| MAGE- CAPTURI NG APPARATUS 5 Technical Field The present inve

to i mage processing apparatuses and net hods, and i mage-capturing
apparatuses, and nore particularly, to an inmage processi ng apparatus and
met hod, and an image-capturing apparatus in which a 10 difference between a
signal detected by a sensor and the real world is taken into

consi deration. Background Art A technique for detecting i ncmmmﬂlllmmﬁm‘ﬂrl ng
inthe 15 real world by a sensor and for processing sanpl e ut
fromthe image sensor is widely used. For exanple, notion blur *%€B¥rs in an
i mge obtained by capturing an object noving in front of a predeterm ned
stationary background with a vi deprgagepatol t he noving 20 speed is

rel atively high. However, when an object is noving in front of a

st at i onarrwalac bgoeHaS. I NGO i PEAIRA THGE ANTO MEIHAY , U NDA USRd by A Py TGt ur e of
the noving object itself occur, but also the mxture of the background

i mge andpirh@&anigisect i mage occurs. 25 Hitherto, processing corresponding to
the m xture state of a, '
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5 Technical Field
The present invention relates to image processing
apparatuses and methods, and image-capturing apparatuses,
and more particularly, to an image processing apparatus énd
method, and an image-capturing apparatus in which a
10 difference between a signal detected by a sensor and the

real world is taken into consideration.

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

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

20 speed is relatively high.

However, when an object 1s 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
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2 the background i mage and the novi ng object has not been consi dered.

Di sclosure invention 5 The present invention has been nade in view of such
ci rcunst ances. Accordingly, it is an object of the present invention to
know the m xture state of imges. A first inmage processing apparatus of the
present invention conprises area specifying neans for specifying, in 10
correspondence with image data, a m xed area in which foreground object
conmponents which forma foreground object and background object conponents
whi ch form a background object are m ®Red; and m xture-ratio detection
means for detecting, in correspondence with the inmage data, the 15 m xture
ratio indicating the ratio of the mxture of the foreground object

conponent,s tQ t i xtur, t c j qﬂg e in a mxed
area in vﬁnec%at%égg@dérjelg‘}a%enﬁgdbj% l§l4(3{)"??%%eo(ngtﬁ]se anél%t e%gca::%e;erdound obj ect
conmponent §, aresdixed, wherein at |east one of the area 20 specifying nmeans
and the mxture ratio detection nmeans perfornms inage processing on the

basis of the plurality of types of conponents. The area specifying neans
may conpri se conponent m xed- area detection nmeans for detecting the m xed

area for mad ot Ofidvendiigal ity of types of conponents and for
outputting the detection result corresponding to individual conponents as
conpopent ni xefeapeasentoim@en®ionahdsbyed- Mhda in view of such
circumstances. Accordingly, it is an object of the present
invention to know the mixture state of images.
A first image processing apparatus of the present
invention comprises area specifying means for specifying, in
10 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
15 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, wherein at least one of the area
20 specifying means and the mixture ratio detection means
performs image processing on the basis of the plurality of
types of components.
The area specifying means may comprise component mixed-
area detection means for detecting the mixed area for each

25 of the plurality of types of components and for outputting



speci fying nmeans for specifying the m xed area corresponding to the inmage
data on the basis of the detection result of 5 the m xed area correspondi ng
to the plurality of types of conponents detected by the conponent '
m xed- area detection neans. The area specifying nmeans nay conpri se space-
correl ation-val ue cal cul ati on nmeans for cal culating a space 10 correlation
val ue indicating a correlation between desi gnated pi xel data correspondi ng
to a designated pixel of a designated frame of the i mage data and pi xe
data of a space nei ghboring pixel pesBttoned in the neighborhood of the
designated pixel in the spatial direction on the basis 15 of the plurality
of types of conponents corresponding to the designated pixel;

time-correl ati Q. yal, er%%hﬁ%'%%&?@s?%%@inng% Qﬁbﬁ@h@hbﬁgc%mbbg%nts

correl ation value indi cat ing a correlation between the designated pixel

data and i g%g. dakat &flx@dua%an%%%ralt%npl %0l RQXekiaged i n the
nelghborhoo 8 of the designated pixel in the time direction on the basis

of the plgealisi¥ ngf rckRes rofr GPERATSINY GOkl asReadiai@al @oriespdasiiggat ed
pi xel ; and foréground area specifying nmeans for specifying a foreground

area for red e QRlayet B thoegrdndasakj ot thendererits odn ricke lkasirs of the
space correlation 25 value and the tine correlation value corresponding to

the desi gmat ad xidX @lreal ke rale@doREEeigl \tion dhee @l rady tyoryfr ity@esi dd- ar ea
speci fying nmeans for specifying the m xed area on the basis of the
f or egr oundmpoa@nafs idet edesidgivgt edhel campoanea tt lnd xed—-area detection
means.
The area specifying means may comprise space-
correlation-value calculation means for calculating a space
10 correlation value indicating a correlation between
designated pixel data corresponding 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 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
designated 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 value and the time correlation value corresponding to the



5 foreground area of a neighboring frame in the nei ghborhood of the

desi gnated frane. The m xture-rati o detecti on neans nay conprise conponent
m xture-ratio detection neans for detecting the mxture ratio for each of
the plurality of types of 10 conponents; and component integrated

m xture-ratio detection neans for detecting the mxture ratio
corresponding to the inmage data by integrating the detection results of
the mxture ratios corresponding to the plurality of types of conponents
detected by the conponent m xture-rati @ detection 15 neans. The

m xture-ratio detection neans nmay conprise integration neans for
integrating the pixel values of the plurality of types of conponents for
each pixel _and_far. outputting the value as integrated data; and integrated
data 20 ﬁffﬁgpsyﬁgtpéxggfection means for detecting the m xture ratig

correspondi ngpf,Q LDE, i Eggs%ﬁgifg?g@?gns Ray| g?rﬂ{;ﬁggspﬁnmggggéésd data. The

i ntegrati on nmeans nay a val u urality of types of

9onponeng§e%9% %ﬁghmegﬁglf@@dsgaxifgénQUEﬂ@tm&Q%daQQ%Q baSiht Baskie
i ntegrate atg. n i mage processing nmethod of the present invention

conpri seg raRpnhar €3 rapeseuhd RFest 8F ehesRRGibHaRad ifRameObhasSpAaRdeNce W th
i mage data, a mxed area in which foreground object conponents which form

a forsgr gyrdqebiuaet a®eand rhackenguped rabjge ¢rameManenks nshigtbokabaya
background object are m xed; a mxture-ratio detection step of
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

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 corresponding 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.



detecting, in correspondence with the imge data, the mxture ratio
indicating the ratio of the m xture of the foreground object conponents to
the m xture of the 10 background object conponents in a mxed area in which
the foreground object conmponents and the background object conponents are
m xed; and an output control step of <controlling the output of the
detected m xture ratio, wherein at |east one of the area specifying step
and the 15 m xture-ratio detection step perfornms i mage processing on the
basis of the plurality of types of cenponents. The area specifying step may
conprise a conponent m xed-area detection step of detecting the m xed area
for each of the plurality of types of conponents and for 20 outputting the

det ection resghtiﬁ%ééespgﬁ EggﬁgggéﬁﬂgﬁiQfakhe??QBQQEEt§n9§?993ﬁonent

m xed- area i nforia n; area specifyrng step of specifying the

M Xed ar G GqLLeSRANdiag LBINe imRos dal on khe dhasies af the detection

result of the mxed area cofresponding to 5 pldrality of types of

conponeniss deleehednicd hencamagRerttd Maxadxeea rdat a6t @A cht ep. The area
speci fying step nay conprise a space- correl ation-value cal cul ati on step of

cal cul at ifdG e roRRGE ob e lcRiipon evdlsu ikt Ealrng Fozegread objketween 5
desi gnat ed pixel data corresponding to a designated pixel of a designated

frames of ahlde HaPk@e oddidd odi@ cti Xxempdalen tef waichpdoemei Gaktgirogngi xel
posi tioned in the nei ghborhood of
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
10 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
15 mixture-ratio detection step performs image processing on
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

20 outputting the detection result corresponding to individual
components as component mixed-area information; and a mixed-
area specifying step of specifying the mixedvarea
corresponding to the image data on the basis of the
detection result of the mixed area corresponding to the

25 plurality of types of components detected in the component



the designated pixel in the spatial direction on the basis of the
plurality of types of conponents corresponding to the 10 desi gnated pixel;
a time-correl ation-value calculation step of calculating a tine "
correlation value indicating a correlation between the designated pixel
data and pixel data of a time neighboring pixel positioned in the

nei ghborhood of the designated pixel in the tinme direction on the basis 15
of the plurality of types of conponents corresponding to the designated

pi xel ; and a foreground area specifyirn§ step of specifying a foreground
area fornmed of only the foreground object conponents on the basis of the
space correlation value and the tine correlation value corresponding to

t he 20 dgﬁ&%%ggggﬁp%é@ebfgggbggﬁ%_specifying step nmay conprise a m xed-area

speci fyi ng-step of” specifying t m xed area on the basis of the
foreground aregeof Lhe g@é&@?@hsdsEEE”ﬁagngoﬁPﬁiSEOE?QbQHQd area of a

nei ghboring frane Int nel ghbor hood 2 f e desighated frane. The

m Xt ur e- 1Rl Q 1deleelhan ul @ 1R s4AIN isSTRA o € QENRRARN 1HgK Ulsgralcal | 0
detection step of detecting the mxture ratio for each of the plurality of

types of -GS vadd 3 nelRAIeR d Hoagdledlatd o Hati@enati 0 5 detection
step of detecting the mxture ratio corresponding to the inage data by

i Nt egp at igeg g tdet @hlkeQn d=asuldox refs pdrt g Xtoulae deatiigns tear pd@andifng t o
the plurality of types of conponents detected in the conponent
m xt ur e- raatde® idglaARid @raxiee@f 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 components 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 designated frame and the

foreground area of a neighboring frame in the neighborhood

25 of the designated frame.




10 The m xture-ratio detection step may conprise an integration step of
integrating the pixel values of the plurality of types of conponents for
each pixel and for outputting the value as integrated data; and a data

m xture ratio detection step of detecting the m xture ratio 15
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
conponents may be added for each pixel and the added result may be out put
as the integrated data. 20 A program-of7 & first recordi ng nedi um of the
present invention conprises an area specifying step of specifying, in
correspondence with inmage data, a mxed area in which foreground object

i Ch Torm & BB ERATNE <28 o AR R R R O RITRC & det ecti on ot en

ture-ratio detection step

of detecting, in correspondence w th {he 'qg%% : 1A e ratio

i ndi cati rf‘gon(ﬁ]?fg‘eirhtt it ’feherarﬁ%& \l,ﬁ%ateo#at%% rgcgérg%en%d&%bjjrg:?ért%nponent s to
the mxture of the . background oby qnggg %3 ] X&fe area in which
the 5 for”élg’?to hd %ab%le%tﬂ(cg%nponenﬁe%%?he agilérdoyn%/%gbj ect conponents
are m xed, and an outoul £ontHobn St PfegfOtdd Qhitdrd-heaois put of the

detected mXxture rat!o, wherein at |east” one of the area specifying step
and the d’%&‘éé”{fﬁr{ ali & St e84+ &P SAEPLIE M DE EBr é NBgEL Presesss prhdind 0 t he
p

basis of t urality of types of conponents. The area specifying step
My CONPriserie COMPOEMta by integrating the detection results of

the mixture ratios corresponding to the plurality of types

of components detected in the component mixture-ratio

detection step.

10 The mixture-ratio detection step may comprise an
integration step of integrating the pixel values 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

15 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.

20 A program of a first recording medium of the present
invention comprises 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 background object components which form a background

25 object are mixed; a mixture-ratio detection step of



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 conmponents as conponent m xed-area '
information; and a m xed- area specifying step of specifying the m xed area
corresponding to the image 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 20 m xed-area detection step. The area
specifying step nay conprise a space= 8orrel ati on-val ue cal cul ati on step of
calculating a space correlation value indicating a correlation between
desi gnat ed pi xel data corresponding to a designated pixel of 25 a

desi gnat fr fitheJ 1Ree Gaited ang ikinxehdata @ datSpagenei ghboring
pi xel po?%ﬁfgﬁgﬁg?nlt eoneig 6brhood o# theedesiéﬁited pi xel in the

spatial ¢j;h8¢H07 290 of N8RS nPftHN G i e tthednitdRee @ff G@rPoOnents
corresponding to the designated pixel; a tine-correl ation-val ue

cal cul at i e3freRina @b eRHC Worgoh@rit sl it#e t8ef ahdkiren ol i ndicating a
correl ati on between the designated pixel data and pixel data of a tine

nei ghbor ivagzk%irmlndp@ﬁjtei&n%mpmntémmejrgbbwm@@d ar@fa tite wihasihgradeed pi xel
inthe tinme direction on the basis of the plurality of types of conponents
cor r es pofdireg romnidcheblj@ ote Siogaineth 43 samld, tred ke dharregmau b j@Ecda speci fyi ng
step of specifying a foreground area formed of only the foreground object
conponentcommo ricme shagies mifxadye aspphea cortipeitatdogrt rodalsterared the time
correl ation value corresponding to the
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 component 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 component
20 mixed-area detection step.
The area specifying 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




desi gnated pixel. 15 The area specifying step may conprise a nixed-area
specifying step of specifying the m xed area on the basis of the
foreground area of the designated frane and the foreground area of a

nei ghboring frame in the nei ghborhood of the designated frame. 20 The

m xture-ratio detection step may conprise a conponent m xture-ratio
detection step of detecting the mxture ratio for each of the plurality of
types of conponents; and a conponent integrated m xture-ratio detection
step of detecting the mxture ratio eopresponding 25 to the i mage data by
integrating the detection results - 10 corresponding to the plurality of
types of conponents detected in the conponent m xture-ratio detection

" Th . _ o d . ' . . . ;
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each pi xel, apd g ghagteh' @thefie i¥1a|t‘ﬂ% %ga't%lﬁ%
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the integration step, e pix val'ues of the I"ur al
conponenhgsqaxaQ@dagqﬁqltoa_%a&@-eb&ggaatgaﬁﬁbaqu@désqcﬁﬁﬁ%ﬁkn"§¥e§e out put

as the integrated data. A first program of the presenf invention causes a
conpug er off0ceXealheiay ar eamePeskhylngisheRadlesraaityitidg 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

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
object 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 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
of the designated frame.

20 The mixture-ratio detection step may comprise a
component mixture-ratio detection step of detecting the
mixture ratio for each of the plurality of types of
components; and a component integrated mixture-ratio
detection step of detecting the mixture ratio corresponding

25 to the image data by integrating the detection results



15 in correspondence with imge data, a m xed area in which foreground

obj ect conponents which forma foreground object and background

obj ect - conmponent s whi ch form a background object are m xed; a

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

i mge data, the 20 m xture ratio indicating the ratio of the m xture of the
foreground object conponents to the m xture of the background object in a
m xed area in which the foreground object conponents and the background
obj ect components are m xed; and an-ol@ put control step of controlling the
out put 25 of the detected m xture ratio, wherein, in at |east one of - 11
the area specifying step and the m xture-ratio detection step, inage

pr ocessi %g%}s@%&fd%@ec&oor@tyﬁglmﬁt JNey il UI icto%#%fne Res of

conponents. area ‘speci step may cormprise a component 5 m xed- area

det ecti ORettcRR Rf iRt IdAhg AR Y $BG% 38R 31 o %Ctréc(%fiotnh%t%l?ural ity of

types of conponents and for outputting the detection result corresponding

to individual TheoPRREPESrat i 60ARGRERE offl ¥edpansd LBhBLRLI gn; and a ni xed-
area specifying step of specifying the m xed area 10 corresponding to the

i mge datiateyrhe hasitepob it Net et Het Pilde 10k 1R sTored Has ea
corresponding to the plurality of types of conponents detected in the

conpoheniplutiatédyabEa t§eleec bifork ofipepentie fare@asPeeiikylngnst ep may conprise
a space 15 correlation-value calculation step of cal culating a space
outputting the value as integrated data; and an integrated
data mixture-ratio detection step of detecting the mixture
ratio corresponding to the image data on the basis of the
integrated data.
10 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.
A first program of the present invention causes a
computer to execute an area specifying step of specifying,

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

20 mixture ratio indicating the ratio of the mixture of the
foreground object components to the mixture of the
background object 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

25 of the detected mixture ratio, wherein, in at least one of



correlation value indicating a correlation between designated pixel data
corresponding to a designated pixel of a designated franme of the inage
data and pi xel data of a space neighboring pixel positioned in the

nei ghbor hood of 20 the designated pixel in the spatial direction on the
basis of the plurality of types of conponents corresponding to the

desi gnated pixel; a time-correlation-value calculation step of calculating
atime correlation value indicating a correl ati on between the designated

pi xel data and pixel data 25 of a tt+nklnei ghboring pixel positioned in the
nei ghborhood - 12 of the designated pixel in the time direction on the
basis of the plurality of types of conponents corresponding to the

desi gnat ﬁtgwoig&eé ' 2 J UL WU B 88 SREGIT WG 8P MresSPREIFYing a

foregrou areaﬁ%o med of only the foreground 5 object conponents on the

basi s of stﬂ@p,spﬁ%e;nec rRIAd QY Malge ahdhdded it Gy d@] ajd aghal ue

corresponding to the designated pixel. The area specifying step may

conpri se {1 yeaXadnaAreR tyihesidyidinidrigh . specifying the mxed area on the
basis of 10 the foreground area of the designated frame and the foreground

area of a nei ghlkorireg khae fiyinghe teei glajorhapd isefl at Remgesiegrat ed frane.
The m xture-ratio detection step may conprise a conponent mxture-ratio

det ecbi omisteap-afeaateandd thigort hetepl o fividd et irag itthd arixeathamda tfwex plural ity
of types of conponents; and a conponent integrated m xture-ratio
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 mixed-
area specifying sfep 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
plurality of types of components detectea in the component
mixed-area detection step.

The area specifying step may comprise a space-

15 correlation-value calculation step of calculating a space
correlation value indiéating a correlation between
designated pixel data corresponding 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

20 the designated pixel in the spatial direction on the basis
of the plurality of types of components corresponding to the
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

25 of a time neighboring pixel positioned in the neighborhood



detection step of detecting the m xture ratio corresponding to the inage
data by integrating the detection results of the mxture ratios
corresponding to the plurality of types 20 of conponents detected in the
conponent m xture-ratio detection step. The mi xture-ratio detection step
may conprise an integration step of integrating the pixel values of the
plurality of types of conponents for each pixel and for 25 outputting the
value as integrated data; and an integrated - 13 data mxture-ratio
detection step of detecting the m xtdar&2 +atio corresponding to the inage
data on the basis of the integrated data. In the integration step, the
pi xel values of the 5 plurality of types of conponents nmay be added for

each pixele gnd &&ei%%q:ee% (SST fRhe OPUrAndls, I agialed data. A

first image-capturl apparatus o e present 1 nvention conprises

i mage- captpiring %g?eﬂ‘t% SR NOF doonip &ftls | dBS SRS Y Atk

i mage- capturi ng I ncl"udi ng a predeterm ned nunber of” pixels, the

pi xel' s navd gh A dd At eUR NS MEhd B Afed RO dalhidp ise forned
of a predeterm ned nunber of pixel data having a plurality of types of
conponentgy et i ith f HEE i oS i d i) fo iR SPasily i nearsyfdind

specifying, in correspondence with 15 imge data, a m xed area in which
f or egsounsh € domone s mhe sy mA floy egaarmntabjelcitiasd backgr ound
obj ect components which form a background object are m xed;
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-ratio 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 detecting the mixture ratio corresponding
to the image data by integrating the detection results of
the mixture ratios corresponding to the plurality of types
20 of components detected in the component mixture-ratio
detection step.
The mixture-ratio detection step may comprise an
integration step of integrating the pixel values of the

plurality of types of components for each pixel and for

25 outputting the value as integrated data; and an integrated



and m xture-ratio detection nmeans for detecting, in correspondence wth
the inmage data, the mxture ratio 20 indicating the ratio of the m xture of
t he foreground object conponents to the mi xture of the background object
conponents in a mxed area in which the foreground object conponents and

t he background object conponents are m xed, wherein at |east one of the
area specifying neans and the 25 m xture-ratio detection neans perforns

i mge processing on - 14 the basis of the plurality of types of

conponents. The area specifying neans bh&y-conpri se conponent m xed- area
detection neans for detecting the m xed area for each of the plurality of
types of conponents and for outputting 5 the detection result correspondi ng

to i ndividual comanents ioad%tomnoemt {HKek alsadnos T gy And

ni xed- ar €& speC| ying ‘heans 1 or speC| ying rea correspondlng

to the i 4}Fdra 0% I‘&qnacbeé %ﬂoo%r{e&gtbaog dset e edé<ed ar ea

correspon |ng to t types of conponents by the
conponengﬂgégyggg&%aéggect|on nmeans. The area specifying nmeans nmay
conpri se space- correlation-value cal cul ation means for cal cul ating a space

correl ation Vqlr‘xu%h'enq_'n(t%b‘rﬁgzl%n(:%rtre%' att'h%n elween1lesdes @pat ed pixel data
corresponding to a designated pi xel a designated franme of the inage

data gnd vl idat %pft}%e§p@§€‘c&ﬁp©ﬂ&@fs NgaPi 88l apasHt Feredaich phsel,
nelghborhood of the designated pixel in the spatial direction on the basis
and the added result may be output as the integrated data.

A first image-—-capturing apparatus of the present
invention comprises image-capturing means for outputting a
subject image captured by an image-capturing device

10 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 position;
area specifying means for specifying, in correspondence with

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 mixture-ratio detection means for detecting, in
correspondence with the image data, the mixture ratio

20 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,
wherein at least one of the area specifying means and the

25 mixture-ratio detection means performs image processing on



of the plurality of types of conmponents corresponding to the 20 designated
pi xel ; time-correlation-value calculation neans for calculating a tine
correlation value indicating a correlation between the designated pi xel
data and pixel data of a time neighboring pixel positioned in the

nei ghborhood of the designated pixel in the tine direction on the basis 25
of the plurality of types of conponents corresponding to the - 15

desi gnat ed pi xel ; and foreground area specifying neans for specifying a
foreground area forned of only the forkground object conponents on the
basis of the space correlation value and the tinme correl ation val ue
corresponding to the 5 designated pixel. The area specifying neans nay

conpriset%%ﬁggkgge%f SR c'ﬁ%&%g-q?a%% f. _egp%%ig¥$§%€gg% m xed area on the

basis of oregroun rea o he designat ed and 't he f or eground

area of a neiapggégggtggégg;'gnéhﬁeaﬁggﬂgggéemgriég QmeBﬁeQESh?QQBEd;

frame. The mi X tfon neans frmy conprise conponen

m Xt ur e- Lald-0 et qlian RIS e [WalRAlinRY thi2e mikedt Wi al #lir0 heh each of
the plurality of types of conponents; and conponent i ntegrated

mi Xt ur e- 3t it del1e6h1aR v1% Medpe s &f deimpoinemd st R dTipetu ol tpaitita nigor
detecting the mxture ratio corresponding to the imge data by integrating

t he det eahieorieteeitlilon estfle Modrsponalings teOormeNpdritialg domponeatpl ural ity
of types of conponents detected by the conponent m xture-ratio detection
neans. as component mixed-area information; and mixed-area

specifying means for 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

10 components detected by the component mixed-area detection

means.

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

15 designated pixel data corresponding 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 direction on the basis
of the plurality of types of components corresponding to the

20 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

of the designated pixel in the time direction on the basis

25 of the plurality of types of components corresponding to the



20 The mi xture ratio detection neans nmay conprise integration neans for
integrating the pixel values of the plurality of types of conponents for
each pixel and for outputting the value as integrated data; and integrated
data mxture-ratio detection neans for detecting the mxture 25 ratio
corresponding to the image data on the basis of the - 16 integrated data.
The integration neans nmay add the pixel values of the plurality of types
of conponents for each pixel and may output the added result as the
integrated data. 5 A second inage procksstng apparatus of the present

i nvention conprises imge data obtaining neans for obtaining inmge data;
and processing performng means for perform ng, on the basis of the

plurality of ggnydpc%)% YiGAPUENED Ao ddithg Al Spe 15, of e P11 201

pr ocessi ngs aréa specifying step o ying, In
COr T eSPORERRY ?h Ho rddRAR AU Ra & BRI A @1y ﬁms G feyreayreund
obj ect npon |ch forn1a foreground object and background object

cormonentofb \M@&Q&ﬁdﬂ@t&amrﬂm%msegf ahe 18 W 1l i ch

m xt ur e- ratlo detection step of detecting, in 15 correspondence with the

i mage dakg,] dand Mh & il icd r Add1GRIN RG e doties pdndifigy Mioktiee of the
foreground object conponents to the m xture of the background object

conpopentgedimatdxed @lea i n which the foreground object conponents and
t he background object conponents are m xed. 20 The processing performng
means may perffaemarea tpbecifying 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



basis of the plurality of types of conmponents of the obtained inage data,
an area specifying step of specifying, 1in correspondence with the imge
data, a m xed area in which foreground object conponents which forma
foreground object 25 and background object conponents which forma
background - 17 object are m xed. The processing perform ng neans nmay
perform on the basis of the plurality of types of conponents of the
obtained i nage data, a m xture-ratio detection step of 5 detecting, in
correspondence with the inage data, thk i xture ratio indicating the ratio
of the m xture of the foreground object conponents to the m xture of the
backgr ound object conponents in a mxed area in which the foreground

obj ect cq ELS £ the background object 10 conponents are m xed. A
second |n§begbroce55|ng ‘method of the present invention conprises an inage

data obtai ni ngygt %Htggrafeﬁkﬁ' RbAdsi fB eaeat Rheapdx@1P4AEG8SI BE RREf Or M ng
step of performng, basis of the plurality of types of 15

Compnenﬁsﬁu%lt he it diped TRt EH HICPHNIRf mayi ) an area
speci fying step of specifying, in correspondence wth the inage data, a

m xed ar @Ry tigh tWMHHeD dafeRgrawnd 1ohjseathe GorgeIedes Whaiteh form a foreground
obj ect and background obj ect conponents which form a background object are

m xeds 20 anda( skkoadnimbyeepiatiessdayeabparasepodf tiet peesegt i n
correspondence with the inage data, the mxture ratio

invention comprises image data obtaining means fo; 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

10 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

15 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.

20 The processing performing means may perform, 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

25 and background object components which form a background



indicating the ratio of the mxture of the foreground object conponents to
the m xture of the background object conponents in a mxed area in which
t he foreground object 25 conmponents and the background object conponents
are mxed. - 18 1In the processing perform ng step, on the basis of the
plurality of types of conmponents of the obtained i nage data, an area
specifying step of specifying, in correspondence wth the imge data, a

m xed area in which foreground object 5 conponents which forma foreground
obj ect and background object conponentd which forma background object are
m xed may be perforned. In the processing performng step, on the basis of
the plurality of types of conponents of the obtained i rage data, 10 a
nixture-r%}io detectL%%d§;ep of detecting, in correspondence with the image

data, thé HiSure S s i ndi cating the ratio of the m xture of the

for egr ound  object o 6AINANERL Beb@oLAeal XEURE Ay he-bBEkYT gundnab] ect

conponents in area’i t oreground obj ect 15 conponents and

the backgraund obicee! LAURANGY AN B JRPRRAY o T@E A program of

a second recording nmedium of the présent invention conprises an inmage data

obt ai ni NG LER A inRRfRIdNTY, ITRAS dAtedraANG VYRS REHLIJOr M ng step
of 20 performng, on the basis of the plurality of types of conponents of

the obtaiqaddiRee dat asoranepfndymeessitgxef indge atatareatspeci fying step
of specifying, in correspondence
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
10 components are mixed.

A second image processing method of the present
invention comprises 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

15 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

20 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 foreground object

25 components and the background object components are mixed.




with the image data, a m xed area in which foreground object conponents
whi ch forma foreground object and background 25 object conponents which
form a background object are mxed - 19 and (ii) a mxture-ratio detection
step of detecting, in correspondence with the imge data, the m xture
ratio indicating the ratio of the m xture of the foreground object
conponents to the m xture of the background object 5 conmponents in a m xed
area in which the foreground object conponents and the background obj ect
conponents are mxed. In the processing performng step, on the basis of
the plurality of types of conponents of the obtained i mnage data, an area
specifying step of specifying, in correspondence 10 with the inage data, a

oo nea badborBl, FYoEHsA Sl n; SUTRAEN! B el T Bl UROT 0N

obj ect and bagﬁgr ect “conmponeén forma ba@kground obj ect are
m xed Q pga, e ' r .o : t asi s of
the 15 ng%llu%lﬁle{}} 04 t FPeJSQO#PCCo&ﬁnﬁonent séq%fﬁ]}{aé)oﬁg%gln%%;ﬁn%ag% a'?t a%)’ a
m xt ure-rgfig det 108, 5 o det egtd s+, 4 COf %ﬂ¥¥§¥ﬁgﬁa | the image
dat a, theﬁm xtét}?es%%adtllof(}’lﬁdsgi ca%i ng the ?nﬁytr{t}gr'e o@ the for egré(/)ﬂuénéc] obj ect

conmponent,; ¢y Ocriéﬁ%m'qge Weepf 4 heihaekaraund, opi ol S&gs%g{& dugy 20

m xed area in which the foreground object conponent backgr ound
obj ect cUMANAUS Al TBIXeh Y b RefFAinE bb s yyagiasuf the

present invention causes a conputer to execute an inmage data obtaining
step of 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,

10 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

15 components and the background object components are mixed
may be performed.

A program of a second recording medium of the present
invention comprises an image data obtaining step of
obtaining image data; and a processing performing step of

20 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

25 object components which form a background object are mixed



obtaining i mage data; and a processing perform ng step of 25 perform ng, on
the basis of the plurality of types of - 20 conponents of the obtained

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

speci fying, in correspondence wth the imge data, a m xed area in which
foreground object conponents which forma foreground object and background
5 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 indicating-the ratio of the m xture of the

f oreground object conponents to the m xture of the background object 10
conponents in a mxed area in which the foreground object conponents and

the backgraund 9DLeRt COTBONSNLE ALEMEH oclB Lo tasesaing, per formi ng

step, i § Of*the plrarality o es "of" conponent’s e obtai ned

| mge datc%rre@Bg%%ﬁcép%ﬁ%ylt'ﬂ% ihﬁ% Oha%%e%‘hlé' 9-5539609 Hkggpondence 15

with the I'mage data, a mi Xed area In which'foregrol obj ect conponents

whi ch formy cé%;ﬁgr eyad rgfah%%far&@lebﬁ&&%%n@f Q%G%Br%%%gﬂanbﬁa\éﬁ&it(:h form

a backgroun obj eCt are m xed e perforned. In the process

perfor"]@gmﬁbﬁgntgntbh%hga§h§thetB@ tAQ Bhukahblnaobphkees of conponents
of the obtained inage data, a mxture-ratio detection step of detecting,

in cosrespppdaaaesWihhat he xeoBgecdatia, whRenmckkUre reatrblnd BeHeaki ng the
ratio of the m xture of the foreground object conponents to the m xture of
t he backgobapbdetljseahd 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

10 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

15 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

20 mixed area in which the foreground object components and the
background object components are mixed may be performed.

A second program of the present invention causes a
computer to execute an image data obtaining step of
obtaining image data; and a processing performing step of

25 performing, on the basis of the plurality of types of



25 conmponents in a mxed area in which the foreground object - 21
conponents and the background object conponents are m xed may be
performed. A second image-capturing apparatus of the present invention
conprises image-capturing neans for outputting a 5 subject imge captured
by an i mage-capturing device including a predeterm ned nunber of pixels,
the pixels having a tine integrating function, as inmage data which is
formed of a predeterm ned nunber of pixel data having a plurality of types
of conponents at the same pixel positi2ah;-10 and processing performng
means for performng, on the basis of the plurality of types of conponents
of the image data, one of processings of (i) an area specifying step of

speci fyi gy I ST espandense idd) e Jamge datg,e 3 ijed.. Agad b i ch

f or egroun | eCt conponent’s reground obj ec

backgr ound yobj e Gt SOTRORARLS i, 17 B DASKEIPUNG, by AGLs e dHked and

(i1) a mxture-ratio eteétlon step of detecting, in correspondence with

the inmags tdatide iR dE Ml Akli&kdd A M0 e 3 Hodhe obfiediur e of

t he foreground object” conponents to the m xture 20 of the background obj ect

CoONMPONeNtsHrigd s §th iAHE & drin \mimegﬂaﬁ;ﬁ@rﬁgr@m%@bm@kwent s and
t he background object conponents are m xed. The processi ng perform ng

meanss ML PIFOSBmPhdtes Whashs ffrnt e Hidigddund dbijtepesf naameonent s of
the imge 25 data, an area specifying step of specifying, in
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
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 basis of the
plurality of types of components of the obtaiﬁed 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 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
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 mixture of the foreground object
components to the mixture of the background object

25 components in a mixed area in which the foreground object



- 22 correspondence with the image data, a m xed area in which foreground -
obj ect conponents which forma foreground object and background object
conmponents which forma background object are mxed. 5 The processing
perform ng neans nmay perform on the basis of the plurality of types of
conponents of the inmage data, a mxture-ratio detection step of detecting,
in correspondence with the imge data, the mxture ratio indicating the
ratio of the m xture of the foreground object 10 conponents to the m xture
of the background object conponents-ifla-m xed area in which the

f oreground object conponents and the background object conmponents are

m xed. |In correspondence with imge data, a mxed area in which foreground

obj ect C ol nolen(r:%[,'nscfsWha!nCc{.I rd rBaac]{ﬁgzrﬁ%Lé) lHCI?J ec]‘t_5 é)&ﬂ;éoﬁ'}erﬁégd é)taec :?rlgl;%lﬁﬂ'd obj ect

conponent’s orm-a backgro ] € are m 'S SpeEci The

m xture rat.l iﬁgﬂfﬁ%ﬂ the ratio of the m xture of the foreground object
corrponentngawt gje’t e m Xt ue[rzg' of the background object conponents in a m xed

area in whichpt @%cfo(ﬂrdeg.’fngﬁ@dc%?jt%gin%oa%%@ﬂ%&%@t%faQ‘fllet e Ragkground obj ect
conponents are mxed Is etected. At | east one of the area specification

oper at i on nafitk e dBngiilfsd aitxﬁaq@laiaq%dﬁm@maa{é ofb P e iR e
processing on the basis of the plurality of types of conponents. 25 |Inage
data Bs ahiwjded imahfk hagedoen the ol wmlddyeafturid® 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 position;
10 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 object components which form a
15 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
20 of the background object components in a mixed area in which
the foreground object components and the background object
components are mixed.
The processing performing means may perform, on the

basis of the plurality of types of components of the image

25 data, an area specifying step of specifying, in



types of components of the obtained i mage data, one of processings of (i)
an area specifying step of specifying, in correspondence with the imge
data, a m xed area in which foreground object conponents which forma
foreground object 5 and background object conponents which forma
background object are mxed and (ii) a mxture-ratio detection step of
detecting, in correspondence with the inmage data, the mxture ratio
indicating the ratio of the m xture of the foreground object conponents to
the m xture of the 10 background objecZ2cenponents in a m xed area in which
the foreground object conmponents and the background object conponents are
mxed is perforned. As a result, the mxture state of the inmages can be

€000 26 L Bl RESEPUD add S TAY 95 FL 0 e 2NN DO mont

of an inmage processing apparatus of- the prlesent I nvention. is a

bl ock di agy,aig,idddstdRtdNg dMpddmass A0 JY %@idqgf@n%cﬁi&@'oﬂ?%utsfrat es

illustrates tthe 1 mage capturing performed by a sensor.” Fig. 4 1

the arrangRmdc1QfrRintelobi dd19-comddddidd ahBier N& QP &d Qyuriy det ection
device. 25 Fig. 6A illustrates an inage obtained by inage - 24 capturing
an obj ectorgddeHranadiingd. o a noving foreground and
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 object
10 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.
In correspondence with image data, a mixed area in
which foreground object components which form a foreground
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 the background object
components in a mixed area in which the foreground 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 operation performs image
processing on the basis of the plurality of types of
components.

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



an object corresponding to a stationary background. Fig. 6B illustrates a
nodel of an inmage obtained by image-capturing an object corresponding to a
noving 5 foreground and an object corresponding to a stationary

background. Fig. 7 illustrates a background area, a foreground area, a
m xed area, a covered background area, and an uncovered background area.
10 Fig. 8 illustrates a nodel obtained by expanding in the tinme direction

t he pi xel values of pixels aligned side-by- side in an inage obtained by
i mage-capturing an object correspondi2g +0 a stationary foreground and an

the object corresponding to a stationary background. 15 Fig. 9 illustrates
a nodel in which pixel val ues are expanded in the tine direction and the
period ¢ rrespo to_the te .di_vi de | lustrates a
ol i SHRESh o8 COPROTARIS. Se e SRrRaRah THYS Reaui FBS Pn and ¢ he

peri od corrro%s s%g_glgng £0 toatnh@i Zﬁgutg tflyq%g %t%l Vi g‘e%‘pe%lt%ﬁ’eljntjg in

illustrateées a ch pi X ues “ar

direct ! o 3nd g%%d%%e%ﬁw (RPAUIRO gy ! e na%tdt Upeal T hihiin/i ded.

Fi g. | FUstrates an exanmple in h piXel's I'n a foreground area, a

bac kgr OU%@&unﬁn%bﬁ égtx%nﬁ‘;o@%r?crse w'hl%§1 o actRegrddutha bbjiddwustrates

the rel ationshi ps between pixeéls
5 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
10 Dbackground object components in a mixed area in which the
foreground object components and the background object
components are mixed is performed.
As a result, the mixture state of the images can be
recognized.
15
Brief Description of the Drawings
Fig. 1 shows an embodiment of an image processing
apparatus 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-



and a nodel obtained by expandi ng the pixel
5 Fig. 14 illustrates a nodel in which pixel values
time direction and the period corresponding to the
divided. Fig. 15 illustrates a nodel in which pixel
the time direction and the period corresponding 10
divided. Fig. 16 illustrates a nodel in which pixel
the tine direction and the period corresponding to
divided. Fig. 17 illustrates a nodel-ih4which pixel
inthe tinme direction and the period correspondi ng

di vided. Fig. 18 illustrates a nodel in mhich pixel
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5 foreground and an object corresponding to a stationary
background.
7 illustrates a background area,

Fig. a foreground area,

a mixed area, a covered background area, and an uncovered
background area.

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

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 to the shutter time is divided.
Fig. 11 illustrates a model in which pixel values are

expanded 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



Fig. 23 illustrates a nodel in which pixel values are 5 expanded in the
time 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 tine is
divided. 10 Fig. 25 illustrates the conditions for determning the area.
Fig. 26A illustrates an exanple of the result obtained by specifying the
area by the area specifying unit 103. Fig. 26B illustrates an exanpl e of
the result obtained 15 by specifying 2$e-area by the area specifying unit
103. Fig. 26Cillustrates an exanple of the result obtained by specifying
the area by the area specifying unit 103. Fig. 26D illustrates an exanple
of the result obtained by specifying the area by the area specifying unit
103. 20 ERFTaSESA:| ustrates an exanple of the result obtained by

T e e i L Tl

illustrating oCessing. di agr am

iIIustra%E%g an %hgbgaﬁ%ﬁdZ%ngﬁgﬁgﬁﬁkl Gﬁ%%?aﬁgﬁh%%a £a sheg fying

unit 10327 57" Fg ust a nodel pi xel val ues are
expanded .i.n t i di rection and the period corresponding to the shutter
tinme is éﬁ#%edE@F%EEEP 31 illustrates an exanple of a background i nage.

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 values 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 values are

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

Fig. 18 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is diwvided.

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.



5 Fig. 32 is a block diagramillustrating the configuration of a
bi nary-obj ect-image extracting portion 302. Fig. 33A illustrates the

calculation of a correlation value. 10 Fig. 33B illustrates the
calculation of a correlation value. Fig. 34A illustrates the cal cul ation
of a correlation value. Fig. 34B illustrates the calculation of a
correlation 15 value. Fig. 35 illustrates an exanple of the binary object
image. Fig. 36 is a block diagramillustrating the configuration of a tine
change detector 303. 20 Fig. 37 illust2ates determ nati ons made by an area
determ ning portion 342. Fig. 38 illustrates an exanpl e of determ nations
made by the tine change detector 303. Fig. 39 is a flowhart illustrating

the area specigfy n I i<n rf.gr ned he .area ifying unit
103. - 25" R b0 2Rs e Prtaenart & RSl A sty BiReloAlRE Kl

speci fyi N gURERE SINGhd himet la i %o A £ 0 G iy %ﬂﬂd&%&ﬁéﬁ&%ﬂﬁ&s
another configuration of the area specifying unit 103. 5 Fi g. IS a
bl ock di agy aiRd |dniddedt ivignd & divided.

Fig. 23 illustrates a model in which pixel values are

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

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

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 Dby specifying the area by the 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 obtained
by specifying the area by the area specifying unit 103.

20 Fig. 27 illustrates an example of the result obtained
by specifying the area by the area specifying unit 103.

Fig. 28 is a 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.



configuration of a robust-processing portion 361. Fig. 43 illustrates
noti on conpensation perfornmed by a notion conpensator 381. Fig. 44
illustrates notion conpensation perforned by 10 the notion conpensat or

381. Fig. 45 is a flowhart illustrating the area specifying processing.
Fig. 46 is a flowhart illustrating details of the robust processing. 15
Fig. 47 is a block diagramillustrating an exanple of the configuration of
a mxture-ratio calculator 104. Fig. 48 illustrates an exanple of the ideal
m xture- ratio a. Fig. 49 illustrates a7zmodel in which pixel values are 20
expanded in the time diréction and the period corresponding to the shutter
time is divided. Fig. 50 illustrates a nodel in which pixel values are

expanded in the ti di ec%ion and th Reniodhco resgoedin to_the shutter
Lime is dividdd 230Frd BT Atedstr I8E TagBr SRERG! PO UsRGUS CBFFel ati on -
29 of f . . Fig i 1] ustrat : |.at i j: C,
N and pORRGE S P Gedodod it O B AR AL 07

the m xt ye-hat iQ 8584 maliph U QEeSSg 401. 5 Fig. 54 illustrates an

exanple of an estimated m xture ratio.
Fig. 31 illustrates an example of a background image.

5 Fig. 32 is a block diagram illustrating the

configuration of a binary-object-image extracting portion

302.
Fig. 33A illustrates the calculation of a correlation
value,
10 Fig. 33B illustrates the calculation of a correlation
value.
Fig. 34A illustrates the calculation of a correlation
value.

Fig. 34B illustrates the calculation of a correlation
15 wvalue.
Fig. 35 illustrates an example of the binary object
image.
Fig. 36 is a block diagram illustrating the
configuration of a time change detector 303.
20 Fig. 37 illustrates determinations made by an area
determining portion 342.
Fig. 38 illustrates an example of determinations made
by the time change detector 303.
Fig. 39 is a flowchart illustrating the area specifying

25 processing performed by the area specifying unit 103.



Fig. 55 is a block diagramillustrating the configuration of the

m xture-ratio calculator 104. Fig. 56 is a flowhart illustrating the

m xture-ratio 10 cal culation processing. Fig. 57 is a flowhart
illustrating the processing for calculating the estimted m xture ratio.

Fig. 58 illustrates a straight line for approximating the m xture ratio
(X. 15 Fig. 59 illustrates a plane for approximating the mxture ratio a.
Fig. 60 illustrates the relationships of the pixels in a plurality of

frames when the mxture ratio (X is €akgutated. Fig. 61 is a block diagram
illustrating another 20 configuration of the estimted-m xture-ratio
processor 401. Fig. 62 illustrates an exanple of an estimated m xture

ratio Fig S3ubs ol L@UeNant ol yst 13429, LIS ) KLULS1LaL0 cpgsLimating

processi ng by dgi'ng “a ™o corr espondi covered groand ar ea.

- 30 Fig ffﬁ.r% ?chbccl%sdg ;}%amlllustratlng an exanple of the

conflguratlon or egr ound? background separator 105. Fig. 65A

|1ustrates ag:gnpyy 1B8GeH18ck0LAALAUAT 1G0URARRAAY nTRYE 1 1380 oR HRaCkar ound
conponent image.” 5 Fig. 65B illustrates a an input 1nege, a

for egr ound, fOMRANAN o PYS&hANtkh DA QU GAMRONGYY . i mage.  Fig. 66
illustrates a nodel in which pixel values are
5 Fig. 42 is a block diagram illustrating the
configuration of a robust-processing portion 361.
Fig. 43 illustrates motion compensation performed by a
motion compensator 381.
Fig. 44 illustrates motion compensation performed by
10 the motion compensator 381.
Fig. 45 is a flowchart illustrating the area specifying
processing.
Fig. 46 is a flowchart illustrating details of the
robust processing.
15 Fig. 47 is a block diagram illustrating an example of
the configuration of a mixture-ratio calculator 104.
Fig. 48 illustrates an example of the ideal mixture-
ratio a.
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 corresponding
to the shutter time is divided.

25 Fig. 51 illustrates approximation using a correlation



expanded in the time direction and the period corresponding to the shutter
tinme is divided. 10 Fig. 67 illustrates a nodel in which pixel values are
expanded in the tinme direction and the period corresponding to the shutter
time is divided. Fig. 68 illustrates a nodel in which pixel values are
expanded in the time direction and the period corresponding 15 to the
shutter tinme is divided. Fig. 69 is a block diagramillustrating an exanpl e
of the configuration of a separating portion 601. Fig. 70A illustrates an
exanpl e of a separated foreground cenponent inmage. 20 Fig. 70B illustrates
an exanpl e of a separated background conponent inmage. Fig. 71 is a
flowchart illustrating the processing for separating a foreground and a

backgrou agran1lllustrat|ng an exanple of 25 the
conflgurggigﬁ r&%n dﬂﬁ ur adjustlng unit 106. - 31 Fig. 73

illustrates the unsg 9&%9%9?9%@%theFEglazéohEhEétBﬁ%ﬁgxpéggdegnan whi ch

t he pi xel val ue oreground conponent 1 nmage are édin he tinme

direction andpthge egragdacgﬁbéﬁpemgbggmt91&G§t§9%&herthbne 5 is divided.
Fig. 75 illustrates a nodel in which the pixel valués of a foreground

conponentednTagm rafitd X RAENASE infl the - 1 Hids8G AN AN AR R D1 |
corresponding to the shutter tine
5 Fig. 54 illustrates an example of an estimated mixture
ratio.
Fig. 55 is a block diagram illustrating the
configuration of the mixture-ratio calculator 104.
Fig. 56 is a flowchart illustrating the mixture-ratio
10 calculation processing.
Fig. 57 is a flowchart illuStrating the processing for
calculating the estimated mixture ratio.
Fig. 58 illustrates a straight line for approximating
the mixture ratio a.
15 Fig. 59 illustrates a plane for approximating the
mixture ratio a.
Fig. 60 illustrates the relationships of the pixels in
a plurality of frames when the mixture ratio o is calculated.
Fig. 61 is a block diagram illustrating another
20 configuration of the estimated-mixture-ratio processor 401.
Fig. 62 illustrates an example of an estimated mixture
ratio.
Fig. 63 is a flowchart illustrating the mixture-ratio
estimating processing by using a model corresponding to a

25 covered background area.



is divided. 10 Fig. 76 illustrates a nodel in which the pixel values of a
foreground conponent inmage are expanded in the tinme direction and the
period corresponding to the shutter tine is divided. Fig. 77 illustrates a
nodel in which the pixel values 15 of a foreground conmponent inmage are
expanded in the time direction and the period corresponding to the shutter
time is divided. Fig. 78 illustrates an exanple of another configuration
of the notion-blur adjusting unit 106. 20 Fig. 79 is a flowhart
illustrating the processing for adjusBdng the amount of notion bl ur
contained in a foreground conponent inmage perfornmed by the notion-blur
adjusting unit 106. Fig. 80 is a block diagramillustrating an exanpl e of

25 anot her cogfii,gurat i,qn ,of, i bl, yr. Jus t.ing _unit 10 ig.
81 |IIustrate2 gn g%aﬁ% | O%%Q% %g%P%Qm Wﬁﬁgﬁ%f h eﬁ&t@&ﬁ?ﬁgﬁsoﬁetmeen
pi xel valygs LAY G £ : . 82|I strates
t he cal cuI ation ofgcq orelground co onerir%{/gnéi rcoq}gffpﬁei 4#
cal cul ation OfifOr ¢gh0uNg useoRRARCHLS infhg: 1 l% 55%@@%@5 "'US”at' ng
the processing for elimnating notion blur alne oreground.
component image, and a background component image.
5 Fig. 65B illustrates a model of an input image, a

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 model in which pixel values are
expanded in the time direction and the period corresponding

15 to the shutter time is divided.

Fig. 69 is a block diagram 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 separated
background component image.

Fig. 71 is a flowchart illustrating the processing for
separating a foreground and a background.
Fig. 72 is a block diagram illustrating an example of

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



10 Fig. 85 is a block diagramillustrating another configuration of the

function of the inage processing apparatus. Fig. 86 illustrates the
configuration of a synthesizer 1001. 15 Fig. 87 is a bl ock diagram
illustrating still another configuration of the function of the inmge

processing apparatus. Fig. 88 is a block diagramillustrating the
configuration of a mxture-ratio calculator 1101. 20 Fig. 89 is a bl ock

diagramillustrating the configuration of a foreground/ background
separator 1102. Fig. 90 is a block dia&ramillustrating still another
configuration of the function of the inmage processing apparatus. 25 Fig.
91 illustrates the configuration of a synthesizer - 33 1201. Fig. 92 shows

an enbodi nment _of agggg?ggsgggﬁﬁgﬁ%ggnggggaéﬁ}gaogggsgggerating area

) . FI Y
i nfor mati on oh Ehe 0 are i nput as conponent

signals. 5 Fi918937h'£9§&gegs%ﬁggs gghe&iQHS hggﬁnﬁﬂg.p?QBQH@QEUés

conponent 2, and conponent Is aflo art iTlustrating the
processi Rg 0% ASL SLMN IR TIRR A Gohads G L UIMARSRY IInINRleS £iFed- 95 shows

anot her enbodi nent” of an i mage processing 10 apparatus for generating area
infor”atHQ@e%QibBEaQ@SE%eDberiod corresponding to the shutter time
5 1is 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 time
is divided.

10 Fig. 76 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 time
is divided.

Fig. 77 illustrates a model in which the pixel values

15 of a foreground component image are expanded in the time
direction and the period corresponding to the shutter time
is divided.

Fig. 78 illustrates an example of another configuration
of the motion-blur adjusting unit 106.

20 Fig. 79 is a flowchart illustrating the processing for
adjusting the amount of motion blur contained in a
foreground component image performed by the motion-blur
adjusting unit 106.

Fig. 80 is a block diagram illustrating an example of

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



i nput images which are input as conponent signals. Fig. 96 is a flowchart
illustrating another processing for determning the area using conponent
signals. Fig. 97 shows still another enbodi nent of an image 15 processing-
apparatus for generating area information on the basis of input inmages

whi ch are i nput as conponent signals. Fig. 98 shows the relationship

bet ween a space correlation and a tinme correlation in a stationary area and

in anoving area. 20 Fig. 99 illustrates an exanple of the calculation of a
space correlation. Fig. 100 illustrate32an exanple of the calculation of a
time correlation. Fig. 101 illustrates a tine correlation and a space 25
correlation in a stationary area. - 34 Fig. 102 illustrates a time
correlation a a rrelati ADYIN Eig. .10 oWws an
exanpl e of an@gﬁpuﬁelﬁgégggﬁa%e% f§4 %8 S resugt g £l h8 H@f@% iﬁﬁtion of
a "DV'ngréié¥1 ?ﬂéﬁdéaﬁigféﬂfﬁ%afﬂé% é§g5§%¥3 odﬁ%”éé%(ﬁ t

determ nation o a ving are a stationary areda by usi 5170 ﬁ( of 15

X 15 pi xgl% @%iWddess. Fig. 106 shows results of the deternlnatlon of a 10
foreground area, a background area, a covered background area, and an

uncover ed backggoued aneastrates the calculation of foreground
5 components.
Fig. 83 illustrates the calculation of foreground
components.
Fig. 84 is a flowchart illustrating the processing for
eliminating motion blur contained in a foreground.

10 Fig. 85 is a block diagram illustrating another
configuration of the function of the image processing
apparatus.

Fig. 86 illustrates the 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 1102.

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

25 Fig. 91 illustrates the configuration of a synthesizer



Fig. 107 is a flowhart illustrating the processing for determning the
area using conponent signals. Fig. 108 shows an enbodi nent of an inmage
processi ng 15 apparatus for calculating a mxture ratio on the basis of an
i nput inmage and area information, which are input as conponent signals.
Fig. 109 illustrates the relationship of the m xture ratios in each
conponent signal. 20 Fig. 110 is a flowhart illustrating the processing
for calculating a mxture ratio using conponent signals. Fig. 111 shows
anot her enbodi ment of an inmage proces33ng apparatus for calculating a

m xture ratio on the basis of input imges and area information, which are
input 25 as conponent signals. - 35 Fig. 112 is a flowhart illustrating
anot her gg@qessing for determining a mxture rati o using conmponent
signals. Fig.” 113 shows still another enbodi nent of an i nage processing

apparat us forFE@[?@baE&E?gﬁaHiéﬁggaiﬁghkoognahhﬁmageg§§5% gL ;Lpput images

and area infornation, are I nput as conponen gna s.lﬁgg. 114 is a

bl ¢k 1 @AMl thisl $1algehe 18 0 Ad0UT A Glorf IH XY &13ld 0l cul ator

1421. Fig. 115 illustrates still” another processing f I'cul"ating a
mxture Hapu® Qhalged RASich Qfrd MRt BRICSIYIhend &3 gnahQr mation, which are

i nput as conponent signals. Best de for Carrying QJdt the Invention
5 Fig. 93 illustrates the relationship among component 1,
component 2, and component 3.
Fig. 94 is a flowchart illustrating the processing for
determining the area 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 component 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 relationship between a space
correlation and a time correlation in a stationary area and
in a moving area.
20 Fig. 99 illustrates an example of the calculation of a
space correlation.
Fig. 100 illustrates an example of the calculation of a
time correlation.
Fig. 101 illustrates a time correlation and a space

25 correlation in a stationary area.



Fig. 1 shows an enbodi nent of an inmage processing 15 apparatus of the
present invention. A CPU (Central Processing Unit) 21 executes various
types of processing according to prograns stored in a ROM (Read Only
Menory) 22 or in a storage unit 28. Prograns executed by the CPU 21 and
data are stored in a RAM (Random Access Menory) 23 as 20 required. The CPU
21, the ROM 22, and the RAM 23 are connected to each other by a bus 24. An
i nput/output interface 25 is also connected to the CPU 21 via the bus 24.
An input unit 26, which is forned of- 3 keyboard, a nouse, a m crophone,
and so on, and an output 25 unit 27, which is fornmed of a display, a

speaker, and so on, - 36 are connected to the input/output interface 25.
The CPU 21 e ut var | s_.of:pLo ' r opsg f9Q.a command
i nput fron1thgggnpgﬁzuﬁg%eggrg¥%§ Eﬁ@% §§§§g9gt§§ﬁt§§§ngl g%eor sound

obt ai ned .as 2158 gghtlgf tR%v§n Qg¢essing to the output unit 27. The storage
unit 28 connected to the Input/output interface 25 is forned of, for

exanple; a haﬁ"ﬂ?d' 863 é‘HQwsSEHréﬁaﬂﬁ%ﬂgréﬂsaﬁ‘xﬁﬁﬂ&@dlﬁé{ the CPU 21 and
vari ous types o data. A conmunication unit connunlcates with an

external 10 devyCelyhashbRs| pbennet Of 8ROt HELePRIMREKon! Hrthi fo6XAGP! e
the communi cation unit 29 serves as an obtaining unit for obtaining an

out pus ohkraasemsar stAktienaali weky,. a program may be obtained via the
conmmruni cation unit 29 and stored in the storage unit 28.

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 component signals.

Fig. 108 shows an embodiment of an image processing

15 apparatus for calculating a mixture ratio on the basis of an
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 the 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 input

25 as component signals.



15 A drive 30 connected to the input/output interface 25 drives a nmagnetic
di sk 51, an optical disc 52, a magneto- optical disk 53, a sem conductor
menory 54, or the like, when such a recording nmediumis attached to the
drive 30, and obtains a programor data stored in the correspondi ng 20
medi um The obtained programor data is transferred to the storage unit 28
and stored therein if necessary. Fig. 2 is a block diagramillustrating the
i mge processing apparatus. It does not matter whether the individual
functions of 25 the image processing 3pparatus are inplenented by hardware
- 37 or software. That is, the block diagrans of this specification may
be hardware bIock di agrans or software functional block diagrans. In this

speC|f|cat|on ETBQEFEQ Qfoggggured Bcg %sﬁﬁngkgnggngggggggg%ggg Ege

real world is Ft ferred as an Irimage o rnp

the i magepr aeesskng ; @g%a&a&%%ﬁleﬁﬁmwla@1ﬁ§>%ﬁ%%ma%é sEAEL Ng_uni ¢

101, an “area speci m xture-rati o cal cul"ator "I04, 10 and a

foreground/baﬁkgroyﬂ§ §EB§EaEQEliOQnOIH@ Othsalségeasklag gﬂs o101

extracts a rough’i mage | ect correspon ing to a foregroun | ect
cont ai ”e‘ikr'o'?:efs@.‘%.n %B&Ibh raTREE £ AN a3 WRALIES ot RE n@Xlh et &d ¢l RS G&l?il ect to a

noti on detector e object extracting unit 101 detects, 15 f
exa”p$e,b@@1@UbE|ﬁ%pQE iR gle@ QAo Wdal TRER rakitaeh, which are input
as component signals.
Fig. 114 is a block diagram illustrating the
configuration of a mixture-ratio calculator 1421.
Fig. 115 illustrates still another processing for

10 calculating a mixture ratio on the basis of input images 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 storage 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 input/output interface 25 is also connected to the
.CPU 21 via the bus 24. An input unit 26, which is formed of
a keyboard, a mouse, a microphone, and so on, and an output

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



contained in the input inmage so as to extract a rough image object
corresponding to the foreground object. The object extracting unit 101
extracts a rough inmage object corresponding to a background object
contained in the 20 input imge, and supplies the extracted i mage object
to the notion detector 102. The object extracting unit 101 extracts a
rough i mage object corresponding to the background object from for
exanple, the difference between  the input image and the extracted i mage
object corresponding 25 to the foregr®end object. - 38 Alternatively, for
exanpl e, the object extracting unit 101 may extract the rough inmage object
corresponding to the foreground object and the rough i nage object

correspondin t o t.he, hackground abject from.the. differen be the 5
T %Onnectted 9 ktghae blurfqlft) W4 grodie Fshdrss and'e t(#\g?lezrqlp

background”?nage stored 1 n = ut

i mage. The JmidQn \gerti%q}sortl)épg%soc%gl %g%ee{%%d‘qr{ %ngeoq{f‘og tof t he roughly

extracted I mage object cor n f'or egroun obf@é? according to

a_techni Qlign e N iy D! 9l Wh TGN G0 O 3 eNtrnPRGSE LOMRLAL T On, or

pel -recursive technique, and supplies the cal cul ated notion vector and the

Mot i on- Vel u RO 114RR)e IdY YITRHd UbdItHLD d5 4 Myt i ¢ffpr speci fying

the positions of the pixels corresponding to the notion vector) to the
area spegdoddid iy ttolGhe Atputl ud® izon- bl ur adj usting unit 106. The

notion vector output fromthe notion detector 102
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. In this example,
the communication unit 29 serves as an obtaining unit for
obtaining an output of a sensor.

Alternatively, a program may be obtained via the
communication unit 29 and stored in the 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 semiconductor memory 54, or the like,
when such a recording medium is attached to the drive 30,
and obtains a program or data stored in the corresponding

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

Fig. 2 is a block diagram illustrating the imége
processing apparatus.
It does not matter whether the individual functions of

25 the image processing apparatus are implemented by hardware



contains information corresponding to the anount of novenent v. The notion
detector 102 may output the notion vector of 20 each inmage object,

together with the pixel positional information for specifying the pixels of
the i mage object, to the notion-blur adjusting unit 106. The anmount of
novenent v is a value indicating a positional change in an inage
corresponding to a noving 25 object in units of the pixel pitch. For
exanple, if an - 39 object inmage corresponding to a foreground i s noving
such that it is displayed at a positidn four pixels away froma reference
frame when it is positioned in the subsequent frane, the anmount of

novenment v of the object image 5 corresponding to the foreground is 4. The

obj ect. ety agiddig.un L A0k A Wi DA delecker o102 e needed when

adj usting the anount of notion b correspondi ng to a noving object. The

area spe éiéelrﬂdaﬂltonl%ﬁeseerﬁamg@ ryﬁw@ QO.Lf c;f’rartflso JOTRY tQJH}CLbar ea, a
I mage

background area, or a m xed area each pi xel he 1 nput el ongs,

and supplfesditinnmMdlicdkx dikdjeadd ng to mhlch area each pi xel bel ongs
(hereinafter referred to as "area information") to the m xture-ratio

cal cul ator 104n thesfepegidicdihaekgaaungagepababer cipeurand 15 the
noti on-blur adjusting unit 106. The m xture-ratio cal culator 104 cal cul ates
t he ndxt wroe resgtona icwy res pondiigedto itthethal X@lad e@itlal rned ddfexd¥dxed ar ea
as an image object.
An input image supplied to the image processing
apparatus is supplied to an object extracting unit 101, an
area specifying unit 103, a mixture-ratio calculator 104,
10 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 extracting 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
object corresponding to the foreground object.
The object extracting unit 101 extracts a rough image
object corresponding to a background object contained in the
20 input image, and supplies the extracted image object to the
motion detector 102. The object extracting unit 101
extracts a rough image object corresponding to the
background object from, for example, the difference between
the input image and the extracted image object corresponding

25 to the foreground object.



63 (hereinafter referred to as the "mxture-ratio a") based on the input

i mge, and the area information supplied from20 the area specifying unit
103, and supplies the mxture ratio a to the foreground/ background '
separator 105. The mixture ratio a is a value indicating the ratio of the
i mge conponents corresponding to the background object (hereinafter also
be referred to as "background conponents”) 25 to the pixel value as
expressed by equation (3), which is - 40 shown bel ow. The

f oregr ound/ background separator 105 separates the input inmage into a
foreground conponent image forned of only the inmage conponents
corresponding to the foreground object 5 (hereinafter also be referred to

as "foregroun ; d kgr Qqund canponent i e forned of
only theg bac%&%%§§§Q§§%§8%e€?§ ﬁ%@gﬁﬁgn %ﬁg &%égc%nF5Fﬁ§g%gﬁg$H6&Fied
fromthe e j v it ;%% X ! r tio . a.supplied from
the m xt ul?{al- ?né‘%lp geg!cgaﬁyac&l}lg aﬂfH(;gr rlO ) Zl%&s% SOHE: ge%éJ 1‘%3 [{Iﬁeesgoonrdelgr}%u d t?b onent

i mage to dh N -dH- | 4t [ I 7.. . The

separ at ed forg[e%trdotjrﬁ]nc#?J J(lg)cntg?rﬁtﬂri@rmrgéﬁr#ayl gj e'.;leryti) Jgeséfhcg) ]:?aqusjo Q'1(§jultn t. A
more  preq sid YREPWIhEMbhackar A d ran he ot aihed Gumangd to a known

method in which only a foreground and a 15 background are specified w thout
consi Her ijag:Kgdr®utic Gthadfee & to rERE iDtd %i@ﬂirﬁdﬂat@égﬂ&ﬁmw'xﬂenﬂ&% dgfer m nes
ne

the unit of processing indicating at |east one pixel contal in the
f or egr ourthecdnmpariteriimagsge based on the anount of novenent v
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 102
contains information corresponding to the amount of movement
v.
The motion detector 102 may output the motion vector of
20 each image object, together with the pixel positional
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



obtained fromthe notion vector and based on the area 20 information. The
unit of processing is data that specifies a group of pixels to be
subjected to the notion-blur adjustnents. Based on the anount by which the
nmotion blur is to be adjusted, which is input into the inmage processing
apparatus, 25 the foreground conponent inmage supplied fromthe - 41

f or egr ound/ backgr ound separator 105, the notion vector and the positional

i nformation thereof supplied fromthe notion detector 102, and the unit of
processing, the notion-blur adjustihgunit 106 adjusts the anmount of
notion blur 5 contained in the foreground conponent image by renoving,
decreasing, or increasing the notion blur contained in the foreground

conmponent . i.mage.. The notion-bl ur. _adj usti it 06 .then.outputs the
for bgr ol CoMARENE LRage o T B o g 4o Oheti . BT Aes ifust ed to

the sel e“t}x%fti # 7yl tdijsg)liaﬁreﬁmafte%z %&tssggl.iok}g%)utrhg)liur tlisoﬁw\égPtf%man the

posi tiona ormati o ereo tron I's a distortion

cont al neq ¢led -2 ceMYameC YriBS AP0 L3 oHRY 09 ACTlinGRusBAbY the

novenent 0 an object to be captur in the real worl the i mage- 15
capturing ghar agher hibhes @ff %B%e%%%?OW-ofh%h§eb%%%QE 1@é4qeel ects one of

the foreground conponent image supplied fromthe foreground/ background
separgt ook saRddling or eteoydd ceeFRedERs i4mage in which the amount of

notion blur is adjusted supplied fromthe
The object 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
indicating to which area each pixel belongs (hereinafter
referred to as "area information") to the mixture-ratio
calculator 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 mixture ratio
o to the foreground/background separator 105.
The mixture ratio o 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



20 notion-blur adjusting unit 106 based on, for exanple, a selection
signal reflecting a user's selection, and outputs the selected foreground
conponent image. An input inage supplied to the inage processing apparatus
is discussed belowwith reference to Figs. 3 25 through 18. - 42 Fig. 3
illustrates image capturing perfornmed by a sensor. The sensor is forned
of, for exanple, a CCD (Charge-Coupled Device) video canera provided with
a CCD area sensor, which is a solid-state i mage-capturing device. 5 An
object 111 corresponding to a foregreuad +n the real world noves, for
exanpl e, horizontally fromthe left to the right, between an object 112
corresponding to a background and the sensor. The sensor captures the

i mge of éﬁ&an é%n 111 10 corresponding to the foreground together with
the image o t ject 112 corresponding to the background. The sensor

out puts t he C%feurf%qe#;%g]gldt/%aw L0l HLRTES 0 08X ARG, - Lhe pgensor

out puts an i mage havi rame S6C expos time of the

sensor camhhe %&%éqqu _Tf&eqlﬁb&zepq:%m Sodd® drsy r_anaQi faﬂﬁﬁ%“ the

sensor starts converting tnput Tight into electrica arge unt en the

conver si afhd rl%é&%dnﬂﬁﬁedﬂﬁmoﬁﬁééﬂ%@irﬁ;ﬁtﬂd CHe Cﬁﬁrélgerdlﬁld fdgiesdied. The
exposure time is also referred to as a utter tinme".” 20 Fig. 4
i |1 uskr at gertdithatan e tbdfrdieetsd dd 44 9'-foreground components")
and a background component image formed of only the
background components based on the area information supplied
from the area specifying unit 103 and the mixture ratio o
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 and a
15 Dbackground 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 v
obtained from the motion vector and based on the area
20 information. The unit of processing is data that specifies
a group 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 image processing apparatus,

25 the foreground component image supplied from the



4, A through | indicate the individual pixels. The pixels are disposed on
a plane of a corresponding i nage. One detection device corresponding to
each pixel is disposed on the sensor. \Wen the sensor perfornms inmge
capturing, each 25 detection device outputs a pixel value of the
corresponding - 43 pixel formng the i mge. For exanple, the position of
the detection device in the X direction corresponds to the horizontal
direction on the inmage, while the position of the detection device in the
Y direction corresponds to the 5 verti&€hl-direction on the imge. 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

shutt er 1R o A HHAES - MG CUMALIRE QlaC! ek iR ectle alpunt of

charge is al most “proportion to the inténsity of the input I'ight and

the periqqf ros%il%r?l 4NQ J d Ia 3% g:ﬁxlétreo-@ﬂ'%u‘ii)%_tl@(\etd ol L EoraPuenti al ly

adds the electrical charge converte fromthé input light to the stored

el ect i caletQRAIGE 1G4 1 NG N PRI O RRARAIN tAd AR tSh-iar.d | me.  That
is, the 15 detection device integrates the input light during the period

cor r espondiing tidd e ishutdeadivst AntheStaaiRtmt RE RJtady aalr charge
corresponding to the anount integrated |ight. It can be considered that

the dstedrda iR\ G& e frdgriRmiatdoipdnenal iiamgs tHy rmespading,0 tinme. 20
The el ectrical charge stored in the detection device is converted into a
vol t age \éaldieai ray ,Cidrc Uirc feaati rehdre) megricdn blur contained in the
foreground component image. The motion-blur adjusting unit
106 then outputs the foreground component image in which
amount of motion blur is adjusted to the selector 107. It
10 is not essential that the motion vector and the positional
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
component image supplied from the foreground/background
separator 105 and the foreground component image in which
the amount of motion blur is adjusted supplied from the
20 motion-blur adjusting unit 106 based on, for example, a
selection signal reflecting a user's selection, and outputs
the selected foreground component image.
An input image supplied to the image processing

apparatus is discussed below with reference to Figs. 3

25 through 18.



the voltage value is further converted into a pixel value, such as digital
data, and is output. Accordingly, each pixel value output fromthe sensor
is a value projected on a 25 |inear space, which is a result integrating a
certain three - 44 dinensional portion of the object corresponding to the
foreground or the background with respect to the shutter tinme. The inmage
processi ng apparatus extracts significant 5 infornmati on enbedded in the
out put signal, for exanple, the mxture ratio a, by the storage operation
of the sensor. The inage processi ng-agpparatus adjusts the anmount of
distortion, for exanple, the amount of notion blur, caused by the m xture
of the foreground i nage object itself. The 10 i nmage processing apparatus

al so adjusts the agou af istortiaon sed by _the m xture of the
For eground | mEgg " apfestSERE Ee DadRgFann T REyE OhrerEs B2 6

illustrat ' ' f4Ir ject ding t
| USTIateh Bt ! TR at“gdbﬁqgglé)yff?c%édrj;de@go%cﬁ %Qéat%galecorar%%‘bon 'ng to a

novi ng foreground "and g a ‘'stationary

backgr ounnih-BR IS PIALES IRl LRILL AR LA a1 4 obt ai ned

by capturinga o corresponding to a noving foreground an a obj ect
correspondidfg 4 R St 3fH QAN RAGANQUNG A thl §mBRA-IddgishridlLen ddmmge

obtai ned by capturing a 20 object corresponding to a moving foreground and
a obj ect AL YYRFJONAIING &Rl Y DIFKFRWIhd lih tde expl e shown

in Fig. 6A, the object corresponding to the foreground
world moves, for example, horizontally from the left to the
right, between an object 112 corresponding to a background
and the sensor.
The sensor captures the image of the object 111

10 corresponding to the foreground together with the image of
the object 112 corresponding to the background. The sensor
outputs the captured image in units of frames. For example,
the sensor outputs an image having 30 frames per second.

The exposure time of the sensor 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 input light to the electrical charge is
finished. The exposure time is also referred to as a
"shutter time".

20 Fig. 4 illustrates the arrangement of pixels. In Fig.
4, A through I indicate the individual pixels. The pixels
are disposed on a plane of a corresponding image. One
detection device corresponding to each pixel is disposed on
the sensor. When the sensor performs image capturing, each

25 detection device outputs a pixel value of the corresponding



is moving horizontally fromthe left to the right with respect to the
screen. 25 Fig. 6B illustrates a nodel obtained by expandi ng pixel - 45

val ues corresponding to one line of the inage showmn in Fig. 6A in the tine
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 fornmed only fromthe background conponents, that is, the imge
conponent s correspondi ng to the background object. The values of the

pi xels in the foreground area are forngdl —only fromthe foreground
conponents, that is, the imge conponents corresponding to the foreground
object. 10 The values of the pixels of the m xed area are forned fromthe

backgrou :F&%ﬁﬁﬂ g:qg t.he Joregrgu E§&mon ts. i t | ues of
t he pixeﬁg'ln t he nﬁ@% aréé_éié fofﬂeggi onftﬁgmiggﬁgfgﬁﬁhcgﬁﬁ%%%ents and
the foregfaund jcRMRREBNS in ithd Y P& dEHIT bR S is HStgfd ion area”.
The m xed 15 area is further classified into a covéred background area and

an uncoveind Anekdr UG A iRh ol HOVRL bagKATOWHE YRR diSd JH X&k area
at a position corresponding to the leading end in the direction 1n which

the foregleaidit i eRivice MIVidia WhENre dtien2 @ radepeuind omenent s are
gradual ly covered with the foreground over tine. In contrast, the

uncover edrdradkgilodid eartdan oA thexdthagar.ea corresponding to the trailing
end in the direction in
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 stores
the converted electrical charge. The amount of charge is

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

15 detection device integrates the input light during the
period corresponding to the shutter time and stores the
electrical charge corresponding 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 circuit (not shown), and
the voltage value is further converted 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-



whi ch the foreground object is noving, where the background 25 conponents
gradual |y appear over tine. - 46 As discussed above, the inage 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
separator 105 as the input image. Fig. 7 illustrates the background area,
the foreground area, the m xed area, the covered background area, and the
uncover ed background area di scussed -abpve- In the areas corresponding to
the image shown in Fig. 6A, the background 10 area is a stationary portion,
the foreground area is a noving portion, the covered background area of

th t.i t.h h f t h K to th

For eqr oufdTeRA4OPRL aﬁ%&&e%afb%&ﬁc PG el Tar ERa RN rka i o a
portion thate ¢haanges f rom Eog%k %%Wdog@@ht Qek %ct1§ob%%§9%%H%qerF' g. 8
|IIustrat g rode] obtalne 9 ing in irection the pixe

val ues oEl Qe pi xel s aligned side- by-side in the i mage obtai ned by
capturing € imge of the object corresponding to the stationary

f oreground anéh&hsmﬁg 'Bﬁseegélﬁeea9§a§§£u§059e§aeeglQQgAinesnétatlonary
background. For exa ? he pi xels aligned by-Side, pixels

arr anged ;i o948 thiohe bR aS 4nE @Rl %@t%@ t5@l10ekad. rbhe eRlax@llevakues
i ndi cated by FO1 through FO4 shown in ig. 8 are val ues of t he pi xel s
corr espopdixieh rle0 15R8 c0l3j €%y 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 mixture 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 capturing a
object corresponding to a moving foreground and a object
15 corresponding to a stationary background. Fig. 6B
illustrates a model corresponding 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 image obtained by capturing a
20 object corresponding to a moving foreground and a object
corresponding to a stationary background. In the example
shown in Fig. 6A, the object corresponding to the foreground
is moving horizontally from the left to the right with
respect to the screen.

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



25 of the stationary foreground. The pixel values indicated by - 47 BOl1

t hrough B04 shown in Fig. 8 are values of the pixels corresponding to the
obj ect of the stationary background. Tinme el apses 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 electrical charge, and the
position at the bottomside of the rectangle in Fig. 8 corresponds to the
time at which the conversion fromthetdnput light into the electrical
charge 10 is finished. That is, the distance fromthe top side to the
bottom side of the rectangle in Fig. 8 corresponds to the shutter tine.
The pi xel s.shown in descri;he a n at, f Iy exanpl e,
t he shutW@#WﬁSW€°r§e5 %&P QPralln% %%L%gg iiﬁglhgppbghtgl “rection
in Fig. % Orr%%%QQQ%etﬁlkg%t;%Q@t'%%. Ed%yégﬂlﬁ§'%%fédll&@AsHMWh

speC|f|caI |n t hé" exanpl e shown i n st ance fronlthe | ef t
si de of ge N9lee o'?l(ascactoeckh@' H:glal' it i@t & tike Hiighteasi de 20 of
the rectangl e indicate 'B04" 1s elght times the pixel pitch, i.e.,

ei ght COﬂSECU%h&evanﬁeksofW@ﬁe EﬂﬁeﬁgrQEVQH@deEkQQbuﬁHdaEEQ hagkgr ound
object are stationary, the i nput into the sensor does not change

during the ReMd %190rfrr%%pm ma@ﬁ&ﬁém&wnénm. A% tThe ,pethieod
corresponding to the shutter time is divided
image components corresponding to the background object.
The values of the pixels in the foreground 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 background area is a mixed area at a
position corresponding to the leading end in the direction
in which the foreground object is moving, where the
20 Dbackground components are gradually covered with the
foreground over time.
In contrast, the uncovered backgroﬁnd area is a mixed
area corresponding to the trailing end in the direction in

which the foreground object is moving, where the background

25 components gradually appear over time.




- 48 into tw or nore portions of equal periods. For exanple, if the
nunber of virtual divided portions is 4, the nodel shown 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 anount of novenent v of the object
corresponding to the foreground within the shutter tine. For exanple, the
nunmber of virtual divided portions is set to 4 when the anount of novenent
v is 4, and the period corresponding to the shutter tinme is divided into
four portions. 10 The uppernost line-i46Fg. 9 corresponds to the first

di vided period fromwhen the shutter has opened. The second line in Fig. 9
corresponds to the second divided period from when the shutter has opened.

The Lhird 11 n8sl 8:EL8so89005008PONS Lhablecbibadndyy dad pechadolpam uhen

the 15 shutter has opene e fourth e in corresponds

fourth dimded per addyamihende o%hLEHeechmed)l%%%rom% shigd &fy ti ”e

di vided in acdcordance With the amount of nmovenent v IS al So herelnafter

referred ¢y agddve 2 'b%mﬂgtrefur;d Ean' 1 INehdthe 3R agle Gardsesponding to

the foreground is stationary, the light input into the sensor does not
change, sptitfiishg Wit ¢ Qosgr aibd rEcrRGReta ikl /daliculetsdl 1toa t hag val ue

obt ai ned by dividing the pixel value FOl1 by the nunber 25 of virtual
di vi ded pivd ifiegrSuid/aEdakgndien tdepaoleat 1:04%s the input image.

Fig. 7 illustrates the background area, the foreground
area, the mixed area, the covered background area, and the
uncovered background area discussed above. In the areas
corresponding to the image shown in Fig. 6A, the background

10 area 1s a stationary portion, the foreground area is a
moving portion, the covered background area of the mixed
area is a portion that changes from the background to the
foreground, and the uncovered background area of the mixed
area is a portion that changes from the foreground to the

15 background.

Fig. 8 illustrates a model obtained by expanding in the
time direction the pixel values of the pixels aligned side-
by-side in the image obtained by capturing the image of the
object corresponding to the stationary foreground and the

20 image of the object corresponding to the stationary
background. For example, as the pixels aligned side-by-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




corresponding to the foreground is stationary, the foreground conponent
FO2/v is equal to the value obtained by dividing the pixel value FO02 by

t he nunmber 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 foreground conponent FO4/v is
equal to the value obtained by dividing the pixel value FO4 by the nunber
of virtual divided portions. 10 Wien the object corresponding to the
background is stationary, the light-i4put into the sensor does not change,
and thus, the background conponent BO1l/v is equal to the value obtained by
dividing the pixel value BOl by the nunber of virtual divided portions.

Simlarl 3f301"‘"’cf]f‘1’]: Mgga & LUk QY S OrBBg e LRt fe hackyy,

stationary, ckgroun onpone is equal to gﬂ'a ue obt ai ned

b di | f
y dividi e%? uﬁ%ﬁégﬁigﬁé ﬂﬂéﬂ@%éﬂloﬁﬂﬂ§lﬁgckdydﬁ

portlons nt BO3/v I's equal to” the val ue obtalned by

di vi di ng the Risxel e\iab%sBQ%oRytmet%Q %n‘%@ 8b+¥oht Yal rdigvi dednportions,
and the background conponent BO4/v is equal to the value obtained by

di vi di ng tH& JH4@la1valive BObdYid e qumber ofe Woditalordiat datk gy tions.
More specifically, when the object corresponding to the 25 foreground is

stati gnargadd ke [drghtreeiamsipondi id.0 8 b rrddorddy agy ahed twibjeecdt | nput

into the sensor does not change
which the sensor starts converting input light into
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
shutter time.

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

15 size.

The horizontal direction in Fig. 8 corresponds to the
spatial direction X in Fig. 6A. More specifically, in the
example shown in Fig. 8, the distance from the left side of
the rectangle indicated by "FO01l" in Fig. 8 to the right side

20 of the rectangle indicated by "B04" is eight times the pixel
pitch, i.e., eight consecutive pixels.

When the foreground object and the background object
are stationary, the light input into the sensor does not
change during the period corresponding to the shutter time.

25 The period corresponding to the shutter time is divided



during the period corresponding to the shutter tinme. 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 FO1l/v corresponding to
the third portion of the shutter tinme/v fromwhen the shutter has opened,
and the foreground 10 conponent FO01l/v corresponding to the fourth portion
of the shutter tinme/v fromwhen the-sh8tter has opened becone the sane
val ue. The sane applies to FO2/v through FO4/v, as in the case of FO1l/v.
When t he object corresponding to the background is 15 stationary, the |ight

corresponing 4y (e SEKSOLRA ableeloql P LLe, L hergenapl s 1

change during t corresponding*to the s ccordingly,

the DbackgioungueHMANanl, G \a LA RMALIKLL O d Ne, FHS o dOF iR, 0f the

shutter tinme/v fromwhen the shutter has 20 opened, the groun

conponent; By, aprdaspandidirdediity L ldi Ahdfn the = ; f/ge.r timel/v

from when the shutter has opened, the "background conponent

cor r espondiduinbert her thi rehPordi i gdrec il tain thdred st fA B Mgy t he

shutter has opened, and the background conponent BO1l/v 25 corresponding to

the fourtto pard iamowft tde dudnieart td el ehe Tbj ddtomohadsgdirdsiyptder has

opened becone the same value. The sane applies to B02/v through B04/v.
the foreground within the shutter time. For example, the

number of virtual divided portions is set to 4 when the
amount of movement v is 4, and the period corresponding to
the shutter time is divided into four portions.

10 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 opened. 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 amount
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 the sensor does not change,
and thus, the foreground component F0l/v is equal to the
value obtained by dividing the pixel value F0l by the number

25 of virtual divided portions. Similarly, when the object



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
time direction the pixel values of the pixels in one line, including a
covered background area, when the object corresponding to the foreground
is moving to the right in 10 Fig. 10. In Fig. 10, the anount of novenent v
is 4. Since one frane is a short period, it can be assuned that the

obj ect corresponding to the foregroundt9g s-a rigid body noving with
constant velocity. In Fig. 10, the object inmage corresponding to the
foreground is noving such that it is 15 positioned four pixels to the

right with respect,.to ref erence frane .when it. is displayed in the
subsequeMHFEE PdPHgF%G.Q%i ﬁ%ﬁ?%ﬁ%ﬁ#ﬁ1Fr5%ﬁﬁ%§q%ﬁ%7£%Eypier to the
fourth pixel bhelo ta the foregrou rea. L.n Eig. t i xel rom
the fiftfogeoReRs CORPOREHy & Ot/ Ye 1%, it | Pl wtlud %%&aﬁg?ét by o

area. whifGl i8N TREOYINRE MAGIINBALER ot o el Qi atigar | gt st

pi xel belongs 't ground area. “The obj ect correspo ng to the

For eg1 0UNE /i IDYG; UOh e o BiRda i EANRES 19 OlLGlgual co

corresponding to thefba ground over tine. Accordingly, the conponents
- 52 sconhal Red Jd Jte iRty diHAa% 16y thie pivkells elhengiong byo tHe  covered

background area change from the background conponents to the foreground
conponentynife rd Ferlidthalll M vided portions, and the foreground
component F04/v is equal to 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 thus, the background component B0l/v is equal to the
value obtained by dividing the pixel value BOl by the number
of virtual divided portions. Similarly, when 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 B03/v is equal to
the value obtained by dividing the pixel value BO03 by the
20 number of wvirtual 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



during the period corresponding to the shutter tine. 5 For exanple, the

pi xel value M surrounded by the thick frame in Fig. 10 is expressed by
equation (1) below. M = B02/v+B02/v+F07/v+F06/v (1) For exanple, the fifth
pi xel fromthe left contains a background conponent corresponding to one
portion of the 10 shutter time/v and foreground conponents corresponding to
three portions of the shutter tine/v, and thus, the mxture ratio a of the
fifth pixel fromthe left is 1/4. The sixth pixel fromthe | eft contains
background conponents corresponding +os¢we portions of the shutter tine/v
and 15 foreground conmponents corresponding to two portions of the shutter
tinme/v, and thus, the m xture ratio a of the sixth pixel fromthe left is

1/ 2. The eventh xel. fromthe l.e ontalns ba rou onent s
correspor}‘f:(llregCJ dn % ecr;cor |o%s (ﬂ‘tot h(ei'1 SRS tdfﬁ% %h Chf eground

conmponen I.5es of th tter ne/v and t hus,
t he n1xt3¥égT ﬁ%E%Q%$Qfﬂ9<% plxe ron1 ﬁﬁ%% It can be
assumed thal, Ri eGl, £ Jree%q(ng{dﬁg: [ ody,
and the #%regroun objectqEr novi ng ﬁ#@ﬁﬁgﬁﬂiggﬁgﬁee OCI ﬁﬁg #*#ﬂé% it is
di spl ayeetﬁeowlrsze% girtalon oF the rélﬁﬂ'.ttérn diffe AUBSRA e e

Accordingly, - for exanple, the foreground conponent F07/v of the

fourth @meﬂtefxrmst%elr@fd itheFi b r b} AT RERPIHAE tFo1tRe first  portion
of the shutter time/v fromwhen the shutter has

corresponding to the second portion of the shutter time/v
from when the shutter has opened, the foreground component
FO0l/v corresponding to the third portion of the shutter
time/v from when the shutter has opened, and the foreground

10 component F0l/v corresponding to the fourth portion of the
shutter time/v from when the shutter has opened become the
same value. The same applies to F02/v through F04/v, as in
the case of F0l/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 during the period
corresponding to the shutter time. Accordingly, the
background component BOl/v corresponding to the first
portion of the shutter time/v from when the shutter has

20 opened, the background component B0l/v corresponding to the
second portion of the shutter time/v from when the shutter
has opened, the background component B0l/v corresponding to
the third portion of the shutter time/v from when the
shutter has opened, and the background component B0l/v

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



opened is equal to the foreground conponent of the fifth 5 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 ‘
FO7/v is equal to the foreground conponent of the sixth pixel fromthe
left in Fig. 10 corresponding to the third portion of the shutter 10
tinme/v fromwhen the shutter has opened, and the foreground conponent of
the seventh pixel fromthe left in Fig. 10 corresponding to the fourth
portion of the shutter tine/v fromwh&h the shutter has opened. It can be
assuned that the object corresponding to the 15 foreground is a rigid
body, and the foreground object is noving with constant velocity such that

it is digﬁkﬁyggmﬁp%%e @Hﬁ%%ﬁﬁ;ﬁéé“% éégg ﬂé&&ﬁ?W%#p%%%#s ggfe%”eThe

Accordin or exanpl e, or eground conpone e third

pi xel frao@dhedhafited BFiEd2 AP GRIIRIPHWH ARG to the first 20 portion of the
shutter tinme/v fromwhen the shutter has opened is equal to the foreground

component of hhaekewibRioRi X8l ghkam blethel taki Ehgwhlghcehéeée9ﬁékn9 to
a

the second portion of the shutter tine/v fromwhen the shutter S

opened. Yd¥ideadponditie Horee Wi HIMmRNay mfliny isheawdl 23 de the
foreground conponent of the fifth pixel fromthe left - 54 in Fig. 10
cor r eSporainig sto@nidieg Rior dheo e oy refuridne ss iattaonaryte/ v from when the

shutter has opened, and the foreground conponent of the sixth pixel from
the left in FFyg.100coiiespondengat motike bburthefobyi erpahdihg shutter
timelv the time direction the pixel values of the pixels in one
line, including a covered background area, when the object
corresponding to the foreground is moving to the right in
10 Fig. 10. 1In Fig. 10, the amount of movement v is 4. Since
one frame 1s a short period, it can be assumed that the
object corresponding to the foreground is a rigid body
moving with constant velocity. 1In Fig. 10, the object image
corresponding to the foreground 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 foreground area. In Fig. 10, the
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

such that it gradually covers the object corresponding to

25 the background over time. Accordingly, the components



5 from when the shutter has opened. It can be assuned that the object
corresponding to the foreground is a rigid body, and the foreground object
is mnoving with constant velocity such that it is displayed four pixels to
the right in the subsequent frame. Accordingly, 10 for exanple, the

f oreground conponent FO5/v of the second pixel fromthe left in Fig. 10
corresponding to the first portion of the shutter tinme/v fromwhen the
shutter has opened is equal to the foreground conponent of the third

pi xel fromthe left in Fig. 10 correspdnding to the second 15 portion of
the shutter tinme/v fromwhen the shutter has opened. Simlarly, the

f oreground conponent FO5/v is equal to the foreground conponent of the

fourth pixel, f.r t:he eft. jn Flg.. 10 rrespandi-ng,ta the third portion
of the scﬁgltttaelrn%ﬁ r:rLgl/ v }{‘er érﬁ’!vﬁ}eﬁ} %huee]ss ﬁ&?ttehre t?als‘f{e&psgr?eeg,owq e 36

f or egr ound,cQgOReRl Ol e fidd R e Infq9. 10
corresponding to the gg%urt h apoeIt rbé%‘ﬁg tfilrgoqg]rﬁjr{ét éraec{kltgr#i?/%\?d from when the
shutter hasmpepered td ﬁH§1ﬂy%€$§ﬁﬂﬁﬁckﬂ%k e ohyject ihg to the
f oreground fgﬂ% rigid body, an _the_foregréhng:oEFgct(#%ﬁ%gﬁﬁggﬁ%b with
const ant M&iegy ttmélp@}iwaﬁkdﬂrés'%cﬂiﬁmgayt%d U192 r RIXRI S to the right
in the subsequent frame. Accordingly, Tfor exanple, the foreground

conpoiient FO4frgroéxbhplbef thaophxeDi ¥ehubnNMFEdrrddnaelr 8gPeAd REiER t he
first portion of the shutter tinme/v fromwhen the shutter has opened is

equal t o fratiee ihoFegr.ound icorp@Ieniscdfl byheqEesart pivsebdioam the |eft

i

M B02/v+B02/v+F07/v+F06/v (1)
For example, the fifth pixel from the left contains a
background component corresponding to one portion of the
10 shutter time/v and foreground components corresponding to
three portions of the shutter time/v, and thus, the mixture
ratio o of the fifth pixel from the left is 1/4. The sixth
pixel from the left contains background components
corresponding to two portions of the shutter time/v and
15 foreground components corresponding to 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 component
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 to 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,



in Fig. 10 corresponding to the second portion of the shutter tine/v from
when the shutter has opened. Simlarly, the foreground conponent FO4/v is
equal to the foreground conponent of the third pixel fromthe left in Fig.
10 10 corresponding to the third portion of the shutter tinme/v from when
the shutter has opened, and the foreground conponent of the fourth pixel
fromthe left in Fig. 10 corresponding to the fourth portion of the
shutter tine/v fromwhen the shutter has opened. 15 Since the foreground
area corresponding to the noving obfeB8 eontains notion blur as discussed
above, it can also be referred to as a "distortion area". Fig. 11
illustrates a nodel obtained by expanding in the tine direction the pixel

val ues off & 'xﬁﬁﬂé,i{h&“@@ 6 i '&gt Woélf.r@éje b@oc rﬁ)und ar ea
’?4 R e Tt Bune

when t he objec cor'respon grou S noving to e right in

Fig. 11. 4N gerddd.cfdie SP0UH ﬁg.mv(ﬁg@%ﬁvs'o%ncflinf@&eua?on@iég@”e Is a

short period, it canlte assuned at t ct cortesponding to the

Foregroungh i ¢h rd @1 thd Afvu 2% MOV W £ opsd/tny el pgi o 4y Fig. 11,
the object image - 56 corresponding to the foreground Is noving to the

right sudperditid tedifa POosd tinesh otk @ sindShdhie &# Wie Wify espect  to
a reference frane when it is displayed in the subsequent frame. 5 In Fig.

11, the pixeds framtide left Mmstriy xelo tevttespdiidd % x@le had@igito the
background area. In Fig. 11, the

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
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

15 foreground is a rigid body, and the foreground object is
moving with constant velocity such that it is displayed four
pixels to the right in the subsequent frame. Accordingly,
for example, the foreground component F06/v of the third
pixel from the left in Fig. 10 corresponding to the first

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



pi xels fromthe fifth pixel to the seventh pixels fromthe |eft belong to
the m xed area, which is an uncovered background area. In Fig. 11, the

ri ght nost pixel belongs to 10 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
corresponding to the background over tine. Accordingly, the conponents 15
contained in the pixel values of the pixels belonging to the uncovered
background area change fromthe foregrotind conponents to the background
conponents at a certain tinme of the period corresponding to the shutter
time. For exanple, the pixel value M surrounded by the thick 20 franme in

Fig. 11 i.s ressed by equatj.o . 3 .FO2/ v+ + + F
exgrrpl e, ltrhgx"pﬁ ft ﬁoi%eéles%roélr%ﬂn%e(q%)eftthlgcécgilé:%?éIjl;tg'(]:c{%ro(?zugz %C(%%nlg{&xtee%f?s o
correspondi hg.t Q. t orti o t ti nd
Corponont i Eo i RO Ul e s Sidriia | 1R BN G BT

and t hu&co‘n{(b rert! Ofﬁegeurstqh}getq.{ ié%x%loffrtcﬂp did thdi %6l Hipmithe left is

3/4. The sixth pixel from cont al ns background conponents

corr eSDOQQJ&%stp%x{d%(%OOJ& RS fQurlthe pPMll df ey sk tdonasound

conponents corresponding to two portions of the 5 shutter tinme/v, and thus,
the ngxt @ atHed & JdHhf tdXias Ripeeledromthe left is 1/2. The seventh

pi xel fromthe left contains a background conponent corresponding to one
portion It can be assumed that the object corresponding to the
foreground is a rigid body, and the foreground object is
moving with constant velocity such that it is displayed four
pixels to the right in the subsequent frame. Accordingly,

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

25 moving with constant velocity such that it is displayed four



of the shutter tinme/v and foreground conponents corresponding 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 Mcan be expressed by equation (3): M= a
B+Fi /v (3) 15 where a is the mxture ratio, B indicates a pixel value of
t he background, and Fi/v designates a foreground conponent. It can be
assunmed that the object corresponding to the foreground is a rigid body,
which is noving with constant veloctty5 and the anount of novenent is 4.
Accordingly, for 20 exanple, the foreground conponent FOl1/v of the fifth
pi xel fromthe left in Fig. 11 corresponding to the first portion of the

shutter tj.nme/(\w fro . er hgﬁ i eq (W or egr ound
corrponen?loq%{]t egos{gx%%i}{eﬁe l?r{]géme the e(ﬁgq{)cﬁdfl‘—t:agr}e '11%?0%%%3%@3{%9 to the
second i 5 Sy ' wWhen t ened.
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component, igfe 1t g $EYLNUNY RicwleJJAMIME d£ithd i dd9 polck s IESRGI ng to
t he thirénbéition 0¥Fthe shutteerlJ tfﬁgfv fron1mﬁ%n tﬁ% sﬁhtter has opened,

and the fORAHQURA MR /AOMURERING] dHe Hutldy Raeloddr¥m tihe dfifdy vy Fig. 11
corresponding to the fourth portion of the shutter tine/v fromwhen the
shutt Br has qeanregourd campuhass WEdHdateddifl Qlj:eQ e espondiig to the
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 the shutter has opened, and the foreground
component 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.
15 Since the foreground area corresponding to the moving
object contains motion blur as discussed above, it can also
be referred to as a "distortion area".
Fig. 11 illustrates 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
corresponding to the foreground is moving to the right in
Fig. 11. 1In Fig. 11, the amount of movement v is 4. Since
one frame is a short period, it can be assumed that the

object corresponding to the foreground is a rigid body

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



foreground is a rigid body, which is noving wwth constant 10 velocity, and
t he anobunt of novenent v is 4. Accordingly, for exanple, the foreground
conponent F02/v of the sixth pixel fromthe left in Fig. 11 correspondi ng
to the first portion of the shutter tine/v fromwhen the shutter has
opened is equal to the foreground conponent of the seventh 15 pixel from
the left in Fig. 11 corresponding to the second portion of the shutter
time/v fromwhen the shutter has opened. Simlarly, the foreground
conponent FO2/v is equal to the foregi®und conponent of the eighth pixel
fromthe left in Fig. 11 corresponding to the third portion of the 20
shutter tinme/v fromwhen the shutter has opened. It can be assuned that the

obj ect CoLesapndial 9. e fLRgraud: L il RO WG LoVt ng

. or
wi th constoan ocCi t'he anmou Ve Vs ccordingly,
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conponent of the eighth pixel fromthe left Fig. 11 corresp Ing to
the secong.gjeortion of the shutter tine/v fromwhen the shutter has 5
opened. It has been described with reference to Figs. 9 through 11 that

the nginber ofIMiF&gal1dLVkﬂedp@9équm&thtﬁe Thetmpyrbgr kel vortuwal divided
portions corresponds to the anobunt of novenent v. Generally, the anount of
novenent fburth 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 uncovered |
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 corresponding
to the background over time. Accordingly, the components
15 contained in the pixel values of the pixels belonging to the
uncovered background area change from the foreground
components to the background components at a certain time of
the period corresponding to the shutter time.
For example, the pixel value M' surrounded by the thick
20 frame in Flg. 11 is expressed by equation (2).
M' = F02/v+F01/v+B26/v+B26/v (2)
For example, the fifth pixel from the left contains
background components corresponding to three portions of the

shutter time/v and a foreground component corresponding to

25 one shutter portion of the shutter time/v, and thus, the



10 corresponds to the noving speed of the object corresponding to the
foreground. For exanple, if the object corresponding to the foreground is
novi ng 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 anount
of 15 novenent v is set to 4. The nunber of virtual divided portions is
set to 4 in accordance with the anount of novenent v. Simlarly, when the
obj ect corresponding to the foreground is noving such that it is displayed
six pixels to the left with respect-t®7a-certain frane when it is 20
positioned in the subsequent frane, the anount of novenent v is set to 6,
and the nunber of virtual divided portions is set to 6. Figs. 12 and 13

illust rat[ﬁ)g.%}eré eﬂaactjié:g%?mf) Ja{e tﬂef i%%)jﬁggloumongrt aébal}-ﬁ(h%r bflscgg}o und area,

and the mXed ar ea whi'ch“consi’s a covere oun s an
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per | ods_Qlo IR 4d B0 Fidkt And I HSIHALER A £XATRL &, ghthi ch pi xel s

in the 5 foreground area, the backgroun e mXxed area are
extract e drefPAthd RGN HIWSTHEHPWY tfPIESPUHY NgF tigan 0obj ect

noving in front of a stationary background. In the exanple shown in Fig.
12, the ahrader ididieyai eddy trils CAHe PO et tdex fox egfOWuk 1S
pixel from the left is 1/2. The seventh pixel from the left
contains a background component corresponding to one portion
of the shutter time/v and foreground components
corresponding to three portions of the shutter time/v, and
10 thus, the mixture ratio a of the seventh pixel from the left
is 1/4.
When equations (1) and (2) are generalized, the pixel
value M can be expressed by equation (3):
M=a-B+)Fi/v (3)
15 where 0 is the mixture ratio, B indicates a pixel value of
the background, and Fi/v designates a foreground component.
It can be assumed that the object corresponding to the
foreground is a rigid body, which is moving with constant
velocity, and the amount of movement is 4. Accordingly, for
20 example, the foreground component F0l/v of the fifth 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 sixth pixel from
the left in Fig. 11 corresponding to the second portion of

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



10 horizontally nmoving with respect to the screen. Frane #n+l is
subsequent to frame #n, and frame #n+2 is a frame subsequent to frane
and the m xed
area are extracted fromone of franmes #n through 15 #n+2, and the anount
of novenment v is set to 4. A nodel obtained by expandi ng the pixel val ues
of the extracted pixels in the tinme direction is shown in Fig. 13. Since
t he object corresponding to the foreground is noving, the pixel
the foreground area are formed 20 of §®&ur different foreground conponents
corresponding to the shutter time/v. For exanple, the | eftnost pixel of the
FA /v, FO02/v,

#n+l . Pixels in the foreground area, the background area,

pi xels in the foreground area shown in Fig. 13 consists of

FO3/ v, Zg@gfrﬁ%ﬁwg e 18 d me?(%éﬁﬁjorﬁetnr{e Fofl%eqrsog{ﬁ,da@%ai ¢

bl ur. nce t obj ect corresponding to the backgr
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the backgrgund 1area rdQ ARl iGN RhdTRIHIQ Rlo¥tion Bie g @haldies in the
m xed area consisting of a covered background area or an uncovered

backgr ound n@l/Ra ot whenmeteofs Hiareg ounrd neniny b

conponents. A description is given below of a nodel obtained by
in the tigEmpdine@et iodn thiee alighadh alxeas ffont htie 1@ M %6l ¥iwhi gh are al i gned

side-by-side in a plurality of

expandi ng

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 first



frames and which are | ocated at the sanme positions when the franes are

over | apped when the image corresponding to the object is noving. For
when the image corresponding to the object is noving horizontally

exanpl e,

with respect to the 15 screen,

as the

expanding in

pi xel s aligned on the screen can be sel ected

pi xel s aligned side-by-side. Fig.14 illustrates a nodel obtained by

in three frames of an i mage obtained by capturing an object 20
corresponding to a stationary backgrouwal -and which are | ocated at the sane

posi tions when the frames are overl apped.
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It has been described with reference to Figs. 9 through
11 that the number of virtual divided portions is 4. The
number of virtual divided portions corresponds to the amount
of movement v. Generally, the amount of movement v
corresponds to the moving speed of the object 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 |
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
foreground is moving such that it is displayed six pixels to
the left with respect to a certain frame when it is
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
foreground area, the background area, and the mixed area

which consists of a covered background or an uncovered

10 in three franmes of an i nage obtai ned by
is noving to the



Fig. 15 together with an object corresponding to a stationary background
and which are |located at the sane positions when the franmes are
over | apped. The nodel shown 15 in Fig. 15 contains a covered background
area. In Fig. 15, it can be assuned that the object corresponding to the
foreground is a rigid body nmoving with constant velocity, and that it is
nmovi ng such that it is displayed four pixels to the right in the
subsequent frane. 20 Accordingly, the amount of novenent v is 4, and the
nunber of virtual divided portions +s6d.-For exanple, the foreground
conponent of the leftnost pixel in frame #n-1 in Fig. 15 corresponding to
the first portion of the shutter tinme/v fromwhen the shutter has 25

opened i d e..foreground conponent of_t second - 63. pixe
fromt hesqagcf]]{dﬁl/dﬁl ﬁ]’g .V}}{thcoaﬁeegs%osnc |SnsgencFoa T s e%oo%e p%orriei%rﬁw(ﬂd t he
shutter td %?HQ# e [ sQ F12/v. The
foregr ound oo\r{?p%r{]%rna 0 ncti%%% ir Oq%qé]?or?p?ogln%}[e%e ﬁsoeﬁtes?pno g oy

corr espor}_q{engiit‘&&%f: gdiiidhiso Pordionsmitddie syt ter time/v fromwhen the

shutter has opened and the foreground conponent of the fourth pixel from

the left in Firgg 132CQnR63RAFLRT aho kBRI QUALN WRALH BR QR s Ghephut ter
tinmel/v fronlmheg the shutter has gpeﬁed gre lFlE/vF 1% %hesfggeéﬁgund

conpopents Hedrdttudelfdrarst tHeXdadyddute ardtyr 1 ddy Rire mh&Prdespondi ng to
t he second portion of the shutter time/v fromwhen the shutter has opened
is Fll/v.extracted from an image containing a foreground
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+l is a frame subsequent to frame #n, and frame
#n+2 is a frame subsequent to frame #n+1.
Pixels in the foreground area, the background area, and
the 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 direction 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 components corresponding to the
shutter time/v. For example, the leftmost pixel of the
pixels in the foreground area shown in Fig. 13 consists of
FO0l/v, F02/v, F03/v, and F04/v. That is, the pixels in the
foreground contain motion blur.

25 Since the object corresponding to the background is



The foreground conponent of the second pixel fromthe left in Fig. 15
corresponding to the third portion of the shutter 15 tine/v from when the
shutter has opened is also F11/v. The foreground conponent of the third
pi xel fromthe left in Fig. 15 corresponding to the fourth portion of the
shutter tinme/v fromwhen the shutter has opened is Fil/v. The foreground
conponent of the leftnost pixel in frame 20 #n-1 in Fig. 15 correspondi ng
to the third portion of the shutter tine/v fromwhen the shutter has
opened is F10/v. The foreground composient of the second pixel fromthe
left in Fig. 15 corresponding to the fourth portion of the shutter tine/v
fromwhen the shutter has opened is also 25 F10/v. The foreground

conmponent_.of .the | eft ixel. in .- fr i Fi G
corres por?&’lartlﬁopo “fhe lﬁ%ﬁl&t ﬁnéglr ilglpfoog%et ﬁee%rsgﬁtﬁ%eorrﬂﬁgﬁgp\g}hfl#gr%omﬁgﬁ t he

shutter Q%%g%?%%gﬁ %ﬁr%ggfﬁﬁgl h%&%%& b %%e%i%gti%ha%@%.leE%nQ%Hspixe

fromthe ongs t oreground area, and the second through 5

fourth picgles %%W?fi&%_ll ol Al R0 e The KR Aleda WY et icontaaever ed
background area. The fifth through twelfth pixels fromthe left of frame

#n-1 in RogiokSHhelong to the background area, and the pixel values
t hereof are B04 through Bll, respectively. 10 The first through fifth
pi xels from tigel pikelnvhilase ifinthe higedl&rbel esgstettihg baraground area.

The foreground conponent in the shutter tine/v in the foreground area of
frame #ndovearyl ®aekefromddl \ardy auglan-i/covered background area are
formed of foreground components and background 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
frames are overlapped when the image corresponding to the
object is moving. For example, 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
pixels aligned side-by-side.
Fig. 14 illustrates a model obtained by expanding in
the time direction the pixels which are aligned side-by-side
in three frames of an image obtained by capturing an object
20 corresponding 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-1l, and frame
#n+l is the frame subsequent to frame #n. The same applies
to the other frames.

25 The pixel values BOl through Bl12 shown in Fig. 14 are



It can be assunmed that the object corresponding to the 15 foreground is a
rigid body noving with constant velocity, and that it is noving such that
the foreground image is displayed four pixels to the right in the o
subsequent franme. Accordingly, the foreground conponent of the fifth pixel
fromthe left of frame #n in Fig. 15 corresponding to the 20 first portion
of the shutter tine/v fromwhen the shutter has opened is F12/v, and the
foreground conponent of the sixth pixel fromthe left in Fig. 15
corresponding to the second portion-o62the shutter tine/v fromwhen the
shutter has opened is also F12/v. The foreground conponent of the 25
seventh pixel fromthe left in Fig. 15 corresponding to the - 65 third

porty on e SO B LLAR WELADS SNA4SLr 1% SRengs 200 (e

f or egr ound "conponent pi xe

corr esponding. {0 e, dou FOIAOT Gl I SIMIY B0 LIIPIN, LGB UEN 4 e

shutter has opened are 5 F12/V. e fore onponent™ 0 pi xe

from the sdafitofry ) alfe #hidl R udd wrﬁﬁw%&r&dﬂﬁ pé%l\r/gd ifﬁgrt ion

of the shutter tine/v fromwhen the shutter has opene

f or egr ourtkpenpananttifoddie Stamd #0 Pideindd WRddige | efod Nefingh1£l5
corresponding to the third portion of the shutter tinme/v fromwhen the

shutt&r hase popeniedn S0 #llkdnd e §ilagriound samanant] sfa e asevent h
pi xel fromthe left in Fig. 15 corresponding to the fourth portion of the
shut ter tuihee/oodnemnostEmdg e ssitiitdrerof the pixel having the pixel

value B05 in frame #n-1 have the pixel value BO0S5.

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
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.

20 Accordingly, the amount of movement v is 4, and the number
of virtual divided portions is 4.

For 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 F12/v, and the foreground component of the second



15 has opened is F11/v. The foreground conponent of the fifth pixel from
the left of frame #n in Fig. 15 corresponding to the third portion of the
shutter time/v fromwhen the shutter has opened is F10/v. The foreground
conponent of the sixth 20 pixel 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 fifth pixel fromthe left
of frame #n in Fig. 15 corresponding to the fourth portion of the shutter
time/v fromwhen the 25 shutter has -opghed is FO9/v. - 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 t shutt.er. ti v . fer tter h pened is
BO5/ V. Tﬁé‘xﬁgc E&P&%ﬁlecgr‘?p%néﬁ’t s “of tlt?e%?er\\{/%%[r&ﬁ%%gin?]el%of S%lr% % ﬁ%éz%lngift of

fram #ndohdiod ofS QU 8RN Mgy 3R] Wit AL SRGAAL.PREY ONs of the

shutter FOrerv from en the shutter has opened are B06/v. The background

conponents, b he eighl RipiXe! ek dr@linOle iR e thQ Firdral5

corresponding to the first through third portion of the shutter tine/v
from when;the st ehhas apenetiaf.e 15BRHtesiddndidie tH the Hd.rdl5, the

sixth through eighth pixels fromthe |left belong to the m xed area, which
IS a SoVeRdiohd Jraakd emd t¥readime/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

Fl12/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 opened is Fll/v.

The foreground component of the second pixel from the left
in Fig. 15 corresponding to the third portion of the shutter

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

The foreground component of the leftmost pixel in frame

20 #n-1 in Fig. 15 corresponding to the third portion of the
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 of the

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

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



The ninth through twelfth pixels fromthe left of frame #n in Fig. 15

bel ong to the background area, and the pixel values thereof are B0S8

t hrough B11l, respectively. The first through ninth pixels fromthe left in
frame 20 #n+l in Fig. 15 belong to the foreground area. The foreground
conmponent in the shutter tine/v in the foreground area of franme #n+l is
any one of FOl/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 sugh +hat the foreground image is - 67
di spl ayed four pixels to the right in the subsequent frane. Accordingly,
the foreground conponent of the ninth pixel fromthe Ieft of frame #n+l in

Fig. 15 respendi n h t port e ut t.er t| /v f rom when
(]‘.Orr %; q. 191 d\.# ell._51 rsr S% dnln oretr}l urt chlf Q[

t he shutter S ‘opéené groun
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of the shu ter ne/v en the shut as opene rs-al so

foreground cOfROREaheOknLlics pekeyenth pikel 1LEARLLICLELE ROk gneld

corresponding to t portion’of the shutter tine/v tromwhen the

shutter 1has opal sa% tﬁ% IR I GIRONGHY Gfhd @%éo\eﬁi ftfrRigrel  from

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

time/y freyuwenitdka sfldereag arenrd i td-kHe/ mikdlhe-d0r egrieund
conponent of the ninth pixel fromthe left of frame #n+l in Fig. 15
correspong Rg dowddarl $Rekytound 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 Bll, respectively.
10 The first through fifth pixels from the left in frame
#n in Fig. 15 belong to the foreground area. The foreground
component in the shutter time/v in the foreground area of
frame #n is any one of F05/v through Fl2/v.
It can be assumed that the object corresponding to the
15 foreground is a rigid body moving with constant velocity,
and that it is moving such that the foreground image is
displayed four pixels to the right in the subsequent frame.
Accordingly, the foreground component of the fifth pixel
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 Fl2/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 F12/v. The foreground component of the

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



portion of the shutter tine/v fromwhen the shutter has opened is F11/v.
The foreground conponent of the tenth pixel fromthe left in Fig. 15
corresponding to the third 20 portion of the shutter tine/v fromwhen the
shutter has opened is also F11/v. The foreground conponent of the

el eventh pixel fromthe left in Fig. 15 corresponding to the fourth
portion of the shutter tine/v fromwhen the shutter has opened is F11l/v.
25 The foreground conponent of the ninth pixel fromthe - 68 |left of frane
#n+l in Fig. 15 corresponding to the-tégr€ portion of the shutter tinme/v
fromwhen the shutter has opened is F10/v. The foreground conponent of the
tenth pixel fromthe left in Fig. 15 corresponding to the fourth 5 portion

f th t.t time/v f wh t ' I F10/v. Th
?oreg?oﬁH%”ﬁ%%ﬁﬁ#gﬁfxbfﬁfﬁ%“%?%?ﬂﬂﬁﬁfBé%&ﬁﬁbﬁﬁ%ﬁéqﬁ§$fq%%§ ?%%%e n+1vin ©
Fig. 15 i { | fo t td. YRV
when the TehoEETE hand, st do stshis Y ghels (IS S sEhal BTG o
the backg NG Hes 1 HALOMAIY, 1AL AP RN Rl di BRI PI xel

from the left in Fig. 15 corresponding to the rst portion
of the S%tf“t‘?{e RO of ROMMRLTE AR WHUH 1t8le Nt 1RReNRE IchBRY Brelhe
background conponents of the eleventh 15 pixel fromthe |éeft of frane #n+l
in Fig. ¥axqrresponding to the first and second portions of the shutter
time/v from when the shutter has opened are B10/v. The background

The foreground component of the fifth pixel from the

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

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

15 has opened is F1ll1l/v.

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

20 pixel from the left in Fig. 15 corresponding to the fourth
portion of the 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 corresponding to
the fourth portion of the shutter time/v from when the

25 shutter has opened is F09/v.



conponents of the twelfth pixel fromthe left of frame #n+l in Fig. 15
corresponding to the first through third portion 20 of the shutter tinme/v
fromwhen the shutter has opened are Bll/v. In franme #n+l in Fig. 15, the
tenth through twelfth pixels fromthe left belong to the m xed area, which

is a covered background area. 25 Fig. 16 illustrates a nodel of an inmage
obtained by - 69 extracting the foreground conponents fromthe pixel
values shown in Fig. 15. Fig. 17 illustrates a nodel obtai ned by expandi ng

in the time direction the pixels whict6are aligned side-by-side 5 in
three frames of an inmage obtained by capturing an object corresponding to a
foreground that is noving to the right in Fig. 17 together with an object

e T hoa hasiRed AEALEIIAGY BITALAN D Lo oER QR BGRLE 2 1T same

posi ti ons when ranes-are overla el “sh nFig 17

contal ns A ANGAMES S RAYQNOUULR ompddbii G Ihe Ids0a1) ﬁ%ceaisw t hat

the object corresponding to reground 1s a rigi novi ng W th
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pixels to the right in the subsequent frame. 15 Accordingly, the anmount of
NoVenent poitSich JOMRXAMI el RGO W RIMAERIRe it dhend £f t nost

pixel in frame #n-1 in Fig. 17 corresponding to the first portion of the
shutter tdgwias firomoden t hesmidigfrdasd components of the 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 B06/v. The background
components of the eighth pixel from the left of frame #n in
10 Fig. 15 corresponding to the first through third portion 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, which is a covered
15 Dbackground area.
The ninth through twelfth pixels from the left of frame
#n in Fig. 15 belong to the backgrohnd area, and the pixel
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 foregroundlarea. The
foreground component in the shutter time/v in the foreground
area of frame #n+l is any one of F0l/v through Fl2/v.
It can be assumed that the object corresponding to the

foreground is a rigid body moving with constant velocity,

25 and that it is moving such that the foreground image is



opened is F13/v, and the foreground conponent of the second 20 pixel from
the left in Fig. 17 corresponding to the second portion of the shutter
time/v fromwhen the shutter has opened is also F13/v. The foreground
conmponent of the third pixel fromthe left in Fig. 19 corresponding to the
third portion of the shutter time/v fromwhen the shutter has 25 opened
and the foreground conponent of the fourth pixel from- 70 the left in
Fig. 17 corresponding to the fourth portion of +the shutter tine/v from
when the shutter has opened are F13+ve7The foreground conponent of the
second pixel fromthe 5 left of frame #n-1 in Fig. 17 corresponding to the
first portion of the shutter tine/v fromwhen the shutter has opened is

F14/v. The faoreground caonponent, of .the third _pixel fromthe left in Fig.
17 corr es%losrP?i]iar?ge Cfopcf‘hre Ketond topoi%}f?ornl%}t t%nepts eutstue]?s?ci[urreeﬁ/ 70M when t he
shutter ; dJ T r QRenent ; the third
pi xel frrﬁ%cﬁfgdll%ebfejtv’l né}ﬁ? ?éﬁ%&%oééél%scp%ﬁ)cér%ﬁ?o&#%%i rst B%lr)?gllon of the
shutter t4 \ t ] : Op i . S obj ect
corres ponfd‘:Br?l\(g 1-f}{)é ?Lgeﬁ%%gﬂ;%auﬁ%L%ﬁsﬁlSJ_nngaJ_ﬁDbﬁlggra%dﬁéeg%&aﬁ&b%{]%g Jécﬁ(;é?rponent S
of the |effmstyPiln df (KA edr 1Oifd B Arforf A &S Pl g, {4 he second

through fourth portions of the shutter tinme/v fromwhen the shutter has

opened ang BAPaned hes Backar oWl ci@ e gr Afnd heorgaatsrtk i xeind rom the
| eft of frame #n-1 in Fig. 17
tenth 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 F12/v. The foreground component of tﬁe
eleventh pixel from the left in Fig. 15 corresponding to the

10 third portion of the shutter time/v from when the shutter
has opened and the foreground component of the twelfth 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.

15 The foreground component of the ninth pixel from the
left of frame #n+l in Fig. 15 corresponding to the second
portion of the shutter time/v from when the shutter has
opened is Fll/v. The foreground component of the tenth
pixel from the left in Fig. 15 corresponding to the third

20 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 Fll/v.

25 The foreground component of the ninth pixel from the
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opened is also F1l0/v. The foreground component of the ninth
pixel from the left of frame #n+l in Fig. 15 corresponding
to the fourth portion of the shutter time/v from when thé
shutter has opened is F09/v.

Since the object corresponding to the background is
stationary, the background component 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 B09/v. The background components'of the eleventh
pixel from the left of frame #n+l in Fig. 15 corresponding
to the first and second portions of the shutter time/v from
when the shutter has opened are Bl0/v. The background
components of the twelfth pixel from the left of frame #n+l
in Fig. 15 corresponding to the first through third portion
of the shutter time/v from when the shutter has opened are
Bll/v.

In frame #n+l in Fig. 15, the tenth through twelfth
pixels from the left belong to the mixed area, which is a
covered background area.

Fig. 16 illustrates a model of an image obtained by



F13/v. The foreground conponent of the seventh pixel from the left in Fig.
17 corresponding to the third portion of the shutter tinme/v fromwhen the
shutter has opened and the foreground conponent of the eighth pixel from-
the left in 25 Fig. 17 corresponding to the fourth portion of the shutter -
72 tinme/v fromwhen the shutter has opened are F13/v. The foreground
conponent of the sixth pixel fromthe left of franme #n in Fig. 17
corresponding to the first portion of the shutter tinme/v fromwhen the
shutter has 5 opened is Fl4/v. The fereégreund conponent of the seventh

pi xel fromthe left in Fig. 17 corresponding to the second portion of the
shutter tinme/v fromwhen the shutter has opened is also Fl4/v. The

f or egr oung, ;commonent i i 0 e left in Fiqg., 17
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shutter das.ppened ds f15/v. Since the object corresponding to the
background is stationary, the background conponents of the fifth pixel

fromthe |eftFQb.fﬁa”&lﬁﬁsE@aE%Q-alﬁo@%ﬁr%%EQ@%E@gbgoe%%%nﬁ%n%eﬁgnd thr ough
f shutter

fourth portions of the shutter tinme/v from when th as opened are

B26/v.  TRDAGY QUG AMANANSL A1 4 RSy Pianslgrddprddie defds pf Frame
#n in Fig. 17 corresponding to the third and fourth portions of the

shutt Br timedhede @panen dharsiddy Jnsiopenes, AR B3P/ah oBiRect
background conmponent of the seventh pixel from the left of frame #n in
Fig. 17 comrespording ttw thef fragtdund 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 it 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 Fig.ll7 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is F13/v, and the foreground component of the second

20 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 F13/v. The foreground component of the third
pixel from the left in Fig. 19 corresponding 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



portion of the shutter tine/v fromwhen the shutter has opened is B31/v.
In frame #n in Fig. 17, the fifth pixel through the 25 seventh pixel from
the left belong to the m xed area, which - 73 is an uncovered background
area. The eighth through twelfth pixels fromthe left of frame #n in Fig.
17 belong to the foreground area. The value in the foreground area of
frame #n corresponding to 5 the period of the shutter tine/v is any one of
F13/v through F20/v. The |eftnost pixel through the eighth pixel fromthe
left of frame #n+l in Fig. 17 bel ong-t @0t he background area, and the pixel
val ues thereof are B25 through B32, 10 respectively. It can be assuned that
the object corresponding to the foreground is a rigid body noving with

constant Melogify. i, and thad if - LSe0myhNg, SUSh bagoited Sodlisplaves four
SRoHa g, eC PRI

pixels to the right 1n"the subseq ccording

foregroung, cogmpenent ©fnd he ALdh hpixelnd romihe. lell Sfenddame. #n+l in
éﬁ% t he ut

Fig. 17 corresponding to the first portion S er tinelv from when
t he shuttershas opened is F13/v, and the foreground conponent of the tenth
pi xel fromthe left in Fig. 17 corresponding to the second portion of the

20 shutter timeev for@@nshen tdampphdritelo MahaopNAd HiMel0 fioh3/the The
foreground conponent of the el eventh pixel from the left in Fig. 17
corresSporiéfitg ¢H fdwmd i€l pat tFof. 0f7 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is Fl4/v. The foreground component of the third
pixel from the left in Fig. 17 corresponding to the secoﬁd
portion of the shutter time/v from when the shutter has
10 opened is also Fl4/v. The foreground component of the third
pixel from the left in Fig. 17 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is F15/v.
Since the object corresponding to the background is
15 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 components of the
second pixel from the left of frame #n-1 in Fig. 17
20 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
the shutter time/v from when the shutter has opened is B27/v.

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



the shutter tinme/v fromwhen the shutter has opened and the foreground
conponent of the twelfth pixel fromthe left in 25 Fig. 17 corresponding to
the fourth portion of the shutter - 74 tine/v fromwhen the shutter has
opened are F13/v. The foreground conponent of the tenth pixel fromthe

left of frame #n+l in Fig. 17 corresponding to the first portion of the
shutter tinme/v fromwhen the shutter has 5 opened is F14/v. The foreground
conponent of the eleventh pixel fromthe left in Fig. 17 corresponding to
the second portion of the shutter t+nelv-from when the shutter has opened
is also F14/v. The foreground conponent of the twelfth pixel fromthe left
in Fig. 17 corresponding to the 10 first portion of the shutter tinme/v from

when the SLAEL RASAPHIAGAS dd Yne oGP LU OBAG G rgspondi ng 1 o

t he backgroun ationary, ackground confponent s e ninth pixel

fro”‘thedﬁﬂgvéyéé'HEE%&?BUB#JEﬂ:él 17 corresponding to the 15 second

t hrough fourth portions of the shutter tinme/v from when the shutter has

opened are B33hy. rihetRackaboEmd tvedmRANSALe 19l fiie te@t hepixele fromthe
|l eft of frame #n+l in Fig. 17 corresponding to the third and fourth

portions famd g -ghutd erid i ner wd ey wenidestugdifindasapenathare 20
B34/v. The background conponent of the eleventh pixel from the left of

f r anes#n+bidyfouhd Eonpieaspaidig tfrdme id iyt brordi @l 3fv the shutter
time/v fromwhen the shutter has opened is B35/v.
through F24/v.

The leftmost pixel through the fourth pixel from the
left of frame #n in Fig. 17 belong to the background area,
and the pixel values thereof are B25 through B28,

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 F13/v,
and the foreground component of the sixth pixel frbm 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



In frame #n+1 in Fig. 17, the ninth through eleventh 25 pixels fromthe
left in Fig. 17 belong to the m xed area, - 75 which is an uncovered
background area. The twelfth pixel fromthe left of frame #n+l in Fig. 17
bel ongs to the foreground area. The foreground conponent in the shutter
time/v in the foreground area of frame #n+l 5 is any one of F13/v through
.F16/v, respectively. Fig. 18 illustrates a nodel of an inage obtained by
extracting the foreground conponents fromthe pixel values shown in Fig.
17. Referring back to Fig. 2, the area78pecifying unit 103 10 specifies
flags indicating to which of a foreground area, a background area, a
covered background area, or an uncovered background area. the individual

o1 " Tr ames: Sk Bl 1ITREE 208 B M el B B cul ator. 104 15

of franes, and supplies the cal cul at or

and the nmotioRpll Y, r%@fé%d(ﬁgzgg{ﬂghe%c@ S e AL&3 piir;'cfeq,r rprtoin? g:Fl The

. . e .
m xture-rati o cal cul ator ates the mxture ratioa each pixe

cont ai nedd s e Mg il o besed o cdhediaelyval sl @plurality of

frames and the area 20 information, and supplies the calc
m Xt ur e- rgdi 0 ch tex e JreasoundibAc ke nth Sep At L dQs e

f or egr ound/ background separator 105 extracts the foreground conponent

i mage5congiariddgi OfF 10Ny, t hnd of gEPtiithd CUmBRsHS dasatk Wbdditpi xel

values of a plurality of
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, the 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 of the seventh pixel from
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 pixel through the

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



25 franmes, the area information, and the m xture ratio a, and - 76

supplies the foreground conponent inage to the notion-blur adjusting unit
106. The notion-blur adjusting unit 106 adjusts the anount of notion blur
contained in the foreground conponent imge 5 based on the foreground
conponent image supplied fromthe foreground/ background separator 105, the
notion vector supplied fromthe notion detector 102, and the area
information supplied fromthe area specifying unit 103, and then outputs

t he foreground conponent inmage in which3metion 10 blur is adjusted. The
processing for adjusting the amount of notion blur perforned by the inmage
processi ng apparatus is described belowwith reference'to the flowhart of

Fig. 19.ﬂgﬁéﬁeﬁhcéyéreérg%égégF&§§xggégng unit 103 executes area

speci fyi ng processi ng, on an Thput inmge, for generating area

(nformat i on | BCRRG L Qe Qled k8l GILRYNd Arca. 8 Jhackaround area, a

cover ed backgroun uncovered” background a pi xel of the

nput T mgedelngs, ¢ LR Sofoddiaran SRECIEYLON ALosessiag are oiven

bel ow. 20 The area specifying unit” 103 supplies the generated area

i nf or mat ivan dé #he-HE Xdr&yFAidd LalLW At o '&gé%g.@aogiédinai ggo area

specifying unit 103 may generate, based on the I nput
i nf or pat i igwdiical gl die whicteoft e § oreampnsharea r118, bagkarqaund

area, or the 25 m xed area (regardl ess of whether each pixel belongs to a
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 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 ninth pixel from the left of
frame #n+l in Fig. 17 correspondihg 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 has opened is also
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
foreground component of the twelfth pixel from the left in

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



- 77 covered background area or an uncovered background area) each pixel
of the input inmage belongs. In this case, the foreground/background
separator 105 and the notion-blur adjusting unit 106 determ ne based on
the direction of the 5 notion vector whether the mxed area is a covered
background area or an uncovered background area. For exanple, if the

i nput inmage is disposed in the order of the foreground area, the m xed
area, and the background area in the direction of the notion vector, it is
determned that the m xed area is a 407¢overed background area. |If the

i nput image 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

determ ned that the m.xed .area.i covered backgr area. 15 In step
S12, t heecnlimxet ur efErroa iw(%lecnaltcuei a h&%%&4%%csaloguﬁna C{e)sart%eﬂ#&t'ur e ratio a for

each pixel coptal @%%eebgouhﬁefc%bﬁ%ﬂeﬁfte%fb%%%dfc%ﬂt‘rxh?&}ca%?_ftfrbﬁa%e and the

area information. I'n's o e mxture-ratio cal ng processing are

i bel i - [1atsi : |-at ; i | at ed
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m xture-ratio a to t or egr ound/ backgr oun n step S13,

the for egraund/pamk aruind SaRAT alitle APE r X taS ScHd & Hi ARG gapd component s
fromthe input 1mage based on the area information and the mxture ratio
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pixel from the left in Fig. 17 corresponding to the second

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

opened is also Fl4/v. The foreground component of the

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

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

has opened is Fl5/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 portions of the shutter time/v from
when the shutter has opened are B33/v. The background
components of the tenth pixel from the left of frame #n+l 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 frame #n+l in Fig. 17, the ninth through eleventh

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



adjusting unit 106 as the foreground conponent inmage. |In step S14, the
noti on-blur adjusting unit 106 generates, based on the notion vector and
the area information, the unit of processing that indicates the 5
positions of consecutive pixels disposed in the noving direction and

bel ongi ng to any of the uncovered background area, the foreground area, and
the covered background area, and adjusts the anount of notion bl ur
contained in the foreground conponents corresponding to the unit of 10
processing. Details of the processing 7br-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 determj t.hat [ ' fini.shed for the 15 whole screen,
t he procgggﬁ%}égiéﬂihﬁgﬁgtep EE%%%gkﬁﬁﬁﬂeiﬁ%iéssing for adjusting the
amount of not irgR RlA Fi@r pike1 FLROTARNG GATRENGRLRCPRLGSRANG;RY to the
unit of processing is repeated. If it is determned in step Sl15°that the

processi ny ise1c4yd itd shed fdfediunmhal ST ey AR J¥ARREddMbdrent
conpleted. In this manner, the image processing apparatus is capabl e of

adj usti ngid hehaamiitted tmtd on il Whe TdmiqRfind ardde Jdormgmeu ity
separating the foreground and the background. That is, the inage

processi ng apparatd i F 12w apaldweytofF 88 wstidupddie wimunt of notion bl ur
contained in - 79 sanpled data indicating the pixel values of the
f or egr ound Fig. 18 illustrates a model of an image obtained by
extracting the foreground components from the pixel values
shown in Fig. 17.
Referring back to Fig. 2, the area specifying unit 103
10 specifies flags indicating to which of a foreground area, a
background area, a covered background area, or an uncovered
background 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
information.

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

20 information, and supplies the calculated mixture-ratio o to
the foreground/background separator 105.

The foreground/background separator 105 extracts the
foreground component image consisting of only the foreground
components based on the pixel values of a plurality of

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



pi xel s.

m xture-ratio calculator 104, the 5 foreground/ background separator 105,
adjusting unit 106 is described below. Fig. 20 is a
the configuration of the area

and t he notion-blur
bl ock diagramillustrating an exanpl e of
speci fying unit 103. The area specifying unit 103 configured as shown in
Fig. 20 10 does not use a notion vector.
input inmage in units of franes. When the inage to be processed is franme

The configuration of each of the area specifying unit 103, the

A frame nenory 201 stores an

#n, the frame nenory 201 stores frane #6--2, which is the frane two frames
before franme #n, frane #n-1, which is the frane one frane before frane #n,
frame #n, 15 franme #n+l, which is the frane one frane after frane #n,

f # i i f f #n. A
rame #n+g, i & ’&J‘E@( LS dJ A d V@or%@rg%gt_ iﬂ.nﬁagéaedsgfﬁgle nmotnror%/—at?ldér of the

stationary/'nmovi ng
pi xel in fdane iy docaiegl at the same position as a designated pixel in

erm ning porti pi X&

frame #n in which the area 20 to which the pixel belongs is determ ned, and
reads the pixele wlydnchiihe aRi@leiing Wnae 1978+l di06akedndt Jhensame
position of the designated pixel in frame #n fromthe frane nenory 201,
and cal culMtrescidie wheolddecamalde of dhe iddprance hst d hgndgad pixel
val ues. The 25 stationary/noving determ ning portion 202-1 determ nes - 80

whet hér  theseaabsol wre vl sigyfurtdecshifdraienciendipt Wagip it fickeltnel ue of

frame #n+2 and the pixel value of franme #n+l

10

15

20

25

foreground/background separator 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
blur is adjusted.

The processing for adjusting the amount of motion blur
performed by the image processing apparatus is described
below with reference to the flowchart of Fig. 19. 1In step
S11, the area specifying unit 103 executes area specifying
processing, based on an input 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 image belongs.
Details of the area specifying processing are given below.
The area specifying unit 103 supplies the generated area
information to the mixture-ratio calculator 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 background area, or the

mixed area (regardless of whether each pixel belongs to a



is greater than a preset threshold Th. If it is determned that the
difference is greater than the threshold Th, a 5 stationary/noving

determ nation indicating "nmoving" is supplied to an area determ ning
portion 203-1. If it is determned that the absolute value of the

di fference between the pixel value of the pixel in frame #n+2 and the

pi xel 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 determination indi€aling "stationary" to the area
determ ning portion 203-1. A stationary/noving determ ning portion 202-2
reads the pixel value of a designated pixel in franme #n in which the 15

t ich .t ' i t e i { ixel val f
The pi xelt ML RatcEp iRl 3 i o, e PR A B e
pi xel in efaLc%.'e '%d'.l if Igmdie sfane irr[é‘i‘_:f@_@él%(?ﬂgsl ang cahoy L3 thgabsolute

val ue of t ference between the pixel values. The stationary/noving 20

det er mi ni Mg AUy ikt AgledEgES thetie) dne RS adHien-yahue of the

di fference between the pixel value of frane #n+l and the pixel val ue of

frame #ndsWaHEunitan d JEeseti ddnese énlThnhd fdidedts odetoar Mneed t hat
the absolute value of the difference between the pixel values is greater

25 than tdeitdiy esdvddotr Whethext alhe mAREdTRMIgR] idetze IdtivieatddD bac ki ound
indicating "nmoving" is supplied to the area determ ning portion 203-1 and
an area Gatesr mmiang ynaovieared GEckgrddund anes .detFermmexathpillegt itfhechabsol ut e
val ue of the difference

input image is disposed 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, the mixed area, and the
foreground area in the direction of the motion vector, it is
determined that the mixed area is an uncovered background
area.

15 In step S12, the mixture-ratio calculator 104
calculates the mixture ratio o for each pixel 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 mixture-ratio & 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 a, and

25 supplies the foreground components to the motion-blur



bet ween the pixel value of the pixel in frame #n+l and the 5 pixel val ue of
the pixel in frame #n is snmaller than or equal to the threshold Th, the
stationary/ noving determining portion 202-2 supplies a stationary/noving -
determ nation indicating "stationary" to the area determ ning portion 203-
1 and the area determning 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 belongs is determ ned, and
reads the pixel value of the pixel +n78rame #n-1 | ocated at the sane
position as the designated pixel in frane #n fromthe frame 15 nenory 201
and cal cul ates the absolute value of the difference between the pixel

val ues. The; £ ; } 1 ni rti 202- 3. det er m nes whet her
Uhe Sheol L S NALNE T i 8L R R SR of 'ty amo

and the pixel ppalsye 0fs1fyr ang Hoide 1105, -9 fy4 rese threshol d Th.
If it is deterniﬁe F}hat'tﬁ%labéblﬁ?%gegﬁtgdj%%%gﬁ§'%Pﬁ%é?é%ﬁe bet ween t he

pi xel valgiage s ealfied D tidayddvashal & ghh. .. Stal i gnar v/ movi ng

determ nati on indﬁcating "nmoving"” is supplied to the area determ ning

portion 20¥Fcknitch i, anen deterdd Py i3 -haldatds 254 s det ermined
that the absolute value of the difference -~ 82 between the pixel val ue of

the pbxelpdsifircane ¢ aotbddietiv xelxema bl Hoddie i Xale inbdim@pe #n-1 is

smal l er than or equal to the threshold Th, the stationary/ noving

det er ni nidigrquiritdrorar2D <3 crupiplg e arst atf anay yrmawsdedl &S LIKE fAtddn
area, the foreground area, and the covered background area,
and adjusts the amount of motion blur contained 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 finished for the

15 whole screen, the process proceeds to step S14, and the
processing for adjusting the amount of motion blur for the
foreground components corresponding to the unit of
processing is repeated.

If it is determined in step S15 that the processing is

20 finished for the whole screen, the 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 processing apparatus is

25 capable of adjusting the amount of motion blur contained in



5 indicating "stationary" to the area determ ning portion 203- 2 and the
area determ ning portion 203-3. A stationary/noving determ ning portion
202-4 reads the pixel value of the pixel in frame #n-1 |located 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 frane
#n fromthe frane nmenory 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 whether the absolute value of the difference

bet ween the pi xel value of frame #n- 1 and the pixel value of frame #n-2 is

greater t i deter hat t he absol ute
val ue & cfpf er encecnb %Sﬁqe(ﬁ tﬂ:e in}§<ee Var'tes 9 ta} a%oe?egﬁr?é}? 0 the

t hr eshol cb 'l;ne & stationary/noving determ nation i nd| cat| ng "noving" is
suppliedto Ehe area determning portion 203-3. is determ ned that

t he absol ute walueon®fi otira +dichf ©f b pi l; he pixe
in frame #n-1 gndophégplxgl va%fg%%?htﬁgwgﬁgegggﬁ ? %glﬂg Ah 5 smal | er

than or emml dHe histdveshalih daldh®toB3 o6t ationar y/ novi ng dEt erm ni ng
portion 202 4 supplies a stationary/noving determ nation indicating

" st at bonaot'ed purdydbarkes i rdig i qOrio PN 2B -the W dd®1ur
statlonary/nDV|ng determ nation supplied from 5 the stationary/ noving
det er m niawy ystritngomiAG2-104 ndi cRisesribed 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
processed is frame #n, 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 #n, frame #n,
15 frame #n+l, 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 frame #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 pixel values. The

25 stationary/moving determining portion 202-1 determines



"stationary" and when the stationary/noving determ nation supplied from
the stationary/ noving determning portion 202- 2 indicates "noving", the
area determ ning portion 203-1 determ nes 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, in an uncovered-background-area determning flag associated with the
desi gnat ed pi xel . Wien the stationary/ noving determ nation supplied from
15 the stationary/ noving determ ni ng- @ot4 on 202-1 indicates "noving" or
when the stationary/noving determ nation supplied fron1the
stationary/nnving deternining portion 202- 2 indicates "stationary", the
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when the stationary/ noving determ nation supplied fromthe
st at i onakyppoviedd tdehar AirdangepRiriaingOdortion 203-1. If it is
determined that the absolute value of the difference between
the pixel value of the pixel 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/moving determining portion
202-1 supplies a stationary/moving determination indicating
"stationary" to the area determining 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 belongs is determined, and reads the
pixel value of the pixel in frame #n+l 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
20 determining portion 202-2 determines whether the absolute
value of the difference between the pixel value of frame
#n+l1 and the pixel value of frame #n is greater than a
preset threshold Th. If it is detérmined that the absolute
value of the difference between the pixel values is greater

25 than the threshold Th, a stationary/moving determination



3 indicate "stationary", the area determ ning portion 203-2 determ nes
that the designated pixel in frane #n belongs to the stationary area, and
sets "1", which indicates that the 10 pi xel belongs to the stationary area,
in a stationary-area determining flag associated with the designated

pi xel . When 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 fromthe stationary/ noving
determ ning portion 202- 3 indicate “ndVvihg", the area determ ning portion
203-2 determ nes that the designated pixel in frame #n does not belong to
the stationary area, and sets "0", which indicates that the pixel does not

bel ong tqt o} e .t tationar a deternlnlng flag
associ atg' ﬂ%a}%&%ﬁ %g’é’éingla?esd S%p%q'lle%eTﬁZo a&lea% dé e%{rr%ecr(ﬁr glnp(?rgtl on 203-2
suppllesﬁH#} St 3lyisanar, Ler i C " ‘0" 4 s set
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stationary/ moving determning portion 202-2 indicates novi ng™ and when

the stat !b@wexé/nn&wen%ld;@tlewlw Io@N tngURRkAd fnr Ghahlee #5lat QRaryMoVi Ng
determ ning portion 202 5 i ndi cate "noving", the area determ ning portion

203-25 deligieli RS uehalr the gasicanared ineelin Nof kanm 1% helanags to the
novi ng area, and sets "1", which indicates that the
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.

10 A stationary/moving determining portion 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

15 memory 201, and calculates the absolute value of the
difference between the pixel values. The stationary/moving
determining portion 202-3 determines whether the absolute
value of the difference between the pixel value of frame #n
and the pixel value of frame #n-1 is greater than a preset

20 threshold Th. If 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

25 is determined that the absolute value of the difference



desi gnat ed pi xel belongs to the noving area, in a noving- area determ ning
flag associated wth the designated pixel. 10 Wien the stationary/ noving
determ nation supplied from the stationary/ noving determ ning portion
202-2 indicates "stationary" or when the stationary/noving 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 frane #n does not belong to the noving area, and sets
"0", which indicates that the pixel-degs-not belong to the noving area, in
the noving-area determning flag associated with the designated pixel. 20
The area determ ning portion 203-2 supplies the noving- area determ ning

flag in i -1 "Q | S d .abave to it he

det er ni nzﬁrgg%ea{é-tsht% |l(r21{geJT ﬁrfsrr@eneaofrfortgle Eipg'fffse‘?'\/\Vilenn0";/ St 1 B YSovi ng
det er m naj;i SKPRI f 5. dqh tat) [ymav] term.nin ortion
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"stationary", the area determ ning portion eter

desi gnat e el 20213 AN el 0nes tiQna & aaRH Rackylond & ea, and

sets "1", which indicates that the designated pi Xel beloﬁgs to the covered
backgbourithdiasa@dng ' s& a6Q\RIAG DK HHRURG-Ar @R tAGNAMTIHY b Aidg @%soci at ed

wi th the designated pixel
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 area

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 pixel 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



When the stationary/ noving determ nation supplied from 10 the

stationary/ noving determ ning portion 202-3 indicates "stationary" or when
the stationary/noving determ nation supplied fromthe stationary/ noving
determ ning portion 202 4 indicate "noving", the area determ ning portion
203-3 determ nes that the designated pixel in frame #n does not 15 bel ong
to a covered background area, and sets "0", which indicates that the

desi gnat ed pi xel does not belong to a covered background area, in the
cover ed- background-area determ ni ng-fgag-associated with the designated

pi xel . The area determ ning portion 203-3 supplies the 20

cover ed- background-area determning flag in which "1" or "0" is set as

di scusse Y he det e iy flag-storin nory 204. The

det er m n:jsnﬁptfjl glgaroﬁ ori g 1 r%e rrlrnel?rnolrrip ttJhCU%gz%?tr o‘fe%ufi%rallel J 4
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suppl i ed fHom e fQa-ndet 203-2, the noving-area
determning flag suppl rr|U'e 1f‘jrom tﬂf}e Ig?jed; gj;'t erm ni ng portion 203-2, and the

cover ed- backgiaend+#kea tdelighE-y/AGvikh fi gm r
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suppl 5es tHd & tRGRIRHTRAGKE UM iR et DG dd-a0. 1 ddia
stationary-area deternlnlngkg[ag, t he novi ng-area deternlnlng1?iag, and
t he coverettddAe@OuUNGAl &hen the stationary/moving determination
supplied from the stationary/moving determining portion 202-
2 indicates "moving", the area determining portion 203-1
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, in an uncovered-background-area determining flag
associated with the designated pixel.
When the stationary/moving determination supplied from
15 the stationary/moving determining portion 202~1 indicates
"moving" or when the stationary/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 not belong to an
uncovered background area, in the uncovered-background-area
determining flag associated with the designated pixel.
The area determining portion 203-1 supplies the

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



10 determning flag stored therein to a synthesizer 205. The synthesizer
205 generates area information indicating to which of the uncovered
background area, the stationary area, the noving area, or the covered
background area each pixel belongs based on the uncovered-background- area
determning 15 flag, the stationary-area determning flag, the noving-area
determ ning flag, and the covered-background-area determ ning flag
supplied fromthe determ ning-flag-storing frane nmenory 204, and supplies
the area information to a determ ninaggdlag-storing frame nenory 206. 20
The determ ning-flag-storing frane nenory 206 stores the area information
supplied fromthe synthesizer 205, and also outputs the area information

st or ed th .el exanp | e of the roc S|n erfarnmed hy the area
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t hr ough - qge dde object correspondlng to the foreground is
nmovi ng, t e p05|t|o of the i mage corresponding to the object on the
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corresponding to the object at °5 the position cated y Yn(x y)

in frame g istRAHE978by fi‘xtg Yt dtni ing rbofzrtqus% o ‘é’@cﬁ% dt®sSubsequent

to frame #n. A nodel "obtai ned by expandi'ng in the tine rection the pixel
val ues ofvsitae iRiveelys' alndIMe@rs ity Ryta i8R 4y Addsr 1 P Wt 1 ingGliigon of the

i mge corresponding to the 10 foreground object is shown in Fig. 22. For
exanpl e, suppili@d 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 pixel.

The area determining portion 203-2 supplies the
stationary-area determining flag in which "1" or "0" is set
as discussed above to the determining-flag-storing frame

25 memory 204.



noving direction of the imge corresponding to the foreground object is
hori zontal wth respect to the screen, the nodel shown in Fig. 22 is a
nodel obtained by expanding in the tinme direction the pixel values of the
pi xel s 15 di sposed on a line side-by-side. In Fig. 22, the line in franme #n
is equal to the.line in frame #n+l. The foreground conponents
corresponding to the object contained in the second pixel to the
thirteenth pixel from 20 the left in frane #n are contained in the sixth
pi xel through the seventeenth pixel #r8mthe left in frame #n+l. |In frane
#n, the pixels belonging to the covered background area are the eleventh
through thirteenth pixels fromthe left, and the pixels belonging to the

uncovered 25 gr.Qun ” r .Sec thr. h fourth.pixels from- 89
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foreground conponents contained in frane #n are nove our pixels in

frame #ndupgilie il Qe PVAIRINa M nfo v nd e 1UHIRETi R poi¢idiplogivi ded
portions is 4 in accordance with the anmount™ 10 of novenent v. A
descrbpt i P die ginksiir" 2 hangeed idie@tinviddqfortion 203-2
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 stationary/moving determining portion 202~2 indicates
"stationary" or when the stationary/moving determination
supplied from the stationary/moving determining portion 202~
3 indicate "stationary", the area determining portion 203-2

15 determines 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 designated
pixel.

20 The area determining portibn 203-2 supplies the moving-
area determining flag in which "1" or "0" is set as
discussed above to the determining-flag-storing frame memory
204,

When the stationary/moving determination supplied from

25 the stationary/moving determining portion 202-3 indicates



of the pixels belonging to the mxed area in the frames before and after a
designated frane. In Fig. 23, the pixels belonging to a covered 15
background area in franme #n in which the background is stationary and the
amount of nmovement v in the foreground is 4 are the fifteenth through
seventeenth pixels fromthe left. Since the anount of novenent v is 4, the
fifteenth through seventeenth frames fromthe |eft in the previous frane
#n-1 20 contain only background conponents and belong to the background
area. The fifteenth through seventeent®6ptxels fromthe left in franme
#n-2, which is one before franme #n-1, contain only background conponents
and belong to the background area. 25 Since the object corresponding to

the backgigithd ancdQnes! ANOBY6: KB Pl)s XA Ol e {4 L eent h pi xel

fromthe In frame #n-1 does not change fromthe pixel value of the

fifteenthygigeeled 1Mt Nad &ftlad ibdd@Bndiimy d%ﬂ@ﬂrrgxrrl%%gcﬂ&]i@r%%é’—a' ue of

the sixteenth pixel fromthe left in 5 frame #n-1 does ange fromthe

pi xel valaiefi ddhe 'sivdiaHdrpi Xalnd ramd e dahtidihd Rw #k 20and the

pi xel value of the seventeenth pixel fromthe left i'n frane #n-1 does not
change frdyadhe qsxalhatalie eedimhsuepioant hn prsle fFrOmdlndelido i n

frame #n-2. 10 That is, the pixels in frane #n-1 and frane #n-2
corr eSpordicuydred hagigrelmd el g rd adte 'qovenard cbaskfircayys area in
frame #n consist of only background
that the designated pixel belongs to the covered background
area, in a covered-background-area determining 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 determining portion 202-
4 indicate "moving", the area determining 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 designated pixel.
The area determining portion 203-3 supplies the
20 covered-background-area determining flag in which "1" or "Q"
is set as discussed above to the determining-flag-storing
frame memory 204.
The determining-flag-storing frame memory 204 thus

stores the uncovered-background-area determining flag

25 supplied from the area determining portion 203-1, the



conmponents, and the pixel values thereof do not change. Accordingly,

absol ute value of the difference between 15 the pi xel
the stationary/noving determ nation made for the pixels in frane

Thus,

t he

val ues i s al nost O.

#n-1 and frame #n-2 corresponding to the pixels belonging to the m xed

area

in frame #n by the stationary/ noving determ ning portion

"stationary". 20 Since the pixels belonging to the covered background
in frame #n contain foreground conponents, the pixel values thereof are
different fromthose of frame #n-1 con8Vsting of only background
conponents. Accordingly, the stationary/noving determ nation nade for the
pi xel s 25 belonging to the mxed area in frame #n and the - 91
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portion 202-3 is "noving".

202-4 is
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When the stationary/ noving determnation result

i ndi cat i ngetdmyinithg i So Stk imjfpmﬂ@%ﬁﬁ{é%é//cﬁ@ﬁléﬂginﬁ@e%ﬂ&i ni ng

portion 202-3, and when the stationary/nmoving determnation result .
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portion 202-4, as discussed above, the area determ ning portion 203-3
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ar ea.

In Fig. 24, in frame #n in which the background is stationary and

t he afourdred devemeiming ipottieod AEHrdUNd is 4, the pixels contained in
an uncover ed background area are

10

15

20

25

The determining-flag-storing frame memory 204 supplies
the uncovered-background-area determining flag, the
stationary-area determining flag, the moving-area
determining flag, and the covered-background-area
determining flag stored therein to a synthesizer 205. The
synthesizer 205 generates area information indicating to
which of the uncovered background area, the stationary area,
the moving area, or the covered background area each pixel
belongs based on the uncovered-background-area determining
flag, the stationary-area determining 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
determining-flag-storing frame memory 206,

The determining-flag-storing frame memory 206 stores
the area information supplied from the synthesizer 205, and
also outputs the area information stored therein.

An example of the processing performed by the area
specifying unit 103 is described below with reference to

Figs. 21 through 25.



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
subsequent frane #n+l contain only background conponents and belong to the
background area. In frame #n+2, which is subsequent to frame #n+l, the
second through fourth pixels fromthe left contain only background 20
conponents and belong to the background area. Since the object
corresponding to the background is stationary, the pixel value of the
second pixel fromthe Ileft in frane-#882-does not change fromthe pixel
value of the second pixel fromthe left in frame #n+l. Simlarly, 25 the
pi xel value of the third pixel fromthe left in frame - 92 #n+2 does not

change Trom { Rfcll tHle wlue Oledihe n%',; X8 crld PO g [T ame

#n+l, and the pixel value of the xel fromth in frane #n+2

does not hange {HOPINE R e valdiepigd %J%%%ﬂqﬂa%ti i the left in

5 frane #n+l. That Is, the pixels in franme #n+

corresporghiyik Gorf hehdi 2@t Sebedrafighdy 10 dherpneomnes ed adbagkarpuyl area in

frame #n consist of only background conponents, and the pixel val ues

t her eof doiqot2change. irdyAcedr b diindindecabsm W) ol ueftddes«i fference
between the pixel values is alnost 0. Thus, the stationary/ noving

det er 61 natlieparidel droriddiccgied|sy ivh fx ang #mt1f mnek f#ams s ioned
corresponding to the pixels belonging to the m xed area in frame #n by the
st at i onaratl vt Ingx deg)erim nf ngmeo#th+bdbn 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+1,.
The foreground components corresponding to the object
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+1l.
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 pixels from



15 202-1 is "stationary". Since the pixels belonging to the uncovered
background area in frame #n contain foreground conponents, the pixel

val ues thereof are different fromthose of frame #n+l consisting of only"
background conmponents. Accordingly, the 20 stationary/ noving determ nation
made for the pixels belonging to the mxed area in frane #n and the
correspondi ng pixels in franme #n+l by the stationary/noving determning
portion 202-2 is "noving". Wen the stationary/ noving determ nation result
25 indicating "noving" is supplied fro8®the stationary/ noving - 93
determ ni ng portion 202-2, and when the stationary/noving determ nation
result indicating "stationary"” is supplied fromthe stationary/noving

deter m ning PRI ON 20 iy A SCUSS G A Gre LG, AP, 3ot m 1 g

portion 2 det ermi'nes that the correspondi ohg to an

uncover eqd, RAckE A Rfhd Bk 20.d [ddstgad rp%ggn}m[ J on conditions for

frame On nmade by the area specifying unit 103 determ nati on

result 1 oeddifdindl dikdT AN din-chd acated Alq 1hd he SAE [ dmge nesi tion as

a pixel in franme On to be processed and for the pixel 1 n frane -1

| ocated alo e SRV HakAoUME dtieteladd tHAE Qh ithShayy onary, and
when the determnation result for the pixel in frame On and he pixel in

f rames#n-¢i gragatadats thensaim i1gae, position 15 as the pixel in frame On
is noving, the area specifying unit

In the example shown in Fig. 22, since the foreground
components contained in frame #n are moved by four pixels in
frame #n+1, 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 is
stationafy and the amount of movement v in the foreground is
4 are the fifteenth thfough seventeenth pixels from the left.
Since 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 components and belong to the
background area. The fifteenth 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



103 determ nes that the pixel in frame On belongs to a covered background
area. When the determnation result for the pixel in frame On and the
pixel in frame #n-1 |ocated at the same i mage 20 position as the pixel in"’
frame On is stationary, and when the determination result for the pixel in
frame On and the pixel in frame #n+l | ocated at the sane inage position as
the pixel in frame On is stationary, the area specifying unit 103

determ nes that the pixel in frane On belongs to 25 the stationary area. -
94 When the determination result for dhe-pixel in frame #n and the pi xe
in frame #n-1 | ocated at the sane inmage position as the pixel in frame #n
is moving, and when the determnation result for the pixel in frame #n and

e Pl oS DAL Ao SERU AR b BeR AR PO LLEN 25, Uy Pl
P BT RO L9008 0SB ol R At on
o o e B AT AR el LS S IS ARt
Fos! Lo S AL U0 SF AR NN pRLIELrigh (A v ccated o
speci bYi Ngrant)i#n- 1038 §Id0 Nafaddteddie tlegidd frak 4 hglongs to an
sixteenth pixel from the left in frame #n-2, and the pixel
value of the seventeenth pixel from the left in frame #n-1
does not change from the pixel wvalue 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 between
15 the pixel wvalues is almost 0. Thus, the stationary/moving
determination made for the pixels in frame #n-1 and frame
#n-2 corresponding to the pixels belonging to the mixed area
in frame #n by the stationary/moving determining portion
202-4 is "stationary".
20 Since 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 background components. Accordingly, the
stationary/moving determination made for the pixels

25 Dbelonging to the mixed area in frame #n and the



uncover ed background area. Figs. 26A through 26D illustrate exanples of the
area determnation results obtained by the area specifying unit 20 103.
In Fig. 26A, the pixels which are deternmined to belong to a covered
background area are indicated in white. In Fig. 26B, the pixels which are
determned to belong to an uncovered background area are indicated in
white. In Fig. 26C, the pixels which are determned to belong 25 to a
noving area are indicated in white. In Fig. 26D, the - 95 pixels which are
determ ned to belong to a stationary-apka- are indicated in white. Fig. 27
illustrates the area information indicating the mxed area, in the form of
an i mage, selected fromthe area 5 information output fromthe

det i ni ng- - st.aring ) 206.. In Fi.g. 27, . th i xel s, whi ch
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backgr ourwe@%n-lnoqeépa%%%e?rgl S3 c.hn&;lenagdet ermned to belong to the

m xed area, are In ite.” The area 10 i nformation indicating the

m xed area ougpdh fi msttfaecio@%tr@r/mo%@@: (dedQr3h ARG hATR gEOry 206

designates the m xed area and fhe portions having a texture surrounded by

the portio oMyt d g urss iéhlﬁsé‘fié&rﬁﬁw% %‘&?tio%;%’rﬁ&fﬁﬂfd fying

processi ng perfornmed by the area specifying unit 103 is ‘described bel ow

with psef efeitdn it dd o dd e g d-f drid widdh dHe @b RRny A, ffpme menory
201 obtains an image of frame #n-2 through frame #n+2 incl uding
determination result indicating "stationary" is supplied
from the stationary/moving determining portion 202-4, as
discussed above, the area determining portion 203-3
determines that the corresponding pixels belong to a covered
10 background area.
In Fig. 24, in frame #n in which the background is
stationary and the amount of movement v in 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
backgrourid components and belong to the background area. 1In
frame #n+2, which is subsequent to frame #n+l, the second
through fourth pixels from the left contain only background
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 value 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



frame #n, for which a determnation is to be nade. In step 5202, the
stationary/ noving determ ning portion 20 202-3 determ nes whether the
determ nation result for the pixel in frame #n-1 and the pixel in frame #n
| ocated at the sane position is stationary. If it is determ ned that the
determ nation result is stationary, the process proceeds to step S203 in
whi ch the stationary/ noving determ ning portion 25 202-2 determ nes whet her
the determination result for the - 96 pixel in frame #n and the pixel in
frame #n+l |located at the sane positi®a t+s stationary. If it is determ ned
in step S203 that the determnation result for the pixel in frame #n and
the pixel in frame #n+l 5 located at the sane position is stationary, the

process proceeds, %, iecgnd%%ggg‘l-egéﬁg‘%ﬁ{rg%% eqinga;@roe@ del ery nj f}gie,feolortion

203-2 sets "1", p1 X 0 be processed ongs to

the stationgfYerd ferd M Ner SO Vand G 48L6 MM N FlAg @ssoci at ed

with the pixel to be 10 processed. The area determ ning portion 203-2

suppl i es gdiertistEddONag ordl @fe ded f i fithrdd agh D ddies df%@réﬂéﬂ%@-f lag-
storing frame nenory 204, and the process proceeds to step S205. If it is

det er mi nefhrdm THLRPH N2 ddRle tde ©led ef s e i Wike L5FF @8 WHe fU£L Ny pi xel in
frame #n-1 and the pixel in frame #n |ocated at the sanme position is

novi Ng, Ofrdrie i§n43S. determined in step S203 that the determ nation result
for the pixel in frame #n and the pixel in frame #n+l | ocated at

That is, the pixels in frame #n+l1 and frame #n+2
corresponding to the pixels belonging to the uncovered
background area in frame #n consist of only background
components, and the pixel values thereof do not change.

10 Accordingly, the absolute value of the difference between
the pixel values is almost 0. Thus, the stationary/moving
determination made for the pixels in frame #n+l and frame
#n+2 corresponding to the pixels belonging to the mixed area
in frame #n by the stationary/moving determining portion

15 202~1 is "stationary".

Since the pixels belonging ﬁo the uncovered background
area in frame #n contain foreground components, the pixel
values thereof are different from those of frame #n+1
consisting of only background components. Accordingly, the

20 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

25 indicating "moving" is supplied from the stationary/moving



the sane position is noving, the pixel to be processed does 20 not bel ong
to a stationary area. Accordingly, the processing of step S204 is skipped,
and the process proceeds to step S205. In step S205, the stationary/ noving
determ ning portion 202-3 determ nes whether the determ nation result for
the 25 pixel in frame #n-1 and the pixel in frame #n | ocated at the - 97
sane position is noving. If it is determned that the determ nation result
is noving, the process proceeds to step S206 in which the

stationary/ noving determining portion 2892~ 2 determ nes whet her the

determ nation result for the pixel 5 in frame #n and the pixel in frane
#n+l | ocated at the sane position is noving. If it is determned in step

S206 t hat ‘ i i t | f th i |
: ad#%@ﬂ%%lggqﬂgyfatl Jesu t L0 s, Rigee swtl rfa[;ﬁg,proce e pixe

in franme e sanme position is novi pr oceeds

10 to steR A indthcH %glog’lr{cﬂecﬂ ‘?ﬁ;od%@d’ﬂcm .pq_rﬁt ﬂg:sp T a2 sets

"1", which indicates that the pi xel proces novi ng

area, in fidi NANd NGB @ a KERIVIAY %ﬁéﬁmrﬁ%@%&tﬁ%ﬁwi@me 44 xel to be
processed. The area determining area 203-2 supplies the noving-area 15

det er mi nidig dusaged abde dedry e rd Gl atnistioig b Aiasre 20%nory 204, and the
process proceeds to step S208. If it is determned in step S205 that the

det er B natdtarmiresul thdwretdecquved pdnt iffa e #81-s1 BilbddecPiacel in frane #n
| ocated at the same position is stationary, or if it is
uncovered background area.
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
when the determination result for the pixel in frame #n and
the pixel in frame #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 the determination result for the pixel in frame #n

and the pixel in frame #n-1 located.at the same image

20 position as the pixel in frame #n is stationary, and when
the determination result for the pixel in frame #n and the
pixel in frame #n+l located at the same image position as
the pixel in frame #n is stationary, the area specifying
unit 103 determines that the pixel in frame #n belongs to

25 the stationary area.



20 determned in step S206 that the determ nation result for the pixel in
frame #n and the pixel in frame #n+l |ocated at the sanme position is
stationary, the pixel in frame #n does not belong to a noving area.
Accordi ngly, the processing of step S207 is skipped, and the process
proceeds to step S208. 25 In step S208, the stationary/ noving determ ning
portion - 98 202-4 determ nes whether the determnation result for the

pi xel in frame #n-2 and the pixel in frane #n-1 | ocated at the sane
position is stationary. If it is deterfi#ned that the determ nation result
is stationary, the process proceeds 5 to step S209 in which the
stationary/noving determning portion 202-3 determ nes whether the

det erm nati on u el i I -1 a the .pi xel__in frame #n
whedUlthe BR%LRE ARG r@s%ﬁ%”??%nt% q . 1% ?%agfegnszog

| ocated at the same position i s noving. i s detérm né

that the ggf arHd Ratian il Grgslgnfon ddedd X8 dHb fsraaﬂ}]ge mog]e and the pixel
e proce

in frame #n | ocated at the sanme position Is noving, t SS proceeds

to step $)tildh HLrnRBhxdina arEandetn! MNing, Ry Loy 83 Jmets "1,
whi ch indicates that the pixel to be processed bel'ongs to a covered

backgr ournik tarefind i dh & ek 160 iRy e b A GlG{ U NG @B raA i vie Tdiage1
associated with the pixel to be processed. The area determ ning portion

203- 35 supplfiresne he+Q0eycart-deh Gy riien Graadee d niRj e rg8 i i o a0 dHe t he
determ ning-flag-storing frame nmenory 204, and the process proceeds to
step S21pixHie iar daraget émmiird mpvpord,| dh Gk Apetipptiims udia 103
cover ed- background-area determning flag to the
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 indicated in thte.

In Fig. 26C, the pixels which are determined to belong

25 to a moving area are indicated in white. In Fig. 26D, the



determ ning-flag-storing frame menory 204, and the process proceeds to
step S211. If it is determned in step S208 that the determnation result
for the pixel in frame #n-2 and the pixel in frane 25 #n-1 |ocated at the
sanme position is nmoving, or if it is - 99 determned in step S209 that the
pixel in frame #n-1 and the pixel in frame #n |ocated at the same position
is stationary, the pixel in frame #n does not belong to a covered
background area. Accordingly, the processing of step S210 5 is skipped,
and the process proceeds to step S21%.9bn-step S211, the stationary/ noving
determ ning portion 202-2 determ nes whether the determ nation result for
the pixel in franme #n and the pixel in frame #n+l |ocated at the sane

POSi ti O 5, SR -.ctﬂ faldd dScdalfida ned ﬂé’iéﬁ%ptoszalclfeéaptﬂ}?ér&f gagrﬁai 1 whi ch

determ nation resu i's noving, the process roceeds to ste

t he statighardmvddyy detgligdi ng portion 202-1 determ nes whether the
determ nation result for the pixel in frame #n+l1l and the pixel in frane

#n+2 | ocat ed atigt.he7same uRATIalHedn the b3Sl ahifdtdationf indilch tdelermened in
step S212 that the determnation result for the pixel in frame #n+l and

t he pi xelmixed rares, #mr2lochiad @ dheimafe, pasidd sy i Srdm alionafea the
process proceeds to step S213. In step S213, the area determ ning 20
porti 6n 208Edrmsatison’ Bytput chrdmdiloatdst ddmain e fliagtstar ey fracessed
bel ongs to an uncovered background area, in the
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 td
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 texture 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 S201, the frame memory 201
obtains an image of frame #n-2 through frame #n+2 including
frame #n, for which a determination is to be made.
In step S202, 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
same position is stationary. If it is determined that the
determination result is stationary, the process proceeds to

step S203 in which the stationary/moving determining portion

25 202-2 determines whether the determination result for the



uncover ed- background-area determning flag associated with the pixel to be
processed. The area determ ning portion 203-1 supplies the
uncover ed- background-flag determning 25 flag to the

determ ning-flag-storing frame menory 204, and - 100 the process proceeds
to step S214. If it is determned in step S211 that the determ nation
result for the pixel in frane #n and the pixel in frame #n+l | ocated at
the sane position is stationary, or if it is 5 determned in step S212 that
the determnation result for the pixebé6in frame #n+l and the pixel in
frame #n+2 is noving, the pixel in frame #n does not belong to an
uncover ed background area. Accordingly, the processing of step S213 is

ski pped, and{ e, Dr.ogessy Praceads; Lo LR S2UA, 0L SLep. 5214, Lhe, ar ea

speci fyi g “uni m nes er t'he ‘areas o e pixelsin

frame #n é%ﬁé Cifded s 1 deddsdsadetermned that the areas of all the
pixels inftra nare not yef specified, the process returns to step

5202, and the r3f 43 SRECII-AAiI0Ges Heig 159085 drgReakd dedle diGa Nl NG
pixels. If it is determned 1n step S214 that the areas of a the pixel s

in frame #s.are specidd 6dhxdNeiProcass #f 0pRedshe 19183 EP P2oamd NS €P.
S215, the synthesizer 215 generates area information indicating the m xed

area baserhatddies 2 O0cn chunes b ek oL Os e o eet e M HE gﬂrcf&e?ﬁ?s and the
covered- background-area determ ning flag stored in the determ ning-
fl ag- st orprug-dadarecoresidyy A0 . arth adtSep OFA®L Alttse affa determining
portion 203-2 sets "1", which indicates that the pixel to be
processed belongs to the stationary area, in the stationary-
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
5205.
If it is determined in step 5202 that the determination
15 result for the pixel 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 determination result for
the pixel in frame #n and the pixel in frame #n+l located at
the same position is moving, the pixel to be processed does
20 not belong to a stationary area. Accordingly, the
processing of step S204 is skipped, and the process proceeds
to step S205.
In step S205, the stationary/moving determining portion
202-3 determines whether the determination result for the

25 pixel in frame #n—-1 and the pixel in frame #n located at the



information indicating to which of the uncovered background area, the
stationary area, the noving area, or the covered 25 background area each

pi xel belongs, and sets the generated - 101 area information in the
determ ning-flag-storing frame nenory 206. The processing is then

conpl eted. As discussed above, the area specifying unit 103 is capable of
generating area information indicating to which 5 of the noving area, the
stationary area, the uncovered background area, or the covered background
area each of the pixels contained in g7frane bel ongs. The area specifying
unit 103 may apply logical ORto the area information corresponding to the
uncovered 10 background area and the area information corresponding to the
covered background area, so as,to geperate, area information correspondi ng
to the m R HEThMY {%e$oﬂb§g'geﬂgrhYel%ri%t??ﬁ%ﬁ t PRt cBhRi sting of
flags indicating to. which of the noving area, the stationary area, or the
m xed 15 éa?é%“? SRR v?%%%ft ot P2V 3%t aF e P T AT He I?’F%‘Fr%e‘% | Bhgs “eRen
the obje r ' 0 ; exture, the area,

speci ryi et G 1 TREA "t O LSRRI RS Mo P L0 o 0B LA By e

area_specs fad furiids W dte A0k {8 UbRUL LIS, r £8u1 204t on ) Loy

indicating the noving area as the area 1 nformation 1ndicatin

for egsoundh af Same NG OH PLLS piige1 A Rar F IO MRE] Ofbddh §al ¢ NEhd Nesme

stationary area as the area ‘information indicating the background area.
position is moving.

If it is determined in step S206 that the determination
result for the pixel in frame #n and the pixel in frame #n+1
located at the same.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
processed belongs to a moving area, in the moving-area
determining flag associlated 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 determination
result for the pixel in frame #n-1 and the pixel in frame #n
located at the same position is stationary, or if it is

20 determined in step S206 that the determination result for
the pixel in frame #n and the pixel in frame #n+l located at
the same position is stationary, the pixel in frame #n does
not belong to a moving area. Accordingly, the processing of
step 5207 is skipped, and the process proceeds to step S208.

25 In step S208, the stationary/moving determining portion



The enbodi nent has been descri bed, assum ng that the 25 object
corresponding to the background is stationary. - 102 However, the
above-descri bed area specifying processing can be applied even if the

i mge corresponding to the background area contains notion. For exanpl e,
if the image corresponding to the background area is uniformy noving, 5
the area specifying unit 103 shifts the overall image in accordance with
this notion, and perforns processing in a nmanner simlar to the case in
whi ch the object corresponding to the B&ckground is stationary. If the

i mge corresponding to the background area contains |locally different
notions, 10 the area specifying unit 103 selects the pixels correspondi ng

to the noijansgandexecUtas e a@%’%em.a&fﬁ%rprxoé%?ﬁsﬂ. R 29is a

bl ock diagramillustrating another exanple o0 e configuration of the

area speq NG ¥ darddInheand X1 §34.8PLCH | YHEQné"#r{—llol%%%:clé’H‘ 4 Fig. 29

does not use a notion vector. A background i nage generat or generates a

backgr ourthd MG U ESRANA NGt RhdMPUL 1/18GE, 1 ANb e SRR eSS e
generated background image to a bi nary-object- imge extracting portion

302. The treckpytamd iaggm 2@ garerial greaddbmxly acite Jrlic@Plduedd | Mmge
obj ect corresponding to a background object contained in the input inage,
and génertat estephes A0 Kigr owmickl Mage s AT iRt Anofiny raaed rrahiaigied by
expanding in the time direction the pixel values of pixels aligned
si de- by- ficdeiion 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 S209 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 S210. 1In step S210, the area determining portion
203-3 sets "1", which indicates that the pixel to be
processed belongs to a covered background area, in the
15 covered-background-area determining flag associated with the
pixel to be processed. The area determining portion 203-3
supplies the covered-background-area determining flag to the
determining-flag-storing frame memory 204, and the process
proceeds to step S211. The area determining portion 203-3
20 supplies the covered-background-area determining flag to the
determining-flag-storing frame memory 204, and the process
proceeds to step S211.
If it is determined in step S208 that the determination

result for the pixel in frame #n-2 and the pixel in frame

25 #n-1 located at the same position is moving, or if it is



25 the noving direction of an inmage corresponding to a - 103 foreground
object is shown in Fig. 30. For exanple, if the noving direction of the
i mge corresponding to the foreground object is horizontal with respect to
the screen, the nodel shown in Fig. 30 is a nodel obtained by expanding 5

t he pi xel values of pixels disposed side-by-side on a single line in the
tinme direction. In Fig. 30, the line in frame #n is the sane as the I|ine
in frame #n-1 and the line in frame #n+l. In frame #n, the foreground

conponents corresponding to 10 the obggect contained in the sixth through
seventeenth pixels fromthe left are contained in the second through
thirteenth pixels fromthe left in frame #n-1 and are al so contained in
the tenth through twenty-first pixel fromthe left in frgme #n+l. 15 In
frame #n-df,tetrﬁ‘é‘q‘&iéns %C pon%or?g t?’t?tt & &igvdd lr’oagcﬁ{a&eo g lafds &M t he

el event h ¢, ugh thirte ' fromthe left,.and the pixels bel onging
to the ur?&?\’?gr 3'21 %fgteg%nm %‘gr(%éééaar% I3 %%%%n%()%ﬁ?bﬁ%hl?og#?ﬁlﬁflﬁéys from

the left . dh pf-rx%rfe #n.ehe Q,g @o%sbﬁ{ogcggﬁ]l fjl;[‘ietfog% f%%\(reerr%% 20 background

area are the fifteenth through seve romthe left, and the

pi xels b I t un Kk u .are 1 I hr ough
Bl aht b prosel e TRee 1 o T e i e d G e "t he

covered ;RaGkarRd AR tMee Pgride NN eRUdust Hough J wenty-first 25 pixels
fromthe left, and the pixelS belonging to the

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
proceeds to step 5212 in which the stationary/moving
determining portion 202-1 determines whether the
determination result for the pixel in frame #n+l1 and the
pixel in frame #n+2 located at the same position is

15 stationary.

If it is determined in step S212 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 S5213. 1In step S213, the area determining

20 portion 203-1 sets "1", which indicates that the pixel to be
processed belongs to an uncovered background area, in the
uncovered-background-area determining flag associated with
the pixel to be processed. The area determining portion
203-1 supplies the uncovered-background-flag determining

25 flag to the determining-flag-storing frame memory 204, and



- 104 uncovered background area are the tenth through twelfth pixels from
the left. In frame #n-1, the pixels belonging to the background area are
the first pixel fromthe left, and the fourteenth 5 through twenty-first
pixels fromthe left. In frame #n, the pixels belonging to the background
area are the first through fifth pixels fromthe left, and the eighteenth
through twenty-first pixels fromthe left. In frame #n+l, the pixels

bel onging to the background area are the first 10 through ninth pixels
fromthe left. An exanple of the backgrdund i mage corresponding to the
exanpl e shown in Fig. 30 generated by the background i mage generator 301
is showmn in Fig. 31. The background i nage consists of the pixels

| jest, and does not contain inmge
Components S EXHONdTRD XD 1o T oreoroul

conponent s caOrrespon reground object. The bi nary-object-inmge

extracting portd R 302 q.qRNaHANEs 13 RiLags %qhi qely i RQe hased . on the
i e t &ifd°20

correlation between the backgroun e an € 1 nput I mage,

suppl i es ddwigereratia Ynary 9P 8Gdnd MBgelP dhd igBLhange astor 303.
e

Fig. 32 is a block diagramillustrating the configuration o
bi nary- ohjeeitddrage 1 ramid HhNAIdON s 0%+ Ay el@t i;on-walue cal cul at or

321 calculates the 25 correl ati on between the bacKground 1 mage supplied
from 6he det¥mined in step S212 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, the processing of
step 5213 is skipped, and the process proceeds to step S214.
10 In step S214, the area specifying unit 103 determines
whether the areas of all the pixels in frame #n are
specified. If it is determined that the areas of all the
pixels in frame #n are not yet specified, the process
returns to step S202, and the area specifying processing is
15 repeated for the remaining pixels.

If it is determined in step S214 that the areas of all
the pixels in frame #n are specified, the process proceeds
to step S215. 1In step S215, 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 the 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 Dbackground area each pixel belongs, and sets the generated



background i mage generator 301 and the input inmage so as to

generate a

correl ation value, and supplies the generated correlation value to a
t hreshol d- val ue processor 322. The correl ation-val ue cal cul ator 321 applies

equati on

I mge bl ocks having Y4 at the center which

5 (4) to, for exanple, 3x3-background imge bl ocks having X4 at
the center, as shown in Fig. 33A, and to, for exanple, 3x3-background

i mge bl ocks, as shown in Fig. 33B, thereby calculating a correl ation

val ue correspondi ng

Y) i=0i=0(4) 8 _22(Xi -X (Yi-Y i=0i=0X=(5) 8 2: Vi

1=0 9 (6) The correl ation-value cal culator 321 supplies the

val ue Cmd%géﬂfﬁtJﬂMa€¥HH1ﬂH>%ﬂefH%éng%H%ﬁHifﬂ%ﬁﬁ%éé%fggagggf§h0|d_value

processor 322.

10

15

20

25

memory 206. The processing is then completed.

As discussed above, the area specifying unit 103 is
capable of generating area information indicating to which
of the moving area, the stationary area, the uncovered
background area, or the covered background area each of the
pixels contained in a frame belongs.

The area specifying 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
generate area information consisting of flags indicating to
which of 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
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.

Y

corresponds to the background

10 to Y4. 8 8 Cor0&l ation value = | (Xi - X) z (Vi

15 correl ation



Alternatively, the correl ation-value cal culator 321 may apply equation (7)
to, for exanple, 3x3-background i mge blocks having X4 at the center, as
shown in Fig. 34A, and to, 20 for exanple, 3x3-background image bl ocks
having Y4 at the - 106 center which corresponds to the background inage
bl ocks, as shown in Fig. 34B, thereby calculating the sumof absolute
val ues of differences corresponding to Y4. Sum of absol ute val ues of
differences = JJI(Xi - Yi)l (7) i-0 5 The correlation-value cal cul ator 321
supplies the absolute values of the didff erences cal cul ated as descri bed
above to the threshol d-val ue processor 322 as the correlation value. The
t hr eshol d- val ue processor 322 conpares the pixel 10 value of the

the correlation value is

h | t hQ
(s:(r)nralr Iele?tlt an J(;%ggq%ﬂa% ‘%g‘o‘%{ e or esh lagre%aali%e% (19 i BT IRTS I Hef i er
r eat
e SIS el ISR O AR,
obj ect i npge cU}?catlh{sesthbﬁ’al %r_pr&%ﬁ?ﬁ tﬁé;ﬁ:gn puts the binary

obj ect i mage whose plxel value is set to 0O or r eshol d- value

Pr 0CessOrco3d PSRy o e thHAshl thy &l M8 thO L leF&im § r}n@\glv or may

use the threshold value thO input” froman external source. g. 35
i || uskr atife tdeedidpes BRI RS tul IBJD 3 N I BsPorKl r&fé:pailheldazflﬁllrpf the

i nput inmage shown in Fig.

accordance with this motion, and performs processing in a
manner similar to the case in which the object corresponding
to the background is stationary. If 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 above-
described processing.

Fig. 29 is a block diagram illustrating another example

of the configuration of the area specifying unit 103. The

15 area specifying 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 background image

20 generator 301 extracts, for example, an image object
corresponding to a background object contained in the input
image, and generates the background image.

An example of a model obﬁained by expanding in the time

direction the pixel values of pixels aligned side-by-side in

25 the moving direction of an image corresponding to a



30. In the binary object image, 0 is set in the pixel values of the pixels
havi ng a higher correlation with the background image. - 107 Fig. 36 is a
bl ock diagramillustrating the configuration of the tine change detector -
303. Wien determning the area of a pixel in franme #n, a frame nmenory 341
stores a binary object image of franme #n-1, frame #n, 5 and frane #n+
supplied fromthe binary-object-imge extracting portion 302. An area
determ ning portion 342 deternm nes the area of each pixel in frane #n
based on the binary object inmage of - fioadme #n-1, frame #n, and frame #n+l
SO0 as to generate area 10 information, and outputs the generated area
information. Fig. 37 illustrates the determ nations nmade by the area

det er m ni ' : en the designhate i X of the . binary .object
i mage in f;&aegﬁgroyﬁ&qs?%é,?ectthe sarsehraszdletlznr %’nlrﬁ 'ngioo'po&{?ronew]t?e"t e"raénﬂ’ees t hat
t he desi gpat; I 50 f T - el angs. &0 40 kgr,ound area. \Wen
t he desi gnatlZ% %ill%c%f%nt he bll'{]égrl&ﬁd ] ect i rrsrtapgoer}clnﬁjé)%?oa%eh?#n is 1, and when

the cor' eeRRtitPIdAlecdl {d1ho AR 100 4G ddEAGL Ld T dilkdd S 1. and

when the corresponding pixel of I nary obj mage 1h frame #n+l 20
is 1, thery edddat ensWwi NG BT ofd 342 JefRidi nasdihalg te e)égaé%zil%n ed

pi xel in frame #n belongs to the foreground area. Wen the ed

pi xel 50f thize phixear YraakiedClofl FRIR 1 difs B d b iide-by-Aihhah 4 R ngle
correspondi ng pi xel of the
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 frame #n, the foreground components corresponding to

10 the object contained in the sixth through seventeenth pixels
from the left are contained in the second through thirteenth
pixels from the left in frame #n-1 and are also contained in
the tenth through twenty-first pixel from the left in frame
#n+i.

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 belonging to the uncovered
background area are the second through fourth pixels from
the left. In frame #n, the pixels belonging to the covered

20 Dbackground area are the fifteenth through seventeenth pixels
from the left, and the pixels belonging to the uncovered
background area are the sixth through eighth pixels from the
left. 1In frame #n+l, the pixels belonging to the covered
background area are the nineteenth through twenty-first

25 pixels from the left, and the pixels belonging to the



bi nary object image in frame #n-1 is O, the area determning 25 portion
342 determ nes that the designated pixel in frane #n - 108 belongs to a
covered background area. Wen the designated pixel of the binary object
image in frame #n is 1, and when the correspondi ng pi xel of the binary
object image in frame #n+l is O, the area determning 5 portion 342

determ nes that the designated pixel in frame #n belongs to an uncovered
background area. Fig. 38 illustrates an exanple of the determ nations nade
by the tine change detector 303 on theoli rary object image corresponding
to the nodel of the input inmage shown in 10 Fig. 30. The tinme change
detector 303 determnes that the first through fifth pixels fromthe |eft

in frame bel aon t @ the background area since .the correspandi ng pi xels

of the Bllﬁ%é)f"froc?g@t&igr?gé@d?ﬁr% ar?ﬁe#%haeréce@%”rh 19 ctPf'a?ﬁgfgg‘det ector 303
deternin&qg%yg A6 it Rk through ninth pixels fromthe left belong to
t he uncovere background area since the pixels of the binary object inmge

|0 frame #n arg drafadshe oPRLespoRALnGeRLES Aol ol LACLaERLlogRa O, The

time change detector 3 termnes that the'te ( thirteenth
pi xel s f oo@at hed ehle 781:Q09 JikiNG rHOOQ AW ar8R SIHCG 18 Rtgl S of the

binary object image in frame #n are 1, the corresponding pixels in frame
#n-1 5ar @ hkoudfd thidd t§OfieSROR xR sPIPERInS the filcde #H el 4nlhend Me

change detector 303 determ nes that the
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+1,
the pixels belonging to the background area are the first
10 through ninfh pixels from the left.

An example of the background image corresponding to the
example shown in Fig. 30 generated by the background image
generator 301 is shown in Fig. 31. The background image
consists of the pixels corresponding to the background

15 object, and does not contain image components corresponding
to the foreground object.

The binary-object-image extracting portion 302
generates a binary object image based on the correlation
between the background image and the input image, and

20 supplies the generated binary object image to a time change
detector 303.

Fig. 32 is a block diagram illustrating the
configuration of the binary-object-image extracting portion
302. A correlation-value calculator 321 calculates the

25 correlation between the background image supplied from the



25 fourteenth through seventeenth pixels fromthe left belong - 109 to the
covered background area since the pixels of the binary object inmage in
frame #n are 1, and the corresponding pixels in frane #n-1 are 0. The tine
change detector 303 determines that the 5 eighteenth through twenty-first

pi xels fromthe left belong to the background area since the correspondi ng
pi xel s of the binary object image in frame #n are 0. The area specifying
processing performed by the area specifying unit 103 is described bel ow
with reference to the 10 flowchart -ofipBig. 39. In step S301, the
background i mage generator 301 of the area specifying unit 103 extracts,
for exanple, an imge object corresponding to a background object

cont ai neg i i_nput__i mage based on the inppyt i.mage Sso as to generate a
backgr ou%&cﬁcﬁgf%é{n%gnl&a@ﬁp R eﬁﬁ’é %@lgéaﬁé]attqbed Jﬁ‘ﬁgﬁgrl&ﬁﬂf iSh§e t% t he

bi nary- ohj - e t rr-act.i ng rtion 302. In .step,S302, the

bi nary- o%}egl%ﬁr-aitg%e Cé)%re&%tq-‘llﬁél v%%r"ltel 'oﬁ%f%&ﬁq&ﬁsa&&e FLEAd%} i on val ue

bet i : ar th i | i f th
packor ousd 26 Thage genararer ot aerara e ol WS e 27 ool cur

accordi o1 YA “*cal cul ati on

di scussed wi t‘f‘héeESE§Q§§t§.BnE-{rQ?Lue?’gé‘l@ggg%ggﬁgb@ 3bgR 12303 yatk e

bi nary-obj ect-image extracting portion utes Inary o%fgct i mage

fromghe (@9r kel atfodn %akipe cANG <308 4 il @S d MadaU® 11RQ s Ya i Ak anpl e,
conparing the 25 correlggﬁbn valueaﬁigﬁ t he tﬁ}gtholﬁ V§|égV§&@:§ﬁ

at 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 Ygq.

8 __8 _
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i=0

i=0

Correlation value = J . (4)
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The correlation-value calculator 321 supplies the
15 correlation value calculated for each pixel as discussed
above to the threshold-value processor 322.
Alternatively, the correlation-value calculator 321 may
apply equation (7) to, for example, 3x3-background image
blocks having X4 at the center, as shown in Fig. 34A, and to,

20 for example, 3Xx3-background image blocks having Y4 at the



- 110 In step S304, the tinme change detector 303 executes the area
determ ni ng processing, and the processing is conpleted. Details of the
area determ ning processing in step S304 are described below wth
reference to the flowhart of Fig. 5 40. In step S321, 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 341 is 0. |If
it is determned that the designated pixel in frane #n is 0, the process
proceeds to step S322. In step S322- iipei s 10 determ ned that the

desi gnated pixel in frane #n bel ongs to the background area, and the

processing is conpl eted. it is deternlned |n step S321 that the
desi gnat frane #n. i ceeds step S323. In
step 832%%ntthel)(§}rhééﬂlde Orrrﬁsr?onéisp#ﬂ |t3'h % tﬁ“}ﬁsgel %ﬁféﬁfge dfet ect or

303 det ergiRES \fp%tl@e_r 3t4I%e %%I %S,t c%h atln O,(]f‘]hgﬁanrrseémgn > qfltgﬁr:eh;n .

frame nenory 34 and et he e COTTe

is 0. If Jah ey detfrefned ddat. 4 %%S%%ﬁfscg_gl t ew xel in frame #n is 1 and

t he corresponding pixel in T ane ﬁrocess 20 proceeds to step
S324. In step S324, it is determned that the designated pixel in frame #n
bel ongs tSom et edesrlaxte badkugsowfd dhrfefg reamck st e El(m'essh{m i's conp)eted.

If it is determned in step S323 that the designated pixel in frame #nis
0, or that the corresponding pixel in 25 franme #n-1 is 1, the process
procekds to sthRp &32belbhBishePaiudléalculator 321 supplies the

absolute values of the differences calculated as described
above to the threshold-value processor 322 as the |
correlation value.
The threshold-value processor 322 compares the pixel

10 value of the correlation image with a threshold value thO.
If the correlation value is smaller than or equal to the
threshold value thO, 1 is set in the pixel value of the
binary object image. If the correlation value is greater
than the threshold value th0, 0 is set in the pixel value of

15 the binary object image. The threshold-value processor 322
then outputs the binary object image whose pixel value is
set to 0 or 1. The threshold-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 having a higher correlation with the

background image.



S325, the area determning portion 342 of the time change detector 303
determ nes whet her the designated pixel in franme #n stored in the frane
menory 341 is 1, and whether the corresponding pixel in frame #n+l is O.
If it is 5 determned that the designated pixel in frame #n is 1 and the
corresponding pixel in frame #n+l is O, the process proceeds to step S326.
In step S326, it is determned that the designated pixel in frame #n

bel ongs to the uncovered background area, and the processing is conpl eted.
10 If it is determned in step S325 - hat7 t-he designated pixel in frame #n
is 0, or that the corresponding pixel in frame #n+l is 1, the process
proceeds to step S327. In step S327, the area determ ning portion 342 of
the tinme chan det-ector etermg nes .tyhat .t he .desi.gnated pi xel in frame
15 #n belongsgﬁg'tﬁg 3rgg%g§ﬁ gﬁé F gh&ltﬁgtﬁﬁbéé§%ﬁ%§ is conpleted. As

di scusse%&%v%ilrgﬁieo@roe@ @rpeect'[f;%é ncg}]%é i&neg‘g%ég%% £ tq,qﬁepﬁaci fy, based on

the correlation value between e correéespondi ng

backgr ound. 4 JRG&: i 4 W cly 4 e Jor ey rea, e &F}P ar ea,
the covered _backlgrggund ar eegé,)dgé t@uérilcovere _égc gr Oéu_lljlﬁf ar egg%rgc pi xel
of the il J4MOs REIONMISy A SN ES S Sfrdid OF B | Of 4 ROTFESpondi ng

to the specified result. Filg. 41 is a block diagramillustrating hnpthgr 25
confi gur e re imd g -ar eaugiecdd Vs wiid diddry P @a-mmdde  speci fying

unit 103 shown in Fig. 41 uses a notion vector
extracting portion 302.

An area determining portion 342 determines the area of
each pixel in frame #n based on the binary object image df
frame #n-1, frame #n, and frame #n+l 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 determining
portion.342 determines that the designated pixel in frame #n

15 Dbelongs to the background 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 1, and when the
corresponding pixel of the binary object image in frame #n+1

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



and positional information thereof supplied fromthe notion detector 102.
The sane el enents as those shown in Fig. 29 are designated with |ike
reference nunerals, and an 5 explanation thereof is thus omtted. A

r obust - processi ng portion 361 generates a robust binary object imge based
on binary object images of N frames supplied fromthe binary-object-inmge
extracting portion 302, and outputs the robust binary object inmage to 10
the tinme change detector 303. Fig. 42 is a block diagramillustrating the
configuration of the robust-processi-ngogortion 361. A notion conpensat or
381 conpensates for the notion of the binary object inages of N franes
based on the notion vector 15 and the positional information thereof

suppl i ed b];)

Jﬁﬁ%ﬁ@qqupggygggg6%%égg£§§%ﬂfgggoutputs a mot i on- conpensat ed

binary object®inage to a swtc e notion conpensation perfornmed by

the notion CWﬁgﬁnéﬁ%oﬁeégﬁnﬁgeghﬁﬁﬁﬁiegfb%hgwﬁyn%QHr%%@%Eﬂpgmﬁ e29n

exanpl es shown in Figs. a IS now assuned, exanpl e, 't hat

the area ddyrd YR #0 1 S 4y W dH QGRS SI8M. r Iha R NS P PDI St dmRges of
frame #n-1, franel#n,'and frame #n+1 sﬁ%mn injﬁﬁgagig are input, the

noti on cHRRNSAlHY 381 iGpRensatE@sdorsdhe mptd onf 4:he hidadmPikst
image of 25 frane #n-1 and the binary object imge of frane #n+l, as - 113

i ndi cat eghdpt ildie oAt mhiows ithdt Ghetbedaffttd diieel M | DL GLOT
supplied fromthe notion detector 102, and
belongs to an uncovered background area.

Fig. 38 i1llustrates 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.

Thé time change detector 303 determines that the

25 fourteenth through seventeenth pixels from the left belong



supplies the notion-conpensated binary object inages to the switch 382. 5
The switch 382 outputs the notion-conpensated binary object inage of the
first frame to a frame nenory 383-1, and outputs the notion-conpensated

bi nary object image of the second frane to a frane nenory 383-2.

Simlarly, the swwtch 382 outputs the notion-conpensated bi nary object

i mges of 10 the third through (N-1)-th frane to frane nenories 383-3

t hrough 383-(N-1), and outputs the notion-conpensated binary object inmge
of the NNth frane to a franme nenory-3889N~ The frane nenory 383-1 stores

t he notion-conpensated binary object inage of the first frame, and outputs
the 15 stored binary object imge to a weighting portion 384-1. The frane

383-2 st t i on- ted bi hj ect | f th
Cecont | PAmE LA b P G SO B S b TS GBI ATRYS ] GOF wei gt ng
ti - inilarly the f i es 383-3.through 383-(N-1) 20
Gl or oo AR SR BSiinAReREed bitk Al O] G Piragle oF 4 RET P Ttbugh

(N1 -th fr S, A f @t tored binary object imges to weighting
iIES ekl LS LS 9

portions t hr oug N-1). " The franme nenory 383-N stores the

mot i on- conpenggked; fkNah¥ng@PLEEEcLBRIB0SS dbRerMihlsf LROR, (R outputs the
stored 25 binary object inage to a weighting portion 384-N. - 114 The

wei ghd i N@ 1 RBFlele@t 3 &4rb uid! ttiw@rﬂt@_&fti&%tpif;ﬁeéel\@!ﬂi%m @hd NRrft belong
not i on- conpensat ed bi nary object i mage of the first frame supplied from
the framgonemer pa2®k3rbud¥ Area since the corresponding pixels of the

" binary object image in frame #n are 0.

The area specifying processing performed by the area

specifying unit 103 is described below with reference to the

10 flowchart of Fig. 39. 1In step S301, the background image
generator 301 of the area specifying unit 103 extracts, for
example, an image object corresponding to a background
object contained in an input image based on the input image
SO as to generate a background image, and supplies the

15 generated background image to the binary-object-image
extracting portion 302.

In step S302, the binary-object-image extracting
portion 302 calculates a correlation value between the input
image and the background image supplied from the background

20 image generator 301 according to, for example, calculation
discussed with reference to Figs. 33A and 33B. In step S303,
the binary-object-image extracting portion 302 computes a
binary object image from the correlation value and the
threshold value th0 by, for example, comparing the

25 correlation value with the threshold value thO.



predet erm ned wei ght wl, 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 frame nmenory 383-2 by a predeterm ned wei ght w2, and supplies the
wei ghted bi nary object inage to the accunulator 10 385. Likew se, the

wei ghting portions 384-3 through 384-(N- 1) multiply the pixel values of

t he notion-conpensated binary object inmages of the third through (N-1)-th
frames supplied fromthe franme nenorijgg 383-3 through -383-(N-1) by 15
predet erm ned wei ghts w3 through wW(N-1), and supplies the weighted binary
obj ect images to the accunul ator 385. The weighting portion 384-N

Itiplies the pixel val th i on- ted hi bj_ect i

of the Nt | Eing teRuSaPled theoMiia ShPRRE. ARRGEY 303N Bk BPBaat m ned
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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 is 0,
the process proceeds to step $322. In step 5322, 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 S$321 that the designated

pixel in frame #n is 1, the process proceeds to step S$323.
In step S323, the area determining portion 342 of the time

15 change detector 303 determines whether the designated pixel
in frame #n stored in the frame memory 341 is 1, and whether
the corresponding pixel in frame #n-1 is 0. TIf it is
determined that the designated pixel in frame #n is 1 and
the corresponding pixel in frame #n-1 is 0, the process

20 proceeds to step S324. In step S324, it is determined that
the designated pixel in frame #n belongs to the covered
background area, and the processing is completed.

If it is determined in step $323 that the designated

pixel in frame #n is 0, or that the corresponding pixel in

25 frame #n-1 is 1, the process proceeds to step S325. 1In step




5 images, and supplies it to the tinme change detector 303. Accordingly, the
area specifying unit 103 configured as shown in Fig. 41 is able tospecify
the area nore precisely than that shown in Fig. 29 even if noise is ‘
contained in the input inage. 10 The area specifying processing perforned
by the area specifying unit 103 configured as shown in Fig. 41 is

descri bed below with reference to the flowhart of Fig. 45. The
processi ngs of step S341 through step S343 are simlar to those of step
S301 through step S303 di scussed withi115 reference to the flowhart of Fig.
39, and an explanation thereof is thus omtted. In step S344, the

r obust - processing portion 361 perforns the robust processing. In step
S345, the tinme change detector, 303 perfaornms the 0 .area determ ning.
processi g2 2and %é%ﬁaoggﬁrH&Q@gcwtétoéﬁ?&D&éﬂhse MM ENFRHEessi ng of

step S345 are sim] ar t he rocessin iscussed with reference to the
| onchar BeESsR 20 dedariine HrEtHdte e an e sl Sfoq.  Det ot s
of the r t Rrocessi .COrres ing to th 25 pr.ocessin f step S344
in Fig. %3%%$b%5i%§ﬁr%g€6ﬁ}ﬁf?%ggﬂgfﬁgm?%%rrg%%% 5£]Vh€' 3&5%g?r'of Fi g.

46. 1n step %%gﬂpeasye)?l%ggi q&eqor{gsg%sr%w #84 ney fer me 4 he notion

conpensation o I'nary ject 1mage based on the rotion vector

and  &he qosiddional JahorRl i slpereRl SuRnl gl A0 Yhe s g b detector
102. In step S362, one of the frane nmenories 383-1
the corresponding pixel in frame #n+l is 0, the process
proceeds to step S326. In step 5326, it is determined that
the designated pixel in frame #n belongs to the uncovered
background area, and the processing is completed.

10 If it is determined in step S325 that the designated
pixel in frame #n is 0, or that the corresponding pixel in
frame #n+l is 1, the process proceeds to step S327. 1In step
S327, the area determining portion 342 of the time change
detector 303 determines that the designated pixel in frame

15 #n belongs to the foreground area, and the processing is
completed.

As discussed above, the area specifying unit 103 is
able to specify, based on the correlation value between the
input image and the corresponding background image, to which

20 of the foreground area, the background area, the covered
background area, or the uncovered background area each pixel
of the input image belongs, and generates area information
corresponding to the specified result.

Fig. 41 is a block diagram illustrating another

25 configuration of the area specifying unit 103. The area



t hrough 383-N stores the correspondi ng noti on-conpensated binary object

i mge supplied via the switch 382. In step S363, the robust-processing
portion 361 deterni nes whether N binary object inages are stored. If it
10 is determined that N binary object inmages are not stored, the process
returns to step S361, and the processing for conpensating for the notion
of the binary object inmage and the processing for storing the binary
object image are repeated. 15 If it is determined in step S363 that N

bi nary object inages are stored, the1urocess proceeds to step S364 in
whi ch weighting is perforned. In step S364, the weighting portions 384-1
through 384-N multiply the corresponding N binary object imges by the

ht tep S36 t he, .accunul at or, 385 accunulates t he
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abl e 50 gepenabeidhea e mald @hud RMiGalddg to which of the noving area,

the stationary area,

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 diagram illustrating the
configuration of the robust-processing portion 361. A
motion compensator 381 compensates for the motion 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 motion-compensated binary
object image to a switch 382.

The motion compensation performed by the motion

compensator 381 is discussed below with reference to

20 examples shown in Figs. 43 and 44. It is now assumed, for
example, that the area in frame #n is to be processed. When
binary object images of frame #n-1, frame #n, and frame #n+1
shown 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



t he uncovered background area, or the covered background area each pi xel
contained in a frane belongs. Fig. 47 is a block diagramillustrating an
exanple of 10 the configuration of the m xture-ratio calculator 104. An
estimated-m xture-rati o processor 401 cal cul ates an estimted m xture
ratio for each pixel by calculations corresponding to a nodel of a covered
background area based on the input inmage, and supplies the cal cul ated
estimated 15 mixture ratio to a mxture-ratio determ ning portion 403. An
estimated-m xture-rati o processor 4021dal cul ates an estimted m xture
ratio for each pixel by calculations corresponding to a nodel of an
uncover ed background area based on the input imge, and supplies the

cal cul at 3‘8‘?21%&%%[& r@t ecqllem ealr’r{ §Jd %thi?(eﬁ];ntﬁ m Xt ur -agsge';' ooggg:hfﬁr m ni ng

portion nce 't can ssune ‘ob] €ct e ng to the

fOregrOUW@ﬂf%d“@@d%%EM%$§§$§§5gﬂ%grﬁﬂ%ﬂ&&ﬁfgé'Hé{eéggi5¥H5t%ﬁﬁfi”E’ t he

m xture ratio a of the onging to a mxed area exhibits the

fol | owi ngupphi@s ¢hay aEiedrstd Haled $i st Al (05 lgpearly
changes aggg}di r?g to the positi r?arﬁ Q‘gchaangelnltan%% hrBeBsgé'{(tgllsn.?aqef% t‘%ée ﬂ&o%si tional
change i Rwiikenpizgel s is one-dinensional, a change in the mxture ratio a

can be represented linearly. 5 If the positional change in the pixels is
t wo- ds mensi onghe 8wi€brnge2i ButpatRi xher fotdabhocBmpanshechepiggept ed on a

pl ane. Since the period of one frame is short, it can be
object image of the first frame to a frame memory 383-1, and
outputs 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 object image to a weighting portion 384-1.

The frame memory 383-2 stores the motion-compensated 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.



assuned that the object corresponding to the foreground is a rigid body
nmoving with constant velocity. 10 The gradient of the mxture ratio a is
inversely proportional to the amount of novenent v within the shutter

time of the foreground. An exanple of the ideal m xture-ratio a is shown in
Fig. 48. The gradient 1 of the ideal m xture-ratio a in the 15 m xed area
can be represented by the reciprocal of the anmount of novenent v. As shown
in Fig. 48, the ideal m xture-ratio a has the value of 1 in the background
area, the value of 0 in the foregreundd4area, and the value of greater than
O and smaller 20 than 1 in the m xed area. In the exanple shown in Fig.

49, the pixel value CO6 of the seventh pixel fromthe left in franme #n can

i ndi d I I POG th
o xel 11 om ¢ hEiPefE R r RO n 38911 'té%él%%o% TBOERY e FO2! v
=P06/ 20 FQ2 / 4PQ6+Fi / I ti el
vZ?Eevgg |\S£B|Fn2;( \écgtogid nﬁ%)nsétfe v a%/ :\ﬂb\éfe e p?%( © tq{eheft eIanr ea,

whil e the,pixel, \fﬂllté% '%?;%rd %:Hemjf'r%?r{eeqlé?rfézslal I\}I \fg) %ﬁ B of the pixel 5

in the backgroun ar ea. I's, the
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 motion-compensated
binary object image of the second frame supplied from the
frame memory 383-2 by a predetermined 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-compensated
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 accumulator 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



pi xel in the m xed 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 (8), 2/v corresponds
to the mxture ratio a. Since the anount of novenent v is 4, the m xture
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
considered as the pixel value in the mxed area, while the pixel value P
of frame #n-1 prior to frame #n is —cqng dered as the pixel value in the
background area. Accordingly, equation (3) indicating the mxture ratio a
can be represented by equation (11): 20 C = aP+f (11) where f in equation

(11) indicates t.he sum of .the foreground conponents EiFi/v contained in
t%resfiloﬁdievla. Uh &P ArariBii Y SRS e T ntqkeqL%’tI}aOW eche two

t he desi gnate
factors,iima%gs - 120 the mxture ratio a and the sumf of the foreground
conponent's. "Sim larly, a nodel obtained by expanding in the tine direction

the pixel Valﬂ Sd&@cﬂ@%%ﬂ.gggvgno%ﬂg nggg%gg%g%es%ik éo%&ég%??GEunber of

virtual divided portions’is ' an uncovere ackgroun hown in

Fig. 50. it e o SRARSANIAHAY Aol ﬁ%é%’%e%lﬁﬁr?@rquq:yaro%%’ecé n the
uncover ed background area, the pixel “val ue of the
5 images, and supplies it to the time change detector 303.
Accordingly, the area specifying unit 103 configured as
shown in Fig. 41 is able to specify the area more precisely
than that shown in Fig. 29 even if noise is contained in the
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 S341 through step S343 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 S345, the time change detector 303 performs the

20 area determining processing, and the processing is completed.
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 S344 in Fig. 45 are given below with



designated frane #n is considered as the pixel value in the 10 m xed area,
whil e the pixel value N of frane #n+l subsequent to frame #n is considered
as the background area. Accordingly, equation (3) indicating the m xture"
ratio a can be represented by equation (12). C = aN+f (12) 15 The

enbodi mrent has been described, assum ng that the background object is
stationary. However, equations (8) through (12) can be applied to the case
in which the background object is noving by using the pixel value of a

pi xel | ocated corresponding to the amumgt -of novenent v of 20 the
background. It is now assuned, for exanple, in Fig. 49, that the anount of
novenment v of the object corresponding to the background is 2, and the

nmb f t ual [ i | hi t h bj ect
Corr espor@ERg es (e e kfglpav S APy (45 1 P 11 Bhog D, ¢ he 25
pi xel va he ni the ck rql nd ar.ea in - 121 uat n (10)
i's repreggﬁfe& Efk en% value 3@ |nce eéhétfbﬁ%’ % ff? each

contain Lyo ; nyaL anles to Pl AR SR n%eu%%t%; %edaw hout
R

nodi fyi ng t he e uatlon y, since an | nmage as a strong

correl at gy 'p%s:L%ll@)tn'aqn .momct ’onp't)ﬁeelr%o'fn u%r%efa th:otnP SRR have
approxi mately the sane pi xel Ues. Accor di y, since Jﬁ oreground
conpofiente have 21031 0ng: %Qrerpels@tazqndnré 03 AHOF latheS R 1€ 383Uati on i s
through 383-N stores the corresponding motion-compensated
binary object image supplied via the switch 382.
In step 8363, the robust-processing portion 361
determines whether N binary object images are stored. If it
10 is determined that N binary object images are not stored,
the process returns to step S361, and the processing for
compensating for the motion of the binary object image and
the processing for storing the binary object image are
repeated.
15 If it is determined in step S363 that N binary object
images are stored, the proceés proceeds to step S364 in
which weighting is performed. 1In step S364, the weighting
portions 384-1 through 384-~N multiply the corresponding N
binary object iméges by the weights wl through wN.
20 In step S365, the accumulator 385 accumulates the N
weighted binary object images.
In step S366, 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.



10 nodified so that the sumf of the foreground conponents can be derived
fromthe previous or subsequent frane, and the mxture ratio ais

determ ned. The pixel value M of the seventh pixel fromthe left in frane
#n in Fig. 51 can be expressed by equation (13): 12 1 V BO6+> Fi/v 5 M=
=I1 20 (13) In equation (13), 2/v of the first termof the right side
corresponds to the mxture ratio a. The second termof the right side in
equation (13) is shown as in equation (14) 12 10 >Fi 1ly-.8YFi1lv i=11 i=7
(14) Here, by using the space correl-atiijon -of the foreground conponents, it
is assuned that equation (15) holds: F = FO5 = FO6 = FO7 = FO8 = F09 = F10
= F1l = F12 (15) - 122 Equation (14) can be replaced as shown in equation

(16) by USIn%se%H%%h%ge 1% 6v%% hzlg$%anpecifying 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 background 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 processor 401 calculates an
estimated mixture ratio for each pixel by calculations
corresponding to a model of a covered background area based
on the input image, and supplies the calculated estimated
15 mixture ratio to a mixture-ratio determining portion 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 a of the pixels

25 belonging to a mixed area exhibits the following



l=-~V =13. 4 -F (16) As a result, 0 can be expressed by equation (17): 5
(3=2/4 (17) In general, if it is assumed that, as shown in equation (15),
t he foreground conponents related to the m xed area are equal, equation

(18) holds for all the pixels of the mxed area on the basis of the

relation of the interna

(19)

C= caP+f 7+v-1 =a,P+(1-a)>Fily

10 ratio: R=1 - a (18) If it is assuned that

equation (18) holds, equation (11) can be expanded as shown in equation
i=r =aP+(l-a)N (19) 15 Simlarly,

it is assumed that equation (18) hokd418 equation (12) can be expanded as
shown in equation (20): C=aNt+f r+v-1 =aN+(1-a)Y,Filv ~=r =aN+(1l-a)P

10

15

20

25

characteristics. That is, the mixture ratio o linearly
changes according to the positional change in the pixels.

If the positional change in the pixels is one-dimensional, a
change in the mixture ratio o can be represented linearly.
If the positional change in the pixels is two-dimensional, a
change in the mixture ratio o can be represented on a plane.

Since the period of one frame is short, it can be
assumed that the object corresponding to the foreground is a
rigid body moving with constant velocity.

The gradient of the mixture ratio @ is inversely
proportional to the amount of movement v within the shutter
time of the foreground.

An example of the ideal mixture-ratio @ is shown in Fig.
48. The gradient 1 of the ideal mixture-ratio o in the
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 smaller
than 1 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 P06 of the seventh

pixel from the left in frame #n-1.

i f



(20) - 123 1In equations (19) and (20), since C, N, and P are known pi xel
val ues, 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 indicates the pixel value of the designated
pixel in frame #n. N indicates the pixel value of the pixel in frame #n+l
whose position in the spatial direction corresponds to the designated

pi xel . P indicates the pixel value of the pixel in frame #n-1, whose
position in the spatial direction 10 gapresponds to the designated pixel.
Therefore, since equations (19) and (20) each contain a single variable,
the mxture ratio a can be cal cul ated using the pixel values of the pixels
of three fraifis.= BP6sdl vih@Oeduat+ardd (19)+awd (20), it is shown that the
condition 15 under [ £ correc i xture rati,Q a is calculated,is that
t he foreground coﬁ%@gén éF?@Fa?éé'ﬁgwghé‘ﬁfkggaa*é% are equal, tggk is,

t he pi xel valueg_%f theH%ﬁgce ive pixels of a nunber tw ce the anount of
novenent v, which a(évf m ,IE&'ﬁdgitioned at the boundary of the image
obj ect, 20 corresponding to t he novi ng direction of the object of the
foreground, ifnpt L j ec [N f o] , swhi:ch.i apt ured when
t he foregroungno%§3%F§?§ g?%fi%ﬁ§r§§9§%e9%?g%dgagsl%?gggégéaegbg%e% t he
mxture pakied Fadhiel B o x8les piR@LONGI ARG RitdR GOMRY edhackgrund area is
calculated on 25 the basis OF equation (21), and the m xture ratio a of

t he 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 (8), 2/v corresponds to the mixture ratio a.

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 o can
be represented by equation (11):
20 C = a-P+£f (11)
where f in equation (11) indicates the sum of the foreground
components Xi;Fi/v contained in the designated pixel. The

variables contained in equation (l11) are two factors, i.e.,



- 124 pixels belonging to the uncovered background area is cal cul ated on
the basis of equation (22). a = (GN/(P-N (21) (X=(CGP) / (NP) (22) 5
Fig. 53 is a block diagramillustrating the configuration of the mxture -
rati o estimation processor 401. A frame nenory 421 stores input inmages in
units of frames, and supplies the frame which is one frane after the frane
input as the input image to a frame menory 422 and a 10 mxture-ratio

cal cul ator 423. The frane nmenory 422 stores input inmages in units of

frames, and supplies the frame which i120ore frane after the franme supplied
fromthe frame nenory 421 to the m xture- ratio cal culator 423. 15
Therefore, when the frane #n+| has been input as an input imge to the

m xt ur e- gt I It r ane 42 ies frame #n to
the m xt t}?le %atgglacocrc%al%c at or anﬁ;%heaﬁo’dmf he ?r? %é r‘?é ‘i}p supplies the
frame #nlt@ndhgs Mxture-ratio calculator 423. 20 Based on the

cal cul ation shown in equation (21), the mixture-ratio calculator 423

calculates th ed r 0] at. ed xel, on the
basi s of the SoreLpfEkfla otbul Sptaihadibyl dpdis: dBNL AT R Banell 00 el

val ue N effi rlelee iRinX & el Pl&re@n'%aﬁ'ﬂré's: 1W%ﬁ&paatﬂealarr{69§ftt I nref¥ntesponds
to the designated pixe and the pixel value P -

5 is 4 and the number of virtual divided portlons 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
designated frame #n is considered as the pixel value in the

10 mixed area, while the pixel value N of frame #n+1 subsequent
to frame #n is considered as the background area.
Accordingly, equation (3) indicating the mixture ratio o can
be represented by equation (12).

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 applied 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. In 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



of the pixel in frame #n-1, whose spatial position corresponds to the
desi gnated pi xel, and outputs the calculated estimated m xture ratio. For
exanpl e, when the background is stationary, the m xture-ratio cal cul ator -
423 5 calculates the estimated m xture ratio of the designated pixel on

t he basis of the pixel value C of the designated pixel in frame #n, the
pi xel value N of the pixel in frame #n+l, whose position within the frane
is the sane as that of the designated pixel, and the pixel value P of the
pi xel in 10 frame #n-1, whose position2a thin the frane is the sane as
that of the designated pixel, and outputs the calculated estimted m xture
ratio. In this nmanner, the estimted-m xture-ratio processor 401 is able
to cal cul ts esty,mat e ixture ratio based. 15 .0n e i nput image, and
suppl i es i Eélttol tgheﬁtrgi)gﬁtfr %—e ariélso%neccféftébrymanipﬁd{eplorvﬁld’f? - The
esti mat ed- m Xgupe=r aki e [ onf.igur he,sane as the
estinated-nix%gﬁg?rgékgtgpggezzg? §8§ é382p?gc h&??tﬁﬁarége t he

est | Mt equHabcE | 3k AHAESS 9 ARl 20 LRl WIAL R N G8Ld TRLGH I Xt ure

ratio of the designated pixel on asis o e calculation OWn in

equat | oNmodbleyirig@ s gk abnl X! Weid A dHGG5S Qfs L2 LAl oS the
estimated m xture ratio of the designated pixel on the basis of the

cal cub at has shewiony eaualdlenibA2)in ard a1 o2b X RiRRat i on dhereef is thus
omtted. - 126 Fig. 54 shows an exanple of an estinmated m xture ratio
proximity to each other have approximately the same pixel
values.
Accordingly, since the foreground components have a
strong correlation in relation to space, the equation is
10 modified so that the sum f of the foreground components can
be derived from the previous or subsequent frame, and the
mixture ratio o is determined.

The pixel value Mc of the seventh pixel from the left

in frame #n in Fig. 51 can be expressed by equation (13):

2 12
Mc= 2. -
s c=3 B06 +i=ZHF;/v (13)

In equation (13), 2/v of the first term of the right
side corresponds to the mixture ratio @. The second term of

the right side in equation (13) is shown as in equation

(14) :

12 10

Y Filv=B8-> Filv (14)
20 i=11 i=7

Here, by using the space correlation of the foreground
components, it is assumed that equation (15) holds:

F = F05 = F06 = FO07 = F08 = FO09 = F10 = Fl11 = F12 (15)



calculated by the estimated-m xture-ratio processor 401. The estinmated

m xture ratio shown in Fig. 54 shows, for one Iline, the result in a case
where the anount of novenent v of 5 the foreground corresponding to an
object nmoving with constant velocity is 11. It can be seen that the
estimated m xture ratio nearly changes linearly, as shown in Fig. 48.
Referring back to Fig. 47, a mxture-ratio determning 10 portion 403 sets
the m xture ratio (X based on the area information supplied fromthe area
specifying unit 103 and indicating-4aashi<ch of the foreground area, the
background area, the covered background area, or the uncovered background
area the pixel for which the mxture ratio a is 15 to be cal cul at ed

bel ongs. The m xtuyr.e-rati,Q determ nin oytion.403 sets the mxture ratio
a to 0 when t?gﬁ#&r rneg(tr}é1 di5ig’ &exéflepg&(%ﬁgfst SAWE A3 SFUGTHIear@ds) and
sets th 1. X4 s o .1 when the correspondi ng pixel belongs to

t he backgpgbﬁ%HgfégﬁL%$ﬁéﬁi{£§%brresponding 20 pi xel belongs to the covered

baCkgrOU“jéﬁé%P,_ﬁﬂﬁ q%xture- ratio determ ning portion 403 sets the
esti mat ed 4 !dfe‘vﬁﬁ 0 supplied fromthe estimted-m xture-ratio

processor~"401 as the nixture ratio a. Wien the correspondi ng pi xel

bel ongs to the un veﬁedlbackground area, the m xture-ratd]g)25 determ ni ng
portion 403 sets the ¥stimated mixture ratio - 127 supplied fromthe
estimated-m xture-rati o processor 402 as the mxture ratio a. The

m xture-rati oardetet@snilrg PochhOBe 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 the mixed area
are equal, equation (18) holds for all the pixels of the
mixed area on the basis of the relation of the internal
10 ratio:
B=1-a (18)
If it is assumed that equation (18) holds, equation

(11) can be expanded as shown in equation (19):

C=aP+f
T+V-1I
=@-P+(I1-)-D, Filv
i=7
=q-P+(I-@)-N (19)
15 Similarly, if it is assumed that equation (18) holds,

equation (12) can be expanded as shown in equation (20):

C=a'N+f
r+V-1

=N +(1—a)-__2Filv
=@'N+(I-a)P (20)



403 outputs the mxture rati o a which has been set based on the area
information. 5 Fig. 55 is a block diagramillustrating anot her
configuration of the m xture-ratio calculator 104. A selector 441 supplies
a pixel belonging to the covered background area and the correspondi ng

pi xel in the previous and subsequent franmes to an estimated-m xture-ratio
10 processor 442 based on the area information supplied from the area
speci fying unit 103. The selector 441 supplies a pixel belonging to the
uncover ed background area and the eonpgsponding pixel in the previous and
subsequent franes to an estimated-m xture-ratio processor 443 based on the
area 15 information supplied fromthe area specifying unit 103. Based on

th i xel I i f h I r 441, he.esti mated-m xture-ratio
br ocossor 442 harduRLseesy TuoTcahd 208" iPhee CratinoS6f Ehe fesPgha: cd
ixel b i f th over ckaround area by the .calc tion shown in
Fz)bxgqua'?ilpg%%l(lg%a,l%aeﬁd g&%p%’i%erg%ﬁlﬁigscgio%u “red edh %lergau[ae orﬁﬂg{}?’él arrﬁi 0 toI a

et et ed o xEa ot o o eeRat e Al o B8 PRAPE R AR Ol B o

estimat ed-m xture-rati o processor | cul a esti nu

rati 0 of M hardesi dnaloahatiutels BAlngo 125 4 e gypcayenad, bagkor und area

by the calculation shown in - ~ equation and sup es t’he
cal cub at edagshitt ethaipitidie vaiald @t enhesalReity 44%e1Based At he area

information supplied fromthe area
#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.

Therefore, since equations (19) and (20) each contain a
single variable, the mixture ratio @ can be calculated using
the pixel values of the pixels of three frames. By solving
equations (19) and (20), it is shown that the condition

15 under which the correct mixture ratio a 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 movement v, which 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 & of the pixels
belonging to the covered background area is calculated on

25 the basis of equation (21), and the mixture ratio @ of the



specifying unit 103, the selector 444 sets the mxture ratio 5 a to 0 when
t he desi gnated pi xel belongs to the foreground area, and sets the m xture
ratio Cc to 1 when the designated pixel belongs to the background area.
When the designated pixel belongs to the covered background area, the

sel ector 444 selects the estimated m xture ratio supplied fromthe 10
estimated-m xture-rati o processor 442 and sets it as the mxture ratio a.
When t he desi gnated pixel belongs to the wuncovered background area, the
sel ector 444 selects the estimted-mpeiaure 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 e ased on_.the. area infor ion. As djscussed above, the
mi xt ur e- g?‘%&ssctgleg‘ﬁ’lngtl@rg f@4%h§oﬁﬁc§dre§§r%éa§qﬁ/ﬁ?‘1’}‘# B'§2 55 is able to
cal cul at e _t ixture . rati far i xel ntained in the i mage, and
20 outpu?gl?ﬁ%agg céﬁaf@% ﬁ%ﬁ?ﬁr%ffggﬁgtgpnTﬁgﬁgalculation processing for
the mxture rgtio a_yperbofged by the m xt -ratio calculator 104
configured as shégn ?2‘Ei§?947 is discussgg'beIOM/mjth reference to the

flowchart of gig. (86p)lnnspep S401, the mpgyre-ratio 25 calculator 104
obtains area information supplied fromthe - 129 area specifying unit 103.

In step S402, rife estignhed1oBkxbuhgraal 101050¢883AL ¢QL executes the
processing for estimating the mxtdre ratio by using a nodel correspondi ng
to a covevedibackgionnd raree miRAuTEPRaES R iasidiRt @docessor 401.

A frame memory 421 stores input images in units of frames,

and supplies the frame which is one frame after the frame

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 the
mixture-ratio calculator 423.

20 Based on the calculation shown in equation (21), the
mixture-ratio calculator 423 calculates the estimated
mixture ratio of the 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 #n+l, whose spatial position

25 corresponds to the designated pixel, and the pixel value P



S mxture ratio to the mxture-ratio determning portion 403. Details of
the processing for estimating the mxture ratio are discussed below with
reference to the flowhart of Fig. 57. In step S403, the _ '
estimated-m xture-rati o processor 402 10 executes the processing for
estimating the mxture ratio by using a nodel corresponding to an uncovered
background area, and supplies the estimated mxture ratio to the mxture-
ratio determ ning portion 403. In step S404, the m xture-ratio cal cul at or
104 15 determ nes whether the m xture 128t i-os have been estimated for the
whole franme. If it is determned that the m xture ratios have not yet been
estimated for the whole franme, the process returns to step S402, and the

pr ocessi g figfe GILIITLNG L Podiur Gurald .4 fon the subsequent pixel s

20 execut ed. etermmned i step rati os have

been est idpted st e Wi ?efsr&_gﬁg}tn%@n%iggeqcesa%d %}%qlecds &Q step S405. 1In

step $S405, the m xture-rati i'ng pdrtion S6ts the mxture

ratio basedconaie 23 1aned i tANTELT AU | 4d. DG anga sReel fying
unit 103 - 130 and indicating to which of the foregraound are€a, e

backgrou@dc&@&@un@h&sC%%Q&Q@n@&@Kg&@Mﬁﬂdﬁﬁﬁibe4¥éﬂﬂ83caQQﬁﬁéﬁ%?géQ%Ckground

area the pixel for which the mxture ratio a is to be calc ~bel ongs.
The ns xt eadcuakitesS thel @EHifiatePHikitar 40315t S hadigdsiiRataldi 0 a to 0

nhen 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
#n+l, whose position within the frame is the same as that of
the designated pixel, and the pixel value P of the pixel in
10 frame #n-1, whose position within the frame is the same as
that of the designated pixel, and outputs the calculated
estimated mixture ratio.

In this manner, the estimated-mixture-ratio processor
401 is able to calculate the estimated mixture ratio based

15 on the input image, and supplies it to the mixture-ratio
determining portion 403.

The estimated-mixture-ratio processor 402 is configured
the same as the estimated-mixture-ratio processor 401 except
that, whereas the estimated-mixture-ratio processor 401

20 calculates the estimated mixture ratio of the designated
pixel on the basis of 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.



t he correspondi ng pi xel belongs to the foreground area, and sets the

m xture ratio a to 1 when the correspondi ng pi xel belongs to the
background area. Wen the corresponding pixel belongs to the covered
background area, the mxture- 10 ratio determning portion 403 sets the
estimated mixture ratio supplied fromthe estinmated-m xture-ratio
processor 401 as the mixture ratio a. \WWen the corresponding pixel

bel ongs to the uncovered background area, the mxture-ratio determ ning
portion 403.sets the estimated m xtuwazatio 15 supplied fromthe
estimated-m xture-ratio processor 402 as the mixture ratio a. The
processing is then conpleted. As di scussed above, the m xture-ratio

cal cul at or 104.;i bl calculate the mixture ratio a, which indicates a
%‘1 5% s%oku% an éxam ‘;LCeh ogfi )?.éll 1es.6: e(gln mtlﬁ(é:Ué‘G Zagdo

feature quantity ‘corresponding to

i nformati i r t ; AV uni t 103 and e i nput

i mage. Tﬁ%ﬂﬁag%gggf%)féﬁg(éﬁ%éﬁéﬁ%éﬁﬁ%%éﬁ%é%%&fﬁfy@ﬁiﬁ?%ﬁoﬁé% Tneqlby Ehe
M xtur e- red G Sl o1 Q4 £ onfd gyt L Shawn i s siqilar to
t hat di scussed with ref elr ence 25 to t%@folv\cha\r@ of? Félkgj.wsg’&foarnc?naen

expl anat ilghd han@ofrdsurt L3l a tdilse QHdALdn A HRSG1H RS 4 %Jeﬁné{}f&l"’a}gio"?”’

wth reference to the flowhart of Fig. 57, of the mxture-r

esti nti nthe MOCRFHUIH b1 dpbrvimfelo Afn tdis; g@y%&p&r{@qﬁg{}pund area b5
in step S402 of Fig. 56. In step S421, the m Xture-rati o cal cul ator 423
obtai ns constant velocity is 11.
It can be seen that the estimated mixture ratio nearly
changes linearly, as shown in Fig. 48.
Referring back to Fig. 47, a mixture-ratio determining
10 portion 403 sets the mixture ratio o based on the area
information supplied from the area specifying unit 103 and
indicating 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 o is
15 to be calculated belongs. The mixture-ratio determining
portion 403 sets the mixture ratio o to 0 when the
corresponding pixel belongs to the foreground areé, and sets
the mixture ratio a 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 estimated mixture
ratio supplied from the estimated—mixture—ratio processor
401 as the mixture ratio a. When the corresponding pixel
belongs to the uncovered background area, the mixture-ratio

25 determining portion 403 sets the estimated mixture ratio



t he pi xel value C of the designated pixel in frame #n from the franme
menory 421. In step S422, the mxture-ratio cal culator 423 obtains 10 the
pi xel value P of the pixel in frame #n-1, corresponding to the designated
pi xel, fromthe frame nmenory 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 imge. 15 In
step S424, the mxture-ratio cal cul ator 423 calculates the estimated

m xture ratio on the basis of the pixe7 value C of the designated pixel in
frame #n, the pixel wvalue P of the pixel in frame #n-1, and the pixe

value N of the pixel in frame #n+l. 20 In step $S425, the mxture-ratio

cet i mat ed HSLOe Ta 1S 1O eam?"t Gl PTIRIE VHn 4 i s

estimate xture ratio 1s rm na

ot tor m st o TR e il 2o s LRS- Ao SRR P Getinr,

not termnated for the oIe process

and the Ao SRidits (482 0 G2 B It G514 TG0 qaxtgre gatio for

the next pixel is repeated. Wien it iIs g@ternlned In step

processi nhd Arealmmdatd it he estimated m xture ratio is termnated for
5 the whole frane, the processing is termnated. As discussed above, the

est|t Mt ed- m xFlge- 68t 16 apbeeexsaiad@im $1abkerbe 6y aubahe t he estimated
mxare configuration of the mixture-ratio calculator 104. A

selector 441 supplies a pixel belonging to the covered
background area and the corresponding 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 area 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—mixture—ratiq 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 calculated estimated mixture
ratio to a selector 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 pixel 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 background area in step
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-rati o processor 442 and the estimated-m xture-ratio
processor 443 shown in Fig. 55 performprocessing simlar to that of the
flowchart shown in Fig. 57 in order-tipgalculate the estimated m xture
ratio, and an explanation thereof is thus omtted. 20 The enbodi nent has
been descri bed, assum ng that the object corresponding to the background

is stationary., Ho er, ocessjng faor deternmjnjng the, above-descri bed

M xt ur - AL ST ale bor A TPRVERS | £ ree T HRHRC S Dot BEPORE i 16 T Pe
backgr oun ar e gon%aigglnntégn 4 5or 25 exanple, if the imge corresponding
to the backgrdurd wrea®ct93% i% hiformy noving, the
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estimated-m xture-rati o processor 4 sel ects the pixels corresponding to

the noti aseHf 4dM® sets the mixture ratio o to 1 when the designated

pixel belongs to the background area. When the designated
pixel belongs to the covered background area, the selector
444 selects the estimated mixture ratio supplied from the

10 estimated-mixture-ratio processor 442 and sets it as the
mixture ratio ®. When the designated pixel belongs to the
uncovered background area, the selector 444 selects the
estimated mixture ratio supplied from the estimated-mixture-
ratio processor 443 and sets 1t as the mixture ratio a.

15 The selector 444 then outputs the mixture ratio o which has
been selected and set bésed on the area information.

As discussed above, the mixture-ratio calculator 104
configured as shown in Fig. 55 is able to calculate the
mixture ratio o for each pixel contained in the image, and

20 outputs the calculated mixture ratio «.

The calculation processing for the mixture ratio «
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 obtains area information supplied from the



background as the pixels belonging to the m xed area, and 10 executes the
above-descri bed processing. The m xture-ratio cal cul ator 104 nay execute
the mxture-ratio estinmating processing on all the pixels only by using a
nodel corresponding to the covered background area, and outputs the

calcul ated estimated m xture ratio as 15 the mxture ratio a. In this case,
the mxture ratio a indicates the ratio of the background conponents for
the pixels belonging to the covered background area, and indicates the
rati o of the foreground conmponents f-orizdhe- pixels belonging to the
uncover ed background area. 20 Concerning the pixels belonging to the
uncover ed background area, the absolute value of the difference between

th | cul ated mxture-rati d i s det ' dth | cul at ed
absol ut e VUG AL Sot L T FAEUr 7 4P L Chnerhe (R 1T pr oceas ng
appar at u%n"x}uarbel—graftojl%%reorcrgsnseorzS%dlheexrg%(w.;]yerse.1‘[}?% Isp(:)%(?ﬁ:elsnsdi%titonlg the ratio

of the bac oun conponents for e pi Xe el ongi 0 the

. imilarly, M Xture:raf i r 104
exooute. Gt SRR A bl IS el QRO g IF TR
by using %e@%véroécf Rt Nthd tde, unePVaiksh hackground. area.q and

outputs t cal cul ated estimated mxture ratio as the mxture ratio (X
Next, sa GeSaiifd i Qtis «H el Afite £5td 1Bd Qs ¥l Xh i fng M8+ O 6l a4 ator 104

for calculating the mxture ratio (x by
Details of the processing for estimating the mixture ratio
are discussed below with reference to the flowchart of Fig.
57.
In step S403, 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 S404, 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 S$402, and the processing for
estimating ﬁhe 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 process
proceeds to step S5405. 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




10 using characteristic , s in which the mxture ratio a changes |I|inearly.
As di scussed above, since equations (11) and (12) each contain two

vari ables, the mxture ratio (X cannot be determ ned w thout nodifying the
equations. 15 By utilizing the characteristics in which the mxture ratio
(X linearly changes in accordance with a change in the position of the

pi xel s because the object corresponding to the foreground is noving with
constant velocity, an equation in which the mxture ratio a and the sum f
of the foreground 20 conponents are-apmoox mated in the spatial direction
is established. By utilizing a plurality of sets of the pixel values of
the pixels belonging to the nixed area and the pixel values of the pixels

bel ongi ng _tp .t he bhackar und ar uat i ons n whi ch .the mxture ratio
(X and t%élcp Tt lcoafat]f% t1e Wfhd‘rc gr our;‘:g1 cg%prerrder?un area%’p:]c&% mated are
sol ved. qalc?kg,r \{%grﬁar cahancql C%\}er}ee nggbé)]{ rﬁd 0 Abs aparg oxi mated as a

strai ght Xt ure ratlo a ca xpresse equéilon (23). a =

I t+p (23), & the&g&;yaa& éanderfeatp%élhef&pgmlaéh 1{1’939 d he

position plxe Is set to 0, 1 desi e gradient of
the straight;d 'Ope.x.éjftc; he rEa?(lthleatféﬁ I Byngnd uﬁu&lqﬂme&srm% i ntercept

of the straight Iine of the mxture ratio a and also 1 ndicates the m xture
ratiosa Qfetkintiie iieddtatad WX eetd nmrauatiird 23614 ke dddeXterd S
the corresponding pixel belongs to the foreground area, and
sets the mixture ratio a to 1 when the corresponding pixel
belongs to the background area. When the corresponding |
pixel belongs to the covered background area, the mixture-
10 ratio determining portion 403 sets the estimated mixture
ratio supplied from the estimated-mixture-ratio processor
401 as the mixture ratio a. 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 a. The processing is then completed.
As discussed above, the mixture-ratio calculator 104 is
able to calculate the mixture ratio @, which indicates a
feature quantity corresponding to each pixel, based on the
20 area information 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



known, and the gradient 1 and the intercept p are unknown. The
rel ati onship anong the index i, the gradient 1, and the intercept pis

shown in

Fig. 58. In Fig. 58, the while dot indicates the designated

pi xel , and the black dots 15 indicate the pixels located in close proximty

with the designated pixel. By approximating the m xture ratio a as
equation (23), a plurality of different m xture-ratios a for a plurality
of pixels can be expressed by two variables. In the exanple 20 shown in
Fig. 58, the five mxture-ratios for- fidve pi xel s are expressed by the two
variables, i.e., the gradient 1 and the intercept p. Wen the m xture
ratio ais approxinated in the plane shown in Fig. 59, equation (23) is
expanded

the two

ﬂﬂﬁé)tﬁ} ne 25 by considering the novenent v corresponding to
iTections, i.e., the horizontal direction and the verti cal
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In step S421, the mixture-ratio calculator 423 obtains
the pixel value C of the designated pixel in frame #n from
the frame memory 421.

In step S$422, the mixture-ratio calculator 423 obtains
the pixel value P of the pixel in frame #n-1, corresponding
to the designated pixel, from the frame memory 422,

In step S423, the mixture-ratio calculator 423 obtains
the pixel value N of the pixel in frame #n+l, corresponding
to the designated pixel contained in the input image.

In step S424, the mixture-ratio calculator 423
calculates the estimated mixture 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 pixel value N of
the pixel in frame #n+1l.

In step S425, the mixture-ratio calculator 423
determines whether or not processing for calculating the
estimated mixture 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

frame, the process returns to step S421, and the processing

i'gnat ed pixe

he position

5



in the plane. For exanple, in franme #n shown in Fig. 49, equations (25)
t hrough (27) can hold true for CO5 through C07, 15 respectively. CO5 = a05
BO5/v+f 05 (25) Q06 = a06 BO6/v+f06 (26) 07 = a07 BO7/v+f07 (27) '
Assum ng that the foreground conponents positioned in 20 close proximty
wi th each other are equal to each other, 1i.e., that FOL through FO3 are
equal , equation (28) holds true by replacing FOL through FO3 by fc. f (x)
= (1-a(x)) Fc (28) In equation (28), x indicates the position in the
spatial 25 direction. - 137 Wen a{x)34 s replaced by equation (24),
equation (28) can be expressed by equation (29). 5 f (x) = (1- (jmtkqg+p) )
Fc = j. (-nmFc)+k (-gFc)+((1-p) Fc) = js+kt+u (29) In equation (29), (-nFc),
(-gFc), and (1-@% c_are replaced, as_expressed by, equati ons (30) through
(32), 1 it HiAC RS CHESTSH)a 90 BIRtUEgert Ry Tor Sh3 p5R ke (32)
pixel is repeated.
When it is determined in step S425 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
5403 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 processor 442 and the
estimated-mixture~ratio processor 443 shown in Fig. 55
perform processing similar to that of the flowchart shown in
Fig. 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.
However, processing for determining the above-described
mixture-ratio & can be applied even if the image

corresponding to the background area contains motion. For

25 example, if the image corresponding to the background area



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 pi xel
is 0. 15 As discussed 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
proximty with each other are uniform the sumof the foreground
conponents 20 can be approxi mated by equation (29). Wen the mxture ratio
a is approximated by a straight I|ine,1j3he sumof the foreground conponents
can be expressed by equation (33). f (x).=is+u (33) 25 By replacing the
m xture ratio a and the sumof the - 138 foreground conponents in equation

92) b £ 24 d i xel vaIue M can be expressed
by equati b BNy ey ks dEitatey ﬂsl’fstul?e‘?ﬁ RS (34)
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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 . In this case, the mixture ratio a
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 background area.

20 Concerning the pixels belonging to the uncovered background
area, the absolute value of the difference between the
calculated mixture-ratio o and 1 is determined, and the
calculated absolute value is set as the mixture ratio a.
Then, the image processing apparatus is able to determine

25 the mixture ratio o indicating the ratio of the background



set in the normal equation shown in equation (34). Then, a plurality of
normal equations in which the pixel value Mor 15 the pixel value B is set
are solved by the nmethod of |east squares, thereby cal culating the m xture
ratio a. For exanple, the horizontal index j of the designated pixel is
set to 0, and the vertical index k is set to 0. Then, the pixel value Mor
the pixel value Bis set in 20 normal equation (34) for 3x3 pixels |ocated
close to the designated pixel, thereby obtaining equations (35) through
(43). M1,-1 = (-1) B-1,-1m+(-1) B-1, 1B4+B-1,-1p+(-1) s+(-1) t+u (35) 25
Mp,-1 = (0) Bo,-1m+(-1) Bo,-1lg+Bo, -1p+(0) s+(-1) t+u (36) - 139 M1, -i =
(+1) B+i,-1m+(-1) B+1 1q+B+1 1p+(+l) s+(-1) t+u (37) M1l,0 = (-1)

B- 1, omt( +(0) t+u (38 = ( mt+( 0)

Bo, 0q+Bo, ")ﬁﬁ“ﬂod)e’% e(ég‘)x 5 ]63“9( )tCB+t1heorf#"(?§%V€Bt+ 0q+B+1, op+( +1)
s+(0) t+ 0 M +1 = (-1) B-1, +1'nw(+1) B-1, +1g+B- 1, +1p+( 1) s+(+1) t+u
(41) Mo, if(cl}“% “’E} affrﬁ(ﬂ) Bo, +1q+Bo, +1p+(0) S+(+1) t+u (42) M1, +1 =

(+1) B+l +1mk li’n)11§+13}[ +1(1 g i’mxjcB %”Pati*( %%s 330 ot thay AGR LRE

hori zontal in esi g |er nd the vertical 1T ndex k
of the d%ﬁéyﬁ¥f¥tﬂg)?§tf55éétlmatlng processing on all the pixels

5 only by using a model corresponding to the uncovered
background area, and outputs the calculated estimated
mixture ratio as the mixture ratio a.

Next, a descriptioﬁ is given of the estimated-mixture-
ratio calculator 104 for calculating the mixture ratio o 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 linéafiy changes in accordance with é change in the

position of the pixels because the object corresponding to
the foreground is moving with constant velocity, an equation
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 o and the sum f of

25 the foreground components are approximated are solved.



the m xture ratio a of the designated pixel is equal to the value when j
is Oand k is 0 in equation (24), i.e., the 15 mxture ratio a is equal to
the intercept p in equation (24) Accordingly, based on nine equations,
i.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 least squares, and the intercept pis 20 output as the mxture ratio a.
A specific process for calculating the m xture ratio a by applying the

met hod of | east squares is as follows.139Wen the index i and the index k

are indicated by a single index x, the relationship anong the index i, the
25 i ndex Kk, and the index x is expressed by equation (44). - 140 x = (j+1)
3+ (k+1) (44) |s now assume t hat, the horlzontal radi ent, m_the
vertical gradtbiE i e s ey ﬁcfgﬁpaarr@x i by
vari abl es wl resp ctlv and

and 1 arée \(,a%z%res ed lynea'o %é mlx?ré Sra% ° & r%’é%lé%“lf?%/%%y In

consi der g{d.on. error ex, equations (35) through (43) can be nodified
into equatton ?iﬁ) =1 ay wy + ex (45) Y.0 10 In equation (45), x

i's any one of 4 he qn&pgers fromO to 8. Equation (4Qb3gan be found from
equation (45).

5 In equation (23), i 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 mixture ratio «,
and p designates the intercept of the straight line of the
mixture ratio @ and also indicates the mixture ratio a of

10 the designated pixel. 1In equation (23), the index i is
known, and the gradient 1 and the intercept p are unknown.
The relationship among the index i, the gradient 1, and
the intercept p is shown in Fig. 58. 1In Fig. 58, the while
dot indicates the designated pixel, and the black dots
15 indicate the pixels located in close proximity with the
designated pixel.
By approximating the mixture ratio o as equation (23),
a plurality of different mixture-ratios a for a plurality of
pixels can be expressed by two variables. 1In 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.
When the mixture ratio & 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 ex =M -1 w (46) y=0 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 =1t ex' (47) xao In order to mnimze the error, the
partial differential value of the variable W with respect to the square
sum E of the error should be 0. v is any one of the 20 integers fromO to
5. Thus, wy is determ ned so that equation (48) is satisfied. - 141 aE =
8 aex aW 2 ex aw X-O08 2 lex - av = 0 x-0 (48) By substituting
equation (46) into equation (48), equadon (49) is obtained. 8 58 1 (av .
ay - W) =E av M x=0 y-0 x=0 (49) 5 For exanple, the sweep-out nethod
(Gauss-Jordan

directions, i.e., the horizontal direction and the vertical
direction of the image, and the mixture ratio ® can be
expressed by equation (24). In Fig. 59, the white dot
indicates the designated pixel.
5 o = jm+kg+p (24)
In equation (24), 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. m designates the
horizontal gradient of the mixture ratio o in the plane, and
10 g indicates the vertical gradient of the mixture ratio o in
the plane. p indicates the intercept of the mixture ratio «
in the plane.
For example, in frame #n shown in Fig. 49, equations
(25) through (27) can hold true for C05 through CO07,

15 respectively.

C05 = a05 *+ BO5/v+f05 (25)
C06 = 006 + BO6/v+f06 (26)
C07 = a07 -+ BO7/v+£f07 (27)

Assuming that the foreground components positioned in
20 close proximity with each other are equal to each other,
i.e., that FO0l through F03 are equal, equation (28) holds
true by replacing FOl through F03 by fc.
f(x) = (1-a(x)) *Fc (28)
In equation (28), x indicates the position in the spatial

25 direction.



elimnation) is applied to the normal equations of six normal equations
obt ai ned by substituting one of the integers fromO to 5 into v in
equation (49), thereby obtaining w. As stated above, wO is the horizontal
10 gradient m W is the vertical gradient g, w2 is the intercept p, W3 is
s, W4 ist, and ws is u. As discussed above, by applying the nmethod of

| east squares to the equations in which the pixel value Mand the pixe
value B are set, the horizontal gradient m the 15 vertical gradient g, and
the intercepts p, s, t, and u can be geternm ned. A description has been
given with reference to equations (35) through (43), by assum ng that the
pi xel val ue of the pixel contained in the mxed areais M and the 20

pi xel val ue of contai ned. i.n the backgrou d areais B. In this
case, it is ngqglee&a?{){?‘)stol Set© Hidafci‘r:é# ké‘*’qlf‘ai-lﬁ‘"aotn’sf’nf ead@ft e Ges where
t he desi 142 contain n the covered background area, or
t he desig%%§§%3 p| ssedé%%t%ﬁ?%ﬁﬁ?% f% ) uncover ed background area. For

exanpl e, when ¢ m tur .af . the pixel contained in the covered
backgr ound area@(ﬁn fﬁ(l Eﬁ sdn%v{ﬂ %ff in Fig. 49 is determ ned, C04 through
f.r QR ) AN,

C08 of the pixels in & Ji X ] P04 t hrough P08 of the
pi xels in franme #n- f are set in tﬁg ﬁgﬁﬁg: qugﬁﬁons For determ ning the
mxtuge ratio a of Xheueel contained in the uncoygked background area in
frame #n shown

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 = -q-Fc (31)
u = (l1l-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 the shutter time, and that the
foreground components positioned in close proximity with
each other are uniform, the sum of the foreground components

20 can be approximated by equation (29).

When the mixture ratio a is approximated by a straight
line, the sum of the foreground components can be expressed
by equation (33).

f(x) = 1is+u (33)

25 By replacing the mixture ratio @ and the sum of the



10 in Fig. 50, the pixels C28 through C32 of franme #n and the pixel val ues
N28 t hrough N32 of the pixels in frame #n+l are set in the normnal
equations. Moreover, if, for exanple, the mxture ratio a of the pixel
contained in the covered background area shown in Fig. 15 60 is

cal cul ated, the follow ng equations (50) through (58) are set. In Fig. 60,
the white dots indicate pixels to belong to the background, and the bl ack
dots indicate pixels to belong to the m xed area. The pixel value of the
pi xel for which the mxture ratio a ilgcad culated is M5. 20 Ml = (-1)

Bcl m+(-1) Bcl g+Bcl p+(-1) s+(-1) t+u (50) M2 = (0) Bc2mt(-1) Bc2q+Bc2p+(0)
s+(-1) t+u (51) M3 = (+1) Bc3m+(-1) Bc3q+Bc3p+(+1) s+(-1) t+u (52) M4 =

T b s 5] e e
= (- . - 6 =
(0) E§§%{2+4]1’§‘35§c%’§@£98é+‘%%3 O R M R dedisdd gy
+

Bch+BcQQ§£ﬂ§9iéh t+u (58) For calculating the mxture ratio a of the
pi xel 5 contained in the covered background area in frane #n, the pixel

val ues Bcl thgoughBGR0h)t.Ra R4S, of the background area in frame #n-1
corresponding to the pixels in frame #n in equations (50) through (58),

respeetively, acejwsedkxpWaB®-the -Eod-une ratio a of Bhe pixel contained in
the 10 uncovered background area shown in Fig. 60 is cal cul at ed,

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 o in
the plane, and the intercepts of the mixture ratio @ 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
squares, thereby calculating the mixture ratio «.

For example, the horizontal index j of the designated
pixel is set to 0, and the vertical index k is set to O.
Then, the pixel value M or the pixel value B is set in

20 normal equation (34) for 3x3 pixels located close to the
designated pixel, thereby obtaining equations (35) through
(43) .

Moy,-1 = (=1)*B-y,-1°m+(-1) *B-y,-1°g+B-1,-1°p+(-1) "s+(-1) - t+u

25 Mo,-1 = (0) *Bo,-1°m+(-1) *Bo,-1"q+Bo,-1*p+(0) *s+(-1) - t+u (36)



the follow ng equations (59) through (77) are set. The pixel value of the
pi xel for which the mxture ratio ais <calculated is Mu5. Miul =(-1)

Bul mt(-1) Bul g+Bulp+(-1) s+(-1) t+u(59) 15Mu2 =(0) Bu2mt(-1) Bu2q+Bu2p+(0)
s+(-1) t+u(60) Mu3 =(+1) Bu3mt(-1) Bu3qg+Bu3p+(+1) s+(-1) t+u(61l) M4 =(-1)
Budmt(0) Bu4qg+Budp+(-1) s+(0) t+u(62) M5 =(0) BuSm+(0) Bu5q+Bub5p+(0) s+(0)
t+u (63) Mu6 =(+1) Bubmt(0) Bub6g+Bubp+(+1l) s+(0) t+u(64) 20Mu7 =(-1)
Bu7mt(+1) Bu7q+Bu7p+(-1) s+(+1) t+u(65) Mi8 =(0) Bu8m+(+1) Bu8q+Bu8p+(0)
s+(+1) t+u(66) M9 =(+1) Bu9mt(+1) Bu9agsBu9p+(+1) s+(+1) t+u(67) For
calculating the mxture ratio a of the pixel contained in the uncovered
background area in frane #n, the 25 pixel values Bul through Bu9 of the

pi xel s of the ba kground - 144 area in frame #n+1l corresponding to the

pi xel s i A*trane ﬁh >i%ﬂequ@ﬁﬂaﬁ%'Psg)l?ﬁ?%ﬁgﬁ'?6?7}>f%%bé@ii%é?y, are used.
Fig. 61 3EW6 bl ock diagramillustrating the configuration of the

estimat ed-m‘xture-rati o processor 401. 5 An inmge input into the

and an adibr 5031 TR nB TS T P DT By €T R R0 ag@ohor one
a5 the At T rge e e lade bzt FRe a5 W E kU Tl suppl i o8
L{igfs#“m&1%°=tWﬁl?dﬂﬁioﬁﬁz(O)]@E,9Q9%L1%°%+%¢H§-EQQ09L¥¢E valiyg)of the
Mog,v1 = (=1) *Bog srm+ (+1) *Boy,+1°g+B-1,+1° P+ (1) s+ (+1) " t+u
(41)
Mo,+1 = (0) *Bo,+1°m+ (+1) *Bo,+1°q+Bo,+1°p+(0) *s+(+1) * t+u (42)
Mi1,91 = (+1) "By, s m+(+1) *Bi1,+1°g+Be1, 41Dt (+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 o 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) through (43), the horizontal gradient m, the vertical
gradient g, and the intercepts p, s, t, and u are calculated
by the method of least squares, and the intercept p is
20 output as the mixture ratio a.
A specific process for calculating the mixture ratio o
by applying the method of least squares is as follows.
When the index 1 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 equation (44).



adj acent to the pixel for which the mxture ratio a is «calculated, and the
pi xel value of frame #n-1 in the normal equation. For exanple, the adder
502 sets the pixel values 15 Mci through M9 and the pixel val ues Bcl
through Bc9 in the normal equations based on equations (50) through (58),
respectively. The adder 502 supplies the normal equations in which the

pi xel values are set to a cal cul ator 503. The cal cul ator 423 determ nes the
estimated m xture 20 ratio by solving the normal equations supplied from
the adder 502 by using the sweep-out jmgt hod, and out puts the determ ned
estimated m xture ratio. In this manner, the estimated-m xture-ratio
processor 401 is able to calculate the estimted mxture ratio based 25
on the input inage, and_supplies it to the mxture ratio - 145 determ ning
portion 403. Thé ééﬁﬁﬁégéggﬁﬂﬁture-ratio processor 4g§5is confi gured

simlar to the estimted-nm xture-rati o processor. 401 nd _an _expl anation
Chereof |5 thad offi PPEG =S8 g TE3 o io\Th MO S PaiHe S5 LR Tody | HRFad

m xture ratj al cul ated by the tin teq-¥ re-rati o processor. 401. For
t he esti nv%tllet?f crﬁclxtqirraeﬁea% oc}/’s h‘-ionv\c}we%:lsnne %gt.e Ig(%%e" ot | otn’ %/n of" the

f i A i j it t ant I ity i 11,
or egr Ou%%&ﬁ%%%:%&ﬁﬁ?ﬁé‘mf% myJ ng, ‘p4 const.ant velocity is

and the r ener‘ati'ng an equation using bl ocks of 7 x
7 pixegls a5 e18f & APWE f Qi 01 |4 NG dda cA RE SESLIINS %o 61 that
(ho eot; iRyl LT T O ¥ %0,

al, a2, a3, a4, and ab, respectively. 1In consideration of

the error ex, equations (35) through (43) can be modified

into equation (45).

5
Mx = Zay-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).

5
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

15 expressed by equation (47).

. |
E = ), ex’ (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.



rati o changes approximately linearly in the m xed area. A description is
now given, with reference to the 15 flowhart of Fig. 63, of the m xture
ratio estimating processing by the estimted-m xture-ratio processor 401
havi ng the configuration shown in Fig. 61 by using a nodel of the covered
background area. In step S521, the adder 502 sets the pixel value 20
contained in the input image and the pixel value contained in the imge
supplied fromthe delay circuit 501 in a normal equation corresponding to
a nodel of the covered background araai I-n step S522, the

estimated-m xture-rati o processor 401 25 determ nes whether the setting of
the target pixels is - 146 finished. If it is determned that the setting
of the target pixgls ispapt finished, the process returns to step S521,
and the p cess?n 6K s ing the plxel val ues in the normal equation is
r epeat ed. V1f it %8 det@ fined in step S522 that the setfgng for the
target pixels_ |$ zglshed the process proceeds to step 8523 In step
S523, a cal cuTaf or2b68% &Y ctl%tes the estimated mixture ratio based on the
nor mal equati ons i"i° which the pi xel s values are set, and outputs the
calculated 1Q

L SQU e,
esti mat ed- nlxtHrSﬁFEE?SBQHh ?ﬁa@ }él%%gglﬁgﬁ¥%eq§ %ﬁiguratldn shown in
Fig. 61|éhué%155t(hgyﬂfgn&ggafdgaﬁstlnated m xture ratio based on the

Z(av Zay Wy) —Zav-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 substituting one of the
integers from 0 to 5 into v in equation (49), thereby
obtaining wy. As stated above, w0 is the horizontal

10 gradient m, wl is the vertical gradient g, w2 is the
intercept p, w3 is s, wd is t, and w5 is u.

As discussed above, by applying the method of least
squares to the equations in which the pixel value M and the
pixel value B are set, the horizontal gradient m, the

15 vertical gradient g, and the intercepts p, s, t, and u can
be determined.

A description has been given with reference to
equations (35) through (43), by assuming that the pixel
value 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. In this case, 1t is necessary to set normal equations

for each of the cases where the designated pixel is



i nput inmage. 15 The mi xture-ratio estimating processing by using a nodel
corresponding to the uncovered background area is simlar to the
processing indicated by the flowhart of Fig. 63 by using the nornmal
equations corresponding to a nodel of the uncovered background area, and
an expl anation thereof is 20 thus omtted. The enbodi nent has been
descri bed, assum ng that the object corresponding to the background is
stationary. However, the above-described m xture-ratio cal cul ation
processi ng can be applied even if the ligmge corresponding to 25 the
background area contains notion. For exanple, if the - 147 i nmage
corresponding to the background area is uniformy noving, the
estimated-m xture-rati rocessor 401 shifts the overall image in

accor danc® W §hi & r?%f‘?o%o,v% i rn%un‘%r%ﬁ%%si% %ﬁe aé%ﬁfé‘?t%‘il milar
to the case in which the 5 object correspondi.ng to the background is
stationa yls(%]f l\,%]hcgor}énaalgrée%ojfllf etsctb%nulcncg)gv o h%g%]é%]ﬂ%?%%n%r% ea contains

Local 1y i TTerehl JBLHANS. il% GHd FRLATE MG IR0 (il gagesor 401

sel ects the pixél s correspondi ng nmot1 ons as e pi el onging to

the mxed, 4iedn 4Nt 0 EXeCU &5 4 r@a%\%ﬁiﬁ&sﬂ% ef%pfg%ﬁéesﬁﬂ‘gsh n

descri bed above, the mxture-ratio ¢ ator 1 o0 calcul ate the

oS T 8 h AR Edatidion g poamt 4 o) kel
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 shown in Fig.
15 60 is calculated, the following equations (50) through (58)
are set. In Fig. 60, the white dots indicate pixels to
belong to the background, and the black dots indicate pixels

to belong to the mixed area. The pixel value of the pixel

for which the mixture ratio o is calculated is Mc5.

200 Mcl = (-1)°'Bcl'm+t(-1)-Bcl-g+Bcl p+(-1) - -s+(-1) t+u (50)
Mc2 = (0)*Bc2:'m+ (-1) *Bc2-qg+Bc2p+(0) *s+(-1) - t+u (51)
Mc3 = (+1) *Be3'm+(-1) *Bc3'gq+Bc3 p+(+1) *s+(-1) *t+u (52)
Mc4 = (-1)*Bc4'm+(0) *Bcé qgq+Bcd p+(-1) *s+(0) *t+u (53)
Mc5 = (0) *Bc5 m+(0) *Bc5g+Bc5-p+(0) *s+(0) * t+u (54)

25 Mcé = (+1) *Bc6'm+(0) *Bc6-gq+Bc6p+(+1) -s+(0) -t+u (55)



15 specifying unit 101. By utilizing the mxture ratio a, it is possible to
separate the foreground conponents and the background conponents contai ned
in the pixel values while maintaining the information of notion blur
contained in the image 20 corresponding to the noving object. By conbining
the i mages based on the mxture ratio a, it is also possible to generate
an i mage which contains correct notion blur that coincides with the speed
of a noving object and which faithfully reflects the real world. 25 The

f or egr ound/ background separator 105. g 4di scussed - 148 below Fig. 64 is a
bl ock diagramillustrating an exanple of the configuration of the

f or egr ound/ background separator 105. The input inage supplied to the

f or egr ound/_backgr ound separator 105 is supglled to a separatl portion

601, a 5M&i t‘ch“édz Begnidrtal Wi B 0B TrR &rlda Shforntiton swfplied from
the area specifyin n|t |nd|cat|n t he fornatlo f the covered
backgrouﬁdd%ar “edl n (flﬁ,ls (ﬁf&d qﬂ?ﬁ,ﬁké’ro d S %+&q| s Tppl &éﬁ to the
separatl port 0 ar. for |nd| the eground
area is 9supp(l+|(1§d%(ja9 t"H’(}l?\Kn gﬁe? €+ uOn |{1r'§1r)cat| ng the
background argg, sugpLied Lo, @ﬁesmﬁgr@o  The g Ut [aleq @ supplied

fromthe m Xt ure Bul-afor I's su I|e to th& Separ ati ng

portig %%ﬁtaﬂl SEPURYL 1| G Y Tk %lﬁﬁga&p&ﬁ& e o ag owpk 15

corrponents I‘OITI'[ e 1 nput I mge base ar ea
pixel values Bcl through Bc9 of the pixels of the background

area in frame #n-1 corresponding to the pixels in frame #n
in equations (50) through (58), respectively, are used. |
When the mixture ratio o 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 a is

calculated is MuS.

Mul = (-1)-Bul'm+(-1) -Bul-g+Bul-p+(-1) - -s+(-1) t+u (59)
15 Mu2 = (0)- -BuZ2:'m+(-1) *Bu2-g+Bu2'p+(0) *s+(-1) *t+u (60)
Mu3 = (+1) *Bu3'm+(-1) *Bu3d-g+Buldp+(+1) s+ (-1) *t+u (61)
Mu4 = (-1)-Bud:'m+(0) *Bud-g+Bud- p+(—-1) s+ (0) - t+u (62)
Mu5 = (0)*Bub5*'m+(0)BuS5 g+Bub*p+(0) +s+(0) +t+u (63)
Mu6 = (+1) *Bu6:'m+ (0) Bub qg+Bub*p+(+1) *s+(0) *t+u (64)
20 Mu7 = (=1)°+*Bu7+'m+ (+1) *Bu7-qgq+Bu7-+p+(-1) *s+(+1) t+u (65)
Mu8 = (0)-Bu8-'m+ (+1) *Bu8- -g+BuB- 'p+(0) *s+(+1) *t+u (66)
Mu9 = (+1) *Bu9-.m+(+1) -Bu9-.-g+Bu9-p+(+1) *s+(+1) t+u (67)

For calculating the mixture ratio o 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



information indicating the covered background area, the area information

i ndi cating the uncovered background area, and the m xture ratio a, and
supplies the separated foreground conponents to a synthesizer 603. The
separating portion 601 20 al so separates the background conponents fromthe
i nput image, and supplies the separated background conponents to a

synt hesi zer 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 supplies only theggu xels - 149 corresponding to the
foreground contained in the input image to the synthesizer 603. The switch
604 is closed when a pixel corresponding to the background is input based
on the area infor t|o 5 |nd|cat|n he background area, H@Q sudglles only

t he pi xel®F®%&ar't dxlrhree N ¢ et ¥ it i mage
to the synthe5| er 605 The es r 603 ) nthe zes_ a fore round
conponent* RS d N ¢ { % telh‘f S Euppi T etP$Tomthe 10

separati ng po éhon qo&s gggg%%kpgﬁgb?aﬁ?rﬁﬁ%%qggk %ﬁéqj}he f oreground

supplied from e sw fch s'the s sized f or egr ound

corponent, tdhrfﬁ a3 G 4G gb rn@&‘ﬂé%—%%@t@f@— J‘@lcfnoﬁﬁca%{%to dgy ot

overl ap, synt hesi zer I es, for exanpl e the 15

foreggoung, %{%w%p%@%wecﬁ@r@&mdwﬁl&rérﬁ@m pRYAEd&si zi ng the
f oreground conponent | mage.
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 a 1is
calculated, and the pixel value of frame #n-1 in the normal
equation. For example, the adder 502 sets the pixel values

15 Mcl through Mc9 and the pixel values Bcl through Bc9 in the
normal equations based on equations (50) through (58),
respectively. 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 sweep-out method, and outputs the
determined estimated mixture ratio.

In this manner, the estimated-mixture-ratio processor
401 i1s able to calculate the estimated mixture ratio based

25 on the input image, and supplies it to the mixture ratio



In the initializing processing executed at the start of the synthesizing
processing for the foreground conponent image, the synthesizer 603 stores
an i mage whose pixel 20 values are all 0 in a built-in frane nmenory. Then,
in the synthesizing processing for the foreground conponent inage, the
synt hesi zer 603 stores the foreground conponent inmage (overwites the
previous i mage by the foreground conponent image). Accordingly, O is
stored in the pixels 25 corresponding to the background area in the
foreground - 150 conponent inmage outputs £rom the synthesizer 603. The
synt hesi zer 605 synt hesi zes a background conponent inmage based on the
background conponents supplied fromthe separating portion 601 and the

pi xel s cqorrespandi ng to the 5 hackground supplied fromthe switch 604, and
out put s Pﬁéer§9ﬁﬁﬁggﬁfé&lﬁgcﬁ8 ound conponent image. Since the background
area and the m xed_area,dq not overlap,. the synthesizer. 605 lies, for
exanpl 6, 1ogi S CRULBSERE MRAEREFoGAE -CoRBORENTS Tand 2t e FRBROPHtRG

pi xel s, : t 4 d r ent. ipae._ | he
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processi g ﬁ%%akﬁ%n?%ﬁﬁﬂ%ﬁﬂﬁqjﬁQﬁRﬁ{Qﬂﬂitﬂéﬁﬁge’ the synthesizer 605 stores

an i nmage ose pixe val ues are a Oinabuilt-in frame memory. Then, in
the 15 synthegigi ngopsReGeshRgekampliBeckackgr @URd maRRRORE R L BBYS 1ot he

synt hesi zer 605 stores the background conponent inmage (overwites the
previ ous daTe@a sed B Bk @saund eRMRAR&Mre-ratio processor 401.
For the estimated mixture ratio shown in Fig. 62, the motion
v of the foreground corresponding to an object moving with
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 be seen from Fig. 61 that the estimated mixture
ratio changes approximately linearly in the mixed area.
A description is now given, with reference to the
15 flowchart of Fig. 63, of the mixture ratio 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 S521, 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 circuit 501 in a normal
equation corresponding to a model of the covered background
area.
In step 8522, the estimated-mixture-ratio processor 401

25 determines whether the setting of the target pixels is



i mage). Accordingly, O is stored in the pixels corresponding to the

foreground area in the background 20 conponent image output fromthe

synt hesi zer 605. Fig. 65A illustrates the input inmage input into the

f or egr ound/ background separator 105 and the foreground conponent inage and

t he background conponent image output fromthe foreground/ background

separator 105. Fig. 65B 25 illustrates a nodel corresponding to the input

i mge input - 151 into the foreground/ background separator 105 and the

f oreground conponent imge and the backgs cund conponent image output from

t he foreground/ background separator 105. Fig. 65A is a schematic di agram

iIIustrating the inage 5 to be displayed, and Fig. 65B is a nodel obtained
expagglng i n thgtélne direction th i xel s disposed in_one |ine

i ncI udi ng- ¥Hes kel stbetfoniy ?%rlﬂ'fée oFRYF ot S ERINI (HE HhSel s

bel ongi n o the bac round ar ixels belonging to the m xed

ar ea gor?‘éegb% ifg FJisg %%AFE @\“}\% PHPEFYs. T %‘%rré%d FS5E-°R he
backgrouqﬂs e, out ut fron1the fore round bac round ?ﬁ ar at or

105 consists oq‘ncfhehepl%re TR bk C and”

backgrou gﬁﬂ% qﬁg he plxels of the nlxed area. 15 As
shown in Figs. -ééﬁggﬁg %oreground conponent inmage output fromthe
f oreggound/ ba%lfgrﬁuq% BRRAAlledl 0% AU isEHS qfpfhe ﬁt %{93%' Mg to the

foreground area and e foregr ound conponent s cont al ne pi xel s of
t he the target plxels is finished, the process proceeds to step

§523. In step $5523, a calculator 503 calculates the
estimated mixture ratio based on the normal equations in
which the pixels wvalues are set, and outputs the calcuiated

10 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.

15 The mixture-ratio estimating 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 equations corresponding to a model of
the uncovered background area, and an explanation thereof is

20 thus omitted.

The embodiment has been described, assuming 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

25 the background area contains motion. For example, if the



m xed area. 20 The pixel values of the pixels in the mxed area are
separated into the background conponents and the foreground conponents by
t he foreground/ background separator 105. The separated background
conponents formthe background conponent inmage together with the pixels
bel onging to the 25 background area. The separated foreground conponents
form- 152 the foreground conponent inage together wth the pixels

bel onging to the foreground area. As di scussed above, in the foreground
conmponent image, the pixel values of 14w pixels corresponding to the 5
background area are set to 0, and significant pixel values are set in the
pi xel s corresponding to the foreground area and the pixels corresponding

to th d Sim d t th I
val ues L"ffrfﬁé‘rcﬁqa%q%p%cf+r@p5%dﬁ%eg%cblf %#2@?%% Aot to b, 10
and 5|gn|f|cant pi,xel values re. set

dj h
backgroun ?ﬁftﬁﬁtﬁy le Yre- ré 56%565% gPriﬁquQ %ﬂg tO the

respon m xed are

R e O bR S B ot ouna
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a nodel an 1 m I catl ng or eground conponen gr ound
conpoBentsy,{ dbd Wb r fd MR 1A | 18l 110 A XSS Wi 9P £t s SRYENg frem the

left to
the image corresponding to the background area contains
locally different motions, the estimated-mixture-ratio
processor 401 selects 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 a, which is a feature
quantity corresponding to each pixel, based on the input
image and the area information supplied from the area

15 specifying unit 101.

By utilizing the mixture ratio a, it is possible to
separate the foreground components and the background
components contained in the pixel values while maintaining
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



20 the right in Fig. 66. In the nodel of the inmage showmn in Fig. 66, the
anount of novenent v is 4, and the nunber of virtual divided portions is
4. In frame #n, the leftnost pixel and the fourteenth through eighteenth"
pixels fromthe left consist of only the 25 background conponents and

bel ong to the background area. In - 153 frame #n, the second through
fourth pixels fromthe |eft contain the background conponents and the
foreground conponents, and belong to the uncovered background area. In
frame #n, the eleventh through thirteantgh-pixels fromthe 5 left contain
background conmponents and foreground conponents, and belong to the covered
background area. In frane #n, the fifth through tenth pixels fromthe left
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to the farreg el e spk iffiydind laridd USIT afes ddel JuoGessing for

separating the
information of the covered background area and the uncovered
background area is supplied to the separating portion 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 ratio o supplied from the mixture-ratio
calculator 104 is supplied to the separating portion 601.
The separating portion 601 separates the foreground
15 components from the input image based on the area
information indicating the covered background area, the area
information indicating the uncovered background area, and
the mixture ratio o, and supplies the separated foreground
components to a synthesizer 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 supplies only the pixels



foreground conponents fromthe pixels belonging to the covered background
area. In Fig. 67, al through al8 indicate m xture-ratios of the individual
pi xels of frame #n. In Fig. 67, the fifteenth through seventeenth pixels "
from25 the left belong to the covered background area. - 154 5 The pi xel
value C15 of the fifteenth pixel fromthe Ileft in frame #n can be
expressed by equation (68): Cl5 = B15/v+F09/v+F08/v+F07/v =
al5B15+F09/ v+F08/ v+F07/ v = al5P15+F09/ v+F08/ v+FO07/v (68) where al5
indicates the m xture ratio of the - filugenth pixel fromthe left in frane
#n, and P15 designates the pixel value of the fifteenth pixel fromthe
left in frame #n 1 The sum f 15 of the foreground conponents of the 10

(69) “base U RIS Come (2 SO RUGKy MORARSY U < S Ipe: AT db)

Simlarly, %ﬁ% %ggkkg%(geg #%oreground conponents of 15 the S|xteenth

pi xel fromt ¥ ame can be expressed by equation (70), and the
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left in frame #n can be expressed by equatio P16 (70)
20 117 =&/ Rkfpbindd’Ws input based on the area information

5 indicating the background area, and supplies only the pixels
corresponding to the background contained in the input image
to the synthesizer 605.

The synthesizer 603 synthesizes a foreground component

image based on the foreground components supplied 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

15 foreground components and the foreground pixels, thereby
synthesizing the foreground component image.

In the initializing processing executed at the start of
the synthesizing processing for the foreground component
image, the synthesizer 603 stores an image whose pixel

20 values are all 0 in a built-in frame memory. Then, in the
synthesizing processing for the foreground component image,
the synthesizer 603 stores the foreground component image
(overwrites the previous image by the foreground component
image). Accordingly, 0 is stored in the pixels

25 corresponding to the background area in the foreground



In this manner, the foreground conponents fc contained in the pixel value
C of the pixel belonging to the covered background area can be expressed
by equation (72): fc = G aP (72) 25 where P designates the pixel value of -
the corresponding - 155 pixel in the previous frane. Fig. 68 illustrates
the processing for separating the foreground conponents fromthe pixels
bel onging to the wuncovered background area. In Fig. 68, al through al8 5
indicate m xture-ratios of the individual pixels of franme #n. |In Fig. 68,
t he second through fourth pixels fremishe 4 eft belong to the uncovered
background area. The pixel value CO02 of the second pixel fromthe left in
frame #n can be expressed by equation (73): 10 Co2 =

BOZ/v+BOZ/v+BOZ/v+F01/v _@28 +FO1/ Fcn/v where a2
i ndi cat e FIRETRNG HE I B R ¢ é’"éet\éiﬁdsyﬁi sizgn O[%e left in frame #n,

and \02 des! GugLes bR SRS s Sueah s Seagud plssls Lgible.dof L i
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the foregy %%&%ﬂ%ﬂamﬂgygf%ﬂﬁ601 and the pixels corresponding to the
5 background supplied from the switch 604, and outputs the
synthesized background component 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 processing executed at the start of
the synthesizing processing for the background component
image, the synthesizer 605 stores an image whose pixel
values are all 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). Accordingly, 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/background 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



the third pixel fromthe left in frame #n can be expressed by equation
(75), and the sum f04 of the foreground conponents of the fourth pixel from
the left in frame #n can 25 be expressed by equation (76). - 156 fO03 =
C03-a3N03 (75) f04 = C04-a4-N04 (76) In this manner, the foreground
components fu contained in the pixel value C of the pixel belonging to the
uncovered 5 background area can be expressed by equation (77): fu = G (XN
(77) where N designates the pixel value of the corresponding pixel in the
subsequent frane. As discussed above, jtshe -separating portion 601 is able

10 to separate the foreground conponents fromthe pixels belonging to the
m xed area and the backgr ound conponents fromthe pixels belonging to the

m xed area bas o the i tion di cating the cove background area
and the ﬁqﬁQH %ﬁé;gﬁf ST %Eka% dﬂ&é 15 cont ai ned

in the area infor tlon the mxture .ratio a each(gixel Fig. 69

is a bl ockdiHyt .ﬁ?%ﬁﬂ%%ﬂ ng 3 & Fthﬁac%$ﬁ9%Qﬁﬁ?%ﬂR 5N of the
separatln ortl pu() Jéﬁ tﬁ%“aé%éé?%tJ575%§%§iéﬁ§§ré é%éﬂé¥: ng. An

i mge |np he 'separating IS suppli r'ame
menmory 621, a@q h% 5@ % I s%%%%%tQ% i1di Hdf%}f&%%f&%@ﬁbe%heb§ﬁﬁgyOU“d
area and the un overed round area s

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 belonging to the foreground area,
the pixels belonging to the background area, and the pixéls
belonging to the mixed area corresponding to Fig. 65A.

10 As shown in Figs. 65A and 65B, the background component
image output from the foreground/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
consists of the pixel belonging to the foreground area and
the foreground components 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 foreground
components by the foreground/background separator 105. The
separated background components form the background
component image together with the pixels belonging to the

25 background area. The separated foreground components form



fromthe mxture-ratio cal culator 104 and the mxture ratio a are supplied
to a separation processing block 622. 25 The franme nenory 621 stores the
input inmages in units - 157 of frames. Wien a franme to be processed is
frame On, the frame nmenory 621 stores frame #n-1, which is the frame one
frame before frame On, franme On, and frane #n+l, which is the frane one
frame after frame On. 5 The franme nenory 621 supplies the correspondi ng
pixels . in frame #n-1, frame On, and frane #n+l to the separation
processi ng bl ock 622. The separati on pgrsgcessi ng bl ock 622 applies the

cal cul ations discussed with reference to Figs. 67 and 68 to 10 the pixel
val ues of the corresponding pixels in frane #n-1, frane On, and franme #n+l
supplied romthe fra nenory 621 based on .the area |nfornat|on

i ndi cat i ng" [?eo ”é'gls Grﬁi’tﬂfd%/ nd %R BRE T dicov et Btk ound ar ea
and the nlxture rqb qﬂ? %? as to separate t he foreground conponents 15 and
t he backé%o $h b ?ﬁﬁ%?n i XeT s belonging to the nmixed area in

frame On, and,suppll ;LA rg

processi ng bIé%kggff%%S%pbrne df éhQEﬁhg%g%?e Qﬁ?%él%‘éégﬁgbr%%%%

covered LAGESSPN, £ Sydthesd et s 83k Syt hesi zer 634 A
mul tipli Z{}P@ﬁ)%p t he uér?%goverége Zprea processosr 63llr?d1rm ti pI | es the pixel

val uesof ﬁmgqlaiﬁld idydd aile A csupplded {19Mm £head¢ B derR M 21 by the

m xture ratio a,
are set in the pixels corresponding to the foreground area

and the pixels corresponding to the mixed area. Similarly,
in the background component image, the pixel wvalues of the
pixels corresponding to the foreground area are set to 0,

10 and significant pixel values are set in the pixels
corresponding to the background area and the pixels
corresponding to the mixed area.

A description is given below of the processing executed
by the separating portion 601 for separating the foreground

15 components and the background components from the pixels
belonging to the mixed area.

Fig. 66 illustrates a model of an image indicating
foreground components 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, and the number of
virtual divided portions is 4.

In frame #n, the leftmost pixel and the fourteenth
through eighteenth pixels from the left consist of only the

25 background components and belong to the background area. 1In



and outputs the resulting pixel value to a swtch 642. The 25 switch 642 is
cl osed when the pixel in frame On - 158 (corresponding to the pixel in
frame #n+l) supplied fromthe .frame nmenory 621 bel ongs to the uncovered
background area, and supplies the pixel value multiplied by the m xture
ratio a supplied fromthe nultiplier 641 to a calculator 643 and 5 the
synt hesi zer 634. The val ue obtained by nultiplying the pixel value of the
pi xel in frame #n+l by the m xture ratio (X output fromthe switch 642 is
equi val ent to the background conporernis3 of the pixel value of the
corresponding pixel in frame #n. 10 The cal cul ator 643 subtracts the
background conponents supplied fromthe swtch 642 fromthe pixel value of

the pixel in. frame &n subplied (oM the, Jrang, fenpry, 82lse As. to obtain

t he foreground conp e caltC suppl 1'es the foreground

conponent £ | j ongy o] ered

backgr ounccsfngéraelarpsco}p% ﬁéc%%%%@?%éﬁb%g%‘pgi %\%?‘?ﬁ i fe(%]p%%%&%?dt he covered
area pro {?g% il4 t i f i i rang, #n- 1
supplied ; r gmr't e fr argrge& rrkgérrjbﬁg 6'%?11 %éﬁ%ad;‘né%?ﬁ?ebér%%ﬁé Z%P%Jnd g%‘% put s

the resul#ing pixel @l difedOhén S EGkGH05¢h i IhEen 8 § £Xe B52r #Sm Ctipsed when
the pixel in frame #n (corresponding to the pixel 1n frame #n-1) supplied

from ghe 1d#@ang iy ybéaﬂgp@bﬂagaohgoheﬁtgogaaecioti@@&@mmn@owp%en&@q
supplies the pixel value nultiplied by the m xture ratio a
and belong to the covered background area. In frame #n, the
fifth through tenth pixels from the left consist of only the
foreground components, 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 components, and belong to the background area.
In frame #n+l, the sixth through eighth pixels from the left
contain background components and foreground components, and
belong to the uncovered background area. In frame #n+l, the

15 fifteenth through 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 fourteenth pixels from the left consist of only the
foreground 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, al through al8
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.




25 supplied fromthe nultiplier 651 to a cal cul ator 653 and the - 159

synt hesi zer 634. The val ue obtained by nmultiplying the pixel value of the
pixel in frame #n-1 by the m xture ratio a output fromthe switch 652 is
equi val ent to the background conponents of the pixel value of the
corresponding pixel in 5 frame #n. The cal cul ator 653 subtracts the
background conponents supplied fromthe swtch 652 fromthe pixel value of
the pixel in frame #n supplied fromthe frame nenory 621 so as to obtain
t he foreground conponents. The cal cwl atar -653 10 supplies the foreground
conmponents of the pixel in frame #n belonging to the covered background
area to the synthesizer 633. The synthesizer 633 conbi nes the foreground

conponents of the, pixels_bel in nco red background area and 15
suppl i ed fronFPﬁep& F&uV&%B? %&g t%%F F@G&guﬁdxe ompSRet’S of the
pi xel s b |ng cover d bac roun area and su ied fromthe
cal cul at dcth I%ﬁ'useem zeyd S uragl-‘glroonunga%(?orrponent s to the

frame nenory gﬁg TE?S x&gﬁsz§$§68§§gF%9qglnes t he background conponents

20 of the pix€el'sS be uncovef ed background area and supplied

fromthe switch 642 t, h Kehayrd pgamonent s of the pixel s bel ongi ng
to the covered backaﬁgugéga?ggqgngogv plied fromthe switch 652, and

suppl ées the synthe&ugegl5hg@@ggqg@@/@Q@@eqents to the fygge nenory 623. 25
The frame nenory 623 stores the foreground conponents

where 015 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 left in frame #n-1.
The sum fl15 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).

f15 FO9/v+F08/v+FQ7/v

Cl5-al15-P15 (69)
Similarly, the sum f16 of the foreground components of
15 the sixteenth pixel from the left in frame #n can be
expressed by equation (70), and the sum £17 of the
foreground components of the seventeenth pixel from the left
in frame #n can be expressed by equation (71).

fle Cle-al6'P1l6 (70)

I

20 £17 Cl7-al7:-P17 (71)

In this manner, the foreground components fc contained
in the pixel value C of the pixel belonging to the covered
background area can be expressed by equation (72):

fc = C-a-P (72)

25 where P designates the pixel value of the corresponding



- 160 and the background conponents of the pixels in the m xed area of
frame #n supplied fromthe separation processing block 622. The frane
menory 623 out puts the stored foreground 5 conponents of the pixels in the
m xed area in frame #n and the stored background conmponents of the pixels
inthe mxed area in franme #n. By utilizing the mxture ratio (X, which
indicates the feature quantity, the foreground conponents and the 10
background conmponents contained in the pixel values can be conpletely
separated. The synthesizer 603 conbi-nagst he foreground conponents of the
pixels in the mxed area in franme #n output fromthe separating portion
601 with the pixels belonging to the 15 foreground area so as to generate a
foregroundxﬁﬁﬁpone éﬁ? Th nt hesi zer 605 conbi nes the background
conponents- X5t tife %(é?%e ‘i%eﬁerrﬁ d area in frame #n output fromthe
separating po tlon t he pi bel ongi n to t he b ckaground area so
as Lo gener at &ﬁ‘a#&aﬁ& éoef%gngm%eﬁ&gl%g%. SFORTATS tites an

exanpl e the for round t r me #n in

Fig. 66. egﬁoetﬁ Cimppolnxee d’n%nﬂ td‘ our een h][?égpllpézr[elfl1?#J ‘{1 eaI eft

consi st cg c%q) etéu% orhﬁ,ptl;sl .ef@ge &ﬁet}gﬁog&{ egfound and the
and t us, the 61 '

background are separat
5 indicate mixture—ratlos of the individual pixels of frame #n.

In Fig. 68, the second through fourth pixels from the left
belong to the uncovered background area.

The pixel value C02 of the second pixel from the left
in frame #n can be expressed by equation (73):

10 co2 B02/v+B02/v+B02/v+F01l/v

a2 BO02+F0l/v

a2 *NO02+F01/v (73)

where 02 indicates the mixture ratio of the second pixel
from the left in frame #n, and N02 designates the pixel
15 value of the second pixel from the left in frame #n+l.
The sum f02 of the foreground components of the second
pixel from the left in frame #n can be expressed by equation

(74) based on equation (73).

f02 FOl/v

20 C02-a2-N02 (74)

Similarly, the sum f03 of the foreground components of
the third pixel from the left in frame #n can be expressed
by equation (75), and the sum f04 of the foreground
components of the fourth pixel from the left in frame #n can

25 Dbe expressed by equation (76).



pi xel values are set to 0. The second and fourth pixels fromthe left
belong to the uncovered background area before the foreground and the
background are separated. Accordingly, the background 5 conponents are set
to 0, and the foreground conponents are nuaintained. The el eventh through
thirteenth pixels fromthe |left belong to the covered background area
before the foreground and the background are separated. Accordingly, the
background conponents are set to 0, and the foreground 10 conponents are
mai ntai ned. The fifth through tenth-—piveslss fromthe |left consist of only

t he foreground conponents, which are thus maintained. Fig. 70B illustrates
an exanpl e of the background conponent inage corresponding to frame #n in

Fig. 66. The | e Dst, .Ri-xel and the fourteenth pixel omthe |eft
consi st of onFégtﬁekbggéérggéd conponents before the fogi%%ound and the
background ar eparat,ed,, . t hus, the background conp ts are

mai ntained. T gisecgﬁg gﬁrgggh fourth pixels fromthe Ief?ggelong 20 to

the uncovered flacktoyadatea il abeeLhe by eotiind-Ad £l eRagkground are

separated. Accordingly, the’foregroun conponents are set to and the

background, GIPYGS Al1&1e TRIJHE AINEG 1 N 1l EHEM Y 1Y ouah i dd&e h

pi xels fromthe  left belong to the covered background area before the 25

for ege oungh anf- ik %@r&m%@rﬁgﬁ%@'@% AeEDEhgl ) - 162 the
f oreground conponents are set to O, and the background

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 foreground components from the pixels
belonging to the mixed area and the background components
from the pixels belonging to the mixed area based on the
information indicating the covered background area and the
information indicating the uncovered background area

15 contained in the area information, and the mixture ratio o
for each pixel.

Fig. 69 is a block diagram illustrating 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 area supplied
from the mixture-ratio calculator 104 and the mixture ratio
O are supplied to a separation processing block 622.

25 The frame memory 621 stores the input images in units



conponents are maintained. The fifth through tenth pixels fromthe left
consi st of only the foreground conponents, and thus, the pixel values are
set to 0. 5 The processing for separating the foreground and the '
background executed by the foreground/ background separator 105 is
described below with reference to the flowhart of Fig. 71. In step S601,
the frame nenory 621 of the separating portion 601 obtains an input imge,
and stores 10 frame #n for which the foreground and the background are
separated together with the previous- firssmme- #n-1 and the subsequent franme
#n+l. In step S602, the separation processing block 622 of the separating
portion 601 obtains area information supplied 15 fromthe m xture-ratio

cal cul at or 4. |In st S603, the separation processi bl ock 622 of the
caparaci M ey A TR e i A LS T B LAY ot f 36 ¢ he

mXr e CAO Sal o ater d0tc) eslep SO0, S pnoovLed Aea fYooessor

631 extrac round conponents Tfromthe piXe Ues”'0t the

pi xels b i r o] ied, ., f 1t he frame
renory 02T BaSet Gir < ne ARear i oAt | O ant Ha o REure THID X In Step
S605, th%wwﬂf%r@ ed - HoLcessH 3l extfacts 25 the foreground

conmponents fromthe pixel values of the - 163 pixels belonging to the
uncover ed backgeoundndr gRneuRPle28d s iiAMdshe Hd 2k EIRPINE 84l 1&%ad on the

area information and
in frame #n-1, frame #n, and frame #n+l to the separation
processing block 622,

The separation processing block 622 applies the

calculations discussed with reference to Figs. 67 and 68 to

10 the pixel values of the corresponding pixels in frame #n-1,
frame #n, and frame #n+l supplied from the frame memory 621
based on the area information indicating the covered
background area and the uncovered background area and the
mixture ratio @ 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 frame
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 the pixel value of the pixel in frame #n+l1
supplied from the frame memory 621 by the mixture ratio a,
and outputs the resulting pixel value to a switch 642. The

25 switch 642 is closed when the pixel in frame #n



the mxture ratio a. In step S606, the covered area processor 632 extracts
5 the background conponents fromthe pixel values of the pixels belonging
to the covered background area supplied fromthe frame nenory 621 based on
the area information and the mixture ratio a. In step S607, the covered
area processor 632 extracts 10 the foreground conponents fromthe pixel

val ues of the pixels belonging to the covered background area supplied
fromthe frame nenory 621 based on the area information and the m xture
ratio a. In step S608, the synthesizer;4g33- conbi nes the 15 foreground
conponents of the pixels belonging to the uncovered background area
extracted in the processing of step S605 with the foreground conponents of

e e et i o %%f%%ﬁ.ﬁ%ag Greghbtm e”%%""c U h
| d th th 603. Th th nb t
o & hdl 8%%?@? Y ﬁ@f?%%ogrf%%nfooe i ”%CSOE"(?Z%%d LA R %bgeime

the fore u onponent s _su pI| fr i ortion _ 601 so as
d)gﬁp fg%'¥%F 1xéﬁ ue éﬁEtig?% t@% x re ra%heSIZer

to generate a regroun onponen I mage e syn
g i el o, et LIE ol el a0
with ghe %Wﬂ%l%@%@t S ffe LA X Bained 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 background
components of the pixel value of the corresponding pixel in
frame #n.

10 The calculator 643 subtracts the background components
supplied from the switch 642 from the pixel value of the
pixel in frame #n supplied from the frame memory 621 so as
to obtain the foreground components. The calculator 643
supplies the foreground components of the pixel in frame #n

15 Dbelonging to the uncovered background area to the
synthesizer 633.

A multiplier 651 of the covered area processor 632
multiplies the pixel value of the pixel in frame #n-1
supplied from the frame memory 621 by the mixture ratio «,

20 and outputs the resulting pixel value to a switch 652. The
switch 652 is closed when the pixel in frame #n
(corresponding to the pixel in frame #n-1) supplied from the
frame memory 621 belongs to the covered background area, and
supplies the pixel value multiplied by the mixture ratio «

25 supplied from the multiplier 651 to a calculator 653 and the



bel ongi ng to the covered background area extracted in the 5 processing of
step S606. The synt hesized background conponents are supplied to the

synt hesi zer 605. The synthesizer 605 further conbines the pixels bel onging
to the background area supplied via the switch 604 with the background
conponents supplied fromthe separating portion 10 601 so as to generate a
background conponent inage. In step S610, the synthesizer 603 outputs the
foreground conponent image. In step S611, the synthesizer 605 outputs the
background conmponent inmage. The procegsiong is then conpleted. 15 As

di scussed above, the foreground/ background separator 105 is able to
separate the foreground conponents and the background conponents fromthe

Ut put s EHE WS o et HHmage o ""'Sﬁﬁa”&ft”r:&q{ ﬁféié)o?‘eg?(?ﬂnd
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t her eof not 1 on etector 102 an e are ormation
suppl ed #4008 tyhe area specifying unit 103 are supplled to a
uni t-of-processing determ ning portion 801 and

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 as
to obtain the foreground components. The calculator 653

10 supplies the foreground components 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 area 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
synthesized foreground components to the frame memory 623.

The synthesizer 634 combines the background components

20 of the pixels belonging to the uncovered background area and
supplied from the switch 642 with the background components
of the pixels belonging to the covered background area and
supplied from the switch 652, and supplies the synthesized
background components to the frame memory 623.

25 The frame memory 623 stores the foreground components
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nodel based on
the stored background components of the pixels in the mixed

area in frame #n.

By utilizing the mixture ratio a, which indicates the
feature quantity, the foreground components and the
background 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
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 portion 601 with the pixels
belonging to the background area so as to generate a
background component image.

Fig. 70A illustrates an example of the foreground
component image corresponding to frame #n in Fig. 66. The
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
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the notion vector and the input unit of processing. Mire specifically, for
exanpl e, the nodel-formng portion 802 may store in advance a plurality of
nodel s in accordance with the nunber of pixels contained in the unit of
processing, 10 the nunber of virtual divided portions of the pixel value in
the time direction, and the nunber of foreground conponents for each

pi xel . The nodel -form ng portion 902 then may select the nodel in which
the correlation between the pixel values and the foreground conponents is
designated, such as 15 that in Fig. -7461based on the unit of processing 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 20 that the anount of
novement p\?"iﬂqt i 457 aifutiSr ptﬁ “is 5. Then, the nodel -formng portion

802 sets the Qﬁtgbg‘?ﬁgédo%inﬁt 'f%lurq:ihvgq.?':%lgorftrioglg%hteo 1%’fta?>%1%ﬁéf%tos a model

formed of eig oreground~Comnmponén SO0 that e tmost  pi xe
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contains four” pixe components, the fifth pixel fromthe left contains
five sf oregirimd<omnets.«d e snd il & rdgudd&digfdnentcontai ns five

foreground conponents, the seventh pixel from the left contains five
f or egr oung ;GIRQRRNt S, TH & @ BHth through thirteenth pixels from the
left belong to the covered background area before the
foreground and the background are separated. Accordingly,
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 background
component image corresponding to frame #n in Fig. 66. The
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 before the foreground and
the background are separated. Accordingly, the foreground
components are set to 0, and the background components are
maintained. The eleventh through thirteenth pixels from the
left belong to the covered background area before the

25 foreground and the background are separated. Accordingly,



pi xel fromthe left contains five foreground conponents, the ninth pixel
fromthe left contains four foreground conponents, the tenth pixel from
the left contains three 10 foreground conponents, the el eventh pixel from-
the left contains two foreground conponents, and the twelfth pixel from
the left contains one foreground conponent. Instead of selecting a nodel
fromthe prestored nodels, the nodel-form ng portion 802 nmay generate a
nodel based on 15 the notion vector and the unit of processing when the
notion vector and the unit of processigyy -are supplied. The nodel -form ng
portion 802 supplies the selected nodel to an equation generator 803. The
equati on generator 803 generates an equation based 20 on the nodel
suppl i ed fro the nodel - f orm n ortion 802, desc nis |ve below
h e bridhe

with referd ]f%glf%‘én nodeR O A¥DrIYF ot
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when t hgr%%?“gf%*g%ﬁfe%'&%h%n V5 b hehs v ber B e St ol | mmge
el at i onah e E)ig%éwqulnéé;] ESike h&r%éﬁr:e%‘fs@l and the pixel val ues COL

E %;)ugh Cl2 cathe %o@é@rs%aecfo&y PRy (Y AIVRPPUBWna CR = FOL/ vV
background executed by the foreground/background separator
105 is described 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 frame #n for which the foreground and the background are
separated together with the previous frame #n-1 and the
subsequent frame #n+1l.
In step S602, the separation processing block 622 of
the separating portion 601 obtains area information supplied
15 from the mixture-ratio calculator 104. 1In step S603, the
separation processing block 622 of the separating portion
601 obtains the mixture ratio o supplied from the mixture-
ratio calculator 104.
In step S604, the uncovered area processor 631 extracts
20 the background components from the pixel values of the
pixels belonging to the uncovered background area supplied
from the frame memory 621 based on the area information and
the mixture ratio a.
In step S605, the uncovered area processor 631 extracts

25 the foreground components from the pixel values of the



02 = F02/v+F01/v (79) CO03 = FO3/v+F02/v+FA v (80) 10 C04 =

FO04/ v+F03/ v+F02/ v+FA v (81) CO5 = FO05/v+F04/v+F03/v+F02/v+FA v (82) Q06 =
FO6/ v+F05/ v+F04/ v+F03/ v+F02/ v (83) CO7 = FO7/v+F06/v+F05/v+F04/v+F03/v
(84) 08 = F08/v+F07/v+F06/v+FO05/v+F04/v (85) 15 C09 =

FO8/ v+F07/ v+F06/ v+FO5/v (86) Cl10 = FO8/v+FO07/v+FO6/v (87) Cl1 =
FO8/v+F07/v (88) Cl2 = FO8/v (89) The equation generator 803 generates an
equation by 20 nodifying the generated equations. The equations generated
by the equation generator 803 are indiiested by equations (90) though
(101). COL = 1F01/v+0F02/v+0F03/ v+0F04/ v+0F05/v +0F06/ v+0F07/v+0F08/v (90)
25 C02 = 1FO0l /v+1F02/ v+0F03/ v+0F04/ v+0F05/v - 169 +0F06/v+0F07/v+0F08/v

91 C03 1F02/ 1FQ OF04/ OFQ5/ OFO0 OFO07/ 0 92
01 = TP RSB HR A SRR 0 DA IO G G Seb ) | cbs

= 1F01/ V‘l%g)%? t%}l%gto V+1Ze?n4+%;3§015lbasecplzq'16/% Faorze( +Or!:t008xlmat£1 4r? aq)a6

OF01/ v+1
the mixture ratio .

In step S606, the covered area processor 632 extracts
5 the background 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 ratioc o.
In step S607, the covered area processor 632 extracts
10 the foreground components from the pixel values of the
pixels belonging to the covered background area supplied
from the frame memory 621 based on the area information and
the mixture ratio a.
In step S608, the synthesizer 633 combines the
15 foreground components of the pixels belonging to the
uncovered background area extracted in the processing of
step S605 with the foreground components of the pixels
belonging to the covered background area extracted in the
processing of step S607. The synthesized foreground
20 components are supplied to the synthesizer 603. The
synthesizer 603 further combines the pixels belonging to the
foreground area supplied via the switch 602 with the
foreground components supplied from the separating portion
601 so as to generate a foreground component image.

25 In step S609, the synthesizer 634 combines the



+1F06/ v+0FO7/ v+OFC8/ v (95) 10 Q07 = OF01/v+0F02/v+1F03/v+1F04/ v+1F05/ v
+1F06/ v+1FO7/ v+OFC8/ v (96) (08 = OF01/v+0F02/v+0F03/v+1F04/ v+1F05/ v
+1F06/ v+1F07/ v+1F08/v (97) C09 = OF01/v+0F02/ v+0F03/v+0F04/ v+1F05/v 15
+1F06/ v+1F07/ v+1F08/v (98) Cl10 = OF01/v+0F02/ v+0F03/ v+0F04/ v+0F05/ v
+1F06/ v+1F07/ v+1F08/v (99) dI = OF01l/v+0F02/v+0F03/v+0F04/ v+0F05/ v

+0O FO6/ v+l FO7/ v+1FO8/v (100) 20 C12 = OFO01l/v+0F02/v+0F03/ v+0F04/ v+0F05/ v
+0F06/ v+0FO7/ v+1F08/ v (101) Equations (90) through (101) can be expressed

by equation (102) . oce ¢ =1 aij - Rigd v (102) i=01 - 170 In equation
(102), j designates the position of the pixel. |In this exanple, j has one
of the values from1l to 12. In equation (102), i designates the position

fo 6. 5 PRI CIIH] Had e Vil Lt B e A ct dify to the
\églngf"z e?%c&%}%%féq t?ga%gi?gﬁr:)c?ur}lcg laorze)a Ceax rbaec teeXcP rienS Stehde bﬁ/roecqeusag j!nogn o(g' 03) in

step S604 with the background components of the pixels

belonging to the covered background area extracted in the

5 processing of step S$606. The synthesized 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 background component image.

In step $610, the synthesizer 603 outputs the
foreground component image. In step S611, the synthesizer
605 outputs the background component image. The processing
is then completed.

15 As discussed above, the foreground/background separator
105 is able to separate the foreground components and the
background components from the input image based on the area
information and the mixture ratio a, and outputs the
foreground component image consisting 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.



06 g =aij F [/ v +e i-01(103) 10 In equation (103), e] designates
the error contained in the designated pixel G . Equation (103) can be
nodified into equation (104). 08 e =C - 1 aij Fi [/ v i=01 (104) In
order to apply the nethod of |east squares, the 15 square sum E of the
error is defined as equation (105). 12 E _ F ej2 j=01 (105) In order to
mnimze the error, the partial differential value using the variable Fk
with respect to the square sumE of the error should be 0. Fk is

determ ned so 20 that equation (106) hgssatisfied. - 171 8 Er, Ca.- j

2 e. & c'3F j=01 k 12 08

The motion vector and the positional information thereof
supplied from the motion detector 102 and the area
information supplied from the area specifying unit 103 are
supplied to a unit-of-processing determining portion 801 and
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 processing that

10 is generated based on the motion vector and the positional
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 pixels
disposed in the moving direction starting from the pixel
corresponding to the covered background area of the

20 foreground component image until the pixel corresponding to
the uncovered background area, or indicates consecutive
pixels disposed in the moving direction starting from the
pixel corresponding to the uncovered background area until
the pixel corresponding to the covered background area. The

25 unit of processing is formed of two pieces of data which



=2 I((g - 1: aij F [ v) (-akj / v) =0 J-01i=01 (106) In equation
(106), since the amount of novenent v is a fixed value, equation (107) can
be deduced. 12 08 lakj(C- laijFi/v) =0 J-01 i=01 (107) 5 To expand
equation (107) and transpose the terns, equation (108) can be obtained. 12
08 12 (akj aij Fi) =v akj G j=01i=01 =01 (108) Equation (108) is
expanded into eight equations by substituting the individual integers from
1to8into k in 10 equation (108). The obtai ned ei ght equations can be
expressed by one matrix equation. Thigggquation is referred to as a

"normal equation". An exanple of the normal equation generated by the
equati on generator 803 based on the nethod of |east squares 15 is

i ndi cat ed by eqyation (109).. - 172 54321 000F01 45432100
FO2 3 4y§&éq?:gd_ﬁpqqﬁ§ample, the upper left point (which is the

position of the leftmost or the topmost pixel in the image
designated by the unit of processing) and the lower right
point.

5 The model-forming portion 802 forms a model based on
the motion vector 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,

10 the number of virtual divided portions of the pixel wvalue in
the time direction, and the number of foreground components
for each pixel. The model-forming portion 902 then may
select the model in which the correlation between the pixel
values and the foreground components is designated, such as

15 that in Fig. 74, based on the unit of processing and the
number of virtual divided portions of the pixel wvalue in the
time direction.

It is now assumed, for example, that the number of
pixels corresponding to the unit of processing is 12, and

20 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 so that the leftmost
pixel contains one foreground component, the second pixel

25 from the left contains two foreground components, the third
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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
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, the tenth pixel from the left contains three
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 portion 802 may generate a model based on
the motion vector and the unit of processing when the motion
vector and the unit of processing are supplied.

The model-forming portion 802 supplies the selected
model to an equation generator 803.

The equation generator 803 generates an equation based
on the model supplied from the model-forming portion 802.

A description is given below, with reference to the
model of the foreground component image shown in Fig. 74, of
equations generated by the equation generator 803 when the
number of foreground components is 8, the number of pixels

corresponding to the unit of processing is 12, and the

FO5 01234543F06 0012
9 = v

3 4
E G



[ E When equation (109) is expressed by AF = vC, C, A and v are known, and
F is unknowmn. A and v are known when the nodel is fornmed, while C becones
known when the pixel 5 value is input in the addition processing. By ‘
cal culating the foreground conponents according to the normal equation
based on the nethod of |east squares, the error contained in the pixel 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_frgy the unit-of-processing determning
portion 801, the pixel value C contained in the foreground conponent inmage
in the matrix equation supplied fromthe equation 15 generator 803. The
adder 804 supplies the matrix in which - 173 the pixel value Cis set to a
cal cul at G8FF. ofh@WAMRtatort 85 cal cul ates the foreground conponent

Fi/v fromwhich notion _blur is elimnated by the processin based on a

sol ution, such88 &h&wéepegarundt FOFPPRSHSS §°§5F&8ﬁdePPnF%§tion), so as to
obtain Fi_ corresponding to i_ .ndicating one of tq§ integers froml to 8,
whi ch i s SHETSIAE SPATIRE F o NMIRC R OO 5 S 1% S eE” The

cal cul at qr. 805 then outputs the.f ou conponent Jd.nage, consi sting of

t he pi xel%l&na /3"esa‘r i %lit/ﬁ’o& rr?o‘%qho%r(ﬁqgﬁ’r’, r]Cgluechr ncalsorfs}“uhaj’[p%l r?%wg?en?& to a

nDtiog_m#Uifyﬂgﬂféﬁg%i?U%f% é%ﬁ‘%ﬂé”bf%@& values C0l through Cl2 can

be expressed by equations (78) through (89).

CO0l = FOl/v (78)

C02 = F02/v+F01l/v (79)

C03 = F03/v+F02/v+FO0lv (80)

10 C04 = F04/v+F03/v+F02/v+FO0lv (81)
| C05 = F05/v+FQ4/v+F03/v+F02/v+F01lv (82)
C06 = FO06/v+F05/v+F04/v+F03/v+F02/v (83)

C07 = F07/v+F06/v+F05/v+F04/v+F03/v (84)

C08 = F08/v+F07/v+F06/v+F05/v+F04/v (85)

15 C09 = FO08/v+F07/v+F06/v+F05/v (86)
Cl0 = FO08/v+F07/v+F06/v (87)

Cll = FOB/v+F07/v (88)

Cl2 = F08/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 equations

(90) though (101).

C0l = 1+F01/v+0+F02/v+0F03/v+0:F04/v+0F05/v
+0+*F06/v+0-F07/v+0-F08/v (90)
25 C02 = 1:FQl1/v+1:F02/v+0+F03/v+0-F04/v+0-F05/v



In the foreground conponent image w thout notion blur shown in Fig. 75,
the reason for setting FO1 through FO8 in C03 through Cl10, respectively,
is not to change the position 15 of the foreground conponent inage with -
respect to the screen. However, FOL through FO8 nay be set in any desired
positions. The notion-blur adder 806 is able to adjust the anmount of
notion blur by adding the anobunt v' by which notion blur is adjusted,
which is different fromthe amunt of novenent 20 v, for exanple, the
amount v' by which notion blur is adj ugeed, which is one half the val ue of
t he amount of novenent v, or the anmount v' 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 er 806 25 divij des the foreground pixel
val ue Fi without notion bl up'obf%ﬁ/%’% Ftoﬁﬁér?%@g)@ V¥ by whi ch it i on bl ur

i's adj usted s=g c}gZFrot]%(Y g_qtbﬁzdr%n/ Jhe Efog{ /:\%IO?_WA‘ O Fi/v'. The

not i on- bl ur calcul he” sum of é’foreground conponent s

Fi/v', thereby generating the .pixel wal i ) i t he anmou of notion
blur is adjusted. For exain?,@qﬁﬁgﬁwtﬁgﬁghgﬁﬁt V'Rﬂy whi ch f?on blur is

adj usted dogg, 3 1.1 Rielpgwal g . S 15880 4 Q- », the pixel value C3
is set to (F01+F02)/4y , tﬁ%gtixeﬁnézlue g%h'?g(£g¥9%¢? (FO1+F02+F03)/Vv' ,

and the pixel value CO05 is s@t. fo® /10 ol FQVRGB:E@YAY' . The notgzgn- bl ur
adder 806 supplies the foreground conponent inmage in which the anount of
notion blogs i 1:F01/v+1:F02/v+1:F03/v+1:F04/v+1:F05/v
+0-F06/v+0*F07/v+0-F08/v (94)
C06 = 0*FO1l/v+1-F02/v+1-F03/v+1+F04/v+1-F05/v
+1+F06/v+0+F07/v+0-F08/v (95)
10 C07 = 0*F01/v+0+-F02/v+1:-F03/v+1-F04/v+1-F05/v
+1+F06/v+1-F07/v+0+F08/v (96)
c08 = 0+F01/v+0-F02/v+0+F03/v+1-F04/v+1-F05/v
+1-FO06/v+1+-FO07/v+1+F08/v (97)
C09 = 0*F01/v+0'F02/v+0-F03/v+0:F04/v+1-F05/v
15 +1+F06/v+1+'F07/v+1-F08/v (98)
Cl0 = 0*F01/v+0-F02/v+0:F03/v+0-F04/v+0-F05/v
+1*F06/v+1+F07/v+1-F08/v (99)
Cll = 0+*FO01/v+0-F02/v+0+F03/v+0:F04/v+0-F05/v
+0-F06/v+1+F07/v+1-F08/v (100)
20 Cl2 = 0*FO01/v+0-F02/v+0-F03/v+0F04/v+0-FO05/v
+0°F06/v+0+F07/v+1:F08/v (101)
Equations (90) through (101) can be expressed by

equation (102).

08
cj = D aij-Fi/v (102)

i=01



adjusted to a selector 807. The sel ector 807 selects one of the foreground
15 conponent image w thout notion blur supplied fromthe cal cul ator 805
and the foreground conponent image in which the anmount of notion blur is-
adj usted supplied fromthe notion-blur adder 806 based on a sel ection
signal reflecting a user's selection, and outputs the sel ected foreground
20 conponent imge. As discussed above, the notion-blur adjusting unit 106
is able to adjust the anmpbunt of notion blur based on the selection signal
and the amount v' by which notion blLug7igs- adjusted. 25 Also, for exanple,
when the nunber of pixels - 175 corresponding to the unit of processing is
8, and the anount of novenent v is 4, as shown in Fig. 77, the notion-blur

adjusting unit 106 generates a mgtri x equati on expressed by equation
(110).Eo%n16|§ueitl°in=dé0@? 14 33 L SLFRGES3 espfsﬂ’—%ﬁ% G t‘{e:é’%"@é--

In this example, j has one of the values from 1 to 12. 1In
equation (102), i designates the position of the foreground
value. In this example, i has one of the values from 1 to 8.
5 In equation (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

conslderation of the error.

08
ci= D2 aij-Fi /v + ej (103)

i=01

10 In equation (103), ej designates the error contained in the
designated pixel Cj.

Equation (103) can be modified into equation (104).

08
ej = Cj—- D, aij-Fi/v (104)

i=01

In order to apply the method of least squares, the

15 square sum E of the error is defined as equation (105).

E= ) ef (105)

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.



52 3 4 3 2F03= V2: Ci(110) i=03 1 2 3 4 3F0405 LO 1 2 3 4FO5E G i=02 04 |
LJ In this manner, the notion-blur adjusting unit 106 calculates Fi, which
is the pixel value in which the amount of notion blur is adjusted, by ‘
setting up the equation in accordance with the length of the unit of
processing. 10 Simlarly, for exanple, when the nunber 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 exanpl e of

anot her configuration of the notion-hlyur -adj usting unit 106. The sane

el ements as 15 those shown in Fig. 72 are designated with |ike reference
nuneral s, and an explanation thereof is thus omtted. Based on a selection
signal, aggel ectori821 ddejectly supplies an input notion vector and a
position@&};F@ﬁhr fer to the unit-of-processing determning portion
801 - 176~ "and thé ’fodel-forming portion 802. Alternatively, (i) selector
821 may substitutfithe.nagﬁitude of/}he nmotjon vector by the anmount v' by
whi ch not i on=bPur 2.9 Gdjused] g /t Kon Gaphl/i ¥ THe motion vector and the
posi ti onal =0 =0

In equation (106), since the amount of movement v is a

fixed value, equation (107) can be deduced.

12 08
dakj-(Cci- D aij-Fi/v) =0 - (107)
j=01 i=01

5 To expand equation (107) and transpose the terms,

equation (108) can be obtained.

12 08 12
Y @akj - D aij - Fi) = v, akj: Cj (108)

j=01 i=01 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 equation is referred
to as a "normal equation".
An example of the normal equation generated by the
equation generator 803 based on the method of least squares

15 is indicated by equation (109).



5 signal thereof to the unit-of-processing determning portion 801 and the
nodel -formng unit 802. Wth this arrangenent, the unit-of-processing
determ ning portion 801 through the cal culator 805 of the notion-blur
adjusting unit 106 shown in Fig. 78 are able to 10 adjust the anount of
nmotion blur in accordance with the anount of novenment v and the anmount V'
by which notion blur is adjusted. For exanple, when the anpunt of nobvenent
is 5 and the anount v' by which nmotion blur is adjusted is 3, the

uni t-of - processing determ ning portion7301 through the 15 cal cul ator 805 of
the notion-blur adjusting unit 106 shown in Fig. 76 execute conputation on
the foreground conponent image in which the anount of novenent v is 5
shown in Fig. 74 according to the noge], shown in Fig. 76 in which the
anount v' by which notion blur is adju;;Pg is 3. As a 20 result, the inmge
cont ai ni ng notion blur having the anoytft;, of novenent v of (anDunt of
novenment v)/(anmount v' by which notionibluf is adjusted) = 5/3, i.e.,

about 1.7 is obtained. In _this case, [theC&al cul ated inmage does not contain
motion RQl5urd cdr espofdion [ B01 he anoynly’ of [novenment v of 3. 25
Accordingly,sif hqylg ?e(ﬂaggg t hat tﬁg;églatlonshlp - 177 Dbetween the
anount of nnvenent Y, the anpunt v, which notion blur is adjusted is
different3fr%n5tHeiie§uﬂ¢ GfFehe notiaB- bl ur adder 806. As discussed
above, the mpthomr-bf ug adjusksng unit Cis generates the equation in

accor danc% V\étgl t4he5 alrlmtént2 3%05 =v - 1%5’5 | (109)
0 1 2 3 4 5 4 3||F06 i;7o4Cl
0 01 2 3 4 5 4|F07 ZCi
0 001 2 3 4 5]F08] e

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 when
the model is formed, while C becomes known when the pixel

5 wvalue 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 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 from the unit-of-processing determining portion 801,
the pixel value C contained in the foreground component
image in the matrix equation supplied from the equation

15 generator 803. The adder 804 supplies the matrix in which



novenment v and the unit of processing, and sets the pixel values of the
foreground conponent image in the generated equation, thereby calculating
t he foreground conponent inmage in which the amount of notion blur is

adj usted. 10 The processing for adjusting the anount of notion blur
contained in the foreground conponent imge executed by the notion-blur
adjusting unit 106 is described belowwith reference to the flowchart of
Fig. 79. In step S801, the unit-of-processing determning 15 portion 801 of
the notion-blur adjusting unit 106 generaates the unit of processing based
on the notion vector and the area information, and supplies the generated
unit of processing to the nodel-formng portion 802. In step S802, the

nodel - f or portl 802, of the 20 noti.on-blur sting unit 106 selects
or gener attrpb%% rﬁ)’glé'l ch e Hudmt e Wit aﬁ] of movenent v and the
unit of pro step %gchaﬁhe eq/ atk%n nerator . 803 enerates t he

nor mal equaf??%lgggégu&ﬁtf Iectecljlla 5del” T ngﬁdsgﬁﬁl & Cadder

804 t h - t. th
omer ot ot Bl AR son Hilr égﬁsé%’ﬁlg%r&gr@%%r%%? het hor
the pixely, ﬁsaé&‘% of @lludi p'éﬂf‘ér? acsorareap&wi te Ay u{t?éu of processing

are set. I's determ ned that the pixel val ues of a e pi xel s

corr egpongl Ak %ﬂlhﬁrmlorgf dY oLesEd %t?éfﬁl ot y&irS§lond Ny HEPHCESS
returns to step S804

indicating one of the integers from 1 to 8, which is the
pixel value from which motion blur is eliminated. The
calculator 805 then outputs the foreground component image
consisting of the pixel values Fi without motion blur, such
10 as thatvin 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 FOl through F08 in
C03 through C10, respectively, is not to change the position
15 of the foreground component image with respect to the screen.
However, F0l through F08 may be set in any desired positions.
The motionleur adder 806 is able to adjust the amount
of motion blur by adding the amount v' by which motion blur
is adjusted, which is different from the amount of movement
20 v, for example, the amount v' by which motion blur is
adjusted, which is one half 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 example, as shown in Fig. 76, the motion-blur adder 806

25 divides the foreground pixel value Fi without motion blur by



and the processing for setting the pixel values in the normal equation is
repeated. If it is determined in step S805 that the pixel values 10 of al

t he pi xels corresponding to the unit of processing are set, the process
proceeds to step S806. In step S806, the calculator 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 supplied fromthe adder 804. The processing is then conpleted. As

di scussed above, the notion-blur adjugtisng unit 106 is able to adjust the
anount of notion blur of the foreground inmage containing notion blur based
on the notion 20 vector and the area infornation That is, it is possible

to adjust the anount of m)tlocg1 bl ur alned u¥ the |er | ue t hat
is, cont dﬁr}‘?etf“i%ntsarrpl%’d %tjl%n H oI HE scr| ption,

the i mge 5 rqces at us sho Fig i S bI adj ust the -
179 ano Jﬂﬁh (ﬁ?ﬁé&ﬁéQh#u%ﬁWRﬁP?Q1ttﬁJYrunﬂ ?ﬁﬁﬁkl éﬁ nage

rocessin confi e 0 to cal cul ate
Fhe m Xt Ll’r%&j‘e?ataslrogst ucsn%l cahl ladc fig menlhf or ma i gfnérse I?fp‘%)uc% puts the
cal cul at ey t s¢ atin
anot her e%é@pcf%eq{t e con I?egll:ér% % e not i g‘%]ﬂg{?mél éjustrl{ ng uglt

106. 5The“;v}{9;tﬂ dhe eeﬁrﬁ&fn@@f trk@tﬂ%'ﬂhﬁ“%s 'éﬁﬂfé@éd on ﬁcﬁeréﬁgmple,

when the amount v' by which motion blur is adjusted is 3,
the pixel value C02 is set to (FOl)/v', the pixel value C3
is set to (F01+4F02)/v', the pixel value C04 is set to
(FO1+F02+F03)/v', and the pixel wvalue 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 selection, and outputs the selected foreground

20 component 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




supplied fromthe notion detector 102 are supplied to a wunit-of-processing
determ ning portion 901 and an adjusting 10 portion 905. The area
information supplied fromthe area specifying unit 103 is supplied to the
uni t-of-processing determ ning portion 901. The foreground conponent i nmage
supplied fromthe foreground/ background separator 105 is supplied to a

cal cul ator 904. 15 The unit-of-processing determ ning portion 901 supplies,
together with the notion vector, the unit of processing generated based on
the notion vector and the positional 1psfermation thereof and the area
information to a nodel- formng portion 902. 20 The nodel -form ng portion
902 forns a nodel based on the notion vector and the input unit of

pr ocessi specific exanpl e, the nodel -form ng portion 902

. Mo 1y, f
nay stor%g’rirﬁsré’g’\?%gl@ é:oplt%‘nsal W()(r?rf FREFE15S SR % doritaf@é wiltth aMONE@ thunber

of pi xel ntained in.the unit of pracessing,, 25 the nynber qf virtual
di vi ded %gf 0N ot tvhé'sp?lXelasvgﬁlﬁ’ 5™ 180 7t7r21e ttt‘qerréno JToélc_tkﬁélﬁ and t he
nunber of, sf.or .GO n for. ea i.xel . The nodel -f orm ortion
902 t henar(?éﬁsetgg’l%gcr&glﬁhg%%o e%%lrr?t\%ﬁ C tgjl)é(orerqe %ation eﬁ‘&r\ﬁesésr?d?%é’ppi xel

val ues a%gu%nggpqqg@gund conponents is designated, such as 5 that in Fig.

81, based on the uni't of processing and the nunber of virtual divided
portions of the pixel value in|tghe lime direction. It is now assumed, for
exanpl e, that the nunber of Ci
1=05
r - - 07
4 3 2 1 0fF01 ZCi
3 4 3 2 1|F02 1204
5 2 3 43 2(F03|=v-|D cCi : (110)
1 2 3 4 3|F04 ‘35
0 1 2 3 4]Fo05] Z Ci
1622
d.ci
Li=01 .

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 equation 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-blur adjusting unit 106. The same elements as

15 those shown in Fig. 72 are designated with like reference
numerals, and an explanation thereof is thus omitted.

Based on a selection signal, a selector 821 directly
supplies an input motion vector and a positional signal

thereof to the unit-of-processing determining portion 801



pi xel s corresponding to the unit of processing is 12, and 10 that the
anount of novenent v within the shutter tinme is 5. Then, the nodel -form ng
portion 902 sets the nunber of wvirtual divided portions to 5, and selects
a nodel formed of eight types of foreground conponents so that the

| eft rost pi xel contains one foreground conponent, the second pixel 15 from
the left contains two foreground conponents, the third pixel fromthe |eft
contains three foreground conponents, the fourth pixel fromthe |eft
contains four pixel conmponents, the firth pixel fromthe left contains
five foreground conponents, the sixth pixel fromthe left 20 contains five
foreground conponents, the seventh pixel from the left contains five

foreground conponents, the eighth pixel fromthe |left contains five
foregrouﬁ&dc5ﬁﬁbﬁ@ﬁﬁifﬁﬂﬁ?qu ROF Hi%e 18 0 omAHE Ine i it aith€ f our

foreground, cqonponents, the tenth pixel from.,he |ef ontains three 25

f or egr ouﬁ&lggg?ﬁgngﬁﬁs patyhéuasg\}é:r‘i‘ttﬁ glﬁfefnaﬁfld'rﬁutdl‘?e OIftaftt%e- PO ont ai ns  t wo
foregrou e , .and the twelfth pixel . fr the | eft. contains one

f or egr ou&% c%%r%%&e %:hse Iaﬁns% C8&d Vof ‘%S,e theh&tci%nén oF lr%ld%mufrr o taﬁité’ “ﬁ(r}cgggor ed

nodel s, e el-f.aorm_ng rti 0 e madel _bhased on 5 the
noti on vg%PbF%%%dSP glg%%tt% %?ﬁ@é%%%ﬁgﬁ§ﬁgﬁﬂﬁﬂgﬁﬁ% fﬁﬁqnﬁgbqbr and the

I i e e Tt
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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, when 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

15 calculator 805 of the motion-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 in Fig. 76 in which the
amount v' by which motion blur is adjusted is 3. 2as a

20 result, the image containing motion blur having the amount
of movement v of (amount of movement v)/(amount v' by which
motion blur is adjusted) = 5/3, i.e., about 1.7 is obtained.
In this case, 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



10 nodel s of foreground conponent inmages shown in Figs. 81 through 83, of
an exanpl e of the equation generated by the equation generator 903 when

t he nunber of foreground conponents is 8, the number of pixels '
corresponding to the wunit of processing is 12, and the anmount of novenent
v is 5. 15 When the foreground conponents contained in the foreground
conponent inmage corresponding to the shutter tinme/v are FOl/v through
FO8/v, the rel ationshi ps between FO01/v through FO08/v and pixel val ues COL
t hrough Cl12 can be expressed by equatirgns (78) through (89), as stated
above. 20 By considering the pixel values Cl12 and Cl1, the pixel value Cl2
contains only the foreground conponent FO08/v, as expressed by equation
(111), and the pixel value Al consists of the product sumof the

f or egr ou?® WG rf&IR aMEREYty o PRI dgridithdE o ARsieHt ol which
Accordi ngl y,, the 25 foregr.ound conpone FO7/v_can he found by equation
(112). - ODFS%UU\F 2 scpsliuprpd lﬁo#ﬁﬁné_er@ﬂt P M resnil 4 y=hepy

hr ough CHELTREIS SPBliodE Component s FOB! v t hrough FOL/v can be found
Dy 2912 2% G UL LS B et bRl EOR0N, TR LT 0410) |
5 generates the equation in accordance with the amount of
movement v and the unit of processing, and sets the pixel
values of the foreground component image in the generated
equation, thereby calculating the foreground component image
in which the amount of motion blur is adjusted.

10 The processing 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 5801, the unit-of-processing determining

15 portion 801 of the motion-blur adjusting unit 106 generates
the unit of processing based on the motion vector and the
area information, and supplies the generated unit of
processing to the model-forming portion 802.

In step S802, the model-forming portion 802 of the

20 motion-blur 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 equation based on the selected
model .

25 In step S804, the adder 804 sets the pixel values of



FO2/v = C06- C07+Cl1-Cl12 (117) FOl1l/v = C05-C06+Cl0-Cl1 (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 -
t he exanples of equations (111) through (118). The equation generator 903
supplies the generated equations to the cal cul ator 904. The cal cul ator 904
sets the pixel values of the foreground conponent inage in the equations
supplied from 20 the equation generator 903 so as to obtain the foreground
conponents based on the equations in wygh the pixel values are set. For
exanpl e, when equations (111) through (118) are supplied fromthe equation
generator 903, the calculator 904 sets the pixel values C05 through Cl2 in

PO B SR Y e T SR sl E
FoLi v LR 0% v Uad GoMPiTr FHE S0k I TR e LA hoRs ond of |
e set it P S il ST PR TR e ROy

Enrjllr '? :nghl E%Bip\r%é)t C%o%%glrgg?n Elé;)er%oﬁgo%]ieiggt]sigsggipept[g%ndﬁ?érd;;&ii‘g %Ca% %Lﬁoxgﬁlg(r)5904 by

the agouRfaiRfes MRV EMENTHE GANLAINGD A /b ddUnd Mg b USRE QnSURY | ed from the

processing are not yet set, the process returns to step S804,
and the processing for setting the pixel wvalues in the
normal equation is repeated.

If it is determined in step S805 that the pixel values

10 of all the pixels corresponding to the unit of processing
are set, the process proceeds to step S806. In step S806,
the calculator 805 calculates the pixel values of the
foreground in which the amount of motion blur is adjusted
based on the normal equation in which the pixel values are

15 set supplied from the adder 804. 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 motion blur based on the motion

20 vector and the area information.

That is, it is possible to adjust the amount of motion
blur contained in the pixel values, that is, contained in
sampled data.

As is seen from the foregoing description, the image

25 processing apparatus shown in Fig. 2 is able to adjust the



uni t-of -processing determning portion 901 so as to obtain the foreground
pi xel values fromwhich notion blur is elimnated. For exanple, when the
foreground conponents 15 FOl1l/v through FO8/v are supplied fromthe

cal cul ator 904, the adjusting portion 905 nultiples each of the foreground
conponents FO1/v through FO8/v by the ampbunt of novenent v, i.e., 5, so as
to obtain the foreground pixel values FOL through FO8 from which notion
blur is elimnated, as showmm 20 in Fig. 83. The adjusting portion 905
supplies the foreground conponent Lnage consisting of the foreground pixel
values w thout notion blur cal cul ated as descri bed above to a notion-blur
adder 906 and a selector 907. 25 The notion-blur adder 906 is able to

adj ust the ampunt_- 184 of notion hlur Qhy using the anount v'__by which
moti on bPIPUnts ofdfedted, reirord adinede rentt i grﬂptuﬁ‘e WAt dehovenent

, f I t h t v' by which noti bl [ dj ust.ed, ,whi ch
ohe hal f TS REGE SSF e BRI IT OB HHEMHRES TSR HE dHnE WS by

uolch UL DU adistad o La i ) vt ey atpi of
divid - f i xel I Ei wit i s A t v
0 V1 ez LhaLaRegLaund ol el NAIUS.E o Lhal- JPULOR WAL o the amount
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of the configuration of the motion-blur adjusting unit 106.
The motion vector and the positional information thereof
supplied from the motion detector 102 are supplied to a
unit-of-processing determining portion 901 and an adjusting

10 portion 905. The area information supplied from the area
specifying unit 103 is supplied to the unit-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 supplies,
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-
forming 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 value in



whi ch the anount of notion blur is adjusted. For exanple, when the anount
v' by which notion blur is adjusted is 3, 15 the pixel value C02 is set to
(FO1)/v', the pixel value C3 is set to (FO1+F02)/v', the pixel value C04 -
is set to (FO1+F02+F03)/v', and the pixel value CO5 is set to
(FO2+F03+F04) /v' . The notion-blur adder 906 supplies the foreground 20
conponent inmage in which the anount of notion blur is adjusted to the

sel ector 907. The sel ector 907 selects either the foreground conponent

i mage Wi thout notion blur supplied trggythe adjusting portion 905 or the
f oreground conponent image in 25 which the amount of notion blur is

adj usted supplied from- 185 the notion-blur adder 906 based on a
selection_signal reflecting a user's selection, and outputs the sel ected
f or egr ouﬁ&ecgﬁ'ﬁ‘ﬁn&%treicﬁﬂé@@.r ARdditdey syt esb e, f aneg nestridorosingmeadisust i ng
unit 106 _5 is able tQ adjust the anount of notion blur based on the

sel ecti 0fi®%i GREM Ridelhe ARSUMCOPL Y THHINGh PRSHioR BI04 then agjusted. The

processi ng,f.ar justing the amount of notiqQn hlur of the foreground
execut edsgy}ef:ﬁe%ﬁﬁt f“8ﬁ-egl ar ¥4 i’t i‘hg El‘ﬁrtre(if(‘}lf’% bedreegurtdd ®3%edown in
Fig. 80 | crihe elowwth reference to the flaogwchart of Fig. 84. In
St SooT  ERE BhAr Tae P8 e bin R Re R Ry L a6t P e as

nDtiQﬁ‘bEHEtthU§HbQ98HUiBa%gﬁ g%n%%%t%%it of processing 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
eight types of foreground components so that the leftmost
pixel contains one foreground component, the second pixel

15 from the left contains two foreground components, the third
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

20 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, the tenth pixel from the left contains three

25 foreground components, the eleventh pixel from the left



the unit of processing based on the notion vector and the 15 area
information, and supplies the generated unit of processing to the

nodel -form ng portion 902 and the adjusting portion 905. In step S902, the
nodel -form ng portion 902 of the notion-blur adjusting unit 106 selects or
generates the 20 nodel according to the anpunt of novenent v and the unit
of processing. In step S903, the equation generator 903 generates, based
on the selected or generated nodel, the -equations for calculating the

f oreground conponents by the differenga bhetween the pixel values of the
foreground 25 conponent image. - 186 In step S904, the cal culator 904 sets
the pixel values. of the foreground conponent image in the generated

equations, and extracts the foreground conmponents by using the difference
bet ween CIEGHES W (T SHROMID P ATRO T TS &1, ST FRIAiel vl ues
are set. Jn step ﬁ%ﬁﬁé the .calculator 904 deferm nes whether all the

f or egr ou 5°Hbéﬁﬁb By ofdihd F¢ F408 hi SO"8° ibtessi ng have been
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correspondi ng FSERE Gfi £ S6F Cpr8e8s R had& CRot " Fo PEEST Oty ROASES 1t he
process retu {10 St t r.ocessi far r-agting, the

foregr our?%ecmgr%er#sr%ﬁélég?péﬁggl%gh.grbﬁzf n?atfl e%c#e{ggcren‘ianggﬁenl g)taesﬁ%séadj’\% t hat

all the hQr aQraWd LIRINENS ¢ rESRONH NG d & 4G ¢ MiderPfthe 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 generator 903 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 component image corresponding to the shutter
time/v are FO0l/v through F08/v, the relationships between
FO0l1/v through F08/v and pixel values C0l1 through Cl2 can be
expressed by equations (78) through (89), as stated above.
20 By considering the pixel values Cl2 and Cll, the pixel
value Cl2 contains only the foreground component F08/v, as
expressed by equation (111), and the pixel value Cl1
consists of the product sum of the foreground component
F08/v and the foreground component F07/v. Accordingly, the

25 foreground component F07/v can be found by equation (112).



15 processi ng have been extracted, the process proceeds to step S906. In
step S906, the adjusting portion 905 adjusts each of the foreground
conponents FO1/v through FO8/v supplied fromthe cal cul ator 904 based on -
t he ambunt of novement v so as to obtain the foreground pixel values FO1/v
t hrough FO8/v 20 from which notion blur is elimnated. In step S907, the
noti on- bl ur adder 906 cal cul ates the foreground pixel values in which the
anount of notion blur is adjusted, and the selector 907 selects the imge
w thout notion blur or the image in wiioch the amount of notion blur 25 is
adj usted, and outputs the selected i nage. The processing - 187 is then
conpl eted. As described above, the notion-blur adjusting unit 106
configured as H wn in |g. 80 is able to nore speedily adjust notion blur
of the foregrga |naﬁé containing nmotion 5 blur accordifglttlo sinpler

conput ati ons nown chnique for partially elimnating notion blur,
such as a VVen@?kylrtgﬁ? Egbeffective when bei ng used in? i deal state
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anot her 15 configuration of the unction the i mage proc
equations (113) through (118), respectively.

F06/v = Cl0-C1l1 (113)
FO05/v = C09-C10 (114)
F04/v = C08-C09 (115)
10 F03/v = C07-C08+C12 (116)
F02/v = C06-C07+C11-C12 (117)
FOl/v = C05-C06+C10-C11 (118)

The equation generator 903 generates the equations for
calculating the foreground components by the difference
15 Dbetween 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 pixel 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 equations in which the pixel values
are set. For example, when equations (111) through (118)
are supplied from the equation generator 903, the calculator
904 sets the pixel values C05 through C12 in equations (111)

25 through (118).



apparatus. The elenments simlar to those shown in Fig. 2 are designated
with Iike reference nunerals, and an explanation thereof is thus omtted.
20 The area specifying unit 103 supplies area information to the _ :
m xture-ratio calculator 104 and a synthesizer 1001. The mi xture-ratio
cal cul ator 104 supplies the mxture ratio a to the foreground/ background
separator 105 and the synthesizer 1001. 25 The foreground/ background
separator 105 supplies the - 188 foreground conponent image to the _
synthesi zer 1001. The synthesizer 10Qjzxanbines a certain background image
with the foreground conponent image supplied fromthe _ _
f oreground/ background separator 105 based on the mxture 5 ratio a Si.lppljl ed
fromthe m xt e-ra}llo cal culator 104 _and the area information supplie
fromthe ar ea%g‘ﬁegia ﬁlurlré‘%ﬁr’fi 19%416%, CHta 5t plits PR IFPHDRe SCPPeTIeREgGe | n
which th r{ain. .backagrqund i nmage angbt t]]e f or eground component image are
conbi nedf%acs%slt %ng.th% %qgﬁa&s]toﬁ'ﬁ elélgtwc i eglﬁld"t‘?%oﬁ’%]fuet%ear%kﬁﬂ%ezl zer
1001. A Ragk co nent ner at 102a]0.l ener at es backgr oun
corrponen?%i n%rgx%llj‘ﬁ%s?édmg% t(‘{%’el m%xect?rre%rorllaﬁ cé'%_rﬂqccfsa tj@r ?Eéi’?iagd%%{‘tjjr ound
i mage, ang i+&S g%%lggfﬂ%u erpoethlmaeifoa e%are-!mage
15 synt hesin%%%gn&%rﬁog‘zvl 27 er%;&lscxed- zf%e%— |°r‘r”'élggms n]tgh'ersgél tion
1022 gomginn@%e calculations of equations (111) through (118) in
which the pixel values C05 through Cl2 are set. The
calculator 904 supplies the foreground components FOl/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 amount of
movement v contained in the motion vector supplied from the
unit-of-processing determining portion 901 so as to obtain
the foreground pixel values from which motion blur is
eliminated. For example, when the foreground components
15 FO0l1/v through F08/v are supplied from the calculator 904,
the adjusting portion 905 multiples each of the foreground
components FO0l/v through F08/v by the amount of movement v,
i.e., 5, so as to obtain the foreground pixel values FQ1
through F08 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



t he background conponent i nmage supplied fromthe background conponent
generator 1021 with the foreground conponent inmage SO as to generate a

m xed- area synt hesi zed i nage, and 20 supplies the generated m xture-area
synt hesi zed image to an image synthesizing portion 1023. The inmge

synt hesi zer 1023 conbi nes the foreground conponent inmage, the m xed-area
synt hesi zed i mage supplied fromthe m xed-area-i mage synthesi zing portion
1022, and the 25 certain background i nage based on the area information so
as - 189 to generate a synthesizedd ngge,- and outputs it. As discussed
above, the synthesizer 1001 is able to conbine the foreground conponent
image with a certain background inmage. 5 The image obtained by conbining a
f oreground. conponent. i e with a certain background image based on the
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adjusted, which is irrelevant to the amount of movement v.

For example, as shown in Fig. 76, the motion-blur adder 906
divides the foreground pixel value Fi without motion blur by
the amount v' by which motion blur is adjusted so as to
10 obtain the foreground compeonent Fi/v'. The motion-blur
adder 906 then calculates the sum of the foreground
components Fi/v', thereby generating the pixel value in
which the amount of motion blur is adjusted. For example,
when the amount v' by which motion blur is adjusted is 3,
15 the pixel value C02 is set to (FOl)/v', the pixel value C3
is set to (F01+F02)/v', the pixel value C04 is set to
(FO1+F02+F03) /v', and the 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
adjusting portion 905 or the foreground component image in

25 which the amount of motion blur is adjusted supplied from



The functional elements simlar to those in the block diagramof Fig. 2
are designated with |like reference 20 nunerals, and an expl anati on t hereof
is thus omtted. An input image is supplied to a mxture-ratio calculator
1101, a foreground/ background separator 1102, the area specifying unit
103, and the object extracting unit 101. The m xture-ratio cal cul ator 1101
cal cul ates, based on 25 the input imge, the estimated m xture rati o when
it is - 190 assunmed that each pixel contained in the input image bel ongs
to the covered background area, and-thgsestimated m xture ratio when it is
assuned that each pixel contained in the input inmage belongs to the
uncover ed background area, and 5 supplies the estimted m xture ratios

cal cul at as . described apbove to the foreground/ background separator 1102.
Fig. 88 i< RAF 40994 rds RIFG 1 T SRISFRIRT - Bredt he

m xture-ratid,o cal cul ator 1101. An estimated-m xture-ratio processor 401
shown in™l |fl&.ec BE WFHhe SHE U Yhe iR S SR heftes processor
401 sho i Q.. 47. An esti.mated-m xture-ratio processor 402 shown in
Fig. 88 :@érjt é%suglrcrie%éjénpt ne(':‘nz':stl‘lmé1 “ed-nixture-ratio processor 402 shown in
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estimated m xture ratio each pi conputati o nding to

a model  afs Gha CeRed uhacky %'ﬂ'g)qma{%af RRRad OB ddyud Jiage and
outputs the calculatéd estimted mxture ratio.
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 S901, the unit-of-processing determining
portion 901 of the motion-blur adjusting unit 106 generates
the unit of processing based on the motion vector and the

15 area information, and supplies the generated unit of
processing to the model-forming portion 902 and the
adjusting portion 905.

In step S902, the model-forming portion 902 of the

motion-blur adjusting unit 106 selects or generates the

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 components by the
difference between the pixel values of the foreground

25 component image.



The estinated-m xture-ratio processor 402 cal culates 20 the estimated

m xture ratio for each pixel by the conputation corresponding to a node

of the uncovered background area based on the input inage, and outputs the
cal cul ated estimated m xture ratio. The foreground/ background separat or
1102 generates the 25 foreground conponent image fromthe input image
based on the - 191 estimated mxture ratio calculated when it is assuned
that the pixel belongs to the covered background area supplied fromthe
m xture-ratio cal culator 1101, the estjiggated m xture ratio cal cul ated when
it is assumed that the pixel 5 belongs to the uncovered background area
supplied fromthe mxture-ratio calculator 1101, and the area infornmation

supplied fromthe are ecifying unit 103, and supplies the generated
fonground cgkﬁoﬁéﬁP gﬁége { etﬁglﬁHFFGHfbﬁﬁﬂ sgdsudtien@ixesilt vadeeand t he
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calculator 904 determines whether all the foreground
components corresponding to the unit of processing have been
extracted. If it is determined that all the foreground
components corresponding to the unit of processing have not

10 been extracted, the process returns to step S904, and the

processing for extracting the foreground components 1is
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
S906. In step S906, the adjusting portion 905 adjusts each
of the foreground components FO0l/v through F08/v supplied
from the calculator 904 based on the amount of movement v so
as to obtain the foreground pixel values FOl/v through F08/v

20 from which motion blur is eliminated.

In step 5907, the motion-blur adder 906 calculates the
foreground pixél values in which the amount of motion 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



20 the pixel belongs to the covered background area supplied fromthe

m xture-ratio calculator 1101 or the estimated m xture ratio cal cul ated
when it is assuned that the pixel belongs to the uncovered background area
supplied fromthe mxture-ratio calculator 1101, and supplies the sel ected
25 estimated m xture ratio to the separating portion 601 as the - 192

m xture ratio cc. The separating portion 601 extracts the foreground
conponent s and the background conponents fromthe pixel values of the

pi xel s belonging to the m xed area hagsgd an 5 the m xture ratio a supplied
fromthe selector 1121 and the area information, and supplies the
extracted foreground conponents to the synthesizer 603 and al so supplies

the foregrqund co nents to the synthesizer 605. The separating portion
601 can b 3§ﬁ¥1dﬁﬁ%§}%ﬁqﬁilarly 10 to the counterpart shown in Fig. 69.

The synt hesizer §03 synt hesizes the foregrou conponent inmage and outputs
it. T%e synthg i 8?06g§egs§hPN8si§§§ §g886ggp5uﬁgjeéﬁﬂﬁﬁeﬁplﬁnéaé and

outputs i L i_Qn- bl ur adj ysting, unit 6 shown in Fig. 87 can 15 be
confi gur gf?ngﬁ%%lrragﬁ f%t Gc’t?} & cléiu:#tsleqr'p%rot $hétth S ntq:i“lj?rez.Spﬁgerﬁ’éi"}bti on- bl ur
adj usti ng unist- 106 ;ad) t t i,on blur contained in the
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separgit 0114102 28 nOR o h8 164 IiRfaldighand the motion vector, and

outputs 20 the foreground conponent inage in which the anount of notion
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 contrast, it is proved

10 that the motion-blur adjusting unit 106 configured as shown
in Fig. 80 is sufficiently effective for an actual image
quantized and containing noise. It is thus possible to
eliminate motion blur with high precision.

Fig. 85 is a block diagram illustrating another

15 configuration of the function of the image processing
apparatus.

The elements similar to those shown in Fig. 2 are
designated with like reference numerals, and an explanation
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 foreground/background separator 105 and the
synthesizer 1001.

25 The foreground/background separator 105 supplies the



blur is adjusted. The selector 107 shown in Fig. 87 selects the foreground
conponent inmage supplied fromthe foreground/ background separator 1102 or
t he foreground 25 conponent image in which the anount of notion blur is -
193 adjusted supplied fromthe notion-blur adjusting unit 106 based on,
for exanple, a selection signal reflecting a user's selection, and outputs
the selected foreground conponent imge. 5 As di scussed above, the imge
processi ng apparatus shown in Fig. 87 is able to adjust the anount of
motion blur contained in an inmage corrgsponding to a foreground object of
the input imge, and outputs the resulting foreground object inage. The

i mage processing apparatus having the 10 configuration shown in Fig. 87 is
able to ¢ Iculaagﬁ¥ m xture ratio a, which is enbedded information, and
outputs tHe Faltift APPSR urEiadt it bt tthesezemnt®las in the first

nbodi t bl | | ustrat t th 15
gonﬁlbzfgtlon gF t%&%&?F%ﬁﬁgglﬁﬁ ﬁﬁﬁﬁyéﬁggﬁéggﬁg géﬁﬁgno erfor
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appar at ue orsa T B R e Ml LA e BB Ty ng
operagi oraANG e 1GWatd Ak fle &I W e io 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.

10 Fig. 86 illustrates the configuration of the
synthesizer 1001. A background component generator 1021
generates a background component image based on the mixture
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 background 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 portion 1023.

The image synthesizer 1023 combines the foreground
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



rati o.a. The functional elenents simlar to those indicated by the block
of Fig. 87 are designated with |like reference 25 nunerals, and an

expl anation thereof is thus omtted. - 194 The m xture-ratio cal cul ator
1101 shown in Fig. 90 calculates, based on the input inage, the estinated
m xture ratio when it is assunmed that each pixel contained in the input

i mage belongs to the covered background area, and the 5 estimated m xture
ratio when it is assumed that each, pixel contained in the input inmage
bel ongs to the uncovered background arga,- and supplies the estimated

m xture ratios calculated as descri bed above to the foreground/ background
separator 1102 and a synthesizer 1201. 10 The foreground/ background
separator, 1102 shown in Fig. 90 generates the foreground conponent inage
from t he TPl neriaqrfaegea bsé'%%%srfzﬁfg B9t FF RKERIES rEi o cal cul ated when
it is assuned,that. the pixel belongs to the covered background area

suppl i ed fronﬁ%hgﬁﬁf%gﬁFgfﬁéfwg’c&%@uﬁgpﬁpesfgefiéfpltHé é&liended ni xture
rati o cal ted en- it | suned t hat the pixel, belongs to the

uncover ed ba%kgr (}%%d%d@#e osuunpplcloer%)‘:fnreon% PR -3 F5%0°8H cul ator 1101,

and theﬁ@ayagdyﬂywyﬁfég[supplied fromthe area specifying unit 103, and
supplies the generate oreground conponent image 20 to the synthesizer

%201-5The SynThgsﬁﬁﬁﬁelgg%aggggiB?Sc@mﬁ%&&%&nab%%§%5Q%QQd Eg%%%nngh the
or eground conponent "i nage suppli éd fromt
image with a certain background image based on the mixture
ratio a, 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 mixture ratio @. In contrast, the image processing

15 apparatus shown in Fig. 87 simultaneocusly performs the area-
specifying operation and the calculation for the mixture
ratio a.

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/background 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



f oregr ound/ background separator 1102 based on the estimated m xture ratio
cal cul ated when it is assuned that the pixel 25 belongs to the covered
background area supplied fromthe - 195 mxture-ratio calculator 1101, the
estimated m xture ratio calculated when it is assunmed that the pixe

bel ongs to the uncovered background area supplied fromthe m xture-ratio
cal cul ator 1101, and the area information supplied fromthe 5 area

speci fying unit 103, and outputs the synthesized image in which the
background i mage and the foreground_cqmgponent inmage are conbined. Fig. 91
illustrates the configuration of the synthesizer 1201. The functional
elenments simlar to those 10 of the block diagramof Fig. 86 are
designated with like reference nunerals, and explanation thereof is thus
oni tted. 2SRUEEe Gt £8P Sdxedt SOPRIAF DA 1t Hdlen gy thfigrasas iksd onsisppl i ed
fromthe_ar specifying unit 103, either the estimated mxture ratio
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Fig. 88 is a block diagram illustrating the
configuration of the mixture-ratio calculator 1101.
An estimated-mixture-ratio processor 401 shown in Fig.
10 88 is the same as the estimated-mixture-ratio processor 401
shown in Fig. 47. An estimated-mixture-ratio processor 402
shown in Fig. 88 is the same as the estimated-mixture-ratio
processor 402 shown in Fig. 47,
The estimated-mixture-ratio processor 401 calculates
15 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
calculated estimated mixture ratio.
The estimated-mixture-ratio processor 402 calculates
20 the estimated mixture ratio for each pixel by the
computation corresponding to a model of the uncovered
background area based on the input image, and outputs the
calculated estimated mixture ratio.
The foreground/background separator 1102 generates the

25 foreground component image from the input image based on the



m xture ratio a supplied fromthe selector 1221 and a 25 certain background
i mge, and supplies the background - 196 conponent image to the

m xed- ar ea-i mage synt hesi zi ng portion 1022. The m xed- area-i mage

synt hesi zi ng portion 1022 shown in Fig. 91 conbines the background
conponent image supplied 5 fromthe background conponent generator 1021
with the foreground conponent inmage so as to generate a m xed-area

synt hesi zed i mage, and supplies the generated m xed-area synthesized inage
to the image synthesizing portion 102391 Fhe i mage synthesizing portion
1023 conbi nes the 10 foreground conponent inmage, the m xed-area synthesized
i mge supplied fronlthe nixed area-i mage synthesi zi ng portion 1022, and

t he back ound |na as the i nf ian so as nerate a
S)lglnt hesi %éfb E&’Lﬁ aiq'r‘?ug‘ﬁi q?réﬂl% qi He St eso??c t1201 is
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color- ditference signal, (Red-green-blue) signal in the
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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 the foreground/background separator
1102.

The elements similar to those of the
foreground/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 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

25 estimated mixture ratio to the separating portion 601 as the




25 whi ch conponent 1 is a |um nance value Y, conponent 2 is a - 197 color
difference U, and conponent 3 is a color difference V. Fig. 92 shows an
enbodi ment of an inmage processing apparatus for generating area information
on the basis of an input inmage which is input as conponent signals. 5 The
conmponent 1, which is one of the conponent signals of the input image, is
input to an area specifying unit 103- 1. The conponent 2, which is another
one of the conponent signals of the input image, is input to an area
specifying wunit 103-2. The conponent 182 which is still another one of 10

t he conponent 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 generated area information 1
to a | ogl¢&i-UER 5Fgé8sgbr 1301. The area 15 specifying unit 103-1 has the

e o g8 oo 66 g Ve i o

expl anation t hé  Coirpon the area
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generate area 1 nformation to a | processor . The area
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speci fying unit n explanation thereof is thus omtted. Based on
the cONMPERENE i F+utle aked SPeGHMiiREG Wiidn 193 28 2 1@aNanstes Ry the

information 3 and supplies the generated
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 the foreground
compeonent image and outputs it. The synthesizer 605
synthesizes the background component image and outputs it.

The motion-blur adjusting unit 106 shown in Fig. 87 can

15 Dbe configured similarly to the counterpart shown in Fig. 2.
The motion-blur adjusting unit 106 adjusts the amount of
motion blur 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 motion
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



- 198 area information 3 to a |logical OR processor 1303. The area

speci fying unit 103-3 has the sane configuration as that of the area

speci fying unit 103, and an explanation thereof is thus omtted. 5 Based’
on the area information 1 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

| ogical OR processor 1301 calculates the logical OR of the foreground 10
area indicated by the area informationgl -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

calcul ated, b i cal s. set Base e are ornatl uppl i ed

15 from %E ‘é‘rté?ép lrjﬁdngfrtﬂ?i {thRy lotrhrébr}aurreaacﬁn‘*so QEZ ljoippl i ed

fromthe area S in unlt 103- 2, and the or madt n 3 supplied
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and the égﬁﬂgg négg indicated by the area information 3, and
generates area I nfor 1on in which the background area cal cul ated by
| ogi cgl R 'SAéehls@%%@doabb% ane@ 'J.H\fa@re”%tﬂo‘é%s]sﬁl‘@p&' dafeh@m the area
25 specifying unit 103-1, the area information 2 supplied from- 199
shown in Fig. 87 is able to adjust the amount of motion blur
contained in an image corresponding to a foreground object
of the input image, and 6utputs the resulting foreground.
object image. The image processing apparatus having the
10 configuration shown in Fig. 87 is able to calculate the
mixture ratio o, which is embedded information, and outputs
the calculated mixture-ratio o 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 processing
apparatus for adjusting the amount of motion blur. The
image processing apparatus shown in Fig. 85 sequentially
performs the area-specifying operation and the calculation
for the mixture ratio ®. In contrast, the image processing
20 apparatus shown in Fig. 90 simultaneously performs the area-
specifying operation and the calculation for the mixture
ratio a.
The functional elements similar to those indicated by

the block of Fig. 87 are designated with like reference

25 numerals, and an explanation thereof is thus omitted.



the area specifying unit 103-2, and the area information 3 supplied from
the area specifying unit 103-3, the logical OR processor 1301 conputes the
| ogical OR of the covered background area indicated by the area ‘
information 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 culated by logical ORis set. Based on the area
information 1 supplied fromthe area 1®4pecifying 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

processor 1301 conputes the | ogical of uncover ed ackground area
i ndi cated by th€ Eﬂé&uFﬁF5FﬁéPi8ﬁ% ngﬁgrigqﬁﬁc %2 BadkGrodd area
and the ur}i:over ed bac4<glg.oqind ar ea
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in the conponent signals. In Fig. 93, reference letter A - 200 denotes the
conmponentsdnt+ 4 Bi&d encerd et ighud e aseidys to the uncovered
background area, and supplies the estimated mixture ratios
calculated as described above to the foreground/background
separator 1102 and a synthesizer 1201.
10 The foreground/background separator 1102 shown in Fig.
90 generates the foreground component image from the input
image based on the estimated mixture ratio calculated when
it is assumed that the pixel belongs to the covered
background area supplied from the mixture-ratio 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 llOi, 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 Dbelongs to the covered background area supplied from the



conponent 2, and reference letter C denotes the conponent 3. A sensor has,
for exanple, three CCD area sensors corresponding to the conponent 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 to the conponent 3 are the sanme, and

di stortions which occur in the 10 conponent 1, the conponent 2, and the
conponent 3 are the sanme. The sensar jggptures the inmage of an object 111
corresponding to a single foreground and an object 112 corresponding to a
si ngl e background, and outputs the 15 conponent 1, the conponent 2, and the

conponent 3. The real world_including the obj ect 111 corres ond&ﬂg to a
singl e fBY&uEENEFadi O3 OBReer 118 corss &% T X W55 *é t&ckgr ound
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in which the background image and the foreground component
image are combined.

Fig. 91 illustrates the configuraﬁion 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 the area information
supplied from the area specifying unit 103, either the
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 a.
The background component generator 1021 shown in Fig.
91 generates a background component image based on the

mixture ratio o supplied from the selector 1221 and a

25 certain background image, and supplies the background



foreground area, the background area, the mixed area, and the nixture
ratio a of the conponent2, and the foreground 5 area, the background area,
the m xed area, and the mxture ratio a of the conponent 3 are the sane as
each other. However, when the sanme processing is perforned based on each
of the conmponent 1, the conponent 2, and the conponent 3, the sane area
information and the sane mxture ratio a 10 cannot always be cal cul at ed
for each. For exanple, when the imge of the object 111 corresponding to a
foreground and the inmage of the objectggll2 corresponding to a background,
havi ng chroma in which the color-difference signal corresponding to the
conponent 3, 15 which is a color-difference signal, is approximately 0 are
captured, the conmponent 1 which is a |um ngnce signal and .the conponent 2
whi ch i s COMPENGILiiesIce FCe Ty Fiix SCotsaT 1MG I iSRS VAP O I he
conmponent. 3 which is a color- difference signal scarcely contains
significé@@zvalues. In 20 such a case, even if the area signal and the

m xture ratio are cal cul ated base onent ificant

val ues canno?gﬁemaéF FﬁFﬁ@dlmﬁgFtﬁ@%ﬁgggggg8%08 ArpPE §Rﬁéhggﬁgnc6n |
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1, Signi@d%@gfdﬁﬂd“ﬁ%mponent image so as to generate a mixed-area
synthesized image, and supplies the generated mixed-area
syﬁthesized 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.
" A description is given of an image processing apparatus
for processing an input image, which is input as component
signals, according to the present invention.
20 In this specification, the component refers to an
individual signal, such as a luminance signal, a color-
difference signal, or an RGB (Red-green-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



cannot be determned, and if the area signal and the m xture 5 ratio a are
cal cul at ed based on the conponent 2 or 3, significant val ues can be
determ ned. Furthernore, there are cases in which the CCD area sensor
corresponding to a specific conponent nmay cause an error to occur. 10 As
di scussed above, as a result of performng processing using a plurality of
conponents corresponding to single area information and a single m xture
ratio a to be calculated, results with a higher accuracy conpared to
processing using, for exanple, a singhgycanponent signal or 15 a single
conposite signal are obtained. Wien a statistical process is perforned
using a plurality of conmponents, since the anmount of data is increased,
the accuracy of the processed results is inproved further. Furthernore,
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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 specifying
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 information 1 and supplies the generated
area information 1 to a logical OR processor 1301. The area
15 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 and supplies the generated
20 area information 2 to a logical OR processor 1302. The area
specifying unit 103-2 has the same configuration as that of
the area specifying unit 103, and an explanation thereof is
thus omitted.

Based on the component 3, the area specifying unit 103-

25 3 generates area information 3 and supplies the generated



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 sanme as the processing of step S11 and a detail ed expl anation
thereof is thus omtted. 10 In step S1302, the area specifying unit 103-2
executes area specifying processing based on the conponent 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 S1302 is the sane
as the processing of 15 step S11, andiggdetail ed explanation thereof is
thus omtted. |In step S1303, the area specifying unit 103-3 executes area
speci fyi ng processi ng based on the conponent 3 in order to generate ar ea
i nformation 3, and supplles the generated area informngtjion to t he

et
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conponent 1, groun ea specif conponent
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 OR
processor 1301 calculates the logical 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 calculated by
logical OR is set. Based on the area information 1 supplied

15 from the area specifying unit 103-1, Fhe 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 the
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 area information 3, and
generates area information in which the background area
calculated by logical OR is set.

Based on the area information 1 supplied from the area

25 specifying unit 103-1, the area information 2 supplied from



2, and the background area specified by the conponent 3, and sets the
background area calculated by logical OR as area information. In step
S1306, the |l ogical OR processor 1301 calculates 10 the logical OR of the
covered background area specified by the conponent 1, the covered
background area specified by the conponent 2, and the covered background
area specified by the conponent 3, and sets the covered background area
calculated by logical OR as area information. 15 In step S1307, the |ogical
OR processor 1301 determi nes the |agiigal -OR of the uncovered background
area specified by the conponent 1, the uncovered background area specified
by the conponent 2, and the uncovered background area specified by the

conponent 3, and sets the uncovered backgro area 20, cal cul at ed by
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backgroug%d the covered background area indicated by the area
information 3, and generates area information in which the
covered background area calculated by logical OR is set.
Based on the area information 1 supplied from 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 OR
processor 1301 computes the logical OR of the uncovered
background 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 logical 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, contained

25 in the component signals. In Fig. 93, reference letter A



area, the covered background area, and the uncovered background area are
specified. Fig. 95 shows anot her enbodi nent of the inmage 10 processing
apparatus for generating area information on the basis of an input inage’
which is input as conponent signals. The sane el enents as those shown in
Fig. 92 are designated with |ike reference nunerals, and an expl anation
thereof is thus omtted. 15 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-i ppgroation 3 supplied fromthe area
specifying unit 103-3, a logical AND processor 1321 cal cul ates the |ogical
AND of the foreground 20 area indicated by the area information 1, the
foreground area indicated by the area information 2, the foreground area
i ndi cat eGeBp tefe thce £ MWPSETE ilon 'L LR SFe s HitSEs BardeRo s tion in
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inforfration-3, and ™ ‘generates area information in ackground area
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
corresponding to a single background, and outputs the

15 component 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 in
the real world is one. That is, for example, the shape of

20 the object 111 corresponding to a single foreground is one,
and the motion of the object 111 corresponding to a
foreground is one.

Therefore, when the image of the object 111
corresponding to a single foreground and the image of the

25 object 112 corresponding to a single background are captured



calculated by logical AND is set. Based on the area information supplied
fromthe area 10 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 logical AND processor 1321

cal cul ates the | ogical AND of the covered background area indicated by the
area information 1, the 15 covered background area indicated by the area
information 2, the covered background area indicated by the area
information 3, and generates area irf@omation in which the covered
background area calcul ated by logical AND is set. Based on the area
information supplied fromthe area 20 specifying unit 103-1, the area

i nformation supplied from_the area specifying,unit -2, d area
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uncovere background area are set.
ratio o of the component 3 are the same as each other.
However, when the same processing is performed based on
each of the component 1, the component 2, and the component
3, the same area information and the same mixture ratio a
10 cannot always be calculated for each.
For example, when the image of the object 111
corresponding to a foreground.and the image of the object
112 corresponding to a background, having chroma in which
the color-difference signal corresponding to the component 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 is a color-difference signal contain
significant values, but the component 3 which is a color-
difference signal scarcely contains significant values. 1In
20 such a case, even if the area signal ahd the mixture ratio 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 time direcﬁion

25 and in the spatial direction and only the color-difference



Next, referring to the flowhart in Fig. 96, a 10 description will now be
gi ven of area determ ning processing using conponents, perforned by the

i mge 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 conmponent 1 15 in order to generate area information 1 and
supplies the generated area information 1 to the | ogical AND processor
1321. The processing of step S1321 is the sane as the processing of step
SI'l, and a detail ed explanation theceghy s thus omtted. 20 In step S1322,
the area specifying unit 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. Théigmedeshiangest idt dfiestdre i iardiomead HE9SRFY@ssi ng of step
SII, and a detailed explanation thereof - 208 Hé}thus omtted., In step

S1323, tﬁjé- Ledd e SUSH i Lﬁﬂec aeR $nedurdy eSSt vidtd Drtbcessi ng
on the basis of the copponen |n order to ner at e i.nformation 3
and suppld%s € J;iﬁﬁéggﬁ éFb qﬁ%ﬂqﬁﬁq%ﬂl ch%qﬁfg% rgéléﬁﬁﬁs
e L S L A0 I 8 W
om ttgd xjanc:.o a%es%daléﬁeaéé%giﬁzaaéecﬁw pékpé:ecso?&;oﬁl% 2 or 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 occur.

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 O to be
calculated, results with a higher accuracy compared to
processing using, for example, a single component signal or

15 a single composite signal are obtained.

When a statistical process is performed using a
plurality of components, since the amount of data is
increased, the accuracy of the processed results is improved
further. Furthermore, for example, the accuracy of the

20 mixture ratio o which is calculated by applying a method of
least squares to a plurality of components is higher than
the accuracy of the mixture ratio o calculated by processing
using a single component signal or a single composite signal.

Next, referring to the flowchart in Fig. 94, a

25 description will now be given of area determining processing




10 determnes the |logical AND of the foreground area specified by the
conponent 1, the foreground area specified by the conponent 2, and the
foreground area specified by the conmponent 3, and sets the foreground area
calculated by 1logical AND as area information. 15 In step S1325, the

| ogi cal AND processor 1321 determi nes the |ogical AND of the background
area specified by the 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 _byp20 .1 ogical AND as area information
In step S1326, the | ogical AND processor 1321 determ nes the |ogical AND
of the covered background area specified by the conponent 1, the covered
background area specified by the conmponent 2, and the covered background

25 area SHEAT i RPN & onpBifehtt, thi A RIRF AR FRPEFFUS

background area cal cul ated by | ogical AND as area .information. In step

S1327, tHEMGFWR AD PrVtesidbrF B2 9% det ermi nes the | ogi cal AND of the

uncover ed background ar. 5 speci fied by .the conmpane 1, the uncovered

background ar & §5€&'§#§§lby ea&@ﬁp&ﬁ@%ﬁf%}“@h&nﬁ&eqbﬁ&&v@?@ﬁ”ﬁ&@kground

area specified b e, _conponent and ﬁgtﬁfthe quowgged back rqpnd area
t

I 3
cal cul at F By TGl MB HE T i1 H i oS <9
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on. e 1]-'Ogl caer processor
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generated area information 1 to the logical OR processor
1301. The processing of step S1301 is the same as the
processing of step S11, 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 S1302 is the same as the processing of

15 step S11, and a detailed explanation thereof is thus omitted.

In step S1303, the area specifying unit 103-3 executes
area specifying processing based on the component 3 in.order
to generate area information 3, and supplies the generated
area information 3 to the logical OR processor 1301. The

20 processing of step S1303 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
component 1, the foreground area specified by the component

25 2, and the foreground area specified by the component 3, and



background area, the covered background area, and the wuncovered background
area are set, and the processing is then term nated. As discussed above,

t he i mage processing apparatus 15 configured as shown in Fig. 95 specifies
an area for each conponent, and determ nes the |ogical AND of the
specified areas in order to generate final area information. The i nmage
processi ng apparatus configured as shown in Fig. 95 is able to output area
i nformation having a small anmount of 20 errors. Fig. 97 shows still another
enbodi ment of the inage processing_appa atus 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 the conmponent 3, contalned - 210 in the
i nput corﬁﬁj?h%n’fth%lfgcfﬁgsm% HeA® R L akRE Y 13T X BRIFFRE to a
noving area or a stationary area on the basis of the conponent 1, the
conponentIBEOTRALXMH conponent 3, which are added for each pixel. The area

speci fyi ng ungﬁﬁéﬁégs%ﬂgﬁﬂﬁr%%F§ ar ea |nk nat%%%%%&_é@% basﬁcdﬁates

result of th statlonary ar ea,

and out pu;s}ge[ ;]ge%gcerﬁﬁrﬁ area hl)apf or ﬁné’ %g{ﬁéé?’ﬁlé& g%g&d%% to 102,

t he proce ea speC| ng un| now scri bed. 10
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2, and the background area specified by the component 3, and
sets the background area calculated by logical OR as area
information.

In step S1306, the logical OR processor 1301 calculates

10 the logical OR of the covered background area specified by
the component 1, the covered background area specified by
the component 2, and the covered background area specified
by the component 3, and sets the covered background area
calculated by logical OR as area information.

15 In step S1307, the logical OR processor 1301 determines
the logical OR of the uncovered background area specified by
the component 1, the uncovered background area specified by
the component 2, ana the uncovered background area specified
by the component 3, and sets the uncovered background area

20 calculated by logical OR as area information. The logical
OR processor 1301 outputs the area information in which the
foreground area, the background area, the covered background
area, and the uncovered background area are set, and then
the processing is terminated.

25 As discussed above, the image processing apparatus



than the space correlation in the stationary area of the imge.
Furthernore, in the noving area of the imge, conversely, the space
correlation is stronger than the time 15 correlation. Wen the space
correlation for the determ nation of the noving area or the stationary
area is to be calculated, as shown in Fig. 99, for exanple, 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
pi xel val ues of the adjacent pixels- apd —calculates the total sum of the
absol ute values of the calculated differences. The area specifying unit
1331 calculates the correlation value corresponding to the space 25

correlation by dividing the total, sumof the absolute val - 211 of the
cal cul at & diREEEhESs HPWhed hdnter ¢ SRR Hi9S & fid&s lﬁ’(ﬁ l e, when

e, S B 5T A MR Bt e
the absoltlt €& Ao Rt e aoridb e e 1 1 Fa e ot e 247 acent
lIOI( iﬂ Sx] %‘%&%m ;aq‘z"%%qg; IIr[?rlnle( g%l%%g%ﬁ ,pi% S_Q_e?_s i;- oa\ptﬁaeravta suecsono%igdﬁ‘efderaesnces + 1
I(z(>5(|2| §§gl °L‘-"’|I{('-Xilﬂ fﬁ)é%s) |_9+ ?ﬁ%l%bxlh ;tlcﬁ_xélﬁbfomyl dutput 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 input image which is input as component signals.
The same elements as those shown in Fig. 92 are
designated with like reference numerals, and an explanation
thereof is thus omitted.
15 Based on the area 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 the logical AND of the foreground
20 area indicated by the area information 1, the foreground
area indicated by the area information 2, the foreground
area indicated by the area information 3, and generates area
information in which the foreground area calculated by
logical AND is set. Based on the area information supplied

25 from the area specifying unit 103-1, the area information 2




+ | (x2S-x35) | +I (x35-x45) | +] (x45-x55)1 (119) 10 The area specifying unit
1331 cal culates the correlation value corresponding to the space
correlation by dividing the sumof the absolute values the differences by
the difference nunber, i.e., 40. When the tinme correlation for determning
whether or 15 not it is a noving area or a stationary area is to be

cal cul ated, the area specifying unit 1331 calculates the difference

bet ween the pi xel value of the designated pixel and the pixel value of the
pi xel at the corresponding position kbigthe previous frame, and al so

calcul ates the 20 difference between the pixel value of the designated

pi xel and the pixel value of the pixel at the corresponding - 212

position in the subsequent frane. In order to prevent the area from being
det er m nERPEG- g \GHIe@ ithe [fe o FREGH YAL R Unids HA3 o FEihdhe &% F%er ence

el thor 5 PO ortc S URRI S-bGHo0t T 1AE SRS VRS o thd ol at
rospect TR UL A BEsRATE HiAH SRLOTRESSor S pARA Y BB o i n
Lhe B 2V LaTER M S (BITLely 40 e SISR SRRSO, YT AR
i F1 e encesy oS3 SRGH A HY torkP S P GHALER 41F £0rgd ati on
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 from 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, the
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 from the area specifying unit 103-3, the logical
AND processor 1321 calculates the logical AND of the
uncovered background area indicated by the area information

25 1, the uncovered background area indicated by the area



corresponding to the tine correlation by dividing the total

absol ut e

val ues of the calculated differences by 15 the nunber of

di fferences. For exanple, when the designated frane is frane #n, as
in Fig. 100, the area specifying unit 1331 calculates the differences
bet ween respective pixels of a block of 3 x 3 pixels, for exanple, with
t he desi gnated pixel x22 being 20 the center. The area specifying unit
1331 calcul ates the difference between the pixel value x11 of the p

frame #n
position
of the pi

and the pixel value x11 ot tlhg pi xel at the correspondi ng

sum of the

shown

xel in

in frame #n-1, and the difference between the pixel value 25 x11

xel in frame #n and the pixel value x11 of the - 213 pi xel

at the

correspondi ng positi n frame #n+l area . speci fyi 1331
sel ects é1nt P‘Pé’r“lO Horyi 'f é:rr@nd’é“%vterfedr égaﬁgaroem P?Er 4 d}gcéﬁl{fé} A of the
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%FL e #n and each of the pixel values x12 to 10 x33 of the
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bet wegn each letﬁggﬁbéqlAﬁ%lﬂ%%ceé%%rt93é§3o%Eth% Riheelagelan frame #n and

each of the pixel

10
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20

25

alues x12°to x33 of the pixels at the correspondi
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
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
in order to generate area information 1 and supplies the
generated area information 1 to the logical AND processor
1321. The processing of step S1321 is the same as the
processing of step Sl1, and a detailed explanation thereof
is thus omitted.

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

processing of step S11, and a detailed explanation thereof

ng



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 corresponding positions in frame #n-1 or the '
corresponding difference with each of the pixel values x12 to x33 of the
pi xel s at the corresponding positions in frame #n+l, which is smaller. 20
The area specifying unit 1331 determ nes the total sum of the absolute

val ues of the selected nine differences. The area specifying unit 1331

cal culates the correlation value carrnggponding to the time correlation by
dividing the total sumof the absolute val ues of the cal cul ated 25
differences by the nunber of differences, i.e., 9. - 214 Furthernore, the
area specifying unit 1331 may calculate the time correlation and the space
correl at iigh thors amicitesi xel . Furthernore, the area specifying unit 1331 may
calculate, in addition to the sum of the absolute values of 5 the

di fferences, V& §&€P Rdid<dti fdSoF&d é@FFéIdFP€h§n4§UéW s FREVLES of
squar es of dlfferences as val ues |nd|ce}b H? % q§ correlatloqgand t he
space cori'atIRffL W%Lﬁf{%fe%ﬁ‘”ﬁx@s 50) aaﬁlr%oo F S YIBEER o whi ch
the time corre atlon and tJ% ace co reI |on o_be 10 cqﬁgulated

does not 1% M19%heDrETTH etafojrp I?’h%t?%ﬁ .
ool T AT S 4 0 PR LRREH Y g .
1321. The processing of step §1323 is the same as the
processing of step Sll, and a detailed explanation thereof
is thus omitted.

In step S1324, the logical AND processor 1321

10 determines the logical AND of the foreground 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 the
component 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 S1326, the logical AND processor 1321
determines the logical AND of the covered background area
specified by the component 1, the covered background area
specified by the component 2, and the covered background

25 area specified by the component 3, and sets the covered



value J of the designated pixel is the sane as the pixel 15 value J of the
pi xel at the corresponding position. Therefore, in the stationary area, the
time correlation is very strong. In contrast, the pixel adjacent to the
desi gnated pixel has a pixel value | or a pixel value Kdiffering fromthe
20 pi xel value J. As discussed above, in the stationary area, the space
correlation is weaker than the tinme correlation. Fig. 102 illustrates a
time correlation and a space correlation in a noving area. For exanple, of
the 25 components 1/4, J/4, K 4, and bi4 of the inmage, contained in - 215

t he designated pixel in the noving area, the 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 or ®3GkgED FHAA FF 1R tahPYs JoE Gor Fdiatdof 588 strong. In
contrast,, the pixel of the adjacent frame, corresponding to the designated
pi xel , coMfATWi9erent inage conponents. As discussed above, in the

OV 19 2rea, Uhe LS54 07SOLER! 3Lt ANBRKSE Aan s gpace correl ation
Cor el 2 AL O S T D SR TR R RS
abl e 50 @%@%ﬂ¥¥§é“ﬂytéké component 1, the uncovered background area
specified by the component 2, and the uncovered background
area specified by the component 3, and sets the uncovered
background area calculated by logical AND as area
information. The 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 apparatus

15 configured as shown in Fig. 95 specifies an area for each
component, and determines the logical AND of the specified
areas in order to generate final area information. The
image processing apparatus configured as shown in Fig. 95 is
able to output area information having a small amount of

20 errors.

Fig. 97 shows still another embodiment of the image
processing apparatus for generating area information on the
basis of an input image which is input as component signals.

An area specifying unit 1331 adds, for each pixel, the

25 component 1, the component 2, and the component 3, contained



15 designated pixel is contained in the noving area or in the stationary
area. The area specifying unit 1331 perforns the determ nation of the
noving area or the stationary area with respect to all the pixels
contained in the frane. 20 Based on the determ nation result of the noving
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 wuncovered background area each pi xel bel ongs, and
generates 25 area information. - 21621Bor exanpl e, when the same area as
the foreground area is determined to be a noving area, the area specifying
unit 1331 nmakes a determnation as to the foreground area, the background

area, the coyered background area, and the covered backqraou area for
each pi xé&i® iH1e HEPS 1S W@er&awa er?ntcﬁé%é&eesﬁ“blﬁée[se %\oﬁl&g‘e t chlef rame #n
i s determ,ne tq be ving, the area specifying.unit 13 det erm nes that
t he desi é’ﬁ'é‘tegfd bﬁq)?é)igs'lmrlqu FalE D & oifgs t & t%tgq?lo%?leagr odng & :Or%ez}melo When

t he desi gnat.ed pi xel i r i eterm t3td Qnar Ad when
t he pi xel%aisnlsf rofill%lrréef\1 nf%lr{p(??’argt%egjqa{t sChtq;"heceos ni}leegi(ﬁsi%t’i %%%s%%e p(%é]intl on of

(D deSL Al ale Hadd 3 AT U Mt P BILNGAL o v, 10
frames#n ;010005 &/ 1die LALTRENFHA R &RAbasis of the result

of the determination of the moving area or the stationary

area, and outputs the generated area 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



When the designated pixel in frame #n is determned to be stationary, and
when the pixel in frame #n-1 |located at the sane position as the position
of the designated pixel in frame #n in the inage, is determned to be
noving, the area 20 specifying unit 1331 determ nes that the designated

pi xel in frame #n belongs 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 background area or the
uncovered 25 background area bel ongs @it he background area. - 217 Wen
the area fornmed of the background area and the mxed area is determned to
be a noving area, the area specifying unit 1331 nakes a determ nation as
to the foreground area, the background area, the covered background 5
area, an®ft Fdeuredrailedafa RS HFRESe Y F e IR AL e referring to the
stationazé.géga of the adjacent franme. A description will now be given of
an exanpl98 f3IeHECessing results with reference to Figs. 103 to 106. Fig.

103 shows an gxanpl e of an [nput. i e.10 correspondin th onent 1,

the conponent 19 BRATBHE: HBRBoRBR! D95 HHRER A PEREADUE 0ot ABCATBE

speci fyin i 1331. Fi.g. 4 shows results .in i t he are cifyin
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absolute 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):

Sumof o= |l -x12)|+|(x12-x13) |+ | (k13- x14) [+
of differences 4 |(x52-x53)|+|(x53 - x54) | +| (x54-x55)|
+ |(e21=x2D)|+|(x21 = x31) |+ |(x31 = x41) |+
+ | (25 -x35)[+|(x35 - x45) |+ | (x45 - x55) |
(119)

10 The area specifying unit 1331 calculates the
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
calculated, the area specifying unit 1331 calculates the
difference between the pixel value of the designated pixel
and the pixel value of the pixel at the corresponding
position in the previocus frame, and also calculates the

20 difference between the pixel value of the designated pixel

and the pixel value of the pixel at the corresponding



104, white indicates a noving 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 unit 1331 has made the
determnation 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
i mge 25 shown in Fig. 103. In Fig. 105, white indicates a noving - 218
area, and black indicates a stationargjarea. It can be seen that the
noving area or the stationary area is specified nearly accurately. Fig.
106 shows results in which the area specifying 5 unit 1331 has nade the
over ed

determ nati gn of the fore%%%ynd are%, t he ackg%gyn area, t e
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i s determnéd base accurate specificatio e novi ng
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at the corresponding position in the previous frame or the
difference with respect to the pixel value of the pixel at
the corresponding position in the previous frame, which is
smaller.

10 The area specifying unit 1331 calculates the total 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 unit 1331 calculates
the differences between respective pixels of a block of 3 X
3 pixels, for example, 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 corresponding position

in frame #n-1, and the difference between the pixel value

25 x11 of the pixel in frame #n and the pixel value x1l1 of the



background area can al nost be specified accurately. The area specifying
processi ng usi ng conponents, 20 performed by the area specifying unit 331,
is described belowwth reference to the flowhart of Fig. 107. In step
S1331, the area specifying unit 1331 calculates the total sum of the
conmponents for each pixel. In step S1332, the area specifying unit 1331
determ nes 25 the space correlation by using, for exanple, a block - 219
conposed of a predeterm ned nunber of pixels as units. In step S1333, the
area specifying unit 1331 determi nes tHhgq _time correlation by using, for
exanpl e, a block conposed of a predeterm ned nunber of pixels as units. 5
In step S1334, the area specifying unit 1331 conpares the space
correlation with the time correlation for each fp| xel |n order to determ ne
whet her &i%§dt &théhs r?@rrr?(ﬁﬂoé!dd-tri%ﬁ’qssltétorrbﬂdbr Laffh thel - spade area
correlation. When it s determ_ned that the tlrre Q{rel atlon |s st ronger
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corresponding position in frame #n+l, which is smaller.

Similarly, the area specifying unit 1331 calculates the
difference between each of the pixel values x12 to x33 of
the pixels in frame #n and each of the pixel values x12 to

10 x33 of the pixels at the corresponding positions in frame
#n-1, and the difference between each of the pixel values
x12 to x33 of the pixels in frame #n and each of the pixel
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 corresponding
positions in frame #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 absolute values of the selected nine 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

25 differences by the number of differences, i.e., 9.



in a noving area, and then the process proceeds to step 20 S1337.
Processings of steps S1334 through S1336 are perforned from each of al
the pixels within the frame. In step S1337, based on the stationary or
noving setting, the area specifying unit 1331 makes a determ nation 25 as
to the foreground area, the background area, the covered - 220 background
area, or the uncovered background area, and then the processing is

term nated. For exanple, when it is determned in step S1337 that the
desi gnated pixel in frame #n is deterphned to be noving, 5 the area
specifying unit 1331 determ nes that the designated pixel in frame #n
belongs to the foreground area. Wien it is determ ned that the designated
pixel in frame #n is stationary, and when it is determ ned that the pixe
in frame #n+l FREEREEBOZE /t hBesAKBApSRPCLEN 189 URET1333dsMBYon of the
designated pixel in frame #n in the image js. noving, the area specifyin
Uni {133 SN S0 NS, FOTRAIAGRR GRS SBATS 4iRE 951 DA BhaDh 6 ¢ he

covered background area. \Wen it i.g determ ned .that the .desjgnated pixel
in 15 fr&EWRi*e st afiuSFN \Ea'benairteai SRt yrﬁr}%d”fﬁatsl e "% xel in
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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 which

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 is stationary, the pixel
value J of the designated pixel is the same as the pixel

15 wvalue J of the pixel at the corresponding position.
Therefore, in the stationary area, the time correlation is
very strong.

In contrast, the pixel adjacent to the designated pixel
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 weaker than the time correlation.

Fig. 102 illustrates a time correlation and a space
correlation in a moving area. For example, of the

25 components I/4, J/4, K/4, and L/4 of the image, contained in



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 the
covered background area or the uncovered background area belongs to the
background area. 25 As di scussed above, based on the conponents, the area -
221 specifying unit 1331 shown in Fig. 97 is able to specify the
foreground area, the background area, the covered background area, or the
uncover ed background area. Fig. 108 shows an enbodi nent -of an i mage
processing 5 apparatus for cal cul ati-zngjtshe m xture ratio a on the basis of
i nput inmages and area information, which are input as conponent signals. A
m xture- ratio cal cul ator 104-1 calculates a mxture ratio 1 on the basis
of the ar fornatlon and the 1Q conponent 1, and supplies the calculated

mxture r 9?%&9a Rigr gy THeoKEEe BAFE - THE ASHRANEN G i1 4,

XU o ?fmr“’é‘ﬁe{‘ﬁ G 15 T i (T Sh e o TP RHus o 1 ted.
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m xture-ratio ca ane conflgur ion ‘as ﬁgF’of t he

esti mat eqlog,ana >gt11érae’ rt%te' %p%aéecgoq:tr‘ylalﬁ%n q_rgd sa&c%go] anation thereof is

In contrast, the pixel of the adjacent frame,
corresponding to the designated pixel, contains different
image components.

As discussed above, in the moving area, the time

10 correlation is weaker than the space correlation.

As 1s 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 area 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 stationary area with
respect to all the pixels contained in the frame.

20 Based on the determination result of the moving area or
the stationary area, the area specifying unit 1331
determines to which one of the foreground area, the
background area, the covered background area, and the
uncovered background area each pixel belongs, and generates

25 area information.



thus omtted. A mxture-ratio calculator 104-3 calculates a mxture ratio
3 on the basis of the area information and the conponent 3, and supplies
the calculated mxture ratio 3 to 25 the averagi ng processor 1401. The '
m xture-ratio calculator - 222 104-3 has the sane configuration as that of
the estimated- m xture-ratio cal culator 104, and an explanation thereof is
thus omtted. The averagi ng processor 1401 cal cul ates the average 5 val ue
of the mixture ratio 1 supplied fromthe mxture-ratio calculator 104-1
the mxture ratio 2 supplied fromtheyigi xture-ratio cal culator 104-2, and
the mxture ratio 3 supplied fromthe m xture-ratio cal cul ator 104-3, and
out puts the cal cul ated average value as the mxture ratio cc. 10 As

| Umi nance val BF YoRARRRSY SWERG CBNBARENATTS FReChPXAFBOFALND 478
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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 #n belongs to the covered background area.

When the designated 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 moving, the area

20 specifying 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 be stationary and which does not
belong to the covered background area or the uncovered

25 background area belongs to the background area.



a using conponent signals, perfornmed by the inage processing apparatus
configured as shown in Fig. 108. In step S1401, the mxture-ratio
calculator 104-1 25 calculates the mxture ratio 1 on the basis of the
area - 223 information and the conponent 1. The m xture-ratio calcul ator
104-1 supplies the calculated mxture ratio 1 to the averaging processor
1401. The processing of step S1401 is simlar to that of step S12, and a
detail ed explanation 5 thereof is thus omtted. In step S1402, the

m xture-ratio cal culator 104-2 cal cubattes the m xture ratio 2 on the basis
of the area information and the conponent 2. The m xture-ratio cal cul ator
104-2 supplies the calculated mxture ratio 2 to 10 the averagi ng processor

1401. The processing of step S1402 _is simlar to that of step,_S12, and a
det ai | ed expl HR&R gge BRereSPTMES: RS tBR PREEITPHTS: 4531484 %Pﬁe

m xture-ratio, cal cul.atoy 104-3 | cyl ates the m xture ratio 3 on the basis
of the afB&eHF55% qtcﬁqucﬁé’ g?ﬁ"r&)ﬁ'éon‘flrfg AR i STt i o

cal cul ator_ 104- 3 suppl.i.e e cal cul at mxture ratio 3t t he averagi ng
pr ocessoﬁpffd%ylﬂ‘ﬁe otcésiﬁhé“ esstaeg%fﬂ%lnal%losr} R ar t%% hat of step
S12, and det ai |l ed expl anati j h 1 S1404,
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conponent ,
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. 103 shows an example of an input image
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 such a manner as to
correspond to the input image shown in Fig. 103. In Fig.
104, white indicates a moving area, and black indicates a
stationary area. It can be seen that, although there are
incorrectly determined portions, the moving area or the
20 stationary area is nearly specified as a whole.

Fig. 105 shows results in which the area specifying
unit 1331 has made the determination of the moving area or
the stationary area by using a block of 15 x 15 pixels as
units in such a manner as to correspond to the input image

25 shown in Fig. 103. 1In Fig. 105, white indicates a moving



and the mxture ratio 3 based on the conponent 3, and outputs the

cal cul ated average value as the mxture ratio a. 25 The processing is then
term nated. - 224 As discussed above, the imge processing apparatus ‘
configured as shown in Fig. 108 calculates the mxture ratio for each
conponent, and cal cul ates the average value of the calculated m xture
ratios in order to generate the final 5 mxture ratio a. The inmage
processi ng apparatus configured as shown in Fig. 108 is able to calculate
the mxture ratio a in which an infduerge-due to an error which occurs in
one conponent is reduced. Fig. 111 shows anot her enbodi nent of an inmage 10
processing apparatus for calculating the mxture ratio a on the basis of

i (O d f t whi t t I
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determ nes the frequency corresponding to the representatlve val ue of the
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the basis of the frequency corresponding to the representative value and
out puts tf®e 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 Fig. 105. 1In Fig. 106, reference letter A
10 indicates a background area. Reference letter B indicates
an uncovered background 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 can almost be specified accurately.
The area specifying proceésing using components,
20 performed by the area specifying unit 331, is described
below with reference to the flowchart of Fig. 107.
In step S1331, the area specifying unit 1331 calculates
the total sum of the components for each pixel.
In step S1332, the area specifying unit 1331 determines

25 the space correlation by using, for example, a block



determned m xture ratio a. 25 For exanple, when the width of the interva
is 0.1 and - 225 the representative values 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 xture ratio 1 is 0.12,
the mxture ratio 2 is 0.13, and the m xture ratio 3 is 0.41, the mgjority
processor 1411 determ nes the 5 frequency of the representative value 0.1
to be 2 and determ nes the frequency of the representative value 0.4 to

be 1. The majority processor 1411 sets the representative value 0.1
corresponding to the | argest frequencyid to the mxture ratio a. 10
Referring to the flowhart of Fig. 112, a description is given of the
processing for calculating the m xture ratio a, using conponents,

performed by the area specjfying unjt 31 configured as shown in Fig. 111.
The pr oc&é’é’?‘/’r?gs?dofo%taer?p@ﬂ% Ut ﬁaﬁ B a% Wikdar ¥ those
of step S1401 t.hrough.step S1403, . respectively,. and an expl anation thereof
is thus ST es&%%%n s flflzf,petcrfe{y DHF Hrgééescgeoq'e CtIEssifies the
m xture rati o of each .conponent. at redet erm ned . Jinterval, an
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the space correlation with the time correlation for each
pixel in order to determine whether or not the time
correlation is stronger than the space correlation. Wheﬁ it
is determined that the time correlation is stronger than the
10 space correlation, the process proceeds to step S1335, where
the area specifying unit 1331 sets the designated pixel as
being in a stationary area, and then the process proceeds to
step S1337.
When it is determined in step S1334 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 being
in a moving area, and then the process proceeds to step
20 S1337.
Processings of steps S1334 through S$1336 are performed
from each 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



25 for each conponent, and generates the final mxture ratio a - 226 on
the basis of the frequency of the calculated mxture ratio. The i mge
processi ng apparatus configured as shown in Fig. 111 is able to calculate
a highly reliable m xture ratio a in which an influence of a mxture ratio
whose value 5 differs greatly due to an error of a single conponent is
elimnated. Fig. 113 shows-still another enbodi nent of the inmage

processi ng apparatus for calculating the mxture ratio a on the basis of

i nput inmages and the area informatian,2aghich 10 are inputs as conponent
signals. A mxture-ratio calculator 1421 adds, for each pixel, the pixel
val ues of the input conponent 1, conponent 2, and conponent 3, cal cul ates
the m xture ratio a on the basis of the de i xel -val ues of . the
conponentPACKFFRIRYG AdifentO2, thig ‘ﬁ“rfbo‘f%e%g‘?ﬁ U FF heP O eHen
informatiqn, and outputs, the cal CU|c|?t6d m xture ratio a. Fig. 114 is a
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pixel in frame #n belongs to the foreground area.

When it is determined that the designated pixel in
frame #n is stationary, and when it is determined that the
pixel in frame #n+l located at the same position as the

10 position of the designated pixel in frame #n in the image is
moving, the area specifying unit 1331 determines that the
designated pixel in frame #n belongs to the covered
background area.

When it is determined that the designated 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 determines that the
designated pixel in frame #n belongs to the uncovered

20 background area.

The area specifying unit 1331 determines that the pixel
which is determined to 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 components, the area



- 227 <calculates the estimated m xture ratio for each pixel by

cal cul ations corresponding to a nodel in the covered background area, and
supplies the calculated estimated mxture ratio to the mxture-ratio '
determ ning portion 403. 5 Equation (21) showing the mxture ratio a of the
pi xel belonging to the covered background area can be expressed by
equation (120) through equation (122) for each conponent: aY

(CY-NY)/ (PY-NY) (120) aU (CU-NU) / (PU-NU) (121) 10 aV (CV-NV)/(PV-NV)
(122) CY denotes a pixel value of frape #n in the conponent 1, which is

t he I um nance value Y. NY denotes a pixel value of franme #n+l1 which is
subsequent to frane #n in the conponent 1. PY denotes a pixel value of

frame #n-1 which is previ 5 to.frame #n.in the.conponent. .l. d t
a pi xel §QPGéf¥ﬁn9r8Eét#ﬁggﬁ Fﬁ@WEOﬁﬁo%éﬁr %7 WRhifon S g%tﬁ@e§61 r -1€ Shees
difference U. NU denotes pi xel .val ue . of frane #n+l i i ent
&ﬁ fLanefﬁﬁeﬂﬁOPﬁ aESﬁpo%@ﬁt 3 kg oRB o FES 3 gﬁfeFQX§Q§SF%FCEP§#§%§ﬂ91

ich 20 is previogus to franme #n _in the co ent 2. CV denotes a pixel
val ue of ffime° n%%ﬁ Pﬁ@oggﬁﬁgngﬁfkgfou i & %¥§ the col or differenge V. NV

denotes & pixglgvalye sRbubralcAnsh MILENoEs ;3UBAEEU B Lg-Laag® #n In the

component 3. i Xxel "val'ue of frame #n-1"which 25 is previous to
franES#nabga&g%ugo%B%n%gﬁc%iaii%%Sthe mixture ratio o on the basis

of input images and area information, which are input as
component signals.

A mixture-ratio calculator 104-1 calculates a mixture
ratio 1 on the basis of the area information and the

10 component 1, and supplies the calculated mixture ratio 1 to
an averaging processor 1401. The mixture-ratio calculator
104-1 has the same configuration as that of the estimated-
mixture-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 calculator
104-2 has the same configuration as that of the estimated-

20 mixture-ratio calculator 104, and an explanation thereof is
thus omitted.

A mixture-ratio calculator 104-3 calculates a mixture
ratio 3 on the basis of the area information and the
component 3, and supplies the calculated mixture ratio 3 to

25 the averaging processor 1401. The mixture-ratio calculator



Since the mxture ratio a to be calculated is the same value in the
conponents 1 to 3, equation (123) holds: aY = aU = aV (123) Equation (124)
can be derived fromequations (120) to 5 (123). (CY-NY) - (PY-NY) = '
(CU-NY) / (PUNU) = (CV-NV)/ (PV-NV) (124) Furthernore, equation (125) for
calculating the mxture ratio a can be derived fromequation (124). 10 a
((CY+CUHCV) - (NY+NU+NV)) [/ ((PY+PU+PV) - (NY+NWHNV) ) (125) As discussed
above, the mxture ratio a can be calculated based on the value in which
the pixel values of the conponent 1, jbhhe_conponent 2, and the conponent 3
are 15 added. The estinmated-m xture-rati o processor 402 cal cul ates an
estimated m xture ratio for each pixel by calculations corresponding to a
nodel of _an uncovered background area  based on the value in which the

pi xel vallPés ofrashdp seip sl ratiecdfpdrterit &£ Hirl Qe visbnent 3
are added, for each .pixel, and suppljes the calcul ated estimted mxture
Pt o to M ARSRIGESr A4S A S HH drg 46 G PSRN T SRR dd o
deternngﬁi porti%% 403 sets the mxture ratio a to 0 when the target

pi xel bel®WSs ¥ 54E " 25 foreground area, and sets the mixture ratio a to 1

when the - 229, .t arggl jRhxel BRLANGS 190 N2 RAckeN AU ar g3, N the

5 wvalue of the mixture ratio 1 supplied from the mixture-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
outputs the calculated average value as the mixture ratio a.

10 As indicated by "A" in Fig. 109, the mixture ratio a
corresponding to the luminance value Y which is the
component l; 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 apparatus configured as shown in Fig. 108
is able to calculate the mixture ratio o more accurately by
calculating the mixture ratio o using the component 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 S1401, the mixture-ratio calculator 104-1

25 calculates the mixture ratio 1 on the basis of the area



target pixel belongs to the covered background area, the mxture-ratio
determ ning portion 403 sets the estinmated mxture ratio supplied fromthe
estimated-m xture-ratio 5 processor 401 as the mi xture ratio a. Wen the
target pixel Dbelongs to the uncovered background area, the m xture-ratio
determ ning portion 403 sets the estimated m xture ratio supplied fromthe
estimated-m xture-rati o processor 402 as the mxture ratio a. The

m xture-ratio determning portion 10 403 outputs the m xture ratio a which
has been set based on the area informatsy an. As di scussed above, by using

t he conponent 1, the conponent 2, and the conponent 3, the m xture-ratio
cal cul ator 1421 is able to calculate the m xture ratio a 15 having a hi gher
accuracy than the mxture ratio a calcul ate based on a sjngle signal.

Next, refidthqumetien fRG | IRRTPJCTH ot - 1157 ST TRt Yoh i s given of
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estimate -]%%Qf' i re-datio.processor 402. In step S1422, based on the
addeg-gupdcprllexe vajlrgu)e(%&{{fe

In step S1402, the mixture-ratio 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 mixture ratio 2 to

10 the averaging processor 1401. The processing of step S1402
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 ratio 3 on the basis of the area

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 S1403
is similar to that of step S12, and a detailed explanation
thereof is thus omitted.

20 In step S1404, the averaging processor 1401 calculates
the average value of the mixture ratio 1 based on the
component 1, the mixture ratio 2 based on the component 2,
and the mixture ratio 3 based on the component 3, and
outputs the calculated average value as the mixture ratio a.

25 The processing is then terminated.



estimated-m xture-rati o processor 401 calculates the estinmated m xture
ratio for each pixel by a calculation 5 corresponding to a nodel of a
covered background area. The estinmated-m xture-ratio processor 401
supplies the <calculated estimated m xture ratio to the m xture-ratio
determ ning portion 403. Details of the processing of step S1422 are
simlar to those of the processing of step S402, 10 and an expl anati on
thereof is thus omtted. In step S1423, based on the added-up pixel val ue,
the estimted-m xture-ratio processorn402 calculates the estinmated
m xture ratio for each pixel by calculations corresponding to a nodel of
t he uncovered background area. 15 The estimted-m xture-rati o processor 402
supplies the calculated estimated m xture ratio to the mxture-ratio
det er mi ni ng pdst Pdscrgsedpebaves et REaFoPELSETF 1819 SPHFTad1e23 are
simlar to those of theIProcessing of, step $S403, eXstarl_']_(?haan expl anation
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as shown in Fig. 108 is able to calculate the mixture ratio
o 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.
15 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 calculator
104-2, and the mixture ratio 3 supplied from the mixture
ratio calculator 104-3 at a predetermined interval, and
20 determines the frequency 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



proceeds to step S1425. In step S1425, the mxture-ratio 5 determ ning
portion 403 sets the mxture ratio a based on the area information
indicating to which of the foreground area, the background area, the
covered background area, or the uncovered background area the pixel

bel ongs. The m xture-ratio determ ning portion 403 sets the m xture ratio
10 a to O when the target pixel belongs to the foreground area, and sets
the mxture ratio a to 1 when the target pixel belongs to the background
area. Wen the target pixel belongs pesthe covered background area, the
m xture-ratio determning portion 403 sets the estimated m xture ratio 15
supplied fromthe estinmated-m xture-rati o processor 401 as the m xture

ratio a. \When the target pixel belongs to the_ uncaqvered backgraqund area,
the m xt Hhe- £EPTEsedtetdvsi ¥§1ussr 6itén %483 Jetls {bh% 'e@['idjrrat e 'm'%x Ure ratio

supplied from the estinmated-m xture-ratjo._processor, 402 as the m xture 20
ratio a. OFfe Prdcedsi®ngY-2 t FER thePrmi r‘?é‘tded’.heﬁs t&es(’ﬂf'g‘s SQB&E° théS mage

procees! R BPaLalus. Lol QU 29 Shown | 0l G AR I bl d calculate

r antity, corresponding to each

pi xel , wgggph? geggggggﬁqﬁ%igp§%EE¥%%§%§Q%gjyQﬁﬂgﬁﬁﬁigg%Hﬁ%ﬁrnation, t he

conponen onent conponent e enbodi nent
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m xture H@Eé}ﬂines the frequency of the representative value 0.4 to
be 1. The majority processor 1411 sets the representative
value 0.1 corresponding 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 51413 are

15 similar to those of step S1401 through step S1403,
respectively, and an explanation thereof is thus omitted.

In step S1414, the majority processor 1411 classifies
the mixture ratio of each component at a predetermined
interval, and determines the frequency.

20 In step S1415, the majority processor 1411 determines
the mixture ratio o on the basis of the frequency, and then
the processing i1s terminated.

As discussed above, the image processing apparatus
configured as shown in Fig. 111 calculates the mixture ratio

25 for each component, and generates the final mixture ratio «



5 may be set to the ratio of the foreground conponents contained in the

pi xel val ues. The enbodi nent has been di scussed above by setting the

noving direction of the foreground object to the direction fromthe |eft
to the right. However, the noving direction 10 is not restricted to the
above-descri bed direction. In the above description, a real-space inmge
having a three-dinensional space and tinme axis information is projected
onto a time space having a two-di mensional space and tine axis information
by using a video canera. However, 15 tjpg present invention is not
restricted to this exanple, and can be applied to the follow ng case. \Wen
a greater anount of first information in one-dinensional space is

j ected t mal | t of d_,i nf t] ' t Wo-
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detection devices are arranged in one |ine. recording mediumin which a
program feori merdtdn ng

Fig. 113 shows still another embodiment of the image
processing apparatus for calculating the mixture ratio o on
the basis of input images and the area information, which

10 are inputs as component signals.

A mixture-ratio calculator 1421 adds, for each pixel,
the pixel values 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 component 2,

15 and the component 3 and the area information, and outputs
the calculated mixture ratio a.

Fig. 114 is a block diagram illustrating the
configuration of the mixture-ratio calculator 1421. An
adder 1431 adds, for each pixel, the pixel values of the

20 input component 1, component 2, and component 3, and
supplies the added value to the estimated-mixture-ratio
processor 401 and the estimated-mixture-ratio processor 402.

Based on the value in which the pixel values of the

component 1, the component 2, and the component 3 are added

25 for each pixel, the estimated-mixture-ratio processor 401



t he signal processing of the present invention is recorded may be forned
of a packaged nediumin which the programis recorded, which is
distributed for providing the programto a user separately fromthe
conputer, as shown in Fig. 1, 10 such as the magnetic disk 51 (including a
floppy (registered trade nane) disk), the optical disc 52 (CD ROM (Conpact
Disc-Read Only Menory) and a DVD (Digital Versatile Disc)), the

magnet o-opti cal disk 53 (including MD (Mni-Disc) (registered trade
nane)), or the sem conductor nenory 542715 The recordi ng nedium nmay al so be
formed of the ROM 22 or a hard disk contained in the storage unit 28 in
which the programis recorded, such recording nmedi um being provided to

t he user while being prestored ié‘ the conputer. JThe steps form.ng the

pr ogr am rEGHEF S WG KIS IHHEH UM HeyP Oléxee%%Féﬂl’& | ogical |y

according to the B orders described in the specification. However, they do
not havEdFHe SRR TR ]rqus%c?iaesfn?fg%hejrrf tgl'h% They Ty be executed
concurrently or individuall 25 I.ndustri al i Bl ity - Accordi ng
to a fi rgia(éggpreoc%n 2R ianr%//%nilfpopn%l?%etﬂe?ricx{ﬁ&eiag’ta% eé% mllarr%éééels can be
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state of 1'tAges can be Tecogy i mage processi ng
appar gt us for gpf,0¢e3% N2 1) MISWHA the mixture ratio o of the pixel

belonging to the covered background area can be expressed by
equation (120) through equation (122) for each component:

oYy =~ (CY-NY)/ (PY-NY) (120)

odU =~ (CU-NU)/ (PU-NU) (121)
10 oV =~ (CV-NV)/ (PV-NV) (122)

CY denotes a pixel value of frame #n in the component 1,
which is the luminance value Y. NY denotes a pixel value of
frame #n%l 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+l which is subsequent 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 denotes a pixel value of frame #n in the component 3,
which is the color difference V. NV denotes a pixel value
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.



which is formed of a predeterm ned nunber of pixel data, having a
plurality of types of conponents at the sanme pixel 5 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 image processi ng appar at us
conprising: area specifying nmeans for specifying, in correspondence 10
with said image data, a m xed area in which foreground object conponents
whi ch forma foreground object and background object conmponents which form
a background object are mxed; and_nmpygure-ratio detection neans for
detecting, in 15 correspondence with said i mage data, the mxture ratio
indicating 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

whi ch sai d foPégeeuklicoBistirecsaboneft §0aRg Saildupatrgr o6nd 6nfele

conponents are m xed, 20 wherein at |east one of sai areaéggecifying means
and sai dakuet dne-thet icOMPONER S0t arty 6%??6?ﬁ§‘iﬁﬁ%@ 'sing on the

basis of said plurality of types of conponents. 2. An i rocessi ng
appar at us acc®fdngY% & &Vai m 1, wherein said area spec??@? g nmeans

conprises: 25_conponent m xed-area ggtectio means _for. t ing.said - 236
ni xed area foFdB& HOBf(%g? EFBrEFi r&VePygégmqugggﬁgﬁgnﬁgEO&né%for

out pu tinq %he detection result corresponding to individual conponents as
conpo ent' *fiXed- ar ea i nformation;

(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 a = ((CY+CU+CV)~ (NY+NU+NV) )/ ( (PY+PU+PV) — (NY+NU+NV) )
(125)

As discussed above, the mixture ratio @ can be
calculated based on the value in which the pixel values of
the component 1, the component 2, and the component 3 are

15 added.

The 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 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 @ to 0 when the target pixel belongs to the

25 foreground area, and sets the mixture ratio « to 1 when the




and 5 m xed-area specifying neans for specifying said m xed area
corresponding to said image data on the basis of the detection result of
said m xed area corresponding to said plurality of types of conponents
detected by said conponent m xed-area detection neans. 10 3. An inmage
processi ng apparatus according to Caim1l, wherein said area specifying
means conprises: space-correlation-value cal culation neans for cal cul ati ng
a space correlation value indicating a correl ation between desi gnated

pi xel data corresponding to a 15 desigpmated pi xel of a designated frane of
said i mage data and pi xel data of a space nei ghboring pixel positioned in

t he nei ghborhood of said designated pixel in the spatial direction on the

dosi gnat SFASEITLG (HeEnds T atioroVarde BIf TSt | o HEBrEnt or
Gosi gnat S ISEIP HH o BIAE IS alC LR £ BYEet | R G AR pi et
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belongs to the uncovered background area, the mixture-ratio
determining portion 403 sets the estimated mixture ratio
supplied from the estimated-mixture-ratio processor 402 as
the mixture ratio . The mixture-ratio determining portion
10 403 outputs the mixture ratio o which has been set based on
the area information.

As discussed above, by using the component 1, the
component 2, and the component 3, the mixture-ratio
calculator 1421 is able to calculate the mixture ratio o

15 having a higher accuracy than the mixture ratio o calculated
based on a single signal.

Next, referring to the flowchart of Fig. 115, a
description 1s given of the processing for calculating the
mixture ratio @ based on the input image and the area

20 information, which are input as component signals, performed
by the image processing apparatus of Fig. 113. 1In step
$1421, an adder 1431 adds up the pixel values of the input
component 1, component 2, and component 3 for each pixel.
The adder 1431 supplies the added-up pixel value to the

25 estimated-mixture-ratio processor 401 and the estimated-



5 said time correlation value corresponding to said designated pixel. 4.
An i mage processing apparatus according to Claim3, wherein said area
speci fying means further conprises m xed- area specifying neans for

speci fying said m xed area on the 10 basis of said foreground area of said
designated frame and said foreground area of a neighboring frame in the
nei ghbor hood of said designated frame. 5. An inmage processing apparatus
according to Claim1l, wherein said mxture-ratio detection neans
conprises: 15 conponent m xture-ratiooydetection neans for detecting the
m xture ratio for each of said plurality of types of conponents; and
conponent integrated m xture-ratio detection neans for detecting the

m xture ratio corresponding to smé%inage data 20 by integrating the

detecti?Wﬁﬁiﬂﬂﬁi¥%ﬁlqtﬂ¥qﬁ%&ﬁﬂﬁa% i0s corresponding to said plurality of
types of conpagnents tected by said _conmpgonent m xt.ure-ratio detection
neans. 6. An%Pnﬁégppggég si%&ségpgpaF§§ 5%%8 Jpﬁgpﬁ&eglgﬁ il ¥ erein
said mxture-ratip detection means conprises., 25 4 nhte [ nmeans for

i nt egr at ier?d:lf‘}‘?gceﬁg}‘&x%eu"ersatojfo -p%ée@ssoarl dqsop]l P (?‘flyaq%% t%es of

corrponentesséigr{c?tceéf}i%% e dnd .foogfodtce)t%agﬁ E}i'ﬂgelt r@ val e dtKorated data;

and integra ure-rati n means for etecting the
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estimated-mixture-ratio processor 401 supplies the
calculated estimated mixture ratio to the mixture-ratio
determining portion 403. Details of the processing of step
S1422 are similar to those of the processing of step S402,

10 and an explanation thereof is thus omitted.

In step S1423, based on the added-up pixel value, the
estimated-mixture-ratio processor 402 calculates the
estimated mixture ratio for each pixel by calculations
corresponding to a model of the uncovered background area.

15 The estimated-mixture-ratio processor 402 supplies the
calculated estimated mixture ratio to the mixture-ratio
determining portion 403. Details of the processing of step
S1423 are similar to those of the processing of step 5403,
and an explanation thereof is thus omitted.

20 In step S1424, the mixture-ratio calculator 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 ﬁo step S1422, and the processing for

25 estimating the mixture ratio for the subsequent pixel is




7. An inmage processing apparatus according to Claim6, wherein said

i ntegration neans adds said pixel values of said plurality of types of
conponents for each pixel and outputs the added result as said integrated
data. 10 8. An image processing nethod for use with an image processing
apparatus for processing imge data which is fornmed of a predeterm ned
nunber of pixel data, having a plurality of types of conponents at the
sanme pi xel position, obtained by an inage-capturing device including a 15
predeterm ned nunber of pixels, the pixgls having a time integrating
function, said inmage processing nethod conprising: an area specifying step
of specifying, in correspondence with said image data, a mxed area in
which 20 foreground obj ect components which forma foreground object and
backgroumﬁﬁﬁﬁ - conponents which forma background object are nixed; a

m xture t det ect t tecti d h d

. rég:f Gt o ?ﬁfﬂa‘%e&?@hﬁt&e g Tost S IS AT | GO i ur 6 of
sai b t ts,to th t d back d
obj ect . cHHpoH rnasve? D e Seh AT RS TEORATAR WAPHET EHEEF ookt Tpfagese oroun

obf 2¢
Corpanent s A1, 381, ALY Ul o0 5 GRENeSLS o8 HlUEd:osnil,s o
rat|05 determining portion 403 sets the mixture ratio & based on
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 portion 403 sets the mixture ratio
10 o to 0 when the target pixel belongs to the foreground area,
and sets the mixture ratio a to 1 when the target pixel
belongs to the background area. When the target pixel
belongs 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 a. When the target pixel belongs to the
uncovered background area, the mixture-ratio determining
portion 403 sets the estimated mixture ratio supplied from
the estimated-mixture-ratio processor 402 as the mixture
20 ratio d. The processing is then terminated.
As discussed above, the image processing apparatus
configured as shown in Fig. 113 is.able to calculate the
mixture ratio o, 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



wherein at | east one of said area specifying step and said mxture-ratio
detection step perforns i nage processing on the basis of said plurality of
types of conponents. 10 9. An inmage processing nethod according to Caim8,
wherein said area specifying step conprises: a conponent 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 correspondi ng
to 15 individual conponents as conponent nixed-area information; and a

m xed- area specifying step of specityipng said mxed area corresponding to
said image data on the basis of the detection result of said m xed area
corresponding to said 20 plurality of types of conponents detected in said
conponent m xed- area detection step. 10. An image processing nethod

accor di nGFEOEER 38, wherein said area specifying step conprises: a

I | cul at tep of 5 cal cu t|n a space
correl ation vAMGeetROHERErhghas. b3Rg” g ppapsé 8ROBE: hdededEPgnabed i xe
dat e nat_ed | of .a Si gna ed frane of sai
i ﬁagecgg a§&gln% r}lgftel% t% scth%a rsagcagg eltéhaoc?ﬁ ﬂbg Hed in the

nei ghbor hoad qfneﬁa' i ¢ c&%%' e dRlRls | N g et Lale hd ”%%t 'r% QN of he
basi s of salg plurality o % ot~ o nponent’s correspon *€ai%
desi gyat %Qyp'b?éelseta thl 'E%ecqrartql ato'fo r{h\éalfléere%qjo%lﬁldatdo%o%

contained in the pixel wvalues.

The embodiment has been discussed above by setting the
moving direction of the foreground object to the directién
from the left to the right. 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 axis information is
projected onto a time space having a two-dimensional space
and time axis information by using a video camera. However,

15 the present 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 projected
onto a smaller amount of second information in a two-
dimensional space, distortion generated by the projection

20 can be corrected, significant information can be extracted,
or 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



calculating a time correlation value indicating a correlation between said
desi gnat ed pi xel data and pixel 10 data of a tine neighboring pixe
positioned in the neighborhood of said designated pixel in the tine
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 forned of only said foreground
obj ect conponents on the basis of said space correlation value and said
time correlation value correspondi ng- tx3gai d designated pixel. 11. An

i mage processing nmethod according to Caim10, 20 wherein said area
specifying step further conprises a m xed- area specifying step of

speci fying said nm xed area on the basis of said foreground area, of said
desi gnat egc hargr HhPCA™ RIY L bundt & e%Pl?)f (I GHBOH MR fYRECTh t he
nei ghbor hood of sai d designated frane. 25 roce55|ng met hod
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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
a 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-optical disk 53 (including 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



detected in said conponent m xture-ratio detection step. 10 13. An i nmage
processi ng nethod according to Claim8, wherein said mxture-ratio
detection step conprises: an integration step of integrating the pixel

val ues of said plurality of types of conponents for each pixel and for
outputting the value as integrated data; and 15 a data m xture-ratio
detection step of detecting the mxture ratio corresponding to said inage
data on the basis of said integrated data. 14. An inage processing method
according to Claim13, wherein, in-s&3& iMtegration step, said pixel
values of said 20 plurality of types of conponents are added for each

pi xel , and the added result is output as said integrated data. 15. A

recordi ng nmedium havi ng.recorded .t herean ut.er-_ abl.e program whi ch
is used to pr 88§§%ﬁH§g§°d§t§qﬁﬁFc sp%%tngﬁE%Bb %§GSF§§§VeF§Fned number of

pi xel data, .havi 5 pl; il qgﬁponents at the sanme pixe
posi ti on,‘“l-x‘%‘}ze rL‘gcba’[%aelznoejg lgrg/aaddéné icn%e%%grﬁgcuﬁnnlg evi ce including a

predet er m ned é’&l&@}%rin F R %8158 ohle aRIpEENS oFAVINAD iRl onl Nit&@ ati ng.
function, said programconprising: an area specifying step of specifying,
in 5 correspondence vl tdr saidhddmags did asedbdiiddarea in which foreground
obj ect conponents which forma foreground object and background object
conponents which forma background object are mixed; a mxture-ratio
detection step of detecting, in



10 correspondence with said imge data, the m xture 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; 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-ratio detection step perforns inage processing 20 on the
basis of said plurality of types of c@gmorents. 16. A recordi ng nmedi um
according to Caim15, wherein said area specifying step conprises: a
conponent m xed-area detection step of detecting said m xed area for each
of said plurality of types of conpon %fMSZS and for outputting the
detection result corresponding to - gﬁ i ndi vi dual conponents as conponent

m xed-area infor.mation: 1 - pegt fy f 5?% {fyd ng said
m xed afle'a cr}\ or rlénsaﬁ’oengjl rnogé%dsosais egf%na%agal ata or%y %i%%%%?% Olor? gﬁség
detection,r.esul.t i i respangdi t i lity of
types of mc%ln%onlgngsoﬁﬁdgc%@e?%n%%t colrrponent kSEr?%:xde)fol-Sﬁz)lir)&ejeal ?eﬁ%’ti on step.
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5 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
10 with said 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
15 correspondence with said image data, the mixture ratio
indicéting 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,
20 wherein at least one of said area specifying means and
said mixture-ratio detection means performs image processing
on the basis of said plurality of types of 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



cal culating a space correlation value indicating a correlation between
desi gnated pi xel data corresponding to a designated pixel of a designated
frame of said inmage data and pixel data of a space nei ghboring pixel '
positioned in 15 the nei ghborhood of said designated pixel in the spati al
direction on the basis of said plurality of types of conponents
corresponding to said designated pixel; a tinme-correl ation-val ue
calculation step of <calculating a time correlation value indicating a 20
correl ati on between sai d desi gnat ed_pipggl -data and pixel data of a tine
nei ghbori ng pi xel positioned in the neighborhood of said designated pixel
inthe time direction on the basis of said plurality of types of

conponents corresponding to said desiqggted}gkégl' and 25 a foreground
regr

area spe@HAhG %G Srdtityisith I 1 R LTRSS only

sai d foreground object . .conmpqnents on the basis of said space correlation
val ue and@&diF Q4R e‘orf{ Fbrrethondi Wy TP c%Lc}q gtsol gnat ed

pi xel . 5.18.. A recordi ng nedium according to . air ) insald area
speci fyi RN i t%°é‘}p%cno%£ﬁ e WHKE -ta(r%“elgl;1 eads ?e%%% y%%&g{tléelcpl of’
speplfylggmfaid m xed area on the basis of said foreground area of said
desi gnat e rame and said foreground area of a neighboring frane in the

?gigrgfgrgg? gﬁg?ﬁ %%?3%%%&&9%5%dmE%%@Efo¥9sp%dﬂ%y¥H@.%@i@PQH%@haccording
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 and pixel
data 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



m xture-ratio detection step conprises: a conponent m xture-ratio detection
step of detecting the mxture ratio for each of said plurality of types of
15 conponents; and a conponent integrated m xture-ratio detection step of -
detecting the m xture ratio corresponding to said inage data by
integrating the detection results corresponding to said plurality of types
of conponents detected in said conponent 20 m xture-ratio detection step.
20. A recording nediumaccording to Caim15, wherein said mxture-ratio
detection step conprises: an integratipgy step of integrating the pixel
values of said plurality of types of conponents for each pixel and 25
outputting the value as integrated data; and - 245 an integrated data

m xture-ratio detection step of detectipg the mxture ratio correspondi ng
to said GHFERAEINGh the gk idepronahiqf %ﬁ’%eg]r'ataé’tfijdata 21. A recording
nedlun1accord|n% to Caim?20, wherein, in nte atlon step, said

pi xel val ues &p §8F8uﬁauﬁ§ﬁﬁt?pGGnyﬁﬁgémﬁﬁnéo%35n§ V& "9dfed for each
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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 designated frame and
said foreground area of a neighboring frame in the
neighborhood 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 integrated 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
detected by said component mixture-ratio detection means.
6. An image processing apparatus according to Claim 1,
wherein said mixture-ratio detection means comprises:

25 integration means for integrating the pixel values of



of pixels, the pixels having a tinme integrating function: an area

speci fying step of specifying, in 15 correspondence with said i mage data, a
m xed area in which foreground object conmponents which forma foreground"
obj ect and background object conponents which forma background object
are mxed; a mxture-ratio detection step of detecting, in 20
correspondence with said image data, the mxture ratio indicating the
ratio of the m xture of said foreground object conponents to the m xture
of said background object in a m xed@gea in which said foreground object
conponents and said background object conponents are m xed; and 25 an

out put control step of controlling the output of - 246 said detected

m xture ratio, wherein, in at |east one of said area speC|f¥|ng step and
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5 on the basis of said integrated data.
7. An image processing apparatus according 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 image processing method for use with 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

15 predetermined number of pixels, the pixels having a time
integrating function, said image processing method
comprising:

an area specifying step of specifying, in
correspondence with said image data, a mixed area in which

20 foreground object components which form a foreground object
and background object components which form a background
object are mixed;

a mixture-ratio detection step of detecting, in
correspondence with said image data, the mixture ratio

25 indicating the ratio of the mixture of said foreground



area corresponding to said image 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 m xed-area detection step. 24. A
program according to Claim22, wherein said area specifying step
conprises: 20 a space-correl ation-value cal culation step of calculating a
space correlation value indicating a correlation between designated pi xel
data corresponding to a designated pixel of a designated frane of said

i mge data and pi xel data of a space 2@ ghboring pixel positioned in 25
t he nei ghborhood of said designated pixel in the spatial - 247 direction
on the basis of said plurality of types of conponents corresponding to
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step of spgeifying a foreground area forned of only said foreground object
conponents on the basis of said space correlation value and said tine

correkation vahug ¢uteRANFNg st psaird detiranatied theX@utput of
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
mixed area 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 said image data on the basis of the
detection result of said mixed area corresponding to 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



15 25. A program according to Claim 24, wherein said area specifying step
further conprises a m xed-area specifying step of specifying said m xed
area on the basis of said foreground area of said designated frane and
said foreground area of a neighboring frame in the nei ghborhood of said 20
designated frane. 26. A program according to Caim22, wherein said

m xture- ratio detection step conprises: a conponent m xture-ratio
detection step of detecting the mxture ratio for each of said plurality
of types of 25 conponents; and - 248 ;4 conponent integrated m xture-ratio
detection step of detecting the mxture ratio corresponding to said inmage
data by integrating the detection results of the mxture ratios
corresponding to said plurality of types of conmponents 5 det cted in said

conmponentCHis& FE- et R dsHrPna s Pel A '?%g‘?oarrﬁ%t"tf?:‘?ﬂ Hy ¥ D aim
22, wherein said m xture- tio detectio rs an i ration
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conponent s or ch i xel .and_for uttin value as ntegrated
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components corresponding to said designated pixel;

a time-correlation-value calculation step of
calculating a time correlation value indicating a
correlation between said designated pixel data and pixel

10 data of a time neighboring 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 saild designated pixel; and

a foreground area specifying step of specifying a

15 foreground area formed of only said foreground object
components on the basis of sald space correlation value and
said time correlation value corresponding to said designated
pixel.

11. An image processing method according to Claim 10,

20 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
said foreground area of a neighboring frame in the
neighborhood of said designated frame.

25 12. An image processing method according to Claim 8,



types of conponents for each pixel and outputs the added result as said
integrated data. 29. An inage-capturing apparatus conpri sing:

i mge-capturing neans for outputting a subject image 20 captured by an

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

pi xel s having a tinme integrating function, as imge data which is forned
of a predeterm ned nunber of pixel data having a plurality of types of
conponents at the same pixel position; 25 area specifying neans for

speci fying, in correspondence - 249 _ wi4ith said i mage data, a m xed area in
whi ch foreground object conponents which forma foreground object and
background obj ect conponents which forma background object are m xed; and
5 mxture-ratio detection nmeans for detecting, in correspondence with said
i mge dat@eiid 3Gt FHIS T3 e c%ﬁ?%t’tc?fg FLER CYPEHEH xt ure of said
foreground object conponents to the m xture aqf said _ba und .obj ect
component s i n 2 SAREF A e I WS ER S c?ef%tﬁpetd'roéhﬁdte jogg%cc&wonent s
and sai d hackground obj.ect components_are. m Xx r ej east one of
said area epé‘gji’ﬁ)ﬁeg ‘?‘é ns ]gonld e%@? i E)’&Juérn -f‘g{?%i/\%itcg%ﬁ%egneﬁs per f or ns
i mage processi on basis of said plurality of types of conponents.

30. An iﬁ%ﬁ§-%é§hﬁﬁﬁ ﬁgngpparatus according to Caim?29, 15 wherein said

area gpecifyi %9 TN HYAH 0T & (e TRANE Y JU PRA- P fA R8RS I dTRANS foOr
det ecti ng sai

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.

10 13. An image processing method according to Claim 8,
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 for
outputting the value as integrated data; and

15 a data mixture-ratio detection step 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 saild integration step, said pixel values of said

20 plurality of types of components are added for each pixel,
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 number of pixel data, having a

25 plurality of types of components at the same pixel position,



m xed area for each of said plurality of types of conponents and for
outputting the detection result corresponding to individual conponents as
conponent m xed-area information; 20 and m xed-area specifying nmeans for -
speci fying said m xed area corresponding to said inmage data on the basis
of the detection result of said m xed area corresponding to said
plurality of types of conponents detected by said conponent 25 m xed-area
detection neans. - 250 31. An inmge-capturing apparatus according to Caim
29, wherein said area specifying neanpsicenpri ses: space-correl ation-val ue
cal cul ation neans for calculating a space correlation value indicating a 5
correl ati on between desi gnated pi xel data corresponding to a designated

pi xel of desi ted franme of s%{d,ina data , aqgrijel data of a space
nei ghbor i%adi 0T i 'HEF TP T He e i Yhbdrhodt: 1S  desi gnat ed pi xel

in the spatial direction.on t basi.s of _.said plurality of_ types of 10
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i xel i the T SBeranY o8 (heTha STaf Sl ral ity of types. of
conpogent, » A AR RG 1P sSaid desianalied plixed®Nfrea in which
foreground object components which form a foreground object
and background object components 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 processing
20 on the basis of said plurality of types of componenfs.
16. A recording medium according to Claim 15, wherein said
area specifying step comprises:
a component mixed-area detection step of detecting said
mixed area for each of said plurality of types of components

25 and for outputting the detection result corresponding to



foreground area specifying nmeans for specifying a foreground area forned
of only said foreground object 20 conponents on the basis of said space
correlation value and said tinme correlation value corresponding to said
designated pixel. 32. An inage-capturing apparatus according to Caim 31,
wherein said area specifying neans further conprises m xed- 25 area

speci fying neans for specifying said m xed area on the - 251 basis of said
foreground area of said designated frame and said foreground area of a

nei ghboring frame in the neighborhaodsaf —-sai d desi gnated franme. 33. An

i mage-capturing apparatus according to Claim?29, 5 wherein said

m xture-rati o detecti on neans conprises: conponent m xture-ratio detection
means for detectlng the m xture ratio for each of said plurality of types
of conpdmehivddugdd COBRPRTEHS iaTt SHIRBETH Hﬁ%§r%ﬁ%%)%ﬁﬁéﬁﬂ%§ﬁ?nheans f or
10 detecting the m xture ratio for detecting the m xture ratio
correspodi®hg to said i nage data by integrating the detection results of
the m xture ratios g %espon in

d plural :
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and f
plurality of types of components detected in said component

mixed—-area detection step.
17. A recording medium according to Claim 15, wherein said
area specifying step comprises:

10 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 a designated frame of said image data
and pixel data of a space neighboring pixel positioned in

15 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;

a time-correlation-value calculation step of
calculating a time correlation value indicating a

20 correlation between said designated pixel data and pixel
data of a time neighboring 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

25 a foreground area specifying step of specifying a



outputting the value as integrated data; and 20 integrated data

m xture-ratio detection neans for detecting the mxture ratio
corresponding to said inage data on the basis of said integrated data. 35.
An i mage-capturing apparatus according to Caim34, wherein said

i ntegration neans adds said pixel values of 25 said plurality of types of
conponents for each pixel and - 252 outputs the added result as said
integrated data. 36. An inage processing apparatus for processing inmge
data which is forned of a predeterm pad nunber of pixel data, having a
plurality of types of conponents at the sane pixel 5 position, obtained by
an i mage-capturing device including a predeterm ned nunber of pixels, the

pi xel s having a tipne integratjng. function,,kK said inmge. processing apparatus
conpri si MPTSIHYRURED Ogﬁ“}ﬁ ¢ b Oaﬁerﬁ]?%ﬂé%i%]o:i% e 10 data;
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obj ect conpgnent s whi ch forma foreground object and background object

conponenﬁ?‘ﬁ%lch form a background object are mxed and (ii) a
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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 said
foreground area of a neighboring frame in the neighborhood

10 of said designated frame.
19. A recording medium according to Claim 15, wherein said
mixture-ratio detection step comprises:
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 corresponding to said image data
by integrating the detection results corresponding to said
plurality of 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



20 indicating the ratio of the m xture of said foreground object
conponents to the m xture of said background object conponents in a m xed
area in which said foreground object conponents and sai d background obj ect
conponents are mxed. 37. An inmage processing apparatus according to Caim
36, 25 wherein said processing perform ng nmeans perforns, on the - 253
basis of said plurality of types of conponents of said obtained inmage
data, an area specifying step of specifying, in correspondence with said

i mge data, a m xed area in which fomragreund object conponents which form
a foreground 5 object and background object conponents which forma
background object are m xed. 38. An inage processing apparatus according to
Claim 36, wherein said processing performn ans perforns, the basis
of said pluraPft $REEIEHES R teo 5ﬁ€ﬁF§réﬁlgag%tfﬁt&ﬁPaFﬁgﬁ P%gge data, a

m xture-ratio detection step of detectin i n,.correspondence with said
i mge dat ,tet%ngrﬁ%%r“é“?%&% ﬁ%‘ﬂﬁ%aﬁq‘?{geqﬁ%oenqjﬂq ot%l‘osatlhcg MK eurcgato% sai d
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20 position, obt al éﬁgby an inmge-capturing device including a

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 execute, said
computer being used to process image data which is formed of

10 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:

an area specifying step of specifying, in

15 correspondence with said 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;

a mixture-ratio detection step of detecting, in

20 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
in a mixed area in which said foreground object components

and said background object components are mixed; and

25 an output control step of controlling the output of



predet erm ned nunber of pixels, the pixels having a time integrating
function, said inmage processing nethod conprising: an inage data obtaining
step of obtaining said image 25 data; and - 254 a processing performng
step of performing, on the basis of said plurality of types of conponents
of said obtained inmage data, one of processings of (i) an area specifying
step of specifying, in correspondence with said 5 image data, a m xed area
in which foreground object conponents which forma foreground object and
background object conponents whi ch f @rae & background object are m xed and
(i11) a mxture-ratio detection step of detecting, in correspondence with
said image data, the mxture ratio 10 indicating the ratio of the m xture

of said foreground object conmponents to the m xture of said background
obj ect cscﬁ?ﬁgr‘fgef’l %cqerfpémrﬁ%&rae arta9m which said foreground obj ect
conponent s and.sai d_background aohj ect c qQnent r 1 .4 n i mage
processi ng newwgﬁeéECofﬁiﬁg gga QaPﬁFS@%n%gl g?g%h%pgkﬁs f&gbggfégsing

performng sStep, &gé@g&aﬂﬁ&fdeé@é& W ald tyin?i%c% ylpxeéc@{s qnent s of

sai d obt &l hed & a,” an area Speci iyl ng step specitying, In
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obj ect cdnponents orma foreground object™ 20 and background obj ect
conpogent ;i fdhfOr m a background obj ect are mxed is performed.

.23. A program according to Claim 22, wherein said area
specifying step comprises:

a component mixed-area detection step of detecting said
mixed area for each of said plurality of types of components

10 and for outputting the detection result corresponding to
individual components as component mixed-area information;
and

a mixed-area specifying step of specifying said mixed
area corresponding to said image 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 according to Claim 22, wherein said area
specifying step comprises:

20 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 a designated frame of said image data
and pixel data of a space neighboring pixel positioned in

25 the neighborhood of said designated pixel in the spatial



41. An image processing nethod according to Caim39, wherein, in said
processing performng step, on the basis of said plurality of types of
conponents of said obtained inage 25 data, a mixture-ratio detection step
of detecting, in - 255 correspondence with said imge data, the m xture
ratio indicating the ratio of the mxture of said foreground object
conponents to the m xture of said background object conponents in a m xed
area in which said foreground object 5 conmponents and sai d background

obj ect conmponents are mxed is perforpmed.- 42. A recordi ng nmedi um havi ng
recorded thereon a conputer- readable programwhich is used to process

i mge data which 1is fornmed of a predeterm ned nunber of pixel data, having
a 10 plurglity of types of conponents at the sanme pixel position, obtained
by an |n§§e‘ed%°dt%| t?!b?/il??esﬁgcq di aPl‘b?aelcl’ett}@rcﬁlr:l nte%P%UrPo‘%r of pixels,
the pixels having a tinme _integrating function, sai I 0gram conprising: an
i mage dat Bt '%é:osﬁreepSpon %t %gajsd;icif“sijr% tecgff%ﬂ%l 5 and a
processi ng perfaqr.mng st f. perfaqrm ng, t is of said plurality
of types of anﬁéﬁgnggrggasﬁﬁg Sﬁﬁgghgﬁlfﬁgééﬁggtgi Shégbf processi ngs of
(i) an ar 1 f Vi .St e d fVing, .1 n cor npondence with said 20
i mage datcga,aicé‘?1 Fn%qzcxlegc?/ aapgczalﬁenpcv%lrc%lp‘afe‘glr%%r‘}d%lnudé gbr}:cglc%aeél(%brg%nent s which form
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background object are mx
data of a time neighboring 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

10 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 designated
pixel.

15 25. A program according to Claim 24, 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 said foreground
area of a neighboring frame in the neighborhood of said

20 designated frame.

26. A program according to Claim 22, wherein said mixture-
ratio detection step comprises:

a component mixture-ratio detection step of detecting
the mixture ratio for each of said plurality of types of

25 components,; and




and (ii) a mxture-ratio detection step of detecting, in correspondence
wth said image data, the mxture ratio 25 indicating the ratio of the
m xture of said foreground - 256 object conmponents to the m xture of said
background object conponents in a mxed area in which said foreground
obj ect conponents and said background object conponents are m xed. 43. A
recordi ng medium according to Caim42, wherein, in 5 said processing
perform ng step, on the basis of said plurality of types of conponents of
sai d obtained i nage data, an area speqigf ying step of specifying, in
correspondence with said image data, a m xed area in which foreground
obj ect conponents which forma foreground object and 10 background obj ect
conmponent s which form a background object are mxed is perforned. 44.
recor di ng nedPufPREEBLBIENGPEEIERARH E‘QXt\Wﬁér ERR1O; ﬁlet§§|tc}°[5‘r §&88sPhg
performn step, on the basis of said raI Yy of types, of conppnents of
sai d obt ASTEF MG ST B TYE S rrﬁ%%rcé’ Iﬁt]tn&ﬁoorf’pasltdepmlﬁgedéfare}c@tl ng,
corr Qndence with |d|maedata hcgs re ratio atlngthe
m xt ur e g’fyp L]%HE &oﬁteec‘igc tt £ mrﬁx%uurree d lsal d
backgr ound abj ect nent.s. ﬁzd C AL fr eground
obj ect c orr?lesrﬂ sf“iéﬁ{?)%t? A lPachrga;Tou d g%ﬁ}é{&c\égrgpo%e artg;m xed is
per f opme [N S AL d XU Sl @
conmpuf er eeﬁe%}etfeg{?%lg{rnocoeﬁ I mage gg‘?'la which 1s éf)corrre of e?
predet er g-ned Nen of Rlad/f o A RY 2 Pl ddy Hfid mixture-
ratio detection step comprises:
an integration step of integrating the pixel values of
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 according to Claim 27, wherein said
15 integration step adds said pixel values of said plurality of
types of components for each pixel and outputs the added
result as said integrated data.
© 29. An image-capturing apparatus comprising:
image-capturing means for outputting a subject image
20 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 position;

25 area specifying means for specifying, in correspondence



types of conponents at the sane pixel position, obtained by 25 an

i mage-capturing device including a predeterm ned nunber - 257 of pixels,
the pixels having a tinme integrating function: an inage data obtaining
step of obtaining said imge data; and a processing perform ng step of
performng, on the 5 basis of said plurality of types of conponents of
said obtained i rage data, one of processings of (i) an area specifying
step of specifying, in correspondence with said inage data, a mxed area in
whi ch foreground object conponents weisgh form a foreground object and
background 10 object conponents which form a background object are m xed
and (ii) a mxture-ratio detection step of detecting, in correspondence

with said ,i@;ge data, the, mxture ratjo indicating the ratio of the
m xture OF LSRR BUMRR Fonj B AL X o 1% 5GWESt said

background object 15 conponents in a m xed area | ich said foreground
Q teIﬁOngaOH}Frg dﬁ'b:ac(s:rkgﬁor%aa )ﬁore rouncp o é]t aaﬂéj .

object ¢ ou obj’e conpon S are mxed. 46. A

program accqrdi 0 i,m 4 i d i i r i.ng step,
n the badieothd SRl pad R X AR ST

i mge dat a speci fying step of specifying, in correspondence
wth sai&ﬂmiﬁgﬁg&gafgﬁpa m xed area in which foreground object conponents

uni chsf orm & hateak-aund Ol el RAGKARUTDy FedcizeiPasents which form
a background object are m xe I's perforned.
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
10 components and said background object components are mixed,
wherein at least one of said 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 Claim 29,
15 wherein said area specifying means comprises:
component mixed-area detection means for detecting said
mixed area for each of said plurality of types of compcnents
and for outputting the detection result corresponding to
individual components as component mixed-area information;
20 and
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.



25 47. A program according to Claim45, wherein, in said - 258 processing
performng step, on the basis of said plurality of types of conponents of
said obtained image data, a mxture-ratio detection step of detecting, in
correspondence wth said inmage data, the mxture ratio indicating the
ratio 5 of the m xture of said foreground object conponents to the m xture
of sai d background object conponents in a mxed area in which said
foreground object conponents and said background object conponents are

m xed is performed. 48. An inmage-capt usigng apparatus conprising: 10

i mge-capturing neans for outputting a subject inmage captured by an

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

pi xel s having a tine integrating function, as ipmage data which is forned
of a predet e n@FIRHFRTYILIH fé?paotﬁ%l%a?ﬁ‘?%r%ﬂ% utroal(?]t%/mbfibl'S types of
conponents at the S%ge _ixelegqs'tion' and (grocessing perform ng neans for

per f or mi A1 FE+ G P ﬁﬂqAQﬁqu/ FRYIET of conponent's of said
| tage data’iﬁggggpng%% 2 H%%§v%ﬁu%'£&§?#§é§%8§f%%égﬂ g step of

speci fying, espongence w th sai a, a m'xed 20 area in
ety oo PSS SR S g Al Lo apdaussraynd o e i
(i) 8 mayrerdatdp ndei&at | s Shepf JeleCtidih o LOsgEsPandence, with
said inmage data, the mxture ratio indicating the ratio of the 25 m xture
of said foregpund; qhjact conponeMendied Nerdletdlf 6said 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
corresponding to said designated pixel; and
foreground area specifying means for specifying a
foreground area formed of only said foreground object
20 components on the basis of said space correlation value énd
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



- 259 of said background object conponents in a mxed area in which said
f oreground obj ect conponents and sai d background object conponents are

m xed. 49. An inmge-capturing apparatus according to Claim48, 5 wherein"
sai d processing perform ng nmeans perfornms, on the basis of said plurality
of types of conponents of said inage data, an area specifying step of
specifying, in correspondence with said i mage data, a m xed area in which
f oreground object conponents which forma foreground object 10 and
background obj ect conponents which f-orapia -background object are m xed. 50.
An i mage processing apparatus according to Claim48, wherein said
processi ng perform ng neans perforns, on the basis of said plurality of

types of .conponents o aid inm 15 data, a mxture-ratio.detection step
of ot SctITES 1T St RPARRAICE A 197 G o1 TR a8 CThoE AR A 1 a1 0
0L SR 00 e84 Bla U100 I SlaRL 9rsapund, i ect, components
\é\glrr;gnz(rj]‘!ﬁgejf ebe%rgoggy-oopjgé:itd Osf:&[g)@é@nflsarggq sai d background obj ect
33. An image—capturing apparatus according to Claim 29,
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
component 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 mixture ratios corresponding to
said plurality of types of components detected by said
component mixture-ratio detection means.
15 34. An image-capturing apparatus according to Claim 29,
wherein said mixture-ratio detection means comprises:
integration means for integrating the pixel values of
said plurality of types of components for each pixel and for
outputting the value as integrated data; and
20 integrated data mixture-ratio detection means for
detecting the mixture ratio corresponding 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
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outputs the added result as said integrated data.
36. 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:

image data obtaining means for obtaining said image
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
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 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.
37. An image processing apparatus according to Claim 36,

wherein said processing performing means performs, on the
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basis of said 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 object components which form a foreground
object and background object components which form a
background object are mixed.
38. An image processing apparatus according to Claim 36,
wherein said processing performing means performs, on the
basis of said plurality of types of components of said
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
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
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 obtalining step of obtaining said image

data; and



10

15

20

25

- 254 -

a processing performing step of 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
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 said image data, the mixture ratio
indicating the ratio of the mixture of said foreground
object components to the mixture of said background ocbject
components in a mixed area in which said foreground object
components and said background object components are mixed.
40. 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
data, 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 object components 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

data, a mixture-ratio detection step of detecting, in




10

15

20

25

- 255 -

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
is performed.
42. 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 a time
integrating function, said program comprising:

an image data obtaining step of obtaining said image
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 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
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 mixture of said foreground
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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.
43. A recording medium according to Claim 42, wherein, in
said processing performing step, on the basis of said
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
object components which form a foreground object and
background object components which form a background object
are mixed is performed.

44, A recording medium according.to Claim 42, wherein, in
said processing performing step, on the basis of said
plurality of types of components of said obtained image data,
a mixture-ratio detection step of detecting, in
correspondence with said image data, the mixture ratio
indicating 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.
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 components at the same pixel position, obtained by

an image-capturing device including a predetermined number
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of pixels, the pixels having a time integrating function:

an image data obtaining step of obtaining said image
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 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
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 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.
46. A program according to Claim 45, wherein, in said
processing performing step, on the basis of said 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 object
components which form a foreground object and background
object components which form a background object are mixed
is performed.

47. A program according to Claim 45, wherein, in said
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processing performing step, on the basis of said plurality
of types of components of said 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 foreground object components and said
background object components are mixed 1s performed.
48. An image-capturing apparatus comprising:
image-capturing means for outputting a subject image
captured by an image-capturing device including a
predetermined number of pixels, the pixels having a time
integrating function, as image data which is formed of a
predetermined 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 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 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 said
image data, the mixture ratio indicating the ratio of the

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
basis of said plurality of types of components of said image
data, 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 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 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 foreground object

components and said background object components are mixed..



