
the magneto—qptical disk 53 (inclﬂding’MD {Mini-Disc)
(registered trade name)), or the semiconductor memory.54.

15 " The recording medium may also be formed of the ROM 22 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.:

- The steps forming the program recorded in a recording

20 medium may be executed chronologically according to the
orders described in the specification. However, they do not
have to be executed in a time-series manner, and they may be

executed concurrently or individually.

25 Industrial Applicability



m xed- area detection neans. 10 3. An inmage processing apparatus according
to daiml, wherein said area specifying nmeans conpri $®8ovember 2005
space-correl ati on-val ue cal cul ati on neans for cal culating a space
correlation value indicating a correlation between designated pi xel data
corresponding to a 15 designated pixel of a designated franme of said i mage
data and pi xel data of a space nei ghboring pixel positioned in the

nei ghbor hood of said desi gnated pixel £§hthe spatial direction on the
basis of said plurality of types of. ‘Conponents corresponding to said

desi gnat ed pi x@lcc28; 4d 'Cgsrp@c%%i 98- VAl ug,galguhabhone ShehP5 as

calculating a tinme correlation value indicating a correlation between said
desi gnat ed piaglindal acanchiRtxel datR. oef ifaddsMeanehghhRIiRY - B xel
positioned in the neighborhood of said designated pixel 'in the tinme
direction 25 on the basis of said plurality of types of conponents 23
Novenber 2005 - 237 corresponding to said designated pixel; and

foreground area specifying nmeans for specifying a .foreground area forned
of only said foreground object conponents on the basis of said space
correlation value and 5 said tine correlation value corresponding to said
designated pixel. 4. An inmage processing apparatus according to Claim3,
wherein said area specifying nmeans further conprises m xed-



areé speci'fyi ng rreéns for specifying said m xed area on the 10 basis of
said foreground area of said designated frane and sai d;fgiEH.pnd area of
a neighboring frame in the neighborhood of said designated frame. 5. An

‘i mage processing apparatus according to Claim1l, wherein said

m xture-ratio detection neans conprises: 15 conponent m xture-ratio
detection means for detecting the mxture ratio for each of said plurality
of types of conponents; and component integrated m xture-ratio detection
means for detecting the mxture r_até'ﬁf corresponding to said i nage data 20
by integrating the detection results of the m xture ratios corresponding to
said plurality of types of conponents detected by said conponent

mxture-ratio detection neans. 6. An inmage processing apparatus according

to daim1, wherein said mxture-FafhiI¥Sdet ecti on neans conprises: 25
integration neans for integrating the pixel values of 23 Novenber 2005 -
238 sald phurdHPr49§ RFCESPRENGfARRATORENt EOF Rreeds Hikeimagr] dage
outputting the value as integrated data; and integrated data m xture-ratio
det ect i ‘T PRahd FUrmedetct i edtke FReR S yHRs o Chri oty to said

imge data. 5 on the basis of said ipntegrated data. 7. An inage processing
appar aﬁfj%vja%%o? R i aﬁ'a‘? gype e?‘ﬂ“%od’r‘?f”?%t%br%? otPfedh<eddds said

pixgl valyes; §f, SAlA BRI T LY Al ddPesQl SUMNENLS f,90 8ach, B xe! and
predetermined number of pixels, the pixels'having a time
integrating function, séid image processing apparatus
comprising:
area specifying means for specifying, in correspondence
10 with said image data, a mixed area in which foreground
object cbmponents which form a foreground object and
background object components which form a background object
afe mixed; and
mixture-ratio detection means for detecting, in
15 correspondence with said image data, the mixture ratio
indic&ting the -ratio of the mixture of said foreground
‘object components to the mixture of said background object
componeﬁts in a mixed area in which said foreground object
components and said background object components are mixed,
20 wherein at least one of said area specifyihg means and
- said mixture—ratio detection means performs image processing
on the basis of said plurality of types éf components.
2. An image processing apparatus according to Claim 1,
wherein said area specifying means comprises:

25 . component mixed—area detection means for detecting said



“outputs the added result as said integrated data. 10 8. An i nage processing
met hod for use with an i mage 15 and background obj ect comRonent g\,hi ch form
. : . : vember 200 .
a background object are nmi xed; processing apparatus for processing inage
-data which.is fornmed of a predeterm ned nunber of pixel data, having a
plurality of types of conmponents at the sane pixel position, obtained by an
i mage-capturing device including a predeterm ned. nunber of pixels, the
pi xel s having a tine integrating function, said inmge processing nethod
conprising: an area specifying ste_ngf specifying, in correspondence with
~said image data, a mxed area in whi g f oreground object conponents which
forma foreground object a mxture-ratio detection step of detecting, in
correspondence with said image data, the mxture ratio 25 indicating the
rati o ofizdie ansea Urer cfagdaial ferieyrdwrck 123 WNeverthare 2005 comp@endlsj ect
conponents to the mxture of said background object conponents in a m xed
area i nthifer saltdyigriaw dived dsdjesdtione grqsonidntep mimms rsdicd igadgr ound obj ect
components are m xed; and 5 an output control_ step of controlling the
out put IFFAI &R Id GBPRBE X tAF €CPEATED ST ted dashogid 16 'sai d ar ea
speci fying step and :
p yandg p
5 mixed—-area specifying means for specifying said mixed
area corresponding to said image data on the basis of the
detection result of said mixed-area corresponding to said
plurality of types of components detected by said component
mixed-area detection means.
10 3. An image processing apparatus according to Claim 1,
wherein said area specifying means comprises:
space—correlation-value calculation means for
calculating a space correlation value indicating a
correlation between designated pixel data corresponding to a
15 designated pixel of a designated frame of said image data
and pixel data of a space neighboring pixel positioned in
the neighborhood of said designated pixel in the spatial
direction on the basis of said plurality of types of
components corresponding to said designated pixel;
20 time-correlation-value calculation means for
calculating a time correlation value indicating a
correlation between said designated pixel data ana pixel
rdata_of a time neighboring pixel positioned in the

neighborhobd'of said designated pixel in the time direction

25 on the basis of said plurality of types of components



‘result of said nmixed area correspon

said mixture-ratio detection step performs image processing on the basis

of said plurality of types of conponents. 10 9'. An ingg%kgé§&§§&kpg met hod
according to Claim8, wherein said area specifying step conprises: a .

.conmponent m xed-area detection step of detecting said m xed area for each

of said plurality of types of conponents and for outputting the

detection-result corresponding to 15 individual conponents as conponent

m xed-area i nformati on; and a m xed-area specifying step of specifying said

m xed area corresponding to said igﬁ%? data on the basis of the detection
g to said 20 plurality of types of

conponents detected in said conponent m xed-area detection step. 10. An

i mge processing nmethod according to Claim8, wherein said area specifying

step conprresgondispate- saidedasignavad ugigal cuhadii on step of' 25

cal cul ating a space correlation value'indicating a 23 Novenber 2005 - 240

correl ati on fretewmeamde si gpmt gk g feling atearcorfees poreti iy ity @ desi gnat ed

pi xel of a designated frane of said i mage data and pixel data of a space
nei ghbofPregprwed posttfoneddiaf ehby ned gfbbe hepdowiid sebikeaesi gnat ed pi xe
in the spatial 5 direction on the basis.of said plurality of types of
conponefPBPRBRR EZ pohdi g Poassai of deaignapade preerelatiomezaore eind i on- val ue
Cal%U|aééfﬁlgiﬁg)égrrelation value corresponding to said designated
pixel.
4. An image processing apparatus according to Claim 3,
wherein said area specifying means further comprises mixed-
area specifying means for specifying said mixed area on the
10 basis of said foreground area of said designatéd frame and
said foreground area of a neighboring frame in the
neighbqrhood of said designated frame.
5. An image processing apparatus according to Claim 1,
wherein said.mixture—ratio detection means comprises:
15 ' component mixture-ratio detection means for detecting
the mixture ratio for each of said plurality of types of
components,; and |
component intggrated mixture—-ratio detection means for
detecting the mixture ratio corresponding to said image data
20 by integrating the detection results of the mixture ratios
corresponding to said plurality of types of components
-detécted by said component mixture—ratio detection means.
6. An image processing apparatus aécording to Claim 1,

wherein said mixture-ratio detection means comprises:

25 . . integration means for integrating the pixel values of



calcuiating a time correlation value indicating a correlation between said -
desi gnat ed pi xel data and pixel 10 data of a tine neigB?g&LQgﬁyh¢ﬁl
I'n the tirne

"positioned in the neighborhood of said designated pixé
direction on the basis of said plurality of types of conponents

corresponding to said designated pixel; and a foreground area specifying
step of specifying a 15 foreground area fornmed of only said foreground
obj ect conponents on the basis of said space correlation value and said
time correlation value corresponding to said designated pixel. 11. An

i mage processing nethod according to2&farm 10, 20 wherein said area

speci fying step further conprises a m xed- area specifying step of -
specifying said mxed area on the basis of said foreground area of said
desi gnaseddf paneaandy sai €yhesegrousgpaneacef rarnghghbprkay L#@nEcin the

- nei ghborhood of said designated franme. 25 12. An inage processing nethod

accor di agtpat€iagmBe 231hvesbentdg0ited2d4ta; wh@rein said mixture-ratio
detection step conprises: a conponent mixture-ratio detection step of
detecting tihetegxdted datd aniorueactaoio sdéteptisalndanoffdypes of
conponents; and 5 a conponent integrated m xture-ratio detection step of
det ect i Agtehbingxtheeniatinecoatgspondiragpbodsagdtd nBged dakage byata
integrating the detection results of the mxture ratios '
on the basis of said integrated data. _
7. An image processing apparatus acéording to Claim 6,
~wherein said integration means adds said pixel values of-
said plurality of types of components for each pixel and'
outputs the added result as said integrated data.
10 8. An imaée processing methed for use with an image
processing apparatus for processing image data which is
formed of a predetermined number of pixel data, having a
plurality éf types: of componeﬁts at the same pixel position,
obtained by an image-capturing device including a
15 predetermined number of pixels, the pixels having a time
integrating function, said image processing method
comprising:
an area specifying step of épecifying,.in
correspondence with said image data, a mixed area in which
.20 foreground object components which form a foreground object
and background object componeﬁts which form a backgrbund -
pbject are mixed;
a mixture-ratio detection_step of detectihg, in

correspondence with said image data, the mixture ratio

25 indicating the ratio of the mixture of said foreground



co onents\ﬂ%(ﬁ??Qﬂ?ﬂ%P?ﬁ&i%r%ﬂﬂﬂ

corresponding to said plurality of types of conponents detected in said
conponent m xture-ratio detection step. 10 13. An inag§ RO %§5&g nmet hod
according to Caim8, wherein said mxture-ratio detec%lon step conpri ses:
an integration step of integrating the pixel values of said plurality of
types of conponents for each pixel and for outputting.the val ue as
integrated data; and 15 a data m xture-ratio detection step of detecting
the mxture ratio corresponding to said i mage data on the basis of said
integrated data. 14. An inmage procgsg%gg_nethod according to Claim13,
wherein, in said integration step, sard pixel values of said 20 plurality
of types of conponents are added for each pixel, and the added result is
output as said integrated data. 15. A recordi ng nmedi um havi ng recorded

t her eonckjeotpatmponentdabbetprogiatuvhi ch ssidsbdckgrpnodesbjeonge data
which 1is forned of a predeterm ned nunber of pixel data, having a 25

pl ur al i FpmpPRePpasinf acohpedenrsaaint Hhishneapiixéprpospundnpb28cMovenber
2005 - 242 obtained by an image-capturing device including a

pr edet eFRTREASALRDRRAoF 2pfixBRskarpEngi RBI §ChavPmBoRenFaArarennéyedt i ng

“function, said program conprising: an area specifying step of specifying,

in5 co?Pgspondence with said inage data, a m xed area in which foreground

obj ect components which forma forec% Oéjonlgtroob'leicég tnéj c?aé:kg{ oufnd obj ect
. utpdt o .

said detected mixture ratio,

wherein at least one of said area specifying step and
said mixture-~ratio detection step performs image processing
on the basis of said plurality of types of components.

10 9. An image processing method according to Claim'8,'wherein
said area specifying step comprises:

a component mixed-area detection step of detecting said
mixedrarea for each of said plurality of types of components
and for outputting the detection. result corresponding to

15 individual'components as component mixed-—area information;
| and

a mixed-area specifying step of specifying said mixed
area corresponding to sald image data on the basis of the
detection result of Said mixed area corresponding te said

20 plurality of types of components detected in said component
mixed-area detection step.
10. An image processing method according to Claim 8,
Wherein.said area specifying step comprises:
a space—correlation-value calculation step of

- 25 calculating a space correlation value indicating a



object are mxed; a mxture-ratio detection step of detecting, in 10

correspondence with said image data, the mxture ratio,3h\adiGatbsg the
ratio of the m xture of said foreground object conponents to the m xture
of said background object conponents in a mxed area in which said
foreground object conponents and said background object conponents are

m xed; 15 and an output control step of controlling the output of said
detected m xture ratio, wherein at |east one of said area specifying step
and said mxture---ratiodetection step perforns inmge processing 20 on
the basis of said plurality of typé52%§ conponents. 16. A recording nedi.um
according to Claim 15, wherein said area specifying step conprises: a
conponent m xed-area detection step of detecting said m xed area for each
of sai dcptuehhtiygnobetypes 0&stonposenpsxelSdand Eorreyppudindgord he
detection result corresponding to 23 Novenber 2005 - 243 i ndividual
conponedesiggatedppheal of xeddaséeagnatédr imbmonofandid bhxgd-&iea specifying
step of specifying said mxed .area corresponding to said inage data on

t he bas#rdopixhé 8atleteft aospresuhéighibsaidgnpikedl apeaitbonespondi ng to
said plurality of types of conponents detected in said conponent

m xed- akk@ BHeighbpphogdepf said designated pixel in the spatial

5 direction on the basis of said plurality of types of
components corresponding to.said designated pixel;

a timewcofrelation—value calculation step of
calculating a time correlation value indicating a
correlation between said designated pixél data and pixel

10 data of a time néighboring pixel positioned in the
neighborhood of said designated pixel in the time direction
on the basis of said plurality of types of components
corresponding to said designated pixel; and

a foreground area specifying step of specifying a

15 foreground area formed of only saild foreground object
components on the basis of said space correlation value and
said time correlation value corresponding to said designated
pixel .

11. An image prbCessing method according to Cléim 10,

20 wherein said area specifying step furthér comprises a mixed?
area specifying step of specifying said mixed area on the
basis of saidjforeground area of said designated frame and

- said foreground area of a neighboring frame in the
’neighborhood of said designated frame. |

25 12. An image processing method according to Claim 8,



17. A recofding medi um according to Claim15, wherein said area specifying
step conprises: 10 a space-correl ation-val ue calculati9§N§%§@&%§oo -
at'l %etmeenA

.calculating a space correlation value indicating a corre

on

desi gnat ed pi xel data corresponding to a designated pixel of a designated
frane of said inmage data and pixel data of a space nei ghboring pixe
positioned in 15 the nei ghborhood of said designated pixel in the spatial

-direction on the basis of said plurality of types of conponents

corresponding to said designated pixghy _a time-correlation-value
calculation step of calculating a tinme correlation value indicating a 20
correl ation between said designated pixel data and pixel data of a tine
nei ghboring pixel positioned in the neighborhood of said designated pixel
in the twheEediy seicomnixghrenaagasi dedecddion pltgpalciomprasesypes of
conmponents corresponding to said designated pi xel ; and 25 a foreground.

area speci f yRn§OSPepeBF BpBERF§TRYLAC2

efBoERBBr SPepsef gaectbre@gr ound

area forped of only said foreground object _compgnents on the basis of said
space coffFefdtityney &Pl ar@r §ark Pifnsader PeMaeitdyvafu&ye6er @§ponding to
sai d desi&gated pi xel. 5 18. A recording nediumaccording to Caim1l7,

wher ei n©§

5

10

15

20

25

Q7R84 8BScifying step further conprises a nixed-area

a component integrated mixture-ratio detection step of

detecting the mixture ratio corresponding to said image data

by integrating the detection results of the mixture ratios

corresponding to said plurality of types of components
detected in said component mixture-ratio detection step.
13. -An image processing method éccording to Claim 8, |
wherein said mixture-ratio detection step comprises:

an integration step 6f integrating tﬁe rixel wvalues of
said plurality of types of components for each pixel and for
outputting the value as integrated data; and

a data mixture-ratio detection étep of detecting the
mixture ratio corresponding to said image data on the basis
of said integrated data.
14. An image processing method according to Claim 13,
wherein, in said integration step, salid pixel values of said
plurality of types of components are added for each pixél,'
and the added result is output as said integrated data.
15. A recording medium having recorded thereon a computer-—
readable program which is used to process image data which
is formed of a predetermined ﬁumber of pixel data,-having a

plurality,of‘typés of components at the same pixel position,



specifying step of specifying said m xed area on the basis of said
foreground area of said designhated frane and said for39$8%§ ayea of a

nei ghboring frame in the nei ghborhood 10 of said designhate rane. 19. A
-recordi ng nedium according to Caim15, wherein said mxture-ratio
detection step conprises: a conponent mxture-ratio detection step of
detecting the mxture ratio for each of said plurality of types of 15
conponents; and .a conponent integrated mixture-ratio detection step of
detecting the mxture ratio correspo géng to said image data by integrating
the detection results corresponding T0 said plurality of types of
conponents detected in said conponent 20 m xture-ratio detection step. 20.
A recordi ng nmedium according to Claim15, wherein said mxture-ratio

det ect i optaieed coyrprn shsagancapteygiagi davitepintludiegrati ng the pixe

val ues of said plurality of types of conponents for each pixel and 25
 out put tPRAe eIV ERe@ BHYWer coF apbdedat athanel 23l folvenbey 20051245 an
integrated data mixture-ratio detection step of detecting the mxture

rati o coPFeSPORMAgIIRCEOR | fe BaPara®ncemer bakig: of said integrated
data 21. A recording nedium according to Caim 20, wherein, in 5 said

i nt egr at i on &t &F S AP FiENY AtRIRE OF LIRS %Y  of types of

conponents_are added for, each, pi xel, and the ,
n% correspondence w{th saié?fﬁage data, a mixed area in which

_foreground object components which form a foreground object
and background object'coﬁponents which form a background
object are mixed; | |
a mixture-ratio detection step of detecting, in
10 . correspondence with said image data, the mixture ratio
indicating the ratio of the mixture of said foreground
object components to the mixture of said background object
components in a mixed area in which said foreground object
components and said background object components are mixed;
15 and
an output control step of controlling the output of
said detected mixture ratio,
wherein at least one of said area specifying step and.
said mixture-ratio detection step performs image proceésing
20 bn the basis of said plurality of types of componenfs.
:16. A recording medium accérding_to Cilaim 15, wherein said
-area.specifying step comprises:
a compongnt mixed-area deteétion step of detectiﬁg said
mixed area for each of said plurality of types of components

25 and for outputting the detection result corresponding to



added result is output as said integrated data. 22. A pfogran1for enabl i ng

a conputer to execute, said conputer being used. to pr PRge data
which is formed of 10 a predeterm ned nunber of plxelzggﬁgémﬁaV|§g a

plurality of types of conponents. at the sanme pixel position,.obtained by
an i mage-capturing device including a predeterm ned nunber of pixels, the
pi xel s having a tinme integrating function: an area specifying. step of
specifying, in 15 correspondence with said inmage data,.a m xed area in

whi ch foreground object conponents which forma foreground obj ect - and
background obj ect conponents which>f&fia background object are nixed; .a
m xture-ratio detection step of detecting, in 20 correspondence with said
i mage data, the mixture ratio indicating the ratio of the m xture of said

f or egr oiindivodh €Tt cOOPPRBLAESakOcbiifoidxt Unexoi-sa68 baekahobngh obj ect in
a mxed area in which said foreground object conponents and sai d

backgr oand obj ect conponents are nixed; and 25 . an output control step of
controlling the output of 23 November 2005 - 246 said detected m xture

rati o, wher & mixau-strdeagte oty oig saich arfeasmpadfiriqgstdemixad sai d
m xture-ratio detection step, inmage processing is perforned on the basis
of sai d2ptaredirsspindypestof satdnpoaagntdata 28n Bherbysam atcoraling to
Claim?22, wherein said area
5 detection result of said mixed area corresponding to said
plurality of types of components detected in said component
mixed-area détection step.
17. A recording medium according to Claim iS, wherein.séid‘
area specifying step comprises:
10 a space—correlation;value'calculation step of
calculéting a space corrélatioﬁ value indicating a
correlation between designated pixel data corresponding to a
designated pixel of a designated frame of said image data
and pixel data of a space neighboring pixel positiqned in
.15  the neighborhood of said designated pixel in the spatial
direction on the basis of said'plurality of types of
components correéponding to said designated pixel;
-a time-correlation-value calculation step of
calculating a time correlation value indicating a
20 correlation beﬁween séid designated pixel data aﬁd pixel
data-of a time neighboring pixel positioned in the
_ﬁéighborhood of said designated‘pixel in the time direction
on the basis of said plurality of types of components

corresponding to said designated pixél; and

25 . a foreground. area specifying step'of specifyving a



detecting said mxed area for each of said plurality Q%P&X8ﬁ§xg&ﬁ

conponents 10 and for outputting the detection result corresponding to

i ndi vi dual conponents as conponent ni xed-area information; and a ni xed-area
speci fying step of specifying said mxed area corresponding to said inmage
data on the basis of the 15 detection result of said m xed area
corresponding to said plurality of types of conponents detected in said
conponent mixed-area detection step,,24. A program according to Caim 22, -
wherein said area specifying step conprises: 20 a space-correl ati on-val ue
cal cul ation step of calculating a space correlation value indicating a
correl ati on between desi gnated pi xel data corresponding to a desi gnated

pi xel ofckedeengRhasedaf fanmedf ofaduly nagbd daraegandngi xefedat a of a space
nei ghbori ng pi xel positioned in 25 the.nei ghborhood of said designated

pi xel |iFEEPRIeHEE| @l PBeNpyehberf 2005 -spage-cdrretatbanonathe dmdis of
said plurality of types of conponents corresponding to said designated

pi xel aSc‘L“rﬁlret—JdB?r%@ﬁf%bﬁtwvu‘éangafpc%%{%mog%@%to galdufiatiorptedime
correlatjon value indicating a 5 correlation between said designated pixel
data arft*$ixel data of a time neighboring pixel positioned in the

5 18. A recording medium according to Claim 17, wherein said
area specifying step further comprises a mixed-area
- specifying step of specifying said mixed area .on the basis
of said foreground area of said designated frame and sai&
foreground area of a_néighboring frame in the neighborhood
10 of said designated frame.
19. A reCOraing medium according to Claim 15, wherein said
mixture-ratio detection step compfises:
a component mixture-ratio detection step of detecting
the mixture ratio for each of said plurality of types of
15 components; and
a component integrated mixture-ratio detection step of
detecting the mixture ratio‘correspondihg to said imagé data
by intégrating the detection‘results corresponding.to éaid"
_ pluralityréf types of components detected in said component
20 mixture-ratio detection step.
20. A recording medium according to Claim 15, wherein said
mixture-ratio detection step comprises:
an integration step of integrating the pixel values of
.said plurality of types of components for each pixel.and

25 outputting the value as integrated data; and



nei ghbor hood of said designated pixel in the tine direction on the basis
of said plurality of types of conponents correspo'nding3 Véﬂ&§2&?§ignated
pi xel ; and 10 a foreground area specifying step of specifying a foreground
area forned of only said foreground object conponents on the basis of said
space correlation value and said tine correlation value corresponding to
sai d designated pixel. 15 25. A program according to C aim 24, wherein
said area specifying step further conprises a m xed-area specifying step
of specifying said m xed area on tbezggsls of said foreground area of said
designated frame and said foreground rea. of a neighboring franme in the
nei ghbor hood of said 20 designated frame. 26. A program according to C aim
22, wherein said mxture- ratio detection step conprises: a.conponent

m xt ure-rati andéttetiranedt dptafmietece+ ngtic hdehextiioe stepoofor each of
said plurality of types of 25 conmponents; and 23 Novenber 2005 - 248 a

conponesteiesttdgoataée mixture- ratio dersespondingp tof saddt émhgrgdihie m xture

ratio corresponding to said i mage data by integrating the detection

resul t s & thgebgisitupé pathodntegrptspondithdg to said plurality of types of
conponents 5 detected in said conponent m xture-ratio detection step. 27.
A progr &h-acor8CRGILBICNgAAIPoachAEHANE §9i §1Ail gPe- wherein, in :

5 said integration step, said pixel values of said plurality
of types of components are added for each pixel, and the
added result is output as said integrated data.

22. A program for enabling a computer to exeéute, said
computer being used to procéss image data which is formed of
10 a predetermined numbér of pixel data, having a plﬁrality of
types of cbmponents at the same pixel position,-obﬁained by
an image-capturing device including a predetermined number
of pixels, the pixels having a time integrating function:
an area speclfying step 6f specifying, in
15 cor;espondence with said image data, a mixed area in which
fqreground object components which form a foreground ocbject
and background object components which form a background
object are mixed;
a mixture—ratié detection step of detecting, in
20 borrespondence with said image data, the miiture ratio
7 indicating the rétio of the mixtgre of said fofeground
object components to the mixture of said background'objeét
inra mixed area in which said fofeground object components
and said background object components are mixed; and

25 o an output control step offcontrolling the output of



rati o detection step conprises: an integration step of integrating the

pi xel values of said plurality of types of conponentsst Qpvdeiodgkxel and
for 10 outputting the value as integrated data; and an integrated data .

m xture-ratio detection step of detecting the m xture ratio correspondi ng
to said i mage data on the basis of said integrated data. 28. A program
according to Claim27, wherein said 15 integration step adds said pi xel

val ues of said plurality of types of conponents for each pixel and outputs
the added result as said integrate ta. 29. An inmage-capturing apparatus
conprising: image-capturing nmeans for outputting a subject imge 20
captured by an i nmage-capturing device including a predeterm hed nunber of
pi xel s, the pixels having a time integrating function, as inage data which
is formRiidfdetepredatisttinedratiber of pixel data having a plurality of
types of conponents at the same pixel position; 25 area specifying neans
for specify"greain cémr edpdimdaric @3 Noegriise 22305 pe 24y ing thepai d | mage
data, a mixed area in which foreground object conponents which forma

f or egr MY Thie AL EHEF e HerkeR d%%%‘b}%tS.Jé%@rpoH@ﬂ% BReeds$ Bran & backgr ound
object are mxed; and 5 mi xture-ratio detection neans for _detecting, in
corr es&ﬁﬁ%ﬁ@%% N PITERY P T B (PR FR X UF e abyReS of

5 components.
.23. A program according to Claim 22, whergin sald area
specifying step comprises:
a component mixed-area detectidn step of detecting said
mixed area for each of said plurality of types of components
10 and for outputting thé detection result corresponding to
individual components as‘component mixed-area information;
and
a mixed-area specifying step of specifying said mixed
'érea corresponding to said imaée data on the basis of the

15 detection result of said mixed area corresponding to said
plurality of types of components detected in said component
mixed-area detection step.

24. A program accoraing to Claim 22, wherein said area
specifying step comprises:

20 _ a space—correlation-value calculation stép_of
calculating a space correlation value indicating-a
correlation between designated pixel data corre3ponding to a
designated pixel of a designated frame of said image data
and pixel data of a space neighboring pixél positioned iﬁ

25 the neighborhood of said designated pixel in the spatial



indicating the ratio of the mxture of said foreground object conponents to
the m xture of said background object conponents in aggegpar®asi N which
sai d foreground object 10 conponents and sai d background object conponents
are m xed, wherein at | east one of said area specifying neans and i said
m xture-ratio detection neans perforns i mage processing on the basis of
said plurality of types of conponents. 30. An inmage-capturing apparatus
according to Claim?29, 15 wherein said area specifying neans conprises:
‘conponent m xed-area detection nmeans %grwdetecting said mxed area for
each of said plurality of types of é% onents and for outputting the
detection result corresponding to individual conponents as conponent

m xed-area information; 20 and m xed-area specifying nmeans for specifying
sai d ni fédeateanconr eBpohdsng ©6 said phugeldayacbntybesbagi s of the
detection result of said m xed area corresponding to said plurality of
types ofcrgapenént sodeeeprrdihg $ai datdnpenbarated pixel: area detection
means. 23 Novenmber 2005 - 250 31. An immge-capturing apparatus according
to Oai m29,2 WHES e7r 5l it o av s i 934 iyl atelats Leprdfses: .
space-correl ati on-val ue cal cul ati on neans for _calculating a space

correl aFRSAIVAFHRY| AdFLEE RETESE2EEPR eV 2L FONI BRI GRER We’i gnat ed pi xel data

correspondi ng' a :
ff pcorrega%gon between said designated pixel data and pixel

data of a time neilghboring pixel positioned in the
neighborhood of said designated pixel in the time direction
on the basis of said plufality-of types of components |
‘corresponding to said designated pixel; and

i0 a foreground area specifying step of specifying a
foreground area formed of only said foreground object
components on the basis of said space correlation value and
said time correlation value corresponding to Said desiqnated_
pixel.

15 .25. A program according to Claim 24, wherein said area
specifying step further coﬁprises a mixed-area specifying
step of specifying said mixed area on the basis of said

foreground area of said designated frame and said foregrouﬁd
area of a neighboring frame in the neighborhood of said

.20 designated frame.

26. A program according to Claim 22, wherein said mixtﬁre—
ratio detection step comprises:

a component mixture-ratio detection stép of detecting
the mixture ratio for each of said plurality of types of

25 components; and



desi gnat ed pi xel of a designated frane of said i mage data and pixel data
of a space nei ghboring pixel positioned in the nei ghbesRgeduRf @i d
designated pixel 'in the spatial direction on the basis of said plurality
of types of 10 conponents corresponding to said designated pixel;

ti me-correl ation-value cal cul ation neans for calculating a tine
correlation value: indicating a correlation between said designated pixel
data and pi xel data of a tine neighboring pixel positioned in the 15

nei ghbor hood of said designated pixel in the time direction on the basis
of said plurality of types of conﬁbﬁ% s corresponding to said designated
pi xel ; and foreground area specifying nmeans for specifying a foreground
area fornmed of only said foreground object 20 conponents on the basis of
sai d. space xaramglcatdron wdlasgraaredl neiadth e tcior rad add iy ad ey of
corresponding to said designated pixel.  32.. An imge---capturing

appar at detectondi tige toi Charen BZitio wereespoadingr ea spedi iyagg deans
further conprises mxed- 25 area specifying neans for specifying said m xed
ar ea onPY hEntograpimgbehe 2d9ect RH1 rémel s of f stine fibxegreundtioea of said
designated frame and said foreground area of a neighboring frame in the
nei ghbofPEBRSRANGHIY Hestyidtrakiey 3B. types nafecempeneihy appar at us

acc%{diqg to Caim5 wherein said mxture-ratjo detection neans conpri ses:
: détected in said component mixture-ratio detection step.

27. A program according to Claim 22, wherein said mixture-
ratio detection step comprises:
an integration step of integrating the pixel values éf
said plurality of types of components for each pixel and for
10 outputting the value as integrated data; and
an integrated data mixture-ratio detection step of
detecting the mixture ratio corresponding to said image data
on the basis of said integrated data.
28. A program abcording to Claim 27, wherein said
15 integration step adds said pixel values of said plurality of
types of components for each pikel and outputs the added
result as said integrated data.
© 29. BAn image-capturing apparatus comprising:
-image-capturing means for outputting a éubject‘image
20 captured by an image-capturing device iﬁcluding a
predetermined number of pixels, the pixels having a time
integratiﬁgrfunction, as image data which is formed of a
predetermihed number of pixel data having a plurality of
types of components at the same pixel position;

25 ~area specifying means for specifying, in corréspondence



.for each of said plurality of types of conponents; ang3%%@$ﬁggﬂ%5
ting e

conponent m xture-ratio detection neans for detecting the mxture ratio
integrated m xture-ratio detection nmeans for 10 detec m Xt ure
ratio for detecting the mxture ratio corresponding to said inage data by
integrating the detection results of the mxture ratios corresponding to
said plurality of types of conponents detected by said conponent

m xture-ratio detection nmeans 15 34. An inmge-capturing. apparatus
according to Claim?29, wherein said_ mxture-ratio detection neans
conprises: integration neans for iﬁt%ﬁ ating the pixel values of said
plurality of types of conponents for each pixel and for outputting the
value as integrated data; and 20 integrated data m xture-ratio detection
nmeans fwithdetédt imggehdaraxt areikatli earear tespbidhnfotegsaindi mage dat a
...on the basis of said integrated data. 35. An inage-capturing apparatus
accor di pAgieotCraipr84ntswhbiehnfgandai Abeggatiind okdest agdd sai d pi xel
values of 25 said plurality of types of conponents for each pixel and 23
NovenbebkagBgsoundsobjegt papspehengddedicksibrnas badkgronedrebectdata. 36.
An i mage processing apparatus for processing imge data which is formed of
a predefEPnh8dnudB@r of pixel data, having a plurality of types of

conponents at, the sane pi xel 5 position, obtained by an inmage-capturing
device inClLﬁﬁ*ﬁPEﬁ”ratlo deteciion means for detecting, in

correspondence with said image data, the mixture ratio
indicating the ratio of the mixture of said foreground
object components to the mixture of said background objeét
‘components in a mixed area in which said foreground object
10 components'and said background object components are mixed,
wherein at least one of sald area specifying means and
said mixture-ratio detection means performs image processing
on the basis of said plurality of types of components.
30. An image-capturing apparatus according to Ciaim 29,
15 wherein said area specifying means éomprises:
component mixed—-area detectionrmeahs for detecting said
mixed area for each of said plurality of types of components
and for outputting the detection result corresponding to |
individual components as component mixed-area information;
20 and | A
mixed~area.specifying means for specifying said mixed
area corresponding to said image;data on the Basis of the
detection result of said mixed area corresponding to said

plurality of types of components detected by said component

25 mixed-area detection means.



predet erm ned nunber of pixels, the pixels-having a time integrating
function, said inage proces-sing apparatus conprising.,,l d

obt ai ni ng neans for obtaining said i nage 10 data; andz%)l}\]gg%%sef%&gg :
perform ng nmeans for performng, on the basis of said plurality of types
of conponents of said obtained inage data, one of processings of (i) an
area specifying step of specifying, in correspondence with said 15 i mage
data, a m xed area in which foreground object conponents which forma

f oreground obj ect and background ohject conponents which forma background
object are mxed and (ii) a mxturé-ratio detection step of detecting, in
correspondence with said image data, the mxture ratio 20 indicating the
ratio of the mixture of said foreground object conponents to the mxture
of sai Bbackiyr curmobjartur teppIrEmstin acaxeharea ¢haihi2h, said
foreground obj ect conponents and said background object conponents are
m-xed. WiFreish $avdeardcunet iy Hppareans cwunridien: to C aim 36, 25 wherein
sai d processing perform ng nmeans perforns, on the 23 Novenber 2005 - 253
basi s of saiSPAFTCANTSY dFLanyyed ust cedwydrdios ofeadsi Forobt ai ned i mage
data, an area specifying step of specifying, _in correspondence with said

i mage dHEURHINER FARACE CONHR @Y s o d b et iR bonent s which form

a fgre9£§%¥g£§%fgﬁ(ﬁgtégg%tﬁ%ﬁ%ﬁéﬁ%&h(ggégﬁ éﬁ¥§“§§¥¥é§$¥ﬂé§hé(¥gnaa
designated pixel of a designated frame of said image data
and pixel data of a space neighboring pixel positioned in
the neighborhood of said designated pixel in the spatial'
direction on the basis of said plurality of types of'

10 components corresponding to said designated pixel;
time-correlation-value calculation means for
calculating a time correlation value. indicating a
correlation between said designated pixel data and pixel
data of a time neighboring pixel positioned in the
15 neighborhood of said designated pixel in the time‘direction
on the basis of said plurality of types of components
co;responding to said désignated pixel} and
foregfound area specifying means for specifying a
foreground area formed of only said foreground object
20 bomponents on the basis of said.sﬁace correlation value aﬁd
said time correlation value corresponding to said designated
_pixel.
32. An image-capturing apparatus according to Claim 31,
_wherein said area specifying means further comprises mixed-—

25 area specifying means for specifying said mixed area on the-



background object are m xed. 38. An inmage processing apparatus according to
Cl aim 36, wherein said processing perform ng neans pergghns,eﬁg he basis
of said plurality of types of conponents of said 10 obt&ai g %) data, . a
m xture-ratio detection step of detecting, in correspondence with said

i mage data, the mxture ratio indicating the ratio of the m xture of said
foreground object components to the mxture of said background object

- conponents in .a mixed area in which said 15 foreground obj ect conponents
and said background obj ect conponen%g are m xed. 39. An inmage processing
met hod for processing image data h Ts formed of a predet er m ned nunber
of pixel data, having a plurality of types of conponents at the sane pixe
20 position, obtained by an inage-capturing device including a

pr edet eldsied ofusiedd dorpigrelnd tlreapbXekaibdadiesdgaattiene frantegnat i ng
function, said inmage processing nethod conprising: an inage data obtaining
step of sebcaifpiregrouind iamege of28 datighboandg23 rhimeedbeth2005 - 254 a
processi ng %@@fornlng step of performng, on the basis of said plurality
of type&edihborponened okidad¢siobrspdeframage data, one of processings of
(i) an area specifying step of specifying, in correspondence with said 5

i tage data, AUniNegeaFeRtuningi aRParakBgr 0gRETEHREcto Claim 29,  Tii -

5 wherein said mixture-ratio detection means comprises:
component mixture-ratio ‘detection means for detecting
the mixture ratio for each of said plurality of types of
components; and |
componeﬁt integrated mixture-ratio detection means for
10 detecting the mixture ratio for detecting the mixture ratio
corresponding to said image data by integrating the
detection results of the mixtﬁre ratios corresponding to
said plurality of types of components detected by said
component mixture-ratio deﬁection means.
15 '34. An image—capturing.aﬁparatus éccording to Claim 29,
wherein said mixture-ratio detection means comprises:
integration means for integrating the pixel values of
saild plurality of types of components for each pixel and fdr
outputting the value as integrated data; and
20  integrated data mixture-ratio detection means fér
detecting the mixture ratio cérresponding to said image data
-on the basis of said integrated data.
35. An image-capturing apparatus according to Claim 34,
wherein said integration means adds said pixel values of

25 said plurality of types of components'for each pixel and



' éorrponents whi ch forma foreground object and background object conponents -

whi ch form a background object are mxed and (ii) a mxture-rati
detection step of detecting, in correspondence mth_gg?ﬁoﬁfeﬁﬁ’ﬁgio(qgt a, the

‘mxture ratio-10 indicating the ratio of the m xture of said foreground

obj ect conmponents to the m xture of said background object conponents in a

m xed area in which said foreground object conponents and said background

obj ect conmponents are m xed. 40. An inmge processing nethod according to

Claim 39, 15 wherein, in said proc_e;? ng performng step, on the basis of

said plurality of,types of conponen %f sai d obtai ned i mge data, an area

specifying step of specifying, in correspondence with said i mage data, a

m xed area in which foreground object conponents which forma foreground

obj ect owfpansl biae kaptdenh draxbj loc ta s argaioh eint tsegyvhi todd fdarta .@a backgr ound. obj ect

are mxed is performed. 41. An inmage processing nethod according to Caim

39, whifei in | image doproTesisiqeEerforud ntpstemcars itdie ibesjes dafta sai d

~plurality of types of conponents of.said obtained image 25 data, a

m xt ur étgh ol glef@red e Sta p rsfdadet meirian), nunbe23 MNowemsdr RGeS - 255

correspondence with said inage data, the mxture ratio indicating the

rati o JFRYHE M @i bits A1 TvhesyrdumPrushients cdnpdremasne ®itded ni xture

of gai d background object conponents in a m xed area in-which said .

f or 8gr AARE o ectOP B iR fh e s WP HP BHEKRY SIRTH-Sojidcluddmsorent s ar e

m xed . '

predetermined number of pixels, the pixels having a time

integrating function, said image processing apparatus

comprising:
image data obtaining means for obtaining said image

160 data; and

processing performing means for performing, on the

basis of said plurality of types of components of said
obtained image data, one of processings of (i) an area
specifying step of specifying, in correspondence with said

15 image data, a mixed area in which foreground object
components which form a foreground object and background
object components which form a background object are mixed
and (ii) a mixture-ratio deteétionAstep of detecting, in
correspondence with said image data, the mixture ratio

20 indicating the ratio of the mixture of said fdreground
object components to the mixture of said background object
components in a mixed area in which said foregrouhd object
components and said backgrbund object components are mixed.

37. An image processing appératus according to Claim 36,

25 wherein said processing performing means performs, on the



i.s performed. 42. A recordi ng nedi um having recorded thereon a conputer- .
readabl e programwhich is used to process i mge data I I,S med of a
predet erm ned nunber of pixel data, having a 10 pIurar?%§Q3?m?§%@é of )
conmponents at the sane pixel position, obtained by an inmage-capturing
device including a predeterm ned nunber of pixels, the pixels having a
time integrating function, said program conprising: an imge data
obtaining step of obtaining said inage 15 data; and a processing
perform ng step of performng, on thg basis of said plurality of types of
conponents of said obtained inage d ?5,_one of processings of (i) an area
specifying step of specifying, in correspondence with said 20 i mage data, a
m xed area in which foreground object conponents. which forma foreground

- obj ect &nd ilsacifgsealidd ploljpedicyc oifpaypriss ofhicolpbaemta backgraund obj ect are

mxed and (ii) a mxture-ratio detection step of detecting, in
cor r espohidedicednitageaidd tannge datea, spleeifiyingr eteat bd 2becadiytati ng t he

“ratio of-the m xture of said foreground 23 Novenber 2005 - 256 obj ect

conponedfs ceg reseomdgngee wths sid doaslegerodad acbjpenti xedoapenents in a i xed
area in which said foreground object conponents and sai d background obj ect
conponeiffid c&r &omegegund3objeric spapagentd uinigbcspdhng forepapnmd2,

mherfin, iin 5 said processing perform ng step, on.the basis of said
object and background object components which form a

background object are mixed.
38. An image proceséing apparatus agcording to Claim 36,
wherein said processing performing means performs, on thé
basis of said plurality of types of components of said

10 obtained image data, a mixture-ratio detection step of
detecting, in correspondence with said image data, the
mixture ratio indicating the ratio of the mixture of said

,foreground'object components to the mixture of said

| background object components in a mixed area‘in which said

715 foreground object components and said background object

_‘Components are mixed.

_39. An image processing method for processing image data
which is formed of a predetermined number of pixel data,
having a plurality of types of components at the same pixel

20 position, obtained by an iﬁageécapturing device including a
predetermined number of pixels, the pixels having a time

'integrating‘function, said image'processing method
comprising: |

an image data obtaining step of thaining said image

25 data; and



plurality of types of conponents of said obtained i nage data, an area

specifying step of specifying, in correspondence wth O d data, a

m xed area in which foreground object conponents whi chz?gdpﬁ]edéﬁé?%r%gground

- obj ect and 10 background object components which form a background obj ect

are mxed is perforned. 44. A recording medi um according.to.C aim42,

wherein, in said.processing performng step, on the basis of said

plurality of types of conmponents of said obtained inage data, 15 a

m xture-ratio detection step of det e{Stdhn_g in correspondence with said

i mge data, the mxture ratio indicatihg the mxture of.said foreground

obj ect conponents to'the m xture-of said background object conponents in a

m xed area in which said foreground object conponents and 20 said

background @bjpaeceseipon@w card o xdap © fperefrdomedng 4on Aher ogram f or

enabling a conputer to execute, said conputer being used to.process inmage

dat a wHPHL§ L F oradet wiural Predet eryperd hudepongdnts xef smtd, having a

plurality of types'of conponents at the same pixel position, obtained by

25 an i PREELRSHHRGIR) WA cLIND R TRFE Pretef niNedimaiRs 23 Noverber
the pixels having a tinme integrating function: an

2005 - 257 JO%EH{)I xel s, )
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gl?r%gr m%r}n Sg££§ao,2£p§{£xoédn_an§éa Oinn tw eichs fboairse!gsrootfnds ablbdj epcltlflr'aI Ity of types

components which form a foreground object and backgrbund
object components which form a background object are mixed
and (ii).a mixture-ratio detection step of detecting, in
correspondence with said image data, the mixture ratio

10 indicating the ratio of the mixture of said foreground
'object components to the mixture of said background object
components in a mixed area in.which said foreground object
components and saidrbéékground object components are mixed.
40. An image processing method according to Claim 39,

15 wherein, in said processing_performing step, on the basis of
said plurality of~£ypes of components of. said obtained.image
daté,,an area Specifying step of specifying, in
correspondence with said.image data, a mixed area in which
foreground object components which form a foreground object

20  and background object cbmponents which form a background.

| object are mixed is performed.
41. An image processing method according to Claim 39,
wherein, in said processing performing step,.on the basis of
said plurality of types of components of said obtained image

25 data, a mixture-ratio detection step of detecting, in’



obt ai ned i nage data, one of processings of (i) an area specifying step of
speci fying, in correspondence with said image data, a @i <N whi ch
foreground object conponents which forma foreground gg?‘gg?n%ﬁ%oogackground
10 obj ect conponents which form a background object are m xed and (ii) a

m xture-ratio detectiron step of detecting, in correspondence with said

i mge data,. the mxture ratio indicating the ratio of the m xture of said
foreground object conponents to the . m xture of said background object 15
conponents in a mxed area in which z%i d foreground object conponents and
sai d background object conponents ar M xed. 46. A program according to

Cl aim 45, wherein, in said processing performng step, on the basis of _
said plurality of types of conponents of said obtained i mage data, an area
20 specidorinepminaierafe gpiadi faginh,inage cortees pdredenicetwid hragdiod | mage dat a,
a mxed area in which foreground object conponents which forma foreground
- obj ect - afflisEdkdgro e e to fo dpso mdrttsinghicth sfagrdn fp degologndund obj ect are
mxed is performed 25 47.. A program according to Claim45, wherein, in
sai d 23 MBEEHSGOPIIS LD EP o aussivrg i fsavid Ap ataspunsh obtiecttasi s of
said plurality of types of conponents of said obtained inmage data, a

m xt ur.e-FPHRCT Tt 6h EEES G aFetidc iiGh s ich foesstirdsc ebigicth sai d

imge data, the mxture ratio indicatjng the ratio 5 of the m xture of said
fore ro&ﬁ&ﬂﬂﬁg@&ﬁ éﬁﬁ%&ﬁ@%{§mF3@FW@nd object components are mixed
is performed. ‘
42. A recording medium having recorded thereon a computer-
readable program which is used to process image data whiéh
is formed of a predetermined number of pixel -data, haVing a
10 plurality of types of components at the same pixel position,
obtained by an image—caﬁturing device including a
predetermined number of pixels, the pixels having.a time
integréting function, said program comprising:
an image data obtaining step of obtaining said image
15 data; and
a processing performing'step of performing, on the
basis of said plurality of types of components of said
obtained image data,'one of-processingé of (i) an area
specifying step of specifying, in correspondence with said
20 image data, a mixed a:ea in which foreground object
components which form a foreground objgct and background
object components which form a background object are mixed
and (ii) a mixture-ratio detection step of detecting; in
corre5pondence-with said image data, the mixture ratio

25 indicating the ratio of the mixture of said foreground



m xture of said background object conponents in a mxed area in which-said:
foreground object conponents and said background obj ee§ ngQORRRSHIsS are

m xed is performed. 48. An inmage-capturing apparatus conprising: :

i mge-capturing neans for outputting a subject inmage captured by an

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

pi xel s having a time -integrating function, as inmage data which is forned
of a predeterm ned nunber of pixel data having a plurality of 15. types of
conponents at the sane pixel positi ’ and processing perform ng nmeans for
performing, on the basis of said plurality of types of components of said
i mmge data, one of processings of (i) an area specifying step of

speci fying, in correspondence with said imge data, a m xed 20 area in_

whi ch farirtownimbjects conpdremtikiwhiec o f sanid bddregrouhdbmidect and
background obj ect conponents which form a backgrou' nd. object are m xed and
(ii) agdspanrntsatin a deerd ioresstigp Wiidetsxid nfpregraord edpordence wit h
said | image data, the m xture ratio indicating the ratio of the 25 mxture
of -sai &qfﬁﬁcé“g?rﬁim&rﬁbj%ltd defieraing (PRt ioRRAEIPI Nove biere005 - 259
of said background object conponents in a mxed area in which said
for egr dihd  dbj IO THHsb AN R AU BaCKY ottt bbj ethetiponidht s are

- m xed. 49 An i mage- capt ur ap aratus accqrding to aim48, 5 wherein
sai d prioces ep‘%‘sﬂf %@ pErSRy AR Ui thesis of sald

plurality of types of components of said obtained image data,
an area specifying step of specifying, in correspondence
with said image data, a mixed area in which foreground |
objectrcomponents which form a foreground object and

10 background object components which form a background object
are mixed is performed. |
44, A recording medium according:to_Claim 42, wherein, in
séidAprocessing performing step, on the basis of said
plurality of types of components of said obtained image data,

15 a mixture-ratio detection step of detecting, in
correspondence with said'image data, the mixture ratio
indicating the mixture of said foreground ohject components
to the mixtute.of said background object components in a |
mixed area in which said foreground cbject components and

_20 said background object components are miked is performed.
45. A program for'enabling.a computer to execute, said
computer being used to process image data which is formed of
a predetermined number of pixel data, having a plurality of
types of componenté at the same pixel position, obtained by

25 an image—capturingrdévice including a predetermined number



basis of said plurality of types of conponents of said inmage data, an area
speci fying step of specifying, in correspondence w thssa,ekiipapsdata, a
m xed area in which foreground object conmponents which forma foreground

obj ect 10 and background object conponents which form a background object

are m xed. 50. An image processing apparatus according to C aim 48,

wherein said processing perform ng neans perforns, on the basis of said
plurality of types of-conponents of said inage 15 data, a mixture-ratio
detection step of detecting, in correspondence with said i mge data, the
m xture ratio indicating the ratio 6P7tfie nixture of said f or egr ound

obj ect conponents to the m xture of said background object conponents in a
m xed area in which said foreground object 20 conponents and-said
backgr ootid pdlsieést, chrpphiesls areimpgxadtim23iNevgiheind0@onct268: ABSTRACT
The present invention ains to recognize the mxture state of inmages. An
area specifyangimageé d88aspecainesy atepi xBdolteinimgwhatd feseground

obj ect components which form a foreground object and background obj ect
conponedggavhpol form a background object are m xed- An estinated-m xture-
rati o cal cul ator 104 detects, in correspondence with the inmage data, the
mxture rati®d PReFeasimg perfomning oftemeot paxfpembigt henfohegr ound obj ect

conponents to the m xture _of the background object conponents in the m xed
areéiinbaSlS of said plurality of types of components of said

-obtained image data, one of'processings of {i) an area
specifying step of specifying, in correspondence with said
image data, a mixed area in which foreground object |
components which form a foreground object and background
10 objéct components which form a background object are mixed
and (ii) a mixture-ratio detection step of detecting, in
correspondence with said image data,. the mixture ratio
indicating the ratio of the mixture of said foreground
object components to the mixture of said background dbject
15 components in a mixed area in which said foreground object
components and said background object components_are mixed.
46. A program according to Ciaim 45, wherein, in said
prdcessing performing step, on the basis of said plurélity
of typés of components of said obtained image data, an area
20 specifying steb of specifying, in correspondence with said
image data, a mixed area in which foreground object
components wﬁich.form a foreground -object and background
. object components which form a background object are mixed
is performed.

25 47. A program according to Claim 45, wherein, in said



whi ch the foreground object conponents and the background object
conponents are mxed. At |east one-of the area specif yiRgvintel 20683 and the
estimated-m xture-ratio calculator 104 perforns i mage processing on the
.basis of a plurality of types of conponents. The present invention can be

applied to an i mage processing apparatus
- 258 -

processing performing step, on the basis of said plurality
of types of components of said obtained iﬁage data, a
mixture-ratio detection step of detecting, in correspondencer
with said image data, the mixture ratio.indicating the ratio

5 of the mixture of said foreground object components to the

mixture of said background object components in a mixed area
in which .said foreground object components and said

background object components are mixed is performed.

48. An image—capturing apparatus comprising:

10 _. image—-capturing means for outputtlng 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 which is formed of a
predeterﬁined number of pixel data having a plurality of

15. types of components at the same pixel poSition; and

processing performing means for performing, on the
. basie of said plurality of types of components of said image,
data, one of processings of (i) an area'specifying‘step of
specifying, in correspondence with said image,dafa, a mixed

20 ‘area in whieh foreground object components which form a

_foregrouﬁq object and baekground object components which
form a background object are mixed and (ii) a mixture-ratio
detection step of detecting, in correspondence with said
‘image data, the mixture ratio indicating the ratio of the

25 mixture of said foreground object components to the mixture
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of said background object components in a mixed area in
which said foreground object components and said background
object components are mixed.

49 . An.image—capturing apparatus according to Claim 48,
wherein said processing performing means performs; on the
baéis of said plurality of types of components of said image
data, an area specifying step of specifying, in
correspondence with said imﬁge data, a mixed_area in whiéh
foreground object components which form a foreground object
and background object components which form a background
object are mixed.

50. An image processing apparatus according to Claim 48,
wherein said processing performing means performs, on_the
basis of said plurality of types of- components of said image
data, a mikture—ratio detection step of detecting, in
correszspondence with‘said image data, the mixture ratio
indicating the ratio of the mixture of said foreground
object componentsiﬁo the mixture of said baékgroﬁnd object-
components in a mixed area in which said foreground object

components and said background object components are mixed..
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ABSTRACT
The present invention aims to recognize the mixture
state of images. An area specifying unit 103 specifies a
mixed area in which foreground dbjéct_components which form -
a foreground object and background object components which
form a background object are mixed. An estimated-mixture-
ratio calculator 104 detects, in correspondence with the
image data, the miﬁture ratiq indicating the ratio of the
mixture of the foregréund object components to the mixtufe

of the background object components in the mixed area in

which the foreground object components and the background

object components are mixed; At least one of the area
specifying unit 103 and the estimated—mixturé—ratio
éalculator 104 performs image processing on the basis]of a
plurality of types of components. The present invention can

be applied to an image processing apparatus.



