23 December 2005 DESCRI PTI ON | MAGE PROCESSI NG APPARATUS AND METHOD, - AND

| MAGE- CAPTURI NG APPARATUS 5 Techni cal Field The present invention- relates
to image processing apparatuses and methods, and |na@6{kmpﬂben2Q95 : '
apparatuses, and nore particularly, to an inmage processing apparatus and
met hod, and an inmage-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 technlque for detecting incidents occurring
inthe 15 real world by a sensor and {or processing sanpled data output =
fromthe image sensor is wdely used. For exanple, notion blur occurs in an- .-
i mage obtained by capturing an object moving in front of a predetermned
stationary background with a video canmera if the noving 20 speed is
relatiyvely high. However, when anPE®;RERT@Nnoving in front of a

stati onar ckaroun not only does' ~notion_blur caused t-he m xture of
st at1 nany, backaround ot oal ¥ 0o, SRR, Ol i oRgRed bierthe, m xt ur
i mge an%Fkﬁiﬁﬁgging obj ect |nage 25 occurs. Hitherto, the process!ng f or

deal i ng 2 3 DEC 2005 - 2 mxture state of the background inage
and the noving object has not been consi dered.

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 aﬁd
method, and an image-capturing apparatus in which a

10 difference betWeen'é 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 froﬁ‘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 is moving in froﬁt bf a
stationaryrbackground, not only does motion bluf caused by
the mixture of the moving object itself occur, but also theA
mixture of the backgrbund'image and the moving object image

25  occurs. Hitherto, the processing for dealing with the .



Di scl osure of invention Exanpl e enbodi mrents of the present invention may
make it possible to specify a background i mage area, a noving object area,
and an image area in which the mixture of the background i nage Za% 88C 20681

t he novi ng object area occurs. According to a first aspect of the
invention, there.is provided an imge processing apparatus for processing
i mge data which is formed of a predeterm ned nunber of pixel data
obt ai ned by an i mage- capturing device including a predeterm ned nunber of
pi xel s, the pixels having a tinme integrating function, said inmage

pr ocessmhgturp paradeus fconprivsikggouned| atdoenaindexpe essiion genetathdyy naeans
for extracting, in correspondence with a designated pixel of a designated
frame obeemugmmisddescdt he pixel data of a peripheral frane around the

desi gnated frane as background pi xel data corresponding to a background
obj ect which forns a background anong a plurality of objects of the inmage
data, and al so for extracting designated pixel data of the designated

pi xel cBhtEITdFe ATt RV de<dPhnated frane so as to generate a plurality of

rel ati onal ressi ons cancerning the designated pixel indicating the
relationshigéggp edﬂaﬁglﬁggFﬁnégédth%i§§Fsgﬁga:Hﬁ%nFﬁgnbé%ﬁbrﬁﬁ% ditxe
data; mxtune-ratio_detection. .neans .for detecting a m.xture.ratio

ndi cat PRE PHE oxCEPE o] of e3P eREe Pl dF | 5Pt oRard PRffe FE8r worl d
concer niag dianalesgat o pixsl chasef.and e 25 Decamher, ao%%gee'aarte'aona'
expressions; predictive-error calculation nmeans ?or C cuPatln a

predi Ct L ¥@ afd QbvhYg SUPslct Wi NG dhes m xture ratio detected by the
m xture-ratio detec?ion means into the relational expressions; covered

background according to a first aspect of the invention, there is provided
an image processing apparatus for processing image data which is
formed of a predetermined number of pixel data obtained by an image-
capturing device including a predetermined number of pixels, the
pixels having a time integrating function, said image processing
apparatus comprising: relational-expression generating means for
extracting, in correspondence with a designated pixel of a
designated frame of image data, the pixel data of a peripheral frame
around the designated frame as background pixel data corresponding
to a background object which forms a background among a plurality of
objects of the image data, and also for extracting designated pixel
data of the designated pixel contained in the designated frame so as
to generate a plurality of relational expressions concerning the
designated pixel indicating the relationship between the designated
pixel data and the background pixel data; mixture-ratio detection
means for detecting‘a mixture ratio indicating the mixture state of
the pilurality of objects in the real world concerning the

designated pixel based on the



5 areal/uncovered background area specifying neans for specifying, based on
the predictive error, whether an area to which the designated pixel
belongs is a mxed area in which the plurality of objédesember 2006ed and i s
~al so a covered background area forned at a |l eading end in the 10 noving
direction of a foreground object which forms a foreground anong the
plurality of objects, or is the mxed area and is also an uncovered
background area forned at a trailing end in the noving direction of the
foreground object; and foreground areal/ background area specifying nmeans 15
for specifying whether. the area to which the designated pixel belongs is
a foreground area consisting of only foreground object conmponents which
formthe foreground object or a background area consisting of only

backgr and £ idHLC texgRERANSMS Wiiceh dtarB-Ide-acddrqing ;0B &fdans 20 The

m xture-ratio detection neans nay detect the foreground object conponents

cont ai fed igaIdiA adasigdRapeddiRitifle iekrear 116 RRIMIANGRIMWIHS te desi gnat ed
pi xel based on the relational expressions, and may al so detect the m xture

ratio; mdxchuriee rprtddi cdeiteetedr by Galc wiattuoRe RaiS R oS tE otah@dnt e the
predictive error by substituting the m xture 23 Decenber 2005 - 4 ratio

and t hénftor édpeourdadhpecl eeppeseibss¢orbaiered ibadkyaoutesi gnat ed pi xel
detected by the m xture-ratio detection nmeans into the relational
expr esgirend untheeretabrokgroBrgr eserospgendyanigngeamandomny extract 5 the
pi xel data of the peripheral franme corresponding to the

specifying, based on the predictive error, whether an area

to whichrthe designated pixel belongs is a mixed area in

which the plurality of objects are mixed and is also a

covered background area formed at a leading end in the

10 moving direction of a foreground Object.which forms a
foreground among the plurality of ébjects, or is the mixed
area and is also an uncovered backgrouﬁd area formed at a
trailing end in'fhe moving direction of the foreground
6bject; and foreground area/background area specifying means

i5 for specifying whether the area to which the designated
pixel belongs is a foreground area consisting of only
foreground object components which form the foreground
object or a background area consisting of only background
‘object components which form the béékground object.

20 The mixfurew;atio detection means may detect the
foreground object components contained in tﬁe designated
pixel in corréspondencé with the designated pixel based on
the relational expressions, and may also detect the mixture

‘ratio; and the predictive—-error calculation means may

25 . calculate the predictive error by substitutihg-the mixture



desi gnat ed pi xel as the background pixel data corresponding to the
background object, and may al so extract the designated pixel data of the
designated pixel and vicinity pixel data of a vicini 23 Ducembepddbt i oned. i n
the vicinity of 10 the designated pixel in the designated franme, and nmay
generate the plurality of relational expressions concerning the designated
pi xel indicating the relationship anong the designated pixel data, the
vicinity pixel data, and the background pixel data corresponding to the
desi gnated pixel 15 data or the vicinity pixel data. The :

rel ati onal - expressi on generating nmeansS nay generate the plurality of

rel ati onal expressions based on a first approxinmation in which the

f oreground object conponents contained in the designated pixel data and

t he vi crafty 28dpthel fdaearanedequabctandmposenvsdcapps bxédain othé n wWhi ch
the mixture ratio in the mixed area |inearly changes with respect to the
posi t i oReBLIPAEeHi REkebf dehechestely atka. mThburet it bmaleexptivssi on
generating means nag generate the plurality of relational expressions
based ofi®anfi +8t02EhaphebitherabnexpropsEdns he f or eground obj ect conponent s

23 Decenber 2005 - 5 contained in the designated pixel data and the
vicinity piﬂﬁ’bei e ignd lsfrRTe sHe™ %@ﬁﬁ?&%@pﬂ@ﬁ%ﬂ%’n sxtrastch the -
_nix%uretﬁgiﬁgﬁéf %gg?q%geﬁhareq§§égnarlyfghanges wth tgspect to the
positi on of p e I HWreh. TEFReRe IR SARAING it ddieect i on
means @s%gﬁéd tpbj?xelma{(st L!l'[hee rbaéci:}?glpa/unsc?lgixnegl tdr‘]aetaplcuorra}:léstpyoncé:{inrgel ational
to the background object, and may also extract the
designated pixel data of the designated pixel and vicinity
pixel data of a vicinity pixel positioned-in the vicinity of
10 the designated pixel in the designated frame, and may
generate the plurality of relational expressions concerning
the deéignated pixel indicating the relationship among the
designated pixel data, the vicinity pixel data, and the
background pixel data correspoﬁding to the designated pixel
15 data or the vicinity pixel data.
The relational—expression generating means may generate
the plurality of relational expressions based on a first
approximation in which the foreground object components
conta;ned in the designated pixel data and the vicinity
20 pixel dafa-are equal, and a second approximation in which
the mixture ratio in the mixed area linearly changes with-
respect to the position of the pixel of the mixed area.
The relational-expression generating means may generate

the plurality of relational expressions based on a first

25 approximation in which the foreground object components



expressions according to the nmethod of |east squares. The

rel ati onal - expressi on generating neans may generate the plurality of

‘rel ational expressions by extracting the 10 pi xel data3@ecemberf2086e pri or
to the designated franme as the background pixel data when the designated
pi xel belongs to the covered background area and by extracting the pixel
data of the frame subsequent to the designated frame as the background
pi xel data when the designated pixel belongs to 15 the uncovered background
area. The rel ational - expressi on generating neans nay generate the
plurality of relational expressions By 7extracting, in correspondence wth
t he designated pixel, mxed pixel data indicating the mxture state in
which the plurality of 20 objects are nixed fromthe designated franme and

the pesdraheirmid fimrghdaned A dde piid0mla e fafeariund tobj ect and- by
al so extracting, in correspondence with each itemof the m xed pixel data,

t he bagkgredunthtpl xale dafmnl CRHE P MG tapdhe: hackigiound wijcect from a
frame 25 different fromthe frane fromwhich the nixed pixel data is 23

Dec enbarhe? @G5 th rex trragtcitoe d rb aded ndixeidhe rsat ipdrarefr iyhe-Haagjegy et obj ect. The
rel ati onal - expressi on generating nmeans nmay generate the plurality of

rel at i aesiPestpries dibenpdsdse@now fa thier stixedpprioxdibmtiicred mrslki.ch t he

f oreground object conponents 5 corresponding to the m xed pixel data are
equal and aTBeceadtuapprekieadebacithonhinehnshwayi detleptxthedat a extract ed

from the designated frame and the peripheral frame are uniform
mixture ratio by solving the plurality of relational
expressions according to the method of least squares.
The relational—expression generating means may generaﬁe
the plurality of relational expressions by ektracting the
iO pixel data of the frame prior to the designated frame as the
background pixel data when the designated pixel belongs to
the covered background area and by extracting the pixel data
of the frame subsequent to the designated frame és the
background pixel data when the designated pixel belongs to
15 the uncovered background area.

- The relational—expressibn generating means may generate
the plurality of relatipnal expressions by extracting, in
correspondence with the designated pixel,‘mixed pixel data
indicating‘the mixture state in which the plurality of

20 pbjects are mixed from the designated frame and the
peripheral frame based on the motion of thé foreground
object and by also extracting, in correspondenée with each
item of the mixed pixel data, the background pixel data
corresﬁonding’to the backgreound object from a frame

25 different from the frame from which the mixed pixel data is



The rel ational --expression generating .nmeans may generate the plurality of
‘rel ational expressions by extracting, in 10 correspondence with the

desi gnat ed pi xel, the m xed. pixel data indicating the2dibDatamber208Ge in
which the plurality of objects are m xed fromthe designated frame and the
peri pheral frane based on the notion of the foreground object and by al so
extracting, in correspondence with each 15 item of the m xed pi xel data,

t he background pi xel data corresponding to the background object fromthe
franme prior to the franme from which the m xed pixel, data is extracted

. based on the notion of the background object. The covered background
area/ uncover ed background area specifying nmeans 20 may specify an area in
which the predictive error is greater than or equal to a predeterm ned

- t hr esholfF EFEtRE hRc6Ferad theaikEionndfatbe backyeoneHabbdaat: expr essi on
generating ans n?% generate the plurality of relational expressions by
extracting, ne BSLEbFPRabofterres iRt ueherdbingmmeaus piaelgerndmn i xed

pi xel 2£§éDE§ 2025 - 7 daig indicating the m xture state in which the
plural i ty€oP~8bfedt¥ ©fr Eehpkiantt of¥PRESadongnheeadf pane Ghdsthe

peri phe .based  on.the nmotion of the foreground object and al so by
extract%ﬁg?g%%ﬁg%é?Peﬁﬂoﬂgéﬁgetﬁ?tﬁoﬁﬁﬂﬁoFPQnPﬁﬂe?ﬁecﬁmR%ﬁpﬁﬁ&el data, the

b i ondi ng. t o. t he. back d. obj ect f th
ol oupe Bbahatl 0L EROREANS, 0y | IE, Bagkgr sund, oDlect [1oM e e

frame subseq _ )
et R SRR R s
the designated frame and the peripheral frame are uniform.
The relational-expression generating means may generéte
the plurality of relational expressions by extracting, in
10 correspondence with the designated pixel, the mixed pixel
data indicating the mixture state in which the plurality of
objects are mixed from the designated frame and the
peripheral frame based on the motion of the foreground
object and by also extracting, in correspondence with each
15 item of the mixed pixel data, the background pixel data
corresponding to the background object from the frame prior
to the frame from which the mixed pixel data is extracted
based on the motion of the background object. The covered
baékground area/uncovered background area specifying means
20 méy specify an area in which the predictive error.is greater
than or equal to a predetermined threshold as the uncovered ,
backgrouﬁd area.
The relational-expression generating means may generate
-the plurality of relational expressions by extractiﬁg, in

25 correspondence with the designated pixel, the mixed pixel



specify an area in which the predictive error is greater than or equal to
a predeterm ned threshold as the covered background area. Accqrding to - a
second aspect of the invention, there is provided an image p?db@ﬁ%ﬂh@

met hod for processing i mage data which is formed of a predet er mi ned nunber
of pixel data obtained by an inage-capturing device including a

predet erm ned nunber of pixels, the pixels having a tinme integrating
function, said imge processing nmethod conprising: a relational-expression
generating step of extracting, in correspondence with a designated pixel

of a degstgnatadakiagecd dikeukovgedatia, whheh ptxelpidabdi 6f & perjkepber al
frame. around the designated frane as background pi xel data corresponding

to a baskgreiwsl oyjoectthehdedi frates drbaekgidutite graighetalpl fraalel thnsed
objects of the inmage data, and al so of extracting designated pixel data of
t he desegnahednpidel odorithai fedegroute oljesicgratied1fe dpe setmstioggensrate a
plurality of relational expressions concerning the designated pi xel
i ndi cat Fegrespondencs onsiiip Batheertathe ofesthpateikesi xelixeht adalwd t hbe
background pixel data; a mixture-ratio detection step of detecting a
m xt ur ePeFEEH AN iEEL i Agta APSEIRROTNELRg etaf the3Ppekynpmst obgecthdrom
plurality of objects in the real world concer.njng the designated pi xel
based o ?fﬁ¥%@?léPP%ﬁﬁHEQ§XB?é§§i5ﬁ§me fﬁ?%dﬁ%??vgh%ﬁPﬁ?d Bg %iHQﬂﬁaoﬁsstep
of cal cul ati ictiye err.or utin t he re ratio
det oot o B PEGeREEFRGT HEHE AR dfet f%c& e ot epthbds g
rel atl %‘5&1? BSSSLPé‘a un%o$8¥eJ e%a%ﬁg %re re?% g‘&!g%e%é)a%%k%ggz

i'n ase ve error, et her

area Speci g Sté SPeci Tyi ng,

an area%ﬁékﬂgy(gﬁtéy%ad%§égﬂﬁkﬁdthe predictive error is greater than or

equal to a predetermined threshold as the covered background area.
According to a second aspect of the invention, there is

provided an image processing method for processing image data which
is formed of a predetermined number of pixel data cobtained by an
image-capturing device including a predetermined number of pixels,
the pixels having a time integrating function, salid image processing
method comprising: a relational-expression generating step of
extracting, 1in correspondence with a designated pixel of a
designated frame of the image data, the pixel data of a peripheral
frame around the designated frame as background pixel data
corresponding to a background object which forms a background among
a plurality of objects of the image data, and also o©of extracting
designated pixel data of the designated pixel contained in the
designated frame so as to generate a plurality of zrelaticnal
expressions concerning the designated pixel indicating a
relationship between the designated pixel data and the background
pixel data; a mixture-ratio detection step of detecting a mixture

ratio indicating .a mixture state of



pi xel belongs is a mxed area in which the plurality of objects are m xed
and is also a covered background area forned at a | eading end in a noving
direction of a foreground object which forms a foreground a#8nBEG
plurality of objects, or is the mxed area and is also an uncovered
background area forned at a trailing end in the noving direction of the
foreground object; and a foreground areal/background area specifying step
of specifying whether the area to whigh the designated pixel belongs is a
foreground area consisting of only foreground object conponents which form
the foreground object or a background area consisting of only background
obj ect conponents which formthe background object. In the mxture-ratio
det ect i ohespihpaltihg 6OHregroundimbjlectreat omporerbsceoning ned desidmted

desi gnat ed pi xel may be detected in correspondence with the designated

pi xel brseel orbaskd reh attihenakelaxpmadsi exsresmidns he ani xrgdéctard-cofay 23
Decenber 2005 - 9 also be detected. In the predictive-error_ cal cul ation
step, EhECpraddioat isterepfofakilabéngabcarateel e SUBSEi PUit PHRSEHEL1REXt ure
ratio and the foreground object conponents contained in the designated

pi xel dER@cfédtByet Fatpr oé@%%ﬁ:‘%ﬁjﬂ i RYt hePBPFRSE G e-Mat F° dBLEE TS 24t8p into
the relational expressions, |n the relational-expression st ep,

egeratin
the pi x8FECHHR SF P e Fe M HhET ke e%%ﬁ%%ﬁ%ﬁBﬁdi?quﬂ§rFﬁe FHgHE ed

pi xel may be extracted as the background pixel_data corresponding . to the
Dok gr oRber ot oepFEq e bl PAFEIIT BIAS o Do RRREEPHNG N BB OF

taﬂg VICLRI ¥ PLYEL AR Qo VIGLPALY RhXELPOSLULRNAH Lk t B8 M GlALtY of

pixel belongs is a mixed area in which the plurality of objects are
mixed and is also a covered background area formed at a leading end
in a moving direction of a foreground object which forms a
foreground among the plurality of objects, or is the mixed area and
is also an uncovered background area formed at a trailing end in the
moving direction of the foreground object; and a foreground
area/background area specifying step of specifying whether the area
to which the designated pixel Dbelongs is a foreground area
consisting of only foreground object components which form the
foreground objeét or a background area consisting of only background
object components which form the background object.

In the mixture-ratic detection step, the foreground object
components contained in the designated pixel may be detected in

correspondence with the designated pixel based on the relational

expressions, and the mixture ratio may



designated pixel in the designated frame may also be extracted, and the
plurality of relational expressions concerning the designated pi xel
indicating the relationship 15 anong the desi gnat ed pRX®&eceraber,2006e
vicinity pixel data, and the background pixel data corresponding to the
desi gnated pi xel data or the vicinity pixel data. In the

rel ati onal - expressi on generating step, the plurality of relational
expressi ons nay be generated based 20 on a first approximtion in which

t he foreground object conponents contained in the designated pi xel data and
the vicinity pixel data are equal; &nd a second approximation in which
the mxture ratio. in the mxed area linearly changes wth respect to the
position of the pixel of the nixed area. 25 In the rel ational - expression

gener atinG HeMetlddgedd Dager %@9§ct1%g eBEHEaEbﬁXuQBtESEaE%8§2! ch the

expressi ons may be generated i rst approximtion In

for egr auRd ;ﬁ@cﬁ.‘éttlv‘é()@ﬁ@@a%nﬁéyc%@t egmeqlaeeahsydgabg@%ﬁ@lﬂpX%Ledat a and
the vicinity pixel data are equal, and a second approxi matron in 5 which

the m wiwtereatra® ibh ahle theX g8 rageauhlappy byt Changssentht BohesPREy tO the
position of the pixel of the mxed area. In the mxture-ratio detection

step, tihe thiextes@ghatted piR¥lbaedeteeleBybyhsob¥bB8sthagpiyr ahkty of
rel ati onal expressions according to the nethod of |east squares. 10 In the

relat i odaltuerpresibodegenetahi Bgept @ptot e plaliadliidng 10fedplaid gl .
expressions may be generated by extracting the pixel data of the frane
prior to then the relational-expression generating step, the pixel
data of the peripheral frame éqrresponding to the designdted
pixel may be extracted as the background pixel data
corresponding to the background object, and the deéignated
10 pixel data of the designated pixel and vicinity pixel data
-of a vicinity pixel positioned in the vicinity of the
designated pigel in the designated frame may also be
extracted, and the plurality of relational expressions
concerning the designated pixel indicating the relationship -
15 among the designated pixel data, the vicinity pixel data,
‘and the background pixel data corresponding to the
designated pixel data or the vicinity pixel data.
In the relational-expression generating step, the
plurality of relational expressions may be generated based
20 on a first approximation in which the foreground object
componénts contained in the designated pixel data and the
vicinity pixel data are equal, and a second approxiﬁation in
which the mixture ratio in thé mixed area linearly changes

with respect to the position of the pixel of the mixed area.

25 © In the relational-expression generating step, the




designated frame as the background pi xel data when the designated pixe
bel ongs to the covered background area and 15 by extracting the pixel data
of the frame subsequent to the designated franme as t g3 bhaekdpepross pi xel
data when. the designated pixel belongs to the uncovered background area.
In the rel ati onal -expressi on generating step, the plurality of relational
expressions may be generated by 20 extracting, in correspondence wth the
desi gnat ed pi xel, m xed pixel data indicating the m xture state in which
the plurality of objects are m xed fromthe designated frame and the
peri pheral frane based on the notion ¥t the foreground object and by al so
extracting, in~correspondence with each 25 itemof the m xed pi xel data,

t he background pixel data 23 Decenber 2005 - 11 corresponding to the
backgr owddireBjidyt offr amlatficam etipibestbhsl HaW Hee Jonama thaopaMhich t he

m xed pixel data is extracted based on the notion of the background -
“obj ect . 9im &t Fdredl appoealivertpoes snowhgehethlel o reiepunidhebjeptural ity of
rel ati onal expressions may be generated based on a first approximation in
whi ch t Fe™PeRegitsucandbiaed ivompendamsiguertedspdindilngate thd ohaed pi xel
data are equal and a second approximation in which the m xed pixel data
ext r act E&dFPofYt Réx@ésFghat agef earalandnthe pecopderabrbrametid® ame

uni form_,Ln the rel ational - expression generating step, the plurality of
rel ati oMBECBxpPEsRishErRay2béogéRethe cBilgd axeraPLrAgTrlynchangespondence

Wi th th%ig SEQQS&SQ nggké ngition of the pixel of the mixed aiea
In the mixture-ratio detection step, the mixture ratio
may be detected by solving the plurality of relational |
expressions according to the method of least squares;

10 In the relational-expression generating step, the
plurality of relational expressions may be generated by
extracting the pixel data of the frame prior to the
designated frame as the background pixel data when the
désignated pixel belongs to the covered background area and

15 Dby extracting the pixel data of the frame subsequent to the
designated frame as the-background pixel data when the
designated pixel belongs to the uncovered background area.

In the relational-expression generafing step, the
"plurality of relational expressions may be generated by

20 ~ extracting, in correspondence with the designated pixel,
mixed pixel data indicating the mixture state in which the
plurality of objects are mixed from the designated_frame and
Athe peripheral frame based on the motion of the foreground
object and by also extracting, in.correspondence with each

25 item of the mixed pixel data, the background pixel data



m xed pi xel data indicating the mxture state in which the 15 plurality of
objects are m xed fromthe designated frane and the peripheral franme based:
on the nmotion of the foreground object and by al so ex@3rieenthgr 2005 '
.correspondence with each itemof the m xed pixel data, the background

pi xel data -corresponding to the background. object fromthe frame prior 20
to the frame fromwhich the m xed pixel data is extracted based on the
notion of the background object. In the covered background area/uncovered
background area specifying step, an_ area in which the predictive error is
greater than or equal to a predeterfined threshold is specified as the 25
uncover ed background area. 2 3 DEC 2005 - 12 1In the rel ational -expression
generating step, the plurality of relational expressions nay be generated
by ext ramtieuponding dd aHRoMdRNGR Mid dhpedest anatedepine! , the m xed

pi xel data indicating the m xture state in which the plurality of objects
are niddgtf drreorh tfhendediegriataae: fiane waniccH hehpainiphe x4 anepased on. the
notion of the foreground object and al so by extracting, -in correspondence
wi th easttiaaimdfbasesl minxddhepimoddicdatcef, tthee baidakgrnouthdipiecs]. dat a
correspondi ng to the background object from the frame subsequent to the
frame from whi Ehet helatkedapirsbrdasions geertraadngd sttapedtbe t he notion of

" the_background object. In the covered background area/uncovered background
ar ed spdARilty ofegeladionndaerpramisdienshaayt & @ensradadobaissdgr eat er
than or equal to a predeterm ned threshold may be specified as the covered
backgrBHn first approximation in which the foreground object

components corresponding to the mixed pixel data are equal

and a second approximation in which the mixed pixel datar

extracted from the designated frame and the peripheral frame
10 are uniform.

In the relational-expression generating step, the
plurality of relational expressions may be generated by
extracting, in correspondence wiﬁh the designated pixel, the
lmixed pixel data indicating the mixture state in which the

15 plurality of objects are mixed from the designated frame and
the peripheral frame based on the motion of the foreground
object and by also extracting, in correspondence with each
item‘of the.mixed pixel:data, the background pixel déta
correspondinglto the background.ocbject from the frame prior

20 to the'frame from which the mixed pixel data is extracted
based on the mdtioﬂrof the background object. In the
covered background area[uncoﬁered background area specifying
-step,'an area in which the predictive error is greater than
or equal to a predetermined threshold is specified as the

25 uncovered background area.



According to a third aspect of the invention, there is provided a
recordi ng mediumin which a conputer-readable programis r ec®BdBEL 28Ai d
conput er -r eadabl e program bei ng used for processing inmage data which is
formed of a predeterm ned nunber of pixel data obtained by an

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

pi xel s having a time integrating function, said conputer-readable program
conprising: a relational-expression generating step of extracting, in
correspondence with a designated pixel of a designated franme of inmage
data, the pixeltdateletianalpexpphesain fgeareaniourdephe tlespmatlddyf pédne as
background pi xel data corresponding to a background object which fornms a
backgr oundatinredg expresalénsy ofawbj ket sgoherdied mdye dettxacandgal sénof
extracting designated pi xel data of the designated pixel contained in the
desi gnatedreiRapelesse ag'ity dgéiver at el @ apedr 4%y ofthee| Bi¥UhaPizekpd@ssi ons
concernlng%z 3 DEC 2005 - t he designated pi xel indicating a
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data; a m re-ratio ,detection_step of detecting a m re rati

Rl catThGCS. G s SSRPRIoTS { B Pl 197 GECOBPBELS 1End 2641 OBor | d
I t he. desi ted. pixel b . th l.ati I | :
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detection step into the relational expressions; a covered backgroun
ar ea/ ungQVELRAInBaGKEoURd: AT 88, SRELINY hHJ 8t @ReObacRPRSIdY | SiGeRasedrnon the

predictive error, whether an area to which the designated pi'xel belongs is
a m xedegé egrdme Wobsdyddae pbUfid ifdme from which the mixed pixel data is
extracted based on the motion o¢f the background object. In the
covered background area/uncovered background area specifying step,
an area in which the predictive error is greater than or equal to a
predetermined threshold may be specified as the covered background
area.

According to a third aspect of the invention, there is
provided a recording medium in which a computer-readable program is
recorded, said computer-readable program being used for processing
image data which is formed of a predetermined number of pixel data
obtained by an image-capturing device including a predetermined
number of pixels, the pixels having a time integrating function,
sald computer-readable program comprising: a relational-expression
generating step of extracting, 1n correspondence with a designated
pixel of a designated frame of image data, the pixel data of a
peripheral frame around the designated frame as background pixel
data corresponding to a background object which forms a background
among a plurality of objects of the image data, and also of
extracting designated pixel data of the designated pixel contained

in the designated frame so as to generate a plurality of relational

expressions concerning




of objects are mxed and is also a covered background area fornmed at a

| eading end in a noving direction of a foreground object whichy 3fERCNE0HR

foreground anong the plurality of objects, or is the mxed area and is

al so an uncovered background area formed at a trailing end in the noving

direction of the foreground object; and a foreground areal/background area

specifying step of specifying whether the area to which the designated

pi xel belongs is a foreground area-cogsisting of only foreground object

conponents which formthe foreground object or a background area

consisting of only background object conponents which formthe background

object. In the mxture-ratio detection step, the foreground 23 Decenber

2005 - fHe ob¢eininacedpopértés coOmdidaradgi nat heedesignatipd Hetegkenaythe

detected in correspondence with the designated pixel based on the

rel ati oAasigngdedssixmis dagadandehe keakerqund oinedy datleasoabuidetectrediol n t he

predictive-error calculation step, 5 the predictive error may be cal cul ated

by subst¢tentiing ttePr mixtiftectany o2amd*thee f brlegr ottt CGijL B8t ac AMFORERL S

contained in the designated pixel detected by the processing i.n the

ni xt ur e3¥3tg PiddtecPlBhr ke 9tk IERES r &1 athorifaleX¥pres sFOREI IRt ke

rel ational - expr ssloqbqfnerating step, the pixel 1Q data of the peripheral
e he

frame cOYHEEBEAti Ry To 197&9088I Ghat bat 2 ioRal MRFVE1eRT T alt RIFHSHKE™
backgro%@%’mp' é%'lfgf‘t %oncorsﬁ:ﬁépoé‘?! ”&J{c%&% ;?n%?acakgg%ﬁﬁic bpecty, . and E{}e
desi gnate piXel"data of "t dési ghated pixel and vicrnrty pixel data of
a viclniiysfle %#’,ngosﬂhte' OR¢ L'l]n?bt NeeYbCI MR e 1nodesiongat ad pixel 1n
t he designate rane may al so be
mixture-ratio detection step into the relational expressions; a
covered background area/uncovered background area specifying step of
specifying, based on the predictive error, whether an area to which
the designated pixel belongs is a mixed area in which the plurality
of objects are mixed and is also a covered background area formed at
a leading end in a moving direction of a foreground object which
forms a foreground among the plurality of objects, or is the mixed
area and is also an uncovered background area formed at a trailing
end 1in the moving direction of the foreground object; and a
foreground area/background area specifying step of specifying
whether the area to which the designated pixel belongs 1s a
foreground area consisting of only foreground object components
which form the foreground object or a background area consisting of

only background object components which form the background object.

In the mixture-ratio detection step, the foreground



extracted, and the plurality of relational expressions concerning the

desi gnated pixel indicating the relationship anong the designated pi xel
data, the vicinity pixel data, and the background pi2&Dederhbker@6bs espondi ng
to the 20 designated pixel data or the. vicinity pixel data. In the

rel ati onal - expression generating step, the plurality of relational
expressions may be generated based on a first approximation in which the
foreground object conponents contained in the designated pixel data and
the 25 vicinity pixel data are equal ,4'a_nd a second approximation in 23
Decenber 2005 - 15 which the m xture ratio in the mxed area l'i nearly
changes. wth respect to the position of the pixel of the m xed area. In
the rel ational -expression generating step, the plurality of rel ational

expr es eysc traybripprgener ajced diased ind the desilgsa taghrd¥atatiadnben whi ch the
foreground obj ect conponents contained in the designated pixel data and
the viddddtediielcotates pameleaqealvitindhe sesdmmadisst @éinedt B&FSOn  whi ch
the mixture ratio in the m xed area planarly changés w th respect to the
posi t i om ofhe heelpitieinadf exdprasisiedsar éad ke pistdnd Haf'€ 4% o detection
step, the mxture ratio may be detected by solving _th pl,uralit% of .
rel ati orego lexpldssites adébrtdi%g’lteéllﬂ?évﬁéleﬁ&TroFall%&atﬁﬂﬁ'arS&? ‘I'n the
rel ati onal - expressi on generating step, the plurali af, r.el ati,onal

expbes st PTAAL I Ve FEERATe Ay DO Sl AN §Y & WéiUt&é'tgatg‘ the frame

rior h ign fr h roun i xel
prio tn?i:gtuerederszat%oata%% th?—:‘m:':foaf:segtro%n a% ) e%% % mpo%enq:ast %OW%QnteGe

in the designated pixel detected by the processing in thg
mixture-ratio detection step intorthe relational expressions.

In the relétional-expression generating.step, the pixel

10 data of the peripheral frame corresponding to the designated
pixel ma? be extracted as the background pixel data
corresponding to the background object, and the designated
pixel data of the designated pixel and vicinity pixel data
of a vicinity pixel positioned in the vicinity of the

15 designated pixel inrthe designated frame may also be
extracted, and the plurality of relational expressions
concerning the designated pixel indicating the relationship
among the designated pixel data, the vicinity pixel data,
and the background pixel data.corresponding to the

20 designated pixel data or the vicinity pixel data.

In the relational-expression generating step, the
plurality of relational expressions may be generated based
on a first approximation in which the foreground object
components contained in the designafed pixél data and thg

‘725 vicinity pixel data are equal, and a second approximation in



desi gnat ed pi xel belongs to the covered background area and -by extracting
the pixel data of the frame subsequent to the designated frane as the
background pi xel data when the 20 desi gnated pi xel bel2dmgsembert20®5uncover ed

.background area. In' the relational-expression generating step, the
plurality of relational expressions may be generated by extracting, in
correspondence with the designated pixel, mxed pixel data indicating a -

m xture state in which the 25 plurality of objects are mxed fromthe
designated frane and. 23 Decenber 2005 - 16 the peripheral frame based on
the notion of the foreground objeEtlénd by al so extracting, in
correspondence with each itemof the m xed pixel data, the background

pi xel data corresponding to the background object froma frame 5 different
from t hehichnkhéroixwhiehréhionixeth@imbkedadbed stivxirbEt @thipsed on the
nmoti on of the background object. In the rel ational - expressi on generating
step, twethprespéetytofthel pos dnadn expressiphse iyt behganetad etrdased on a
first approximtion in which the foreground object -10 conponents

corr espondi Ad ttdra e I tadgdi-eeip rebsisd. car et inandstepseddied appr oxi mat i on
in which the m xed pixel data extracted fromthe designated frame and the
peri phe?itratihe ohreelmtionam e¥pndars ralamandle agnessiah et at i ng
steB, t he %%ﬂplurality of relational expressions may be generated by

ext PactTthg? Gt TordRypohdRHeke ™ ith WHeh digfamapgnund omet ni xed pi xel

data indicating the m xture state in which the
components contained in the designated pixel data and the

vicinity pixel data are equal, and a second approximation in
which the mixture ratio in the mixed area planarly changés
with respect to the position of the pixel of the mixed area.
10 In the mixture-ratio detection step, the mixture ratio
may be detected by_solving the-plurélity of relational
expressions aécording to the method of least squares.
In the relational-expression generating step, the
plurality of relational expressions may be generated by
15 extracting the pixel data of the frame prior to the
designated frame as the background pixel data when the
designated pixel belongs to the covered backgroundAarea and-
by extracting the pixel data of the frame subsequent to the
designated frame as the background,pixel data when the
20 designated pixel belongs to the uncovered background area.
In the relational-expression generating step, the
plurality of relational expressions may be generated by
extracting, in correspondence with the designated pixel,
mixed pixel data indicating a mixture state in which the

‘25 plurality of objects are mixed from the designated frame and



plurality of objects are m xed fromthe designated frane and the

peri pheral franme based on the notion of the foreground. 20 object and by |
al so extracting, in .correspondence with each item of 28Decamker2qdbxel dat a, |
t he background pi xel data corresponding to the background object fromthe
frame prior to the frame fromwhich the m xed pixel data is extracted
based on the notion of the background object. In the 25 covered background
ar ea/ uncover ed background area specifying 2 3 DEC 2005 - 17 step, an area
in which the predictive error is greater than or equal to a predeterm ned
threshold may be specified as the uncovered background area. In the

rel ati onal - expressi on generating step, the plurality of relational
expressigns nai Re %gnerated by extracting, in correspondence with the
desi gnat-BE BPXePPSFAL hTxBy hiked oatbheiRaréarifg the hexedreusdate in
which the.plurality of objects are mxed fromthe designated frame and the
periphe?ng?gaﬁBdbégeﬁl%% SXHEPAbtTen bR FRECFIPRYTORTE BhiRct2dhd al so by

extracti j rrespondence with each itemof the m xed, pixel data, the }
backgro%ﬁgmpbgeFﬁga%%ﬁéé;Q%%%gﬁ%%% ’tgh?h%aﬁﬁgﬁ%?%%dﬁl%%fe $t?ron1 t he |
frame s t Lch the mxed pixel data is extracted
“based oﬁg?ﬁgyﬁgé?%ﬁgd$§tlgggg%%é'%%%dhoq? T Fn%ﬂm¥ﬁg covered backgr ound

ar e/ ungpy & & PagksH ouNd AL.8a. SPEGH T W %ﬁgmé&j £81 yhi cfy the

predictive error is greater than or equa predeterm ned t hreshol d may

-be specékt£a88d e LR BhPHIH KNG HEDaAFHB Db fourth aspect

of the invention, there is ' N
In the relational-expression generating step, the

plurality of relationdl expressions may be generated baséd
on a first approximation in which the foreground ocbject
10 components correSponding to the mixed pixel data are equal
- and a second approximation in which the mixed pixel data
extracted from the designated frame and the peripheral frame
are uniform.
In the relational-expression generating step, the
15 plurality of relational expressions may be generated by
extracting, in correspondencerwifh the designated pixel, the-
mixed pixel data indicating the mixturé state in which the
plurality of objecfs are mixed from the designated frame and
- the periphergl frame based on thelmotion of the foreground
20 object and by also extracting, in corfespondence with each
item of the mixed pixel data, the background pixel data
corresponding to the background object from the frame prior
to the frame from which the mixed pixel data is extracted
based on the motion of the background object. In the

25 covered backgrounq area/uncovered background area spebifying



provi ded a programfor allowi ng a conputer for processing i mage data
fornmed of a predeterm ned nunber of pixel data obtained by an 2 3age-os
capturing device including a predeterm ned nunber of pixels, the pixels
having a tinme integrating function, to execute: a relational-expression
generating step of extracting, in eowrespondence with a designated pixel
of a designated franme of the inmage data, the pixel data of a periphera
frame around the designated frane as background pi xel data correspondi ng
to a background object which fornms a background anong a plurality of

obj ect ssbépt e iarageimathid ch2tile BEEJ20056vd & rrandial grradferekbamcty pgual

desi gnated pi xel data of the designated pixel contained in the designated
frame séfas torgfateraired phoedldidy wiy bel aPeohbledxpf eddiconsnasgreed ni ng
t he desjgnated pixel indicating a relationship between the designated

pi xel dBESHEAFPEN_ $Ackgr ound pixel data; a mixture-ratio detection step
of detecting_a mxture ,ratjo indicating a mxture state of the plurality
of objects i tHE TFEAFI0NH FXROREETM nFﬁ@tH%%iiﬁﬁﬁfeBhﬁiQ%Hrii%§§d°5n t he
rel ation expressions;_a predictive-error cal cul gtion step, of calculating
a pr edlr%Jt?tvlémgFLr or> §gss% 21t utdhg The AFX rua%é?%lr ato deesté:c cEaRy R

processiag. dohRen XB&‘EE' A Od%ﬁtac:?%tg%gz é’é&%?’egq@% the d el ghlopal,,,

expressi ons; "a covere ackgroun ackground™area

speci fy'iﬁ@i_c%tt%ﬁﬁof;hé PRI WNGraPaSed QR dhe Ry @diehi YOy 85F Ofpjectaetber an
area to which the designated pixel belongs is a mxed " area I'n which the

plural ifyx&f olieahs Aesifhxeds afhneS akS@ha p@QYﬁ&éleaﬁﬂé%léO%ﬁgeér (5353

formed at a leading end in a noving direction of a foreground object which

forns ach®oregtmdofinehg tfd@eground object and also by extracting, in
correspondence with each item of the mixed pixel data, the
background pixel data corresponding to the background object from
the frame subseguent té\the frame from which the mixed pixel data is
extracted based on.the motion of the background object. In the
covered background area/uncovered background area specifying step,
an area in which the predictive error is greater than or equal to a
predetermined threshold may be specified as the covered background
area.

According to a fourth aspect of the invention, there is
provided a program for allowing a computer for processing image data
formed of a predetermined number of pixel data obtained by an image-
capturing device including a predetermined number of pixels, the
pixels having a time integrating function, to execute: a
relational-expression generating step of extracting, in
correspondence with a designated pixel of a designated frame of the
image data, the pixel data of a peripheral frame around the
designated frame as background pixel data corresponding to a

background object which forms a background among a plurality of

objects of the image data,



plurality of objects, or is the mxed area and is al so an uncovered
background area fornmed at a trailing end in the noving directionggfe ng
foreground object; and a foreground areal/ background area specifying Step
of specifying whether the area to which the designated pixel belongs is a
foreground area consisting of only mf9éqground obj ect components which form
the foreground 23 Decenber 2005 - 19 “0object or a background area

consi sting of only background object conmponents which formthe background
object. In the mxture-ratio detection step, the foreground object
conponepts Lot dirnegdeirling desi ARkt BlateliafRYoPehed det gcd @ bhxel
correspondence with the designated pi xel based on the rel ational

expr esspofisain@dd ihhensl désidhatcatii oramy sals0 the dabesteda prurbahery of
predictive-error calculation step, the predictive error may be cal cul ated
by substélatiionglt Bepredsdonse coatemiagd thbedéor@gtedndind] enidicanpoment s
contained 10 in the designated pixel detected by the processing in the

m Xt ur ere dtiiondeipcbrtwest efhd nlesivheted| pi xonadatex pres stlonshadkyrohed

rel ati onal - expressi on generating step, the pixel data of the peripheral
frame cpixglspatdi:ng toltheedesiignaddgctpbxeftemycbedesiastdeted a3xthee
background pi xel data 15 corresponding to the background object, and the
desi gnat@dipibvsicgbing of Miffergestigiar &4 phrePlurid LkvcPhi Pyl §iteerndEba of a
vicinity pixel positioned in the vLciniEy of the design ted gixel in the
desi gnat & f1AHE FRPCEF3T D PeeXttragtadd didethE25rdr & 'f%';lreojf TP R bnal

expr eSSIe}E)paneSZS(JJ_OgSO’[]Cgr %Irggiégieveq%g:lr Qatcggcﬁa)i:ellonl ns%le%atéfqgcgl%%lggir% ! gnShl P

predictive error by substituting the mixture ratio detected by
processing in the mixture-ratio detection step into the relational
expressions; a covered background area/uncovered background area
specifying step of specifying, based on the predictive error,
whether an area to which the designated pixel belongs is a mixed
area in which the plurality of objects are mixed and is also a
covered background area formed at a leading end in a moving
direction of a foreground object which forms a foreground among the
plurality of objects, or 1s the mixed area and is also an uncovered
background area formed at a trailing end in the moving direction of
the foreground object; and a foreground area/background area
specifying step of specifyving whether the area to which the
designated pixel belongs 1is a foreground area consisting of only

foreground object components which form the foreground



anong the designated pixel data, the vicinity pixel data, and the
background pi xel data corresponding to the designated pixel data or the
vicinity pixel data. 1In the relational-expression ge@8Derembesitdd, the 25
~plurality of relational expressions nay be generated based 23 Decenber 2005
- 20 onafirst approximation in which the foreground object conponents
contained in the designated pixel data and the vicinity pixel data are
equal, and a second approxinmation in which the mxture ratio in the m xed
area linearly changes 5 with respect $o the position of the pixel of the

m xed area. In the relational-exprés% on generating step, the plurality of
rel ati onal expressions nmay be generated based on a first approximation in
whi ch the foreground object conponents contained in the designated pixel
dat a amdjteve X \A Giaudgrqundelardat acarsd sagual o fart 1y seckatoapdr oxi mati on
in which the mxture ratio in the m xed area planarly changes wth

r espectohjeathegppsirteindrs ofhitdhe fipirethef Halvdkgrioved, abdactl.n t he

m xture-ratio detection step, the mxture ratio may be detected by sol ving
the pluralify therwmistioaakatboedptestionssaepor thagfovegheumeét hod of | east
squares. In the rel ational -expressi on generating step, the. plurality of

r el at i ORAECEX FPaPeneRs smepriaigedediat ddehylesdgnpied ngxehempirxek data of
the franme prior to the designated frane_as the background pixel data when

t he® 2098&8CGR5: 48 ﬁP)FéIeSBé’F‘%ﬁ§§et Hithe télsvéheéaqzaa@@gr pixglabaacdnd by

extractin% t he Rixel data of the franme subsequent to the,
on the relational expressions, and the mixture ratio may

also be detected. In the predictive-error calculation step,
the predictive error may be calculated by substituting tﬁe
mixture ratio and the foreground object components contained
10 in the designated pixel detected by the processing in the
mixture-ratio detection step into the relational expressions.
In the relational-expression generating step, the pixel
data of the peripheral frame corresponding to the designated
pixel may be extracted as the background pixel dafa
15 corresponding to the background object, and the designated
pixel data of the designated pixel and vicinity pixel data
of a vicinity pixel positioned in the vicinity of the
designated pixel in the deéignated frame may also be
extracted, and the plurality of'relational'expressions
20 concerning the designated pixel indicating the relationship
‘amoﬂg the designated pixel data, the wvicinity pixel data,
and the background pixel data corresponding to the
designated pixel data or the vicinity pixel data.
In the relational-expression generating step, the

25 plurality of relational expressions may be generated based



designated frane as the background pixel data when the designated pixel

" belongs to the uncovered background area. |In the rel ational-expression
generating step, the 25 plurality of relational expreg8iDatsmivay2s .
generated by 23 Decenber 2005 - 21 extracting, in correspondence with the

designated pixel, mxed pixel data indicating a m xture state in which the

plurality of objects are m xed fromthe designated franme and the peripheral
frame based on the notion of the foreground 5 object and by al so
extracting, in correspondence with each_itemof the mxed pixel data, the
background pi xel data corresponding to the background object froma frane
different fromthe frame fromwhich the m xed pixel data is extracted
based on the notion of the background object. 10 In the
rel ati of¥l feprédsPpR gEhBrALPAgIBt EpickhEhepforegreyndfobidat i onal
expressi_ons matg1 be gener,at ed,based on a first approximation in which the
f or egr oTVYPEBFBLT cEBRPOREHt §0 chReedpahanated cri¥el maded andethaata are
equal ggg.gi%econg{ 2p$rﬁxi mat i on i{l whi ch the m xed pixel data 15
extracted from't R&*8esFahdt 2 rFaNRl antPd e PRFIPhARRE @Faration diruni f or m
In the ;\,ﬁ&%i gﬁgl - ression. generating, step, the  plurality of rel ational
expressi ons nay bg$ég%5?af%€l y‘me@f“? 1¥7g, 25750 édrlfe@sfddlhd"é}ﬂf@%th t he
desisgnal;@dnPL-¥8hect Ny 20, 1 g%;li j xel ta indicati t he .m'%%ure state in
whi ch the pl urgl Ty of o%}f’e(c SR °rr€>a<%%ef1‘?lo’f’ﬁcft?ep JHateEl ¥5%8re and
the peripherg| éﬂé”?éﬂ§¥%31d¥1éyﬁiégyfo%ng%%e&g%ikgrggggen%he
pPlurality of relational expressions may be generated based
on a first approximation in which the foreground object
components contained in the designated pixel data and the
10 wvicinity pixel data are equal, and a second approximation in
which the mixture ratio in the mixed area planarly changes
with respect to the position of the pixel of the mixed aiea.
In the mixture-ratio detection step, the mixture ratio
may be detected by solving the plurality of relational
15 expressions according to the method of least squares.
In the relational-expression generating step, the
plurality of relational expressions may be generated by
extracting the pixel data of the frame prior to the
~designated frame as the background pixel data when the
20 designated pixel belongs to the covered background area and
by extracting the pixel data of the frame subsequent to the
designated frame as the background pixel data when the
designated pixel belongs to the uncovered background area.

In the relational-expression genérating step, the

25 plurality of relational expressions may be generated by



~ object and by also extracting, in Correspondence Wi th each itemof the
m xed pi xel data, the background pixel data 25 corresponding to the
background object fromthe. franme prior 2 3 DEC 2005 -23ZRcetbet PROSF r ane |
from which the m xed pixel data is extracted based on the notion of the
background object. In the covered background area/uncovered background
-area specifying step, an area in which the predictive error is greater
than or equal to a predetermned threshold may be specified as the
uncover ed background area. In the Le# tional -expressi on generating step,
the plurality of relational expressfons nay be generated by extracting, in
correspondence with the designated pixel, the m xed pixel data indicating
the m xture state in which the plurality of objects are mxed fromthe
desi gnagxtrd¢img and tdvecysmpghbrate fwide des etbsdynatesl notkdedn of t he
foreground object and al so by extracting, in correspondence with each item
of the mixed pisedl didten, inddeatfauk gy quindpiexeltadat drcordedpdidi ng to the
background object from the frame subsequent to the frane fromwhich the
mi xed prieralidivg qfs ohgaatectass wHsw drramhdheptdesrigstatiase fraotegeodnd
object. In the covered background area/uncovered background area
speci f yiliy ReEphergd frads bagadwn rdepmediion ¢& dhepforeagosader than or
equgl tqQ a 1gre e&ernined t hreshaold mgy be specified as the covered
bac grd%%oec Pé’gi‘ K Bor@i BF WG L iM% 4 HPaSPedeserriR@cenydity 62Cht here is
provideqhina -captuyring a ratus conprising: imge-capturing means for
outputting & s ee@ﬂxﬁﬁagéggapgﬁng EyeaﬁaFﬁ§§8Pg§pFﬁﬁﬁﬁgda&évice i ncl udi ng
2 predel SLIUNSASINAPEL hePiehdraid BESELE MUY frame
different from the frame from which the mixed pixel data is
extracted based on the motion of the background object.
10 In the relational-expression generating step, the
plurality of relational expressions may be generated based
on a first approximation in which the foreground object
components corresponding to the mixed pixel data are equal
and a second approximation in which the mixed pixel data
15 eXxtracted from the designated frame and the peripheral‘frame
 are uniform.
In the relational—expkession generating step, the
plurality of relational expressions may be generated.by
extracting, in correspondence with the designated pixel, the
20 mixed pixel data indicating the mixture state in which the
plurality of objects are mixed from the designated frame and
the peripheral frame based on the motion of the foreground
object and by also extracting, in correspondence with each

iteém of the mixed pixel data, the background pixel data

25 corresponding to the background object from the frame prior



atime 2 3 DEC 2005 - 23 integrating function, as imge data forned of a
predeterm ned nunber of pixel data; relational-expression gene‘_{gfpggg ans
for extracting, in correspondence with a designated pixel of a iﬁit ed
frame of the inmage data, the pixel data of a peripheral frame around the
designated frame as background pi xel_ data corresponding to a background
obj ect which forns a background anong a plurality of objects of the inage
data, and also for extracting designated pixel data of the designated

pi xel contained in the designated frane so as to generate a plurality of
rel ati onal thexprassi s «ANCE! thdGniRe gdeséynadied iR &k rhotiCalsdseg an

rel ati onshi p between the designated pixel data and the background pi xel
dat a; mtketumettiah i efdehectHaakgpeans dwjecdet ecih ngha Woxtidkd bidtdreund
indicating a m xture state of the plurality of objects in the real world
concer nengatireaiesednad @ rpure| atrms egeonfvigy s€kRpt | onareaexprgsiginonse
predictive -error calculation neans for calculating a predictive error by
subst it @EPALCEIVE PRI e ipat §rradetrectan bprt heaual xtar e r #redederdeeion
means into the relational expressions; covered background areal/uncovered
backgr oGRBS T4 ¥BECPT VieGLieahss £8P ReticrgPngacisaodadoft e predictive
error, whether an area to which the designated pixel bel ongs is. a mxed
area in whi ch™tHe® TRIGEAPTRY BPEE6F Et IRPERTREF R it8eaPEe e Wdverfed
backgr ougg ar ea foer med at a | eadi ng eend i n a r(raovi ;%fdi recrti %n-nof a.1213
Decenbef ¢ 2005124 SHPEPEGHGthd BB ect® whP BRSBTS or &GS "ghond ™t he
correspondence with the designated pixel, the mixed pixel data
indicating the mixture state in which the plurality of objects are
mixed from the designated frame and the peripheral frame based on
the motion of the Fforeground object and also by extracting, in
correspondence with each item of the mixed pixel data, the
background pixzel data corresponding to the background object from
the frame subsequent to the frame from which the mixed pixel data is
extracted based on the motion of the background object. In the
covered background area/uncovered background area specifying step,
an area in which the predictive error is greater than or equal to a
predetermined threshold may be specified as the covered background
area.
According to a fifth aspect of the invention, there is
provided 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



background area forned at a trailing end in the noving direction of the

f oreground object; and foreground 5 areal background area speci? §i Pk a¥ns
for specifying whether the area to which the designated pixel belongs is a
foreground area consisting of only forgground object conponents which form
the foreground object or a background area consisting of only background

obj ect components which 10 formthe background object. The m xture-ratio
detection neans nmay detect the foreground object conponents contained in
the desiighageting xehctivrGonkespondanee Milkd be desrgnateedi pbxelundased on

the relational expressions, and nay al so detect the mxture 15 ratio. The

predi ct b¥e- arirey. cadladd;at | oel arEanal Feyprealséuh at gyerehetpiedi atave ersoar by

substituting the mxture ratio and the foreground object conponents

cont ai nedtiractting, deshgnabetesgundehceletwidtted dy desé gnakedir gpixatli oodet ecti on

means into the relational expressions. 20 The rel ational -expression

gener at PAGLIEPSl faprexef atte ivs@epidred, dea ixdlhdapar ppher pgrfutewrel

corresponding to the .designated pixel as the background pixel data

cor r espbfthitg 218 Che thackgF ST t6H] et Mand® frayP3HeEo8RE r etxqlhe data

desi gnat ed $ixel,data of the desi%nated pi xel and vicinit 25 pi xel data

of a vi EPRTISPPIREP. *Po3i RITWEGUPR YW SPAFRy TR BECEAbRINRFISNI 25

t he design tgqbggx%! i%.th degignated an , a%%dw% sbg§g§rg§§}£:§n

pl ural i ByPoFr 36t i UnalPIEXPF e85i oM EBIEer iRy 9
designated pixel data of the designated pixel c¢ontained in the
designated frame so as to generate a plurality of relational
expressions concerning the designated pixel indicating a
relationship between the designated pixel data and the background
pixel data; mixture-ratic detection means for detecting a mixture
ratio indicating a mixture state of the plurality of objects in the
real world concerning the designated pixel based on the relational
expressions; predictive-error calculation means for calculating a
predictive error by substituting the mixture ratio detected by the
mixture-ratic detection means into the relational expressions;
covered background area/uncovered background area specifying means
for specifying, based on the predictive error, whether an area to

" which the designated pixel belongs is a mixed area in which the

plurality of objects are mixed and is also a covered background area

formed at a leading end in a moving direction of a



pi xel data, the vicinity pixel data, and the 5 background pi xel data
corresponding to the designated pixel data or the vi @idcembex2005dat a. The
rel ati onal - expressi on generating means nmay generate the plurality of

. rel ational expressions based on a first approximation in-which the
foreground object conponents 10 contained in the designated pixel data and
the vicinity pixel data are equal, and a second approximation in which the
mxture ratio in the mxed area |inegyly changes with respect to. the
position of the pixel of the m xed area. The rel ati onal - expressi on
generating neans nmay generate 15 the plurality of relational expressions
based on a first approximation in which the foreground object conponents
cont ai n%ﬂr?‘ﬁr?ﬁ’édd@gﬁ gaht el ¢h xErrgata Beregheund cinmittyy thx xel data are
equal , d a_second approximation in which the mxture ratio in the m xed
area plBhAFFyERaRGeSLIREH 20°F eshekhe thixed P tansh dgf almo pirxel of the
m xed area ure-qr)(?ti 0 detection neans nay detect the mixture ratio

by -sol v‘i“h%é‘ﬁ%g‘glgl‘?%}tfg’f?‘ Fanfomgd Fxpt s iiaacast dimgheo the net hod
25 ¢ ho B TR 5o ot Gtf ol TAR DG D PP St 4 G AUES Decenber
eoekor S St 0 el S 1 ey 4 SGRRAIERG TRedoer o
backgr qypd area @dqulﬁycl'{a)ghrea%tejsqgjntah:%cp ipxigtleld%teaongs is a
foreground area consisting of only foreground object
components which form the foreground object or a backgroﬁnd
area consisting of only background object éomponents which
10 form the background object. -
The mixtureurétio detection means may detect the
foreground object components contained-in the designated
pixel in correspondence with the designated pixel based on
the relational expressions, and may also detect the mixture
15 ratio. The predictive-error calculation means may calculate
the predictive error by.substituting the mixture ratio and
the foreground object components bontained in the designated
'pikel detected by the mixture-ratio detection means into the
‘relational expressions.
20 . The relational-expression generating means may extract
the pixel data of the peripheral frame corresponding to the
designated pixel as the backgréund pixel data corresponding
to the background object, and may aisQ extract the
designated pixel data of the designated pixel and vicinity

25 pixel data of a vicinity pixel,positioned in the wvicinity of




. of the frame subsequent to the designated frame as the 5 background pi xel
~data when the designated pixel belongs to the uncovered background area.

The rel ati onal - expressi on generating means nay gener atss pédegiek vogd i ty of
rel ational expressions by extracting, in correspondence with the

desi gnat ed pi xel, m xed pixel data 10 indicating a m xture state in which
the plurality of objects are mxed fromthe designated frane and the

peri pheral frame based on the notion of the foreground object and by al so
extracting, in correspondence with each itemof the m xed pixel data, the
background pi xel data correspondi ng 4> The 15 background object froma
frame different fromthe frame from which the m xed pixel data is.
extracted based on the notion of.the background object. The

rel ati dived -degirgsdiedn pderdr dnl rfendand gimdytedge fehake ahdemphural ity of

rel ati onal expressions based on a first 20 approxinmation in which the
f or egr gk 1elijee cthec piporénty ocforedsmdndiaig ekprebeionxedopckehidat a are
equal and a second approximation in which the mxed pixel data extracted
from the desiignatted phamd andichéiper itheeralatiamshapeamnnfiotime The
rel.ational -expressi on generati ng neans nmay generate 25 the.plurality of
rel at i esigdryedspiisas Pptaxt thet vhgininy2piRededdtn, 2008 the7
correspondence with the designated pixel, the m xed pixel data indicating
t he® ni RAGHEroradePiiehhfehat RarpraParfipgoto sbpedesigratafixeéxeiom the
designated frane and the peripheral frame based on the notion of the
foregrgﬁﬁ& or the vicinity pixel data. :
The relational-expression generating means may generate
the plurality of relational expressions based on a first
approximation in which the foreground object components
10 contained in the designated pixel data and the vicinity
pixel data are egual, and a second approximation in which
- the mixture ratio in the mixed area linearly changes with
respect to. the position of the pixel of the mixed area.
The relational-expression generating means may generate
15 the plurality of relational expressions based on a first
approximation in which the foreground object components
contained in the designated pixel data and the vicinity
pixel data are equal, and a second approximation in which
the mixture ratio in the mixed area planarly changes with
20 respect to the position of the pixel of the mixed area.
The mixture-ratio detection means may detect the
mixture ratio by solving the plurality of relational
expressions according to the method of least squares.

The relational-expression generating means may generate

25 the plurality of relational expressions by extracting the



5 object and by al so extracting, in correspondence with each itemof the
m xed pi xel data., the background pixel data corresponding to the '
background object fromthe frame prior to the frane £3becehberi200he ni xed
pi xel data is extracted based on the notion of the background object. The
covered 10 background area/uncovered background area specifying nmeans may
specify an area in which the predicti.ve error is greater than or equal to
a predeterm ned threshold as the uncovered background area. The

rel ati onal - expressi on generating neaps tay generate 15 the plurality of
rel ati onal expressions by extracting, in correspondence with the

desi gnated pi xel, the m xed pixel data indicating the mxture state in

which the plurality of. objects are nmixed fromithe designated fr and the
peri phePire} rdie? Bk ethont 148 T & 1%hee %‘cfle%}aotuencg f%0—’181'“0%jqaesctt%a@rald al so

b t ting, | d i.th n f  1he W ixel data,
Che’ hackg BRI 461+ Gatan (NG paloiG: LB He: BAcKor Gund ob) 661 from t he
f sub t.to the f i ' el '

ext ract Bt nacter o ekt iRl e TR, T SR RS A o
backgr oynd, ar egy yncover ed. backoround, jed SRacld Viitth 3 PRR2005 - 28

means nay specify an area-1n which the predictive error is greater than or

equal 10 G PISHE YIULLUINU CHIOL hifts dds e hask giciits aiea. | n
correspondence w th a designated pixel of a designated franme of inmage
data, pigeluflatfeds bRk RNGIR addame around the
The relational-expression generating means may generate
the plurality of relational expressions by extracting, in
correspondence with the designated pixel, mixed pixel data
10 indicating a mixture state in ﬁhich the plurality of objects
are mixed from the designated frame and the peripheral frame
based on the motioﬁ of the foreground object and by also
extracting, in correspondence with each item of the mixed
pixel data, the background pixel data'correéponding to the
15 background object from a frame différent from the frame from
which the mixed pixel data is extracted based on tpe motion
of . the background object.
The relational-expression generafing means may-generqte
the plurality of relational expressions based on a first
20'.approximation in which the foreground object componenté
corresponding to the mixed pixel data are equal and a second
approximation in which the mixed pixel data extracted from
the designated frame and the peripheral frame are uniform.
Thé relational—expressionIgénerating reans may genefate

25 +the plurality of relational expressions by extracting, in



designated frane may be extracted as background pixel data correspondi ng
to a background object which forns a background anong a plurality of

obj ects of the inmage data, and al so, designated pixel 23 Datanissfr 2008 i
~designated pixel contained in the designated frane may be extracted so as
to generate a plurality of relational expressions concerning the

desi gnated pi xel indicating the relationship between the designated pi xel
data and the background pixel data. The. mxture ratio indicating the

m xture state of the plurality of qbjects in the real world concerning the
desi gnated pi xel may be detected b&s’ed on the rel ational expressions. The
predictive error may be cal culated by substituting the detected m xture
ratio into the relational expressions. Based on the predictive error, it
may beospesipbnednweetiieh ahecateaignawbdchikiae desegnaked phixell bel ongs

may be a m xed area in which the plurality of objects are m xed and may be
al so adedeeriedibadckigoouhd mieaufer sedtat ia Whadhnghenglupalhey a@vi ng
direction of a foreground object which fornms a foreground anong the

pl ur al Pbyj estsobjrectmg xedr fmap bket fies igretiedr €éaamadandythbe al so an
uncover ed background area forned at a trailing end 2 3 DEC 2005 - 29 in
the noPPRgPHEraét fsamef bapedf onethoundtobieect. the fayepeousgeci fi ed whet her
the area_to which the_ designated pixel belongs may be a foreground area
consi sPPAGCET 2Bfl YT Blegr stihEaebiedt EtBnperRERSBONGARER FhHEM eaehf or egr ound
object ,or a background area consisting of only background object

conpontht® Rhi ERCT BERPEnBIBAE KR BRIndL®) RREKITAUBL aRprel ed®bai ment s of the

present inventiaqn,, be gossible to specify a background i mage area,

e
a nnviﬁﬁrﬁﬁfgﬁ?,?ﬂﬂgéo gﬁ%aPa AP e aF e PR WRF chrahe PFi®tire of the

baCkgngnghén?ggme from which the mixed pixel data is extracted
based on the motion of the background object. The covered
10 background area/uncovered béckground area specifying means
may specify an area in which the predictive error is greater
than or equal to a predetermined threshold és'the uncovered
background area.
The relational~expres§ion generating means méy generate
15 the plurality of relational expressions by extracting, in |
correspondence with the designated pixel, the mixed pixel
data indicating the mixture state in which the plurality of
objects are mixed from the designated frame and‘the
peripheral frame based on the motion of the foreground
20 object and also by extracting, in correspondence wiﬁh each
item of the mixed pixel data, the background pixel data
corresponding to the background object from the frame
subsequent to the frame from which the mixed pixel data is
extracted based on the motion of the background object. The

25 covered background-area/uncovered background area specifying




area and the noving object imge area occurs. Brief Description of the
Drawings Fig. 1 illustrates an enbodi nent of an inmage processi Q@ Deppgsat us
according to the present invention. Fig. 2 is a block diagramillustrating
the i mage processing apparatus. Fig. 3 illustrates the imge capturing
performed by a sensor. Fig. 4 illustpgtes the arrangenent of pixels. Fig.
5 illustrates the operation of a detection device. Fig. 6Aillustrates an

i mge obtained by imge-capturing an object corresponding to a noving
foreground and an object corresponding to a stationary background. Fig. 6B
i |l ustratess anappdglecdfyaan i asge iobtwliinbdthy prageticapturimgiayrmebject
corresponding to a noving 23 Decenber 2005 - 30 foreground and an obj ect
corr espbhah ey tegual. &¢ &t ivgrdeyerngackigtbuasholl gs %he |daystedtleackyrisasigr ound
area, a foreground area, a mxed area, a covered background area, and an
uncover é8¢%- background area Fig. 8 illustrates a nodel obtained by
expanding in_the tine direction_ the pixel values of pixel's aligned

si de- by si delPn RATFAREISOEEaI'HeR bY IREGEXES WPTHF aff olfj egtsignated
correspgnding fo.a stationary foreground and an the object 10 corr ondi ng
PR TR AT T i T Ao S Bt e S

val ues are; expanded Lo the tijie direction and the,per)od corrsspanding
corresponding to a background object which forms a background among
a plurality of objects of the image data, and also, designated pixel
data of the designated pixel contalned in the designated frame may
be extracted so as to generate a plurality of relational expressions
concerning the designated pixel indicating the relationship between
the designated pixel data and the background pixel data. The
mixture ratic indicating the mixture state of the plurality of
objects in the real world concerning the designated pixel may be
detected based on the relational expressions. The predictive error
may be calculated by substituting the detected mixture ratio into
the relational expressions. Based on the predictive errcr, it may
be specified whether an area to which the designated pixel belongs
may be a mixed area in which the plurality of objects are mixed and
may be also a covered background area formed at a leading end in the
moving direction of a foreground object which forms a foreground
among the plurality of objects, or may be the mixed area and may be

also an uncovered background area formed at a trailing end




to the shutter tine is divided. Fig. 10 illustrates a nodel in which pixel
val ues are 15 expanded in the tine direction and the period cqag%%ﬁogﬂing
to the shutter tine is divided. Fig. 11 illustrates a nodel in i el
values are expanded in the tine direction and the period corresponding to
the shutter time is divided. 20 Fig. 12 illustrates an exanple in which
pixels in a foreground area, a background area, and a m xed area are
extracted. Fig. 13 illustrates the relationshi ps between pixels and a
nodel obtai ned by expandi ng the pixel values in the 25 tinme direction. 23
Decenbei, 2Q@a Rhdink4 diddstbAt % acimdebridrothiaChpioel, validesnaf epe
expanded in the tinme direction and the period corresponding to the shutter
tine issgbyimded whitherlBhil husd rtat @8ian MdeldesDgidteh ppikx el basdrdesnage 5
expanded in the time direction and the period corresponding to the shutter
time isbdiyifteegrbugd dk@ai bbnsigtdingsoa smdelforagwdimh opijket a@lpwasnas e
expanded in the tinme direction and the period corresponding to the shutter
tine iswdieh dedm 1BeFigregkpuntl| osiect s a bedejraumdnaireh pexsistiabues are
expanded in the tine direction and the period corresponding to the shutter
time isonlwikdedorrinf obgert | eincacass avrisdeforn Wsi SRChIR®INY gPURSt ar e

expanded in the tine direction and the period corresponding |,
In example embodiments of the present invention,, it may be

possible to specify a background image area, a moving object image
area, and an image area in which the mixture of the background image

area and the moving object image area occurs.

Brief Description of the Drawings
Fig. 1 illustrates an embodiment of an image processing
apparatus according to the present invention.

Fig. 2 is a block diagram illustrating the image 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.

Fig. 6A illustrates an image obtained by image-capturing an
object corresponding to a moving foreground and an object
corresponding to a stationary background.

Fig. 6B illustrates a model of an image obtained by image—

capturing an cbject corresponding to a moving




processing for adjusting the anobunt of notion blur. Fig. 20 is a bl ock
diagramillustrating the configuration of a m xture-rz§bechlesb@g or 103.
20 Fig. 21 illustrates an exanple of the ideal m xture ratio a. Fig. 22
illustrates a nodel in which pixel values are expanded in the tine
direction and the period corresponding to the. shutter tine is divided. 25
Fig. 23 illustrates a nodel in which pixel values are 23 Decenber 2005 - 32

10 expanded in the time direction qnqu}hp period corresponding to the
shutter tinme is divided. Fig. 24 illustrates the selection of pixels- Fig.
25 illustrates the selection of pixels. Fig. 26 is a block diagram
illustrating the  configuration of an estinated-m xture-rati o processor
201. Fi §oregrryngd epdweéRapbliprctuseraesngnihsgpitocassiagiboerycal cul ating
the estimated m xture ratio. Fig. 28 is a flowhart illustrating the
process%ﬁ FGPULEa| cul ating the mixture ratio estimation by using a nodel

according tg.a c Veifd background area. Fig. 29 is‘a block diagram
i |lustrati n‘gl%mo hit 1 BBhERGuF afti BACSETPHRINPYEr e A HATEXAER @2 ,103.

Fi g. 30aihkg3&rates a straigg& Line for gpgroxinating ,

area, a cove ackgroun rea, and an uncovered
5 background area.

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

10 corresponding to é stationary background.

Fig. 9 illustrates a model in which pixel valués 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

15 expanded in the time direction and the period corresponding
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
o the shutter time ié divided.

20 Fig. 12 illustrates an example in which pixels in a
foreground area, a background area, and a mixed area are
extracted;

Fig. 13 illustrates the relationships between pixels
and a model obtained by expanding the pixei values in the

25 time direction.



15 the mixture ratio a. Fig. 31 illustrates a plane for approximting the
m xture ratio a. Fig. 32 illustrates the relationships of the pixels in a
plurality of franmes when the mxture ratio a is cal cubhDecembe2@065g. 33 is

a flowchart illustrating the mxture-ratio- estimating processing by using

a nodel corresponding to a covered background area. Fig. 34 is a block
diagramillustrating still another configuration of the mxture-ratio

cal culator 103. 25 Fig. 35 is a block diagramillustrating the 23 Decenber
2005 - 33 configuration of an area specifying unit 104. Fig. 36
illustrates the determ ning processiig ~performed by an
uncover ed- background-area determning portion 303. 5 Fig.. 37 illustrates
t he determ ning processing perfornmed by the uncovered-background-area

det er mi ni ng giREr 4001303+ rEkB@s 3Bmbhbyst hakRs ANpEXANPLE1 065 3 s NPUL | Mage.

Fig. 39 illustrates an exanple of area determning 10 results. Fig. 40
i || ust e ddy exaflee OinadldaedeliehMafidn@hed geilos BirGespbnblibystrates an
exanple of an input inmage- Fig. 42 illustrates an exanple of area '

det er mtw nthe Ehutasay HSme is divided.
Fig. 15 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. 16 illustrates a model in which pixel values are
expanded in tﬁe time direction and the period corresponding
to the shutter time is divided.

10 _ Fig. 17 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.

Fig. 18 illustrates a model in which pixel ﬁalues are
expanded in the time direction and the period corresponding

15 to the shutter time is divided.

_ Fig. 19 is a flowchart illustrating the processing for
adjusting the amount of motion blur.

Fig. 20 is a block diagram illustrating the
configuration of a mixture-ratio calculator 103.

20 A Fig. 21 illustrates an example of the ideal mixture
ratio a. |

Fig. 22 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. 23 illustrates a model in which pixel wvalues are




Fig. 43 illustrates an exanple of area determning results. Fig. 44 is a
bl ock diagramillustrating another configuration of the area specifying
unit 104. 20 Fig. 45 is a block diagramillustrating 23 DeterabartZGe% .
configuration-of the area specifying unit 104. Fig. 46 is a block diagram
illustrating a further configuration of the area specifying unit 104. Fig.
47 is a flowhart illustrating the area specifying 25, processing. 23
Decenber 2005 - 34 Fig. 48 is a flowhart illustrating the processing for
speci fying a covered background areas,. Fig. 49 is a flowhart illustrating
the processing for specifying an uncovered background area. 5 Fig. 50 is a
bl ock diagramillustrating an. exanple of the configuration of a
foreground/bgcéground separator 105. Fig. 51A illustrates an input inage,
a f or egPBBARYEOPBNERE FHER I i ERRt oD rigith Pedinso verir gspegeingFi g. 51B
illustrates an input inpge,, a foreground 10 conponent inmage, and a
backgrogﬂdg%3n§%ﬂ€5 rf?ﬁg%.%qutfl illustrates a nodel in which pixe

val ues are xpanded .i.n the ti direction and the period corresponding to
t he shutterlﬁi' qﬁ@”ﬂﬂ&Fﬂ%&ﬁ?ﬁ h85§eﬁFFG§PPaPéspéXﬁﬁﬁel in which pixe

VEVRE S B ARG LB E L per 00 correspondi
5 Fig. 26 is a block diagram illustrating the
configuration of an estimated-mixture-ratio processor 201.
Fig. 27 is a flowchart illustrating the processing for
calculating the estimated mixture ratio. |
Fig. 28 is a flowchart illustrating the processing for
10 calculating the mixture ratio estimation by using a model
according to a covered background area.
Fig. 29 is a block diagram illustrating another
configuration of the mixture-ratio calculator 103.
Fig. 30 illustrates a straight 1ine.for approximating
15 the mixture ratio o.
Fig. 31 illustrates a plane for approximating the
mixtﬁre ratio a.
Fig. 32 illustrates the relationships of the pixels in
a plurality of frames when thermixture ratio o is calculated.
20 Fig. 33 isra flowchart illustfating the mixture-ratio- .
estiﬁating processing by using a model.corresponding to a
covered background area. |
Fig. 34 is a block diagram illustrating still another
cdnfiguratiép of the mixture-ratio calculator 103.

25 -. Fig. 35 is a block diagram illustrating the




Fig. 54 illustrates a nodel in which pixel values are expanded in the tine
direction and the period corresponding to the shutter tinme is divided. 20
Fig. 55 is a block diagramillustrating an exanpl e of23 DheerctgifZ06r ati on of
a separating portion 601. Fig. 56A illustrates an exanple of a separated
foreground conponent inmage. Fig. 56B illustrates an exanple of a separated
. 25 background conponent inmage. 23 Decenber 2005 - 35 Fig. 57 is a
flowchart illustrating the processing for separating a foreground and a
background. Fig. 58 is a block diagramillustrating an exanple of the
configuration of a notion-blur adjusting unit 106. 5 Fig. 59 illustrates
the unit of processing. Fig. 60 illustrates a nodel in which the pixel
values of a foreground conponent imge are expanded in the time direction

and t heopdiigodatabhe S0 A &thost%i$P§!hbeﬁnl{:WE04i.S divided. 10 Fig. 61
illustrates a nodel in which the pixel values of a foreground conponent

i mge are erpgnded inlhberater théreetédammnt theodgesdiaty corresponding to
‘the shutter time is divided. Fig. 62 illustrates a nodel in which the
pi xel pekfiesmeliSbgl an horegeaeddbeokpooeni-isnegedaterekpingled in the tine
direction and the period corresponding to the shutter time is divided.
portion 303. .
5 Fig. 37 illustrates the determining processing
performed by the uncovered-background—-area determining
portion 303.
'~ Fig. 38 illustrates an example of an input image.
Fig. 39 illustrates an example of area determining
10 resulté.
Fig. 40 illustrates an example of area determining
results.
Fig. 41 illﬁstrates an example of an input image.
Fig. 42 illustrates an example of area determining
15 results.
Fig. 43 illustrates an example of area determining
results.
Fig. 44 is a block diagram illustrating another
lcpnfiguration of the area specifying unit 104.
20 Fig. 45 is a block diagram-illustrating still another
configuration of the area specifying unit 104.
Fig. 46 is a block-diagram,illugtrating a furthef
configuration of the area specifying unit 104. |
Fig. 47 is a flowchart illustrating the area specifying

- 25, processing.



Fig. 63 illustrates a nodel in which the pixel values of a foreground
conponent inage are expanded in the time 20 direction and the period
‘corresponding to the shutter tine is divided. Fig. 643i0dcu@mbecdo®®s an )

. exanpl e of another configuration of the notion-blur adjusting unit 106.
Fig. 65 is a flowhart illustrating the processing for 25 adjusting the
anmount of notion blur contained in a 23 Decenber 2005 - 36 foreground
conponent inmage perfornmed by -the notion-blur adjusting unit 106. Fig. 66
is a block diagramillustrating an exanple of another configuration of the

noti on-bl ur adjusting unit 106. 5 FP§-"67 illustrates an exanple of a
nmodel in which.the rel ationshi ps between pi xel val ues and foreground
conponents are indicated. Fig. 68 illustrates the cal cul ati on of
foreground Togposenis.a 101 dwdchaf illlussiratiesy the ¢alcadsatingn rek
foreground conponents. Fig. 70 is a flowhart illustrating the processing
for el spepatyaggnet conebédrbeckdeuredl area. foreground. 15 Best Mde-for
Carrying Qut the Invent-ion Fig. .1 illustrates an—enbodi ment of an inage

processi ng Bppardt uss atcorakaigrito ifllespresdmiy itnee piroeessAnGPBox( Cent r al
Processing Unit) 21 .executes various types of processing according to
progr anEPSEHEEHNY nan WO YReed @tkground area.

S Fig. 50 is a block diagram illustrating an example of
the configuration of a foreground/background‘separator 105.

Fig. 5IA illustrates an input image, a foreground
component image, and a background component image.

Fig. 51B illustrates an input image, a foreground

10 component image, and a background component image.

Fig. 52 illustrates a model in which pixel values are
expanded in the time direction and the period correspdnding
to the shutter time is divided.

Fig. 53 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. 54 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.

20 Fig. 55 is a block diagram'illustrating an example of
the céﬁfigurétion of a separating portion Gdl.

Fig. S56A illustrates an example of a separated
foreground component image. |

Fig. 56B iliustrates an.example of a separated

25  background component image.



20 Mermory) 22 or in a storage unit 28. Prograns executed by the CPU 21 and
data are stored in a RAM (Random Access Menory) 23 as required. The CPU
21, the ROM 22, and-the RAM 23 are connected to each28Ckeembény20@5bus 24.
An input/output interface 25 is also connected to the -~25 CPU 21 via the
bus 24. An input unit 26, which is forned of 23 Decenber 2005 - 3 7 -Wa
keyboard, a nouse, a m crophone, and so on, and an output wunit 27, which
is formed of a display, a speaker, and soon, are connected to the

i nput/output interface 25. The CPU 21 executes various types of processing
in response to a 5 command i nput fTof?t he input unit 26. The CPU 21 then
outputs an image or sound obtained as a result of the - processing to the
output unit 27. The storage unit 28 connected to the input/output

interface 2¥iigs 50 med aofElokehagxaipllestaakand @hekprabdsiOngt 86£S . prograns
executed by the CPU 21 and various types of data. A comunication unit 29
conmmunisEpasa vind anfedgrnald athel iac dadkarrddumd .nt er net or anot her net worKk.
In this exanple, the conmunication unit 29 serves--as an obtaining unit for
obt ai ni ng afigut pét ief aabdenkodiagbail telnatiraeliyig anpesgnabenay be
obtained via the communication unit 29 and stored in the storage unit 28.
A dri vé&EBsy agrienad-ioe ofe ai modtioourbgdur adjersftdiog 25idr 106s a magnetic

di sk 51, an_optical disc 52, a nagneto- optical disk 53, a sem conductor
nendry 54, Ei9the?| ikéustyptapebhsuenib e&cprdiragsimdiumis attached to the

drive 30, . .
_ Fig. 60 illustrates a model in which the pixel values

of a foreground component imagé are expanded in the time
direction and the period correspoﬁding toc the shutter tiﬁe
is divided.

10 : Fig. 61 illustrates a model in which the pixel values
of a foreground component image are expanded in the time
Qirection and the period corresponding to the shutter time
is divided.

Fig. 62 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. 63 illustrates a model in which the pixel valuesl
of a foreground cohponent image aré expanded in the time

20 direction and the period corresponding té the shutter time
is divided.

Fig. 64 illustrates an example of another configuration
of the motion-blur adjusting unit 106. |
Fig. 65 is a flowchart illustrating the processing for

25 adjusting the amount of motion blur contained in a




and obtains a programor data stored in the corresponding nedium The

obt ai ned programor data is transferred.to the storage unit 28 and stored
therein if necessary. .Fig. 2 is a block diagrami || u23 batemizgertZ85i nage .25
. processing apparatus. 23 Decenber 2005 - 3 8 - It does not nmatter whether
the individual functions of the inmage processing apparatus are inplenented
by hardware or software. That is, the block diagranms of this specification
may be hardware bl ock diagranms or software 5 functional block diagrams. In
this specification, an inmage to be_cg'tgred corresponding to an object in
the real world is referred to as an iI'mage object. An input inmage supplied
to the image processing 10 apparatus is supplied to an object extracting
unit 101, a mxture-ratio calculator 103, an area specifying unit 104,

and a fbPEGFHIWYT barikepRid Yepae arerfaosed Tie Wiy evttiontdewi ng unit 101
extracts_a rough image object corresponding to a foreground object

cont ai R_RYFREIEE UL R- | nage, and supplies the extracted i mage object to

a notion d%t.ectog 102. ghe obj ect extracting unit~101 detects, for
exanpl e, an "o® i%e 15t 3 ReOclr S4RSEAT iitdiS tEBitéRe aBoRKAMALE P& the i nput

i mge sQ to extr.act rough. inmage object corresponding to the
foregro%rh(gé%%lf e%?rftr = Od’oj%éfctt AT HP I @EEE R ¥8dd 40fough i mage

obj gct correspongdi,ng;g.2,Qackargund object ccontalned in 1he. e
relationships between pixel values and foreground components
are indicated.

Fig. 68 illustrates the calculation of foreground
compdnents.
10 Fig. 69 illustrates the calculation of foreground
components, |
Fig. 70 is a flowchart illustrating the ptocessing for

eliminating motion blur contained in a foreground.

15 Best Mode for Carrying Out the Invention
Fig. 1 illustrates an embodiment of an image processing
apparqtus according to the present invention. A CPU
(Central Processing Unit) 21 executes various types of
processing according to programs stored in a ROM (Read Only
20 Memory) 22 or in a sforage unit 28. Programs executed by
the CPU 21 and data are stored in a RAM (Random Access
Memory) 23 as required. The CPU 21, the ROM 22, and the RAM
23 are connected to eaéh other by a bus 24. |
An input/output interface 25 is also connected to the

- 25 CPU 21 via the bu3724.- An input unit 26, which is'formed of



E

i nput inmage, and supplies the extracted i mage object to the. notion
detector 102. The object extracting unit 101' extracts a rough imge
obj ect corresponding to the 25 background object frong3Decereba®08, the
di fference between 23 Decenber 2005 - 39 the input imge and the

extract ed i'mage. obj ect corresponding to the foreground object.

Alternatively, for exanple, the object extracting unit 101 may extract the
rough i mage object corresponding to the foreground object and the rough
i mge object corresponding to the. background object fromthe difference
bet ween the background i mage stored?m a built-in background nenory and
the i nput inmage. The notion detector 102 cal culates a notion vector of 10
the roughly extracted image object corresponding to the foreground object
accordangeyhoaraecbnmquee,suChic&%ﬁhbﬁék aﬂat§B|Bﬁu_ﬁhadhﬁnbutﬁbﬁse
correlation, or pel-recursive technique, and supplies the cal cul ated
not i onunéét @7, antlitheippbemedeetton paspliagnak bpbakerti and(wbieh,is
information 15 for specifying the positions of the pixels corresponding to
t he noairencesoeokydt bot hbenixputdeonapie tateuFater 2503 and cbbe2mpoti on- bl ur -
adj usting unit 106. The notion vector output fromthe notion detector 102
cont ai A¥erutesnueroausokypspondi pgotesshegaimunespbnaeveneat 20 v. The
notion detector 102 may output the notion vector  of ,
command input from the input unit 26. The CPU 21 then
outputs an image or sound obtained as a result of the
processing to the output unit 27.
The storage unit 28 connected to the input/output
interface 25 is formed of, for example, a hard disk, and
10 stores programs executed by the CPU 21 and various types of
data. A communication unit 29 communicates with an external
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.
i5 Alternatively; a program may be obtained via the
communication unit 29 and stored in the storage unit 28.
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 semiconductqr memory 54, oxr the like,
20 when such a recording medium is attached to the drive 30,
and obtains a program or data stored in the corresponding
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 image

25 processing apparatus.



~a") an
assunegt hatr thdageni Xehatbalsgngaet blackodérgdaback§r 6BA8 area, which is one

each i mage object, together with the pixel positional information for
specifying the pixels for the i mrage object, to the notion--blur adjusting
unit 106. 2.5 The anpbunt of novenent v is a val ue i nd8&ecagber Z®SDecenber
2005 -- 4 0 - positional change in an inmage corresponding to a noving
object in units of the pixel pitch. For exanple, if an object image
corresponding to a foreground is noving such that it is displayed at a
position four pixels anay froma 5 reference frame when it is positioned in
t he subsequent frane, the anobunt of novenent v of the object inage
corresponding to the foreground is 48 The object extracting unit 101 and
the notion detector 102 are needed when adjusting the anount of notion
blur 10 corresponding to a noving object. Based on the input inmage and the

notion vectpr apdsthst MPELEEOned e ofmat imedi ¢ frbraebf fuppldned offr om t he

notion detector 102, the mxture-ratio cal culator 103 generates the

-eSti”gﬁﬁﬂiﬂhﬁ%ub%ob@%b&n@habghaatherarefémpédeDtaé bnehasdwag&ture ratio
the corresponding m xture-ratio related information when it is

portion of the m xed area, and al so generates the estimated m xture

ratio, spYcalEiicatile maxt iee hnativeret blbekedippue®d, CAngCf HE229

corresponding m xture-ratio related informati on when it is assuned that the

pi xgl Rimtgeiad i oske ciegag@misackground area, which is the other portion

of the m xed area. The ]
in this specification, an image 1o be captured

corresponding to an object in the real world is referred_to
as an image obiject.
An input image suppliéd to the image processing

10 apparatus is supplied to an object extracting unit 101, a
mixture—-ratio calculator 103, an area specifying unit 104,
and a foreground/background sepa;ator 105.

The object extracting unit 101 extracts a rough image
object corresponding to a foreground object contained in the

15 input image, and supplies the extracted image object to a
motion detector-ldz. The object extracting unit 101 detects,
for example, an outline of the foreground image object

"dontained in the input image so as to extract a rough image
- object corresponding to the foreground ocbject.

20 ‘ The object extracting unit 101 extracts a rough image
objecf corresponding to a background object contained in the.
input image, and .supplies the egtracted image object to the
motion detector 102. The object extracting unit 101

.extracts a rough image object corresponding to the

25 background object from, for example, the_difference bepween




m xture-ratio cal cul ator 103 supplies the two generated estimated m xture
ratios and the corresponding m xture-ratio 25 related information to the
area specifying unit 104. 23 Decenber 2005 - 41 The 26 Réesmeber200% a is a
value indicating the ratio of the inmage conponents corresponding to the
background object (hereinafter also be referred to as "background
conponents") to the pixel value as expressed by equation (3), which is 5
shown bel ow. Details of the covered background area and the uncovered
background area are given bel ow. The area specifying unit 104 specifies:
each pixel. of the input inmage as- t3we -foreground area, the background
area, 10 or the m xed area based on the input imge and the two estinmated
m xture ratios and the corresponding m xture-ratio related information

lied-fc h i xt -rati | cul.at. 103, . | i i,nf ti
ol cath g FBCiaRotof bl b B P deRgaCh ot Res BRE PR ERASEP AR Sor the
m xed 13 @ afgggpﬁghﬁalogfggggs (hereinafter referred to as the "area

i nformation™) t or egr ound/ background separater 105 and the

ot bl I Pk S} Nl e dD00u i) 87 0B 5P L N LPLLe 108 gener at es ¢ he

mxture ratio a based on t generated area ormation, ¢ e two .20
estimigd mhyt Ukerhati eﬁeaﬁgugﬁ,eiﬁgg,eegag,e@tneomggaﬁaiﬁ | 0, fgbated
i 0o

information supplied fromthe m xture-ra cal culator 103, and supplies
thes geperagedufiixbbfectath@ 8het @obBe finkrgar eypdibackgraypdngengr ator 105.
to the background object from the difference between the
background imaée stored in a built-in background memory and
.the input image. |
The motion detector 102 calculates a motion vector of
10 the roughly extracted image object corresponding to the
foreground'object according to a technique, such as block
matching, gradient, phase correlation, or pel-recursive
technique, and supplies the calculated motion véctor and the
motion-vector positional information (which is informatioh
15 -for specifying the positions of the pixels corresponding to
the motion vector) to the mixture-ratio calculator 103 and
the motion-blur adjuéting unit 106.

The motion vector output from the motion detector 102

contains information corﬁesponding to the amount of mévement
20 .

The motion detector 102 may output the motion vector of
each image object, together with the pixel positional
information for specifying the pixels for the image object,
to the motion-blur adjusting unit 106.

25 . . The amount of movement v is a value indicating a



The foreground/ background separator 105 separates the = 25 input inage into
a foreground conponent image forned of only 23 Decenber 2005 - 42 the

i mage conponents corresponding to the foreground obj ees Decbmbeai 206t er al so
be referred to as "foreground conponents”) and a background conponent

i mge fornmed of only the background conponents based on the area
information and the .5 mixture ratio a supplied fromthe area specifying
unit 104, and supplies the foreground conmponent inmage to the notion- blur
adjusting unit 106 and a selector 107. The separated foreground conponent
i mage may be set as the final output .40 A nore precise foreground and
background can be obtained 10 conpared to a known nethod in which only a
foreground and a background are specified w thout considering the m xed
area. pbeimabhal- bhingadiHShhngmbget cd08e8pbpaMMHCEot Bemgpiagof processing
irndicating at | east one pixel contained in the foreground conponent image
based onbtiketatounhioé obvenenpivellpiebhai nedrfegamphe, norigm vector and
based on the area information. The unit of processing is data that

speci fi ebjeatginageotopirrspsnidnhetsudj e6tegroond hes nabv Ong bdwch

adj ustments. Based on the anpunt by which the notion-blur is to be 20

adj ust e@haghii€hipsdisplayedt att Aeposhyeopr Hoes spige hppavay ubrom tde
foreground conponent image supplied fromthe foreground/ background
sepégat6Pf963?cﬁh€fﬂ%?iEHEVeétoiSam@Sith@nﬁ@simibh@ISﬂh$©qm®mton t her eof
supplied fromthe notion detector 102, and the unit of processing, the

mot i on- bEFgRe, the amount of movement v of the object image
corresponding to thé foreground is 4.

The object extracting unit 101 and the motion detectér

102 are needed when adjusting the amount of motion blur
16 corresponding to a moving cbject.

Based ‘'on the input image and the motion vector and the
positional information thereof supplied from the motion‘
detector 102, the mixture-ratio calculator 103 generates the
estimated mixture ratio (hereinafter referred to as the

15 "mixture ratio a") and the corresponding mixture-ratio
related information when it is assumed that the pixel
beldngs to a covered background area, which is one portion
of the mixed area, -and also generates the estimated mixture
ratio, which is the mixture ratio_to be estimated, and the

20 corresponding-miXture—raﬁio related information when it is
assumed that the pixel belongs to an uncovered background
area, which is the other portion of the mixed area. The
mixture—ratio.calculator 103 supplies the two generafed'
estimated'mixtﬁre ratios and the corresponding mixture-ratio

 25 related information to the area specifying unit 104.



25 adjusting unit 106 adjusts the. amount of notion blur 23 Decenber 2005 -
43 contained in the foreground conponent inage by renoving, decreasing,

or increasing the notion blur contained in the foregpgmadeibsnaooent i mage.
The notion-blur adjusting unit 106 then outputs the foreground conponent -
image in which 5 anount of notion blur is adjusted to the selector 107. It
is not essential that the notion vector and the positional information

t hereof be used. .Mdtion blur is a distortion contained in an inage
corresponding to a noving obj ect caused by the novement of 10 an'object to
~be captured in the real world and thetiAage- capturing characteristics of
the sensor. The selector 107 selects one of the foreground conponent inmage
supplied fromthe foreground/background separator 105 and the foreground

conponent i e ich_ 15 the.amunt .of noti.on . blur_ is ad] uste supplied
fromthe ng?%on %Fﬁ? ad Jclf)ltr%g un|tviagebéggacgﬁlngthsxﬁ

e ot ol LRGP T ATLESH Th TS né%é% tor voessi ng

foreground co I mage ge supp

20 app%@ﬂad&t@ﬁ%me%eb@e%f@ehh refa%r R0 Efngasfoﬁlpoh%%gh 18. Fig.

3 illustrates image capturing performed nsor he“sensor is forne

of, foreexH®lfixed GaRuel Qa,aregg%rg%ré'de@y%\&u%%)low 489 CafRla RLovided with

a CCD 25 area sensor, which is a solid-State i nmage-capturing device.
5 shown below.

Details of the covered background area and the
uncovered background area are given below.
The area specifying unit 104 speéifies each pixel. of
the input image as the foréground area, the background area,
10 or the mixed area based on the input image and the two
estimated mixture ratios and the corresponding mixture-ratio
related information supplied from the mixture-ratio
calculator 103, and supplies information indicafing to which
of the foreground area, the background area, or the mi#ed
15 area each pixel belongs (hereinafter referred to as the
"area information") to the foregroﬁnd/background separatdrr
105 and the motion-blur adjusting unit 106.
The area specifying unit 104 generates the mixture
‘ratio o based on the generated. area information, and the two
20 estimated mixture ratios and the corresponding miiturenratio
related infermation supplied from the mixture-ratio
calculator 103, and suppiies.the-generated mixture ratio o
to the foreground/background separator 105.
The foreground/background separator 105 separates the

. 25 input image into a foreground component image formed of only



23 Decenber 2005 44 An object ill. corresponding to a foreground in the
real world noves, for exanple, horizontally fromthe left to the right,
bet ween an object 112 corresponding to a background. 23dbetember 2@0%sor. 5
The sensor captures the inmage of the object 111 corresponding to the

foreground together with the i mage of the object 112 corresponding to the

background. The sensor outputs the captured inmage in units of frames. For
exanpl e, the sensor outputs an i mage having 30 frames per second. 10 The
exposure tinme of the sensor can be 1/30 second. The exposure tine is-a
period from when the sensor starts™ é nverting input light into electrical
charge until when the conversion fromthe input |ight to the electrical
charge is finished. The exposure tine is also referred to.as a 15 "shutter
time". Ehg. idagkl oempatestsheoareapgedeny 66 phéeksredbolmd.obfectA t hrough
. indicate the individual pixels. The pixels are disposed on.a plane of a
correspéheragnaftge. abse bdereféroaddevi ge tHoregpound nopmoeacts'Pi xel is
di sposed on 20 the sensor. Wen the sensor perforns image capturing, each
det ect i ®pddevbeekguepud scampprent vihage of orthed cof respyntieng  pi xel form ng
t he inage. For exanple, the position of the detection device in the X
di rect i BACkeFPRBPoAABPPReR he haPed 0Pk atheli #Eea | hferma kol gk thehil e the
position,of the 25 detection device in the Y direction corresponds to the
23 EkceﬂbﬁFu§@0§atlo o supplied from the area specifying unit 104,
and supplies 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
10 compared to a known method in which only a foreground and a
background are specified without considering the mixed area.
The motion-blur adjusting unit 106 determines the unit
of processing indicating at least one pixel contained in the
foreground component image based on the amount of movement v
15 obtained from the motion vector and based on the area
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
290 adjusted, which is input into the image processing apparatus,
the fdregroubd component image supplied from the
foreground/background separator 105, the motion vector and
the positional information thereof supplied from the motion

detector 102, and the unit of processing, the motion-blur

25 adjusting unit 106 adjusts the. amount of motion blur




- 45 wvertical direction on the image. As shown in Fig. 5 the detection
device, which i.s, for exanple, a CCD, converts input light into electrical
charge during a period corresponding to a shutter ti28Desenbat2008s 5 t he

converted electrical charge. The anmobunt of charge is al nbst proportiona

to the intensity of the input light and the period for which the light is
i nput. The detection device sequentially adds the electrical charge
converted fromthe input light to the stored electrical charge during 10
the period corresponding to the shutter tinme. That is, the detection
device integrates the input light d#3ng the period corresponding to the
shutter tinme and stores the electrical charge corresponding to the anount.
of integrated light. It can be considered that the detection device has 15

an '”tQﬁﬁﬁkhﬂﬁxfHEP&M%”fW&%Brb%%He%bmen%h@E1ﬁ£@% g&eggﬁbgahgcharge stored
in the detection device is “converted into a voltage value by a CIFCUIP

(not shpwveasaRd bhe ivekkadenyaktue hSthivnt Beirceshent 8ddi AhOtAePi Xel

val ue, such as dlglta data, and is output. Accordingly, each 20 pixel

val ue @érfgrdundmcoi@onentofinaged Vahdemphajoachedrondguskingatnspace, which
is aresult of integrating a certain three-dinmensional portion of the

obj ect 1dd@ rideporditpg tko thee fotregeguadndomponka tbankgeoundwhiith respect to
the shutter tine. 25 The image processi ng apparatus extracts significant
23 Pecempamt2@I5mddion blur is adjusted to the selector 107. It
is not essential that the motion vector and the pdsitional
information thereof be used.

Motion blur is a distortion contained in an image
corresponding to a moving object caused by the movement of

10 an object to be captured in the real world and the image-
capturing characteristics of the sensor.

The selector 107 selects one of the foreground
éomponent image'supplied from the foreground/background
separatorAlos an& the foreground component image in which

15 the amcunt of motion blur is adjusted supplied from the
motion-blur adjusting unit 106 based on, for example, a
selection signal7reflecting a user's selection, aﬁd outputs
the selected foreground éomponent image.

An input image supplied to the image processing

20 apparatus is discussed below with reference to Figs. 3 -
througﬁ 18.

Fig. 3 illustrates image capturing performed by a
sensor. The sensor is formed of, for example, a CCD

(Charge-Coupled Device) video camera provided with a CCD

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




i nformati.on enbedded in the output signal, for exanple, the mxture ratio
a, by the storage operation of the-sensor. The inage processing apparatus
adj usts the anmount of distortion, for exanple, the agbdetermwben®lbon bl ur,
caused 5 by.the m xture of the foreground i nage object itself. The inage
processi ng apparatus al so adjusts the anmount of distortion caused by the
m xture of the foreground i mage object and the background imge. object.
Fig. 6Aillustrates an inage obtained by capturing a 10 novi ng obj ect
corresponding to a-foreground and a.stationary object corresponding to a
background. Fig. 6B illustrates anm i*fage obtai ned by capturing a noving

. object corresponding to a foreground and a stationary object correspondi ng
to a -background. 15 Fig. 6A illustrates an i mage obtai ned by capturing a
nmovi ng ahj ebtjecar L35 posdiagpbhdand Ot €04 Ot qirsirad siratihareal obj ect ‘
correspondi ng to a background. In the exanple shown in Fig. 6A, the object
cor r espendildgmbuet hefdor egampbd, i Sor oy bgl horizontiid yidfomd ked eft to
the right with respect 20 to the screen. Fig. 6B illustrates a nodel ]
obt ai nedtibytexpabvdeay pnxebijevnl Ut2 corregpontlimy to ormdkamwifd t he | nage
shown in Fig. 6Ain the tine direction. The horizontal direction shown in
"Fig. GBnéo%hésﬁéﬂﬂgrto the spatial direction Xin Fig. 6A. 25 The val ues:
of the pixels in the background area are 23 Decenber 2005 - 47 .forned

onl y° from t hEPDaRRFTVUIRFRISHsoh s indem ofs thehebject 111

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 examnle,
the sensor outputs an image having 30 frames per second.

10 The exposure time of the sensor can be 1/30 second. The
exposure time is a period from when the sensor starts
converting input light into electrical charge until when the
conversion from the input light toAthe electricsl charge is
finished. The exposure time is also referred to as a

15 *“shutter time".

Fig. 4 illustrates the arrangement of pinels. In Fig.
4, A through I. indicate the individual pixels. The pixels
are disposed on a plane of a corresponding image. One
éetection device corresponding to each pixel is disposed on

20 the sensor. When rhe sensor performs image capturing, each

7 detection device outputs a pixel value of the corresponding
pixel forming the image. For example, the position of the
detection device in the X direction corresponds to the
horizontal direction on the image, while the pdsition of the

‘25 detection device in the Y direction corresponds to the




i mge conponents corresponding to the background object. The val ues of the
pi xel s 'in the foreground area are formed only fromthe foreground -
conponents, that is, the inage conponents correspondph@etembdre0bdr egr ound
obj ect. The values of the pixels of the m xed area are fornmed fromthe

" background conponents and the foreground conponents. Since the val ues of

the pixels in the mxed area are fornmed fromthe background conponents and
the foreground conponents, -it may be referred to as a "distortion area".
The m xed area is further classified into a covered background area and an
uncover ed background area. The cowversed -background area is a mxed area at a
position corresponding to the leading end in the direction in which the
foreground object is noving, where the background conponents are gradually

covereqé@ f&é&h%if%%%gg%pégdt%%e&mgige. In contrast, the uncovered
background area 1S a m xed area corgeéponding,to the trailing end in the

(direction igs 200wl ¢ £0E {0 e0LOURG: OBLESL dS 10N s dherE the

background “conmponent's gradual |y appear over tine.-- I Scusse

'Mage Nk, NG e ,f ebadeewld i nahear ibhe RACkILoURE 28R cRLrfbe covered
background area or the uncovered backgrfound area is input Into the area 25

- speci f g ngniat pbQ@3odt ke rFespuhaingt ke sakgautaber tifd, and 28oRegenber 2005

- 48 the foreground/ background separator 105 as the input image. Fig. 7
i | 18ist e Sonve riteck gl ewhd i ahe@achbhigel Or €¢gEOBIAEUNt of charge is

almost proportional to the intensity of thé input light and
the period for which the light is input. The detection
device sequentially adds the electrical charge converted
from the inpﬁt light to the stored electrical charge during
10 the period corresponding -to the shutter time. That is, the
detection device integrates the input light during tﬁe
period corresponding to the shutter time and stores the
electrical charge corresponding to the amount of integrated
light. It can be considered that the detection device has
15' an integrating function with respect to time.

The electrical charge stored in the detection_device is
converted into a voltage value by a circuit (not shown), and
the voltage value is further converted into a pixel value,

“such as digital data, and is output. Accordingly, each

20 pixel value output from the sensor is a value projectéd on a
1inear's§ace, which is a result of integrating a certain
three—-dimensional pdrtion of the object corresponding to the
foreground or the background with respect to the shutter
time. | |

25 The image prbcessing apparatus extracts significant



area, the nmixed area, the covered background area, and the uncovered
background area di scussed above. In the areas 5 corresponding to the inmge
shown in Fig. 6A the background area is a stationarg3Pecdmimr 200be .
foreground area is a noving portion, the covered background area of the
mxed area is a portion that changes from the background to the
foreground, and the uncovered background area of the m xed 10 area is a
portion that changes fromthe foreground to the background. Fig. 8
illustrates a nodel obtained by expanding in the tinme direction the pixel
val ues of the pixels aligned side- b¥bside in the i mage obtai ned by
capturing the image of the 15 object corresponding to the stationary
foreground and the inage of the object corresponding to the stationary

backgr oundorhatiexaspbeddas LhecRéxshepatig Bl dgoBYegdfiSre, Pinel s
arranged in one line on the screen can be selected. The pixel values

i ndi cat edxlbyrEOtathootughbfFOdhshovbride BPeFhfionSoarenyadawso®f the pixels
corresponding to the object f the stationary foreground. The pixel val ues

i ndi cat @debymBg¢ phooaghiBflagpormtns &dPusBs atiee vahoest 3£t he pixel s -
~corresponding to the object of the stationary background. Tinme el apses from
the topdistohtibott 6ori exfingled tie aBbunheofenttbanh Miwectdorsed Fig. 8.
The gOsition at the top 23 Decenber 2005 - 49 side of the rectangle in

Fi g.° 8 B¥rtBspBAdsure efethe¢nboregminind imegesecrisbecstikssltonvBrg i ng i nput

lirght into electrical charge, and the position at the bottom side of
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

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

15 Fig. 6A illustrates an image obtained by capturing a

.moving object corresponding to a foreground and a stationary
object corresponding to a background. In the example shown
in Fig. 6A, the object corresponding to the foreground is

moving horizontally from the left to the right with respect

20 to the screen.

Fig. 6B illustrates a model obtained by-expanding pixel
values corresponding to one line of the image shown in Figl
6A in the time direction. The horizontal direction shown in
"Fig. 6B correspondé to the spatial direction X in Fig. 6A.

25 The values of the pixels in the background area are




the rectangle in Fig. 8 corresponds to the tinme at which the 5 conversion
fromthe input light into the electrical charge is finished. That is; the
distance fromthe top side to the bottom side of the28&scamnberc200d Fig. 8.
corresponds to the shutter tinme. The pixels shown in Fig. 8 are descri’bed
" bel ow assuming 10 that, for exanple, the shutter time is equal to the frame
size. The horizontal direction in Fig. 8 corresponds to the spati al
direction Xin Fig. GA. Mre specifically, in the exanple show in Fig. 8,
the distance fromthe left side of 15 the rectangle indicated by "FO1" in
Fig. 8 to the right side of the_rggtangle indicated by "B04" is eight
tinmes the pixel pitch, i.e., eight consecutive pixels. Wen the foreground
obj ect and the background object are stationary, the light input into the

sensor _does not .20 _change duri t he period correspondi hg t he shutter
tlne fo fW@dpQFFdeESWr Eﬁoﬂﬁ?ggr?ﬁn?hﬁo%ﬂﬁ??%ﬁst|$ﬁ9?5&§h into two

t ds, Fo f virtual
o WToC§r B FapoRL S EhaP bR snEole Fﬁ”ﬁ?@ék%r%%é‘eo&”f”bﬁ esgnt ed by the
del The, nunber ded_pog be set
S‘Scﬁrd?ﬂé@si& %Ee?haoﬁgxef*—*”fﬁ b %°¥ér*t-*3@fe Efrvérf%iaerrf%ﬁ S The obj ect

corresgg?glggohot gefggé 959454 ﬁghgn{ e t%dgaldF%E exanpl e, the
nunber vi rtual |V|de portions iIs se unt of rovenent
vV iss 4coﬁBQnEH@sp@BkPQsﬁQﬁ&fﬁQoﬂg'Qﬂetfbreground object.
The values of the pixéls 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,
10 it may be referred to as a "distortion area". The mixed
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
.15 in which the foreground object is moving, where the
background components are gradually covered with the
foreground over time.
| In contrast, the uncovered'background area is a mixed
area corresbonding to the trailing end in the direction in-
20 which the foreground.object is moving, where the background
componénts gradually appear over time.
As discussed above, the image ¢ont§ining the foreground
area, the background area, or the covered background area or
the uncovered background area is input into the area

25 specifying unit 103, the mixture-ratio calculator 104, and



5 the shutter tinme is divided into four portions. The uppernost line in -
Fig. 9 corresponds to the first divided period fromwhen the shutter has
opened. The second Iline in, Fig. 9 corresponds to the3dmwemted20nsded

.period from when-the shutter has opened. The third line in Fig. 9 10
" corresponds to the third divided period fromwhen the shutter has opened.

The fourth line in Fig. 9 corresponds to the fourth divided period from
when the shutter has opened. The shutter tine divided in accordance with
the amount' 15 of novement v is also hereinafter referred to as the
"shutter time/v". Wen the object ctofPesponding to the foreground is
stationary, the light input into the sensor does not change, and thus, the
foreground conponent FO1l/v is equal to the 20 val ue obtai ned by dividing

the pi xgheVvabuegFOindibd ey rouerse@irydidt uads dvidad PR QRsgeSi Ml arly,
when the object corresponding to the foreground is stationary, the

f oreground winporteritl 1%/aties afitdlbadokdririndalbieagbtaiengd by rodhai di ng the
pi xel value FO02 by the nunber of virtual 25 divided portions, the

f or egr canda ¢ otipeeitedF3fea | stleguadvére® bduaperd 206 5hridhaneal ue

obtai ned by dividing the pixel value FO3 by the nunber of virtual divided
por t i orgnceyeredebdchmyrouhd rex ohponestediovd.s dogualhe andaa val ue
obtained by dividing the pixel value FO4 by the nunber of virtual divided
5 pértigggpeSponding to the image shown in Fig. 6A, the background

area is a stationary portion, the foreground area is a
‘moving portion, the covered baékground area of the mixed
area is a portion that changes from the background to thé
fpreground, and the uncovered background area of the mixed

10 area is a portion that éhanges from the foreground to the
background.

Fig. 8 illustrates a model obtained by expanding in the
tihe direction the pixel values of the pixels aligned side-
by-side in the image obtained by captﬁring the image of the

15 object corresponding to the stationary foreground and the
image of the object cérresponding 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 pixei values indicated by F01 through F04 shown in

20 Fig-‘B are values of the pixelé corresponding to the object

. of the“stationary foreground. 'Thé pixel values indic%ted by
B01 through B04 shown in Fig. 8 afe values of the pixels
corresponding to the object of the stationary backgrouhd.

Time elapses from the top to the bottom in Fig. 8 in

25 the.vertical direction in Fig. 8. The position at the top.



15 When the object corresponding to the background is stationary, the
light, input into the sensor does not change, and thus, the background
conponent BOl/v is equal to the value obtained by di psddegmbaezqusxel val ue
BO1 by the nunber of virtual divided portions. Simlarly, when the objéct
correspondi ng to the background is stationary, the .background conponent
BO2/v is equal to the value obtained by dividing the pixel value B02 by
the nunber of virtual divided portions, the background conponent B03/v is
equal to the value obtained by dividing the pixel value B03 by the nunber
of virtual divided portions, and theidackground conponent B04/v is equal
to the value obtained by dividing the pixel value B04 by the nunber of
virtual divided portions. 20 Mre specifically, mhen t he obj ect

corres I NG the fare round i.S S ationar Qrrespondi ng to

t he fgﬁg%?oun§ obfggFanﬁ & nfd% h §8ﬁ§8P 835 E@t%@ﬁa%§@ 3gr|ng t he
peri od rhespendi (o] h oRq he foreground
conponé"(rl;ﬁl'?'cr qﬁb %gggggpgﬁggﬁg #%ngrkhﬁﬁf éﬁgp%r on o 1bthe shutter tine/v

from wagddig 23 BReS her 22A%e B3 1 $0U ok has gacasd, Sthe ber earound

conponent FO1/v ™ corr ing to the “secon portion o utter tinel/v
from wher thetafdhkernh @‘_{80 pgned rrTeQ?oBBEGQBO yad ¢9FROBeNLhiERLLNe

corresponding tothe third portion of the shutter 5 time/v fromwhen the
shu t ecohderepened roanénthenpatedigiidinto the electrlcal charge
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
10 that, for example, the shutter time is equal to the frame
size. 7
The_horizonfal direction in Fig. 8 corresponds to the
spatial direction X in Fig. 6A. More specificaliy, in the
example shown in Fig. 8, the distance from the left side of
15 the rectangle indicated by “F01" in Fig. 8 to the right side
of the regtangle indicated by "B04" is eight times the pixel
pitch, i.e., eight consecutive pixels.
| When the foreground object and the background iject
lare'stationary, the light input into the sensor does not
20 change during the period corresponding to the shutter time. .
Tﬁe period corresponding to the shutter time is divided
into two or more portions of equal periods. For example, if
the number of virtual divided portions is 4, the model shown
in Fig. 8 can Ee represented by thé model shown in Fig. 9.

'25  The.number of virtual divided portions can be set according




conponent FOLl/v corresponding to the fourth portion of the shutter tine/v
from when the shutter has opened becone the sane value. The sanme applies
to FO2/v through FO4/v, as in the case of FO/v. 10 \WanedchthepRp®Tt
corresponding to the background is 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
conponent BOl/v corresponding to the first - 15 portion of the shutter
time/v fromwhen the shutter has opened, the background conponent BO1l/v
corresponding to the second portion38f-the shutter tinme/v from when the
shutter has opened, the background conponent BOl/v corresponding to the
third portion of the shutter tinme/v fromwhen the 20 shutter has opened,
and t heghagkgr S8En € 0FPORSMMBAL /Y o £O0FKE SR NGd1S-dpnlawit Roportion of -
the shutter time/v from when the shutter has opened becone the sane val ue.
The safiRe applég8otd BR2ENI h NE0sI N BO: &l Ve infe dESHIY RiMa@ip1leS @heen of the
case in which the object 25 corresponding to the foreground is noving and
t he obj #akb28 becenbetaPUdEvided pEotiesopondi dwr tiw tdherhHaackgieound i s

‘stationary. Fig. 10 illustrates a nodel obtained by expanding in the tinme

di rect i amothe ofxebvemdnesv ofs the piketlse ipeninel ddmespondimdi ng a cover ed
background area, when the object 5 corresponding to the foreground is
novisng thetsluttghttime 4 glidlded nifig. fdy pdetiamsunt of nmovement v is 4.
S nee The wuppermost 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
10 corresponds to the third divided period from when the
shutter has obened. The fourth line in Fig. 9 corresponds
to ﬁhe fourth divided period from when the shutter has
opened.
The shutter time divided in accordance.ﬁith the amount’
15 of movement v is also hereinafter referred to as the
“shutter time/v".
When the object-corresponding to the foreground is
stationary, the light input into the sensor does not change,
- and thus, the foreground component FO01/v is eqﬁal to the
20 value obtained by dividing the pixel value FO1l by the number
of virtual divided portions. Similarly, when the object
corresponding to the foreground-is stationarj, the
foreground component F02/v is équal to the value‘obtéined by -

dividing the pixel value F02 by the numbér of virtual

25 divided portions, the foreground component F03/v is equal to




one frame is.a short period, it can be assuned that the object
corresponding to the foreground is a rigid body noving with constant -
velocity. In Fig. 10, the object image 10 correspondi a3 Decerhing 20056egr ound
is noving such that it is 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 fromthe |eftnost pixel to the fourth pixel belong to the
foreground area. In Fig. 10, the 15 pixels fromthe fifth pixel to the
seventh pixel fromthe left belong to the nixed area, which is the covered
background area. In Fig. 10, the r+ gt most pixel belongs to the background
area. The object corresponding to the foreground is noving 20 such that it
gradual |y covers the object corresponding to the background over tine.

pocor difdl a1 cERTNQRANLS SONLALACT D R 1PLYEL oV BhycRyOLyLhe bl xe! s

bel onging to the covered found area change fromt ckground

conpon o tehe s r Qu e] at C kg LY during the
per | odr e S g re (e ChUPrer P e, 39 Phcosher 2008 ‘54 Ror .

exanpl eonipb@eRitX®04yd! yg Mysunr eundad By tReohhh¢Kedf bgrraibmdfhg- 10 is
expressed by equation (1) below M= B02/v+B02/v+FO7/v+F06/v (1) For

‘exanpkee bhgefii Fhhupi ¥elh Hyommkhauhekl 6@niarRaad g®vRaekground. conmponent
corresponding to one portion of the shutter tinme/v and foreground

corpongbtsieasresponding to three portions of the shutter tine/v, and
thus, the m xture
When the object corresponding to the background is
stationary, the light input into the sensor does not change,
and thus, the background component B01/v is equal to the
value obtained by dividing the pixel value B0l by the number
10 of wvirtual divided portions. Similarly, when the object
corresponding to the background is stationary, the
background component'BOZ/v is equal to the Value obtained_by
dividing the pikel value B02 by the number of wvirtual
divided portions, the background component B03/v is equal to-
15 the .value obtained by dividing the pixel value B03 by the
number of virtual divided portions, and the background
component B04/v is edual to the value obtained by dividiﬁg
the pixel value B04 by the number of virtual divided
'portions. |
20 More specifically, ﬁhen the object corresponding to the
foregrdund is stationary, the light corresponding to the
foreground object input into the sensor does not change
~during the period corresponding to the shutter time.
Accordingly, the foreground component FOl/v-cdrresponding to

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



ratio a of the fifth pixel fromthe left is 1/4. The sixth 'pixel fromthe
| eft contains background conponents 10 correspondi ng-to two portions of the
shutter tine/v and foreground conponents correspondi 2@Decertived 2005t i ons of
the shutter tinme/v, and thus, the mixture ratio a of the sixth pixel from
the left is 1/2. The seventh pixel fromthe left contains background
conponents corresponding to three 15 portions of the shutter tine/v and a

f oreground conponent corresponding to one portion of the shutter tine/v,
and thus, the mxture ratio a of the fifth pixel fromthe left is 3/4. It
can be assumed that the object corre8ponding to the foreground is a rigid
body, and the foreground object is 20 noving with constant velocity such
that it is displayed four pixels to the right in the subsequent frane.

Accor di sghyterfmss expemd®, the foragraund emmanant rdi0# v of the fourth
pi xel fromthe left in Fig. 10 corresponding to the first portion of the

shut t er cbipespoihid Dty Whe Nt Hdes sdiid o higisor? o O pge d st oy alintey vt he _
foreground conponent of the fifth 23 Decenber 2005--- 5 5 - pixel fromthe
| eft i nfFomy. wién coie estpoinck Nthd o diensdcortce frordgryuraf ddwpostanitt er tinme/v
fromwhen the shutter has opened. Simlarly, the foreground conponent

FO7/ v i EO&fuatortespdred froy ey othel doimpbnentticin tdfe tditdhypivtesd fromthe
left 5in Fig. 10 corresponding to the third portion of the shutter tinme/v

fr of whehmefe Sher tdrethathe paneteath g mpdradgraovhd-he dipmonnungf t he

seventh pixel fromthe left in Fig. 10 corresponding to the fourth portion
of the SPmpeRent|fRlA{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 thréugh FO4/v, asrin
the case of FO01l/v.

10 When the object corresponding to the background is
stationary, the light corresponding to the background object
input into the sensor does not change during the period
corresponding teo the shutter time. Accordingly; the
background component B01/v corresponding to the first

15 portion of the shutter time/v from when the shutter has
opened, the background component BOl/V‘corresponQing to the
_secdnd portion of the_shuttef time/v from when the shutter
has opened, the background componeﬁt BO1l/v correSponding.to
the third portion of the shutter time/v from when the

20 shutter has opened, and the background component BOLl/v
cbrieéponding to the fourth portion of the shufter time/v
from when the shutter has opened become the same value.-.The
same'appliés to B02/v through B04/v.

A description is.given of the case in which the object

- 25 corresponding to tﬁe foreground is moving and the object



fromwhen the shutter has opened. 10 It can be assuned that the object
corresponding to the foreground is a rigid body, and the foreground object
is noving with constant velocity such that it is dlspsameanmgumosplxels to
the right in the subsequent franme. Accordingly, for exanple, the

f oreground- conponent FO06/v of the third 15 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 fourth

pi xel fromthe left in Fig. 10 corresponding to the second portion of the
shutter tinme/v fromwhen the shuttershas 20 opened. Simlarly, the
foreground conponent FO6/v is equal to the foreground conponent of the

fifth pixel fromthe |eft in Fig 10 corresponding to the third portion of

t he shuyt I LV he shut ter ened and the foreground
conpongh%%' pohggslxt mCth Fngta i arylo 25 correspondlng to

the fourth Pﬁgtl?ﬂ gi%ﬁgﬁfggggt mg&g?/ %g%hg§§? ?éﬁﬁ 5@1 from when

the shutter S opene can be assune i rrespondlng to

the foregreupd WS Rckh gbdth%d¥1x%ﬁdvgmﬁggog%gEﬂgnglgghgcan'§nenDV'ng Wi th

constant velocity such that Is disp f our pixels to the right in

the suhgequenhchiaitg écegaékaalﬁack QBuﬁ&aHPEg lRenf @hEIERYAM, CONpONENt
FO5/v of the second pi xel fromthe left in Fig. 10 corresponding to the

first coefespBnahngheocshubt ebrbgFeiudl temmwbengt ke ehut beghbasy opened is
equal to the foreground conponent of the third
Fig. 10. 1In Fig. 10, the amount of movement v is 4. Since
one frame is a short period, it can be assumed that the
object corresponding to the fdreground is a rigid body
moving with constant velocity. In Fig. 10, the object image
10 corresponding to the foreground is moving such that it is
positioned four pixels to the right with reépect to a
reference frame when it is displayed in the subsequent frame.
In Fig. 10, the pixels from the leftmost pi#el to the
fourth pixel belong to the foreground area. In Fig. 10, the
‘15 pixels from’the.fifth pixel to the seventh pixel from the
left belong to the mixed area, which is the covered
background area. In Fig. 10, the rightmost pixel belongé to :
the background area.
The object corresponding to the foreground is ﬁoving
720 - such that it gradually covers the object corresponding to
the baékground over time. Accordingly, the components
contained in the pixel values of the pixels belonging to the
covered background area change from the background
components to the foreground components af a certain time

25 during the period corresponding to the shutter time.



10 pixel fromthe left in Fig. 10 corresponding to the second = portion of
the shutter time/v fromwhen the shutter has opened. Simlarly, the
foreground conmponent FO5/v is equal to the foregroungi pecamtee2009f the.
fourth pixel fromthe. left in Fig. 10 corresponding to the third portion
of the 15 shutter tine/v fromwhen the shutter has opened, and the
foreground conponent of the fifth pixel fromthe left in Fig. 10
corresponding to the fourth portion of the shutter tinme/v from when the
shutter has opened. It can be assuned that the object corresponding to the
20 foreground is a rigid body, and-th& foreground object is noving with
constant velocity such that it is displayed four pixels to the right in
t he subsequent frame. Accordingly, for exanple, the foreground conponent

FO4/v of thedefdimiplie Pivkel pifell $a1l@ 801G RARAERILYOthBEethi Rt portion
of the 25 shutter tinme/v fromwhen the shutter has opened is equal to 23

Decenbefr2R95.n ©ifg! heo oy egitih «Ompnefiatiford @ )seeard.pi xel fromthe
left in Fig. 10 corresponding to the second portion of the shutter tine/v

from when t he ssiBoz/&r+Btay vopengd+rSiend arly, the(ipreground conponent
FO4/v is equal to the foreground 5 conponent of the third pixel fromthe
| eft in FigFch exaopniespahe fid fith tphaeihifredrpahel defaf coheéashut ber tine/v
from when the shutter has opened, and the foreground conponent of the
f ouSt h Ipicledréwnn ¢dmepdrefitt igoRigspdr@iigpriespondianticn ofe theurt h portion
of- the shutter tinme/v 10 from when the shutter has opened.
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 bhackground components
10 corresponding to two portions of the shutter time/v and
foreground components corresponding to twe portions of thé
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 backgrouhd components corresponding to three
15 portions of the shutter time/v and a foreground component
corresponding to one portion of the shutter time/v, and thus,
the mixture ratio « of the fifth pixel from the left is 3/4.
It can be assumed that the object correspondiﬁg to the
foreground is a rigid body, and the foreground object is
20 moving with constant velocity such that it is displayed four
pixelé to the right in the subsequent frame. Accordingly,
for example, the foreground component F07/v of the fourth
pixel from the left in Fig. 10_cdrresponding to the first

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

25 oﬁened is equal to the foreground component of the fifth




Since the foreground area.corresponding to the noving. object contains
notion blur as discussed above, it-can also be referred to as a
"distortion area". Fig. 11 illustrates a nodel obtai nzsiDésensbepa00ing in 15
the tine direction the pixel values of the pixels in one |ine including an
uncover ed background area when the object corresponding to the foreground
"is noving to the right in Fig. 11. In Fig. 11, the anmbunt of nobvenment v is
4. Since one frame is a short period, it can be assuned that the. 20

obj ect corresponding to the foreground is a rigid body noving with constant
velocity. In Fig. 11, the object inahe —corresponding to the foreground is’
moving to the right such. that it is positioned four pixels to the right
with respect to a reference frame when it is displayed in the subsequent

25 frang;x , i i O ' | ef
5 frang: x£8 FRGRMRS 12085 o Wig I v %e;scq(&rl&i X@%Hé%\@é&%& ilf”gf]te

pi xel to the fourth pixel belong to the grournid area.

pi xel s gsomddef i fid dHuled Q. i/ eMe Rl &l diBedNgiad €ft belong to

the m xed area, which is an uncovered 5 background--area: In Fig. 11, the

ri ght nosdeqicel digdiangs 0 tHiherdra AN EAifRRenth® (9 LCts Rff8spondi ng
to the foreground which covers the object corresponding to the background

i's novitg teehfotdipiound icongifordiial lof rem\ead iy piddie rakjreathecardm@spondi ng
10 to the background over tinme. Accordingly, the conponents 15
5 in Fig. 10 corresponding to the third portion of the shutter
time/v from when the shutter has opened, and_fhe foreground
component of the seventh pixel frém the left in Fig. 10
corresponding to the fourth portion of the shutter time/f
from when the shutter has opened.

10 It can be assumed that the object corresponding to the
foregrouﬁd is a rigid bhody, 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, fhe foreground component F06/v of the third

15 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 fourth
pixel from the left in Fig. 10 corresponding to the second
portion of thershutter time/v from when the shutter has

ZO opéned. Similarly, the foreground component F06/v is'equai
to ﬁhe“fdreground component of the fifth pixel from the left
in Fig. 10 corresponding to thé third portion of the shuttef
time/v from when the shutter has opened, and the foreground
componeﬁt of the sixth pixel from the left in Fig. 10

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



contained in the pixel values of the pixels belonging to the uncovered
background area change fromthe foreground conponents to the background
conponents at a certain time of the period corresponzi Dgcdnsber BROShut t er.
time. For exanple, the pixel value M surrounded by the thick frane in
Fig. 11 is expressed by equation (2). M = F02/v+FOLl/v+B26/v+B26/v (2) For
exanple, the fifth pixel fromthe |eft contains background conponents
corresponding to three portions of the 20 shutter time/v and a foreground
conmponent corresponding to one shutter portion of the shutter time/v, and
thus, the nixture ratio a of the fiffh—pixel fromthe left is 3/4. -The
sixth pixel fromthe left contains background conponents corresponding to
two portions of the shutter tine/v and 25 foreground. conponents

correspeidinghtl M PRHLEOPShOE thend3. Decenber 2005 59 shutter tinelv,
and thus, the mxture ratio a of the sixth pixel fromthe left is 1/2.. The

seventh pi xett feamidiand AfdeCaal Rha o @d@grmsgwﬂm&@ttoc%reespondi ng
to one portion of the shutter time/v and foreground conponents 5

correspandeggohndt bseg pogid oansdef dfe shelt fefedidimid, oldekt tius, the
m xture ratio a of the seventh pixel fromthe left is 1/4. Wen equations

(1) andmp2ingakiieh Mcastdet explessey dyclequiadt ot (39 . dildpMyaBiffaur are
general i zed, the pixel
5 pixels to the right in the subseguent frame. Accordingly,
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 egqual to the foreground component oflthe third.

10 pixel from the left in Fig. 10 corresponding to the second
portion of the shutter time/v from when the shutter has-
openéd. Similarly, the foreground.component FO0S5/v is équal
to the foreground component of the. fourth pixel from the
left in Fig. 10 corresponding to the third.portion of the

15 shutter time/v from when the shutﬁer has opened, and the
foregfound component of the fifth pixel from the left in Figq.
10 ‘corresponding to the fourth portion of the shutter time/v
from when the shutter has openedi

It can be assumed that the object corresponding to the

20' 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, thé foregiound component F04/v of the leftmost
pixel in Fig. 10 corresponding to the first portion of the

25 shutter time/v from when the shutter has opened is eqﬁal'to



(3) In this equation, ais the mxture ratio, B indi.cates a pixel value of
t he background, and Fi/v designates a foreground conponent. It can be
assumed that the object corresponding to the 15 foregs Deosmber 2005i gid
body, which is nmoving with constant velocity, and the amount of novenent

"is 4. Accordingly, for exanple, the foreground conponent FOl1/v of the fifth
" pixel fromthe left in Fig. 11 corresponding to the first portion of the

shutter tine/v fromwhen the shutter has opened is 20 equal to the
foreground conponent of the sixth pixel from the left in Fig. 11
corresponding to the second portion ® —-the shutter tine/v fromwhen the
shutter has opened.. Simlarly, the foreground conponent FOl/v is equal to
the foreground conmponent of the seventh pixel fromthe left in 23 Decenber
2005 - b fdilkqrbhrPIRRRAHNG et Arhe LRl RGRY ! PR chiey gyt ter

time/v from when the shuatter has opened, and the foreground conponent of

‘the ei g rrjp;L.quo (R PelspBridaly ith Fhg sklonfObbesReRdbRILhe the fourth

portion of e shutter time/v™5 fromwhen the shutter has opened. It can be

assunedHihaterd ha nehive FrorOkhesPeRdi REuketh@a sl epedeaundsisidati gl d body,
which is nmoving with constant velocity, and the amount of novenent v is 4.

Accor ditig Yordgovga@m@hgonche Fouegr aendqaanpeserheF@3rygebuhe sixth 10
pi xel fromthe left in Fig. 11 corresponding to the first portion of the
shubt ercdnipmeventf madmthleehtikel phinkleErbasthe left in Fig. 10

corresponding to the third portiocn 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

10 from when the shutter has opened.

Since the foreground area corresponding to the moving
object contains motion blur as discussed above, it can also
be referred to as a "distortioﬁ area". |
| Fig. 11 illustrates a model obtained by expanding in

-15 the time direction the pixel values of the pixéls in one
line including an uncovered béquround 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 shortlperiod, it can be assuméd thét the.

20 object corresponding to the foreground is a rigid body
moving with constant velocity. In Fig. 11,'the object image
corresponding to the foreground is moving to the right such.
‘that it is positionedifour pixels to the right with respect
to a reference frame when it is displayed in the subsequent

25 frame.



opened is equal to the foreground conponent of the seventh pixel fromthe
left in Fig. 11 corresponding to the second portion of the shutter tine/v

- fromwhen the shutter has 15 opened. Simlarly, the fogeHcemddr Zapsponent.
FO2/v is equal to the foreground conmponent of the eighth pixel fromthe

left in Fig. 11 corresponding to the third portion of the shutter tinme/v
fromwhen the shutter has opened. It can be assuned that the object
corresponding to the 20 foreground is a rigid body, which is noving with
constant velocity, and the anpbunt of novenment v is 4. Accordingly,. for
exanpl e, the foreground conponent F0§ﬁy‘of the seventh pixel fromthe left
in Fig. 11 corresponding to the first portion of the shutter tine/v from
when the shutter has 25 opened is equal to the foreground conponent of the

ei ghth 23 Demenbigf. 2005 thebbixalisX@rdut &Rd heedtgidsti pikied. tblteer r espondi ng
to the second portion of the shutter time/v fromwhen the shutter has
opened. fohtthagsikerrbebsed i fed-ivé tiha dlefesendeaten Fi gn Eid hriaughth= 11 't hat

the nunber of virtual divided portions is 4. The mnunber of virtual divided
porti onsigelsefpondshé¢ of i fich gl tof th®veswmitly . piGeriey aidom dHee anount of
novenent v corresponds to the noving speed of the object corresponding to
t he foregfoupdlorartexdnplwixed atwma objeoth cor rasspondivegrekd to the
foreground is noving such that it is displayed four pixels to the right
Wit 1§ r Rpekgrewnd 2efa ai nltf e when the Fighgedat anetl balemgsulisequent
frame, the anmount of S ,
‘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
10 to the background cover time. Accordingly, the components
contained in the pixel values of thé pixels belonging to fhe
uncovered background area change from the foreground
components to the background compohents at a certain time of
the period corresponding to the shutter time.
15 For example, the pixel value M' surrounded by the thick
frame in Fig. 11 is expressed by equation (2).
M' = F02/v+F01/v+B26/v+B26/v | (2)
For example, the fifth pixel from the left‘contains
background components corresponding to three portions of the
20 shutter time/v and a foreground component corresponding to
one shutter portion of the shutter time/v, and thus, the
mixture ratio o of the fifth pixel from the left is 3/4.
‘The sixth pixel from the left contains background components

corresponding to two portions of the shutter time/v and

25 foreground components corresponding to two portions of the



novenent v is set to 4. The nunber of virtual divided portions is set. to
4 in accordance with the anount of 15 novenent.v. Simlarly, when the-

obj ect corresponding to the foreground is noving suchghélenitler bSosdi spl ayed
six pixels to the left with respect to a certain frane when it is
positioned in the subsequent frane, the anount of novenent v is set to 6,
and the nunber of virtual divided portions is 20 set to 6. Figs. 12 and 13
illustrate the relationship of the 'foreground area, the background area,
and the m xed area  which consists of a covered background or an uncovered
background, which are di scussed abov® 40 the foreground 25 conponents and
t he background conponents corresponding to 23 Decenber 2005 - 62 the

di vi ded periods of the shutter time. Fig. 12 illustrates an exanple in

o oh S i, BALehaund (ALoRs K1PeRLEPEY e ALRR o 20 T T e

area are extracted froman inmdge confainin oreground 5 correspondi ng

to an ¢hi.eat fRV RGe Aefont Qf/za skl Q%Mthb,[@ﬁiéa; OHPG, m t{gepxanpl e

shown in Fig. 12, the object correspon ing to oregroun I ndl cat ed by

Ais QQﬁHkﬁﬁkﬁblﬁaﬁﬁﬁkBﬂdﬂ Eme%%Eﬁ%t059r89§0§§{ﬁ§nt0Fgﬁgengﬁﬁeﬁs a franme
subsequent to franme #n, and frame 10 #n+2 is a frame subsequent to frame

#n+1l. Rifxelh® ishittterf @E.QQVOUﬁﬁdalfaéegirbﬁnaa@&iﬂﬁ@h@@tﬁrea and the m xed
area are extracted fromone of frames #n through #n+2, and the amount of
nmovEnerp rraspodelingotd. tArgedpbrtions of the shutter time/v, and
thus, the mixture ratio o -of the seventh pixel from the left
is 1/4.
When equations (1) and (2) are generalized, the pixel

value M can be expressed by equation (3).

10 M=a-B+ ) Fi/v (3)

In this equation, o is the mixture ratioc, 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
15 foreground is a rigid body, which is movihg with constant
velocity, and the amount of movement is 4. Accordingly, for
.example, the foreground component FOl/ﬁ'of the fifth pixel
from the left in F;g. 11 corresponding to the first portion
of the shutter time/v from when the éhuttef has opened is
720 equal to the foreground component of the sixth 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 F01l/v is equal to the

foreground component of the seventh pixel from the left in



- obt ai ned by expandi ng the pixel values of the extracted 15 pixels in the |
time direction is shown in Fig. 13. Since the object corresponding to the
-foreground is noving, the pixel values in the foregropgedingr 266 f Or ned |
of four different foreground conponents corresponding to the shutter |
time/v. For exanple, the |eftnost pixel of the 20 pixels in the foreground
area shown in Fig. 13 consists of FOl1/v, FO02/v, FO03/v, and FO04/v. That is, |
‘the pixels in the foreground contain notion blur. Since the object .
corresponding to the background is stationary, light input into the sensor
corresponding to the 25 background: &uring the shutter tine does not
change. In this 23 Decenber 2005 case, the pixel values in the background
area do not contain notion blur. The pixel values in the m xed area
consi st iFigy .0f11a cor@eeRhdiagk @L0WRE aLERI0hoRRiBACBYELRE BAGkgEPUN area
are 5 fornmed of foreground conponents and background conponents. A
descri pttioe /ivs fgiowewhieel @weokhatiedehasbbained , byndexpandbpggi-dutde tine
direction the pixel values of the pixels which are aligned side-by-side in
a pl ur aldanposfentf pdnebeardgthchiare Feoat eHealleftheigsaregpositions in the
10 frames when the inage corresponding to the object is noving. For
exanpl e coresrehdingage tber éspontii pgrtdonhefobhecthustenovimg/hori zontal ly
with respect to the screen, pixels aligned on the screen can be sel ected
as the 6§%@1§h§Pi§h6d5h§¢@@rb93§iQD?HQQ-Fig. 14 illustrates a node
obt ai ned by expanding in

It can bé 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. Accordiﬁglf,

for example, the foreground component F02/v of the si#th
10 pixel from the left in Fig. 11 corresponding to the first

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

opened is equal to the foreground component of the seventh
pixel frqm the left in Fig. 11 corresponding to the second
portion'of:the shutter time/v from when the shutter has

15 opened. Simiiarly, 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

shutter time/v from when the shutter has opened.
It can be assumed that the object corresponding to the
20 fpréground ;g-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
pixel from the'left in Fig. 11 corresponding to the first
.portion of the shutter time/v from when the shutter_has.

.25 opqud is equal to the foreground component of the eighth



the tine direction the pixels which are aligned side-by-side in three
frames of an image obtained by capturing an object corresponding to a
~stationary background and which are |ocated. at the 2hDecgosertd006s in the
frames. Frame #n is 20 the frane subsequent to frane #n-1, and franme #n#l
-is the franme subsequent to frame #n. The sanme applies to the other

frames. The pixel values BO1l through B12 shown in Fig. 14 are pixel values
correspondi ng to the stationary background 25 object. Since the object
correspondi ng to the background is 23 Decenber 2005 - 64 stationary, the
pi xel values of the corresponding pixels in franme #n-1 through frane #n+1
do not change. For exanple,, the pixel in frame #n and the pixel in frane
#n+1l |l ocated at the corresponding position of the pixel having the pixel 5
value BO5 in frane #n-1 have the pixel value B05. Fig. 15 illustrates a
nodel oH&agilnddopy thepdeditndni Figthélt ceardspesdisg tRetpexerSOPHi ch are
aligned side-by-side in three frames of an image obtained by capturing an
obj ect Pogdross pdndihgg shy therotdBLdUnd roRa i hEs i A§utsernBa®ight in 10
Fig. 15 together with an object corresponding to a stationary background
and whio®$T"&%% | ocated at the same positions in the frames. The nodel shown

in Fig. 15 %oHtgigs a govgred %ackﬁépung area. |n gug. %?,ﬁ%ogqg be
assurmed t hat 't R85 oBFERt I98CELPPEsEORI hGEEESRRE ForEgTdund FE VY gi d body
MOVENG 1 (RaeC QY Akt OF WY reBDY &84k L3 TR%¥hA9:8UEN thRL 1t 1S

number of virtuwal divided portions corresponds to the amount

of moﬁement 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

10 to thé foreground is moving such that it is displayed four
pixels to tﬁe right with respect to a certain frame when it
is positiconed in the subsquent frame, the amount of
movement v is sét to 4. The number of virtual divided
portions is set to 4 in accordance with the amount of’

15 movement v. Similarly, when the object corresponding to ﬁhe
foreground is moving such that it is displayed six pixels to
ﬁhe left with respect to a certain frame when it is
poéitioned in the subsequent frame, the amount of movemeﬁt A
is set to.6, and the number of virtual divided portions is

20 set to 6. |

Eigs. 12 and 13 illustrate the relationship of the
foreground area, the backgrouﬁd area, and the mixed area
which consists of a covered background or an uncovered
background, which are discussed above, to the foreground

25 components and the background components corresponding to



di spl ayed four pixels to the right in the subsequent frane. Accordingly,
t he anount of movenent v is 4, and the nunber of virtual divided portions
20 For exanple, the foreground conponent of the |eftnogtpedmtl 26ds frane
#n-1 in Fig. 15 corresponding to the first portion of the shutter tinme/v
fromwhen the shutter has opened is Fl12/v, and the foreground conponent
of the second pixel fromthe left in Fig. 15 corresponding to the second
25 portion of the shutter time/v fromwhen the shutter has 23 Decenber 2005
- 65 opened is also F12/v. The foreground conponent of the third pixel
fromthe left in Fig. 15 correspondigg to the third portion of the shutter
time/v fromwhen the shutter has opened and the foreground conponent of the
fourth pixel from 5 the left in Fig. 15 corresponding to the fourth
portion_of the, er, tjme/v fromwhen the shutter has opened are F12/v.
d%h ‘%ﬁ#ﬁb

The for %ﬁ°§|ﬁ§q SMYHIST i of franme #n-1 in Fig. 15

Shut t or has gsendd © lsl P EBThany raupoina™. “REboRERe b1 1t HE Second pi xel
R T L 'hlﬁ% Zr ARG dR e pERe R 8RR op kg ound.
the ?Sﬁ‘%ﬁ%ﬁ%&%}“&? el [P s RSt fer Phas opened

i5'51|/dbrrespond1ng to an object moving in front of a stationary
background. In the example shown in Fig. 12, the object
corresponding toc the foregrouqd_indicated by & is
horizontally moving with respect to the screén.

Frame #n+l is a frame subseguent to frame #n, and frame

10 #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 througﬁ
#n+2, and the amount of movement v is set to 4. VA model
obtained by expanding the pixél values of the extracted

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

Since the object corresponding to the foreground is
moving, the ﬁixel values in the foreground area are formed
of four diffefent foreground components corresponding to the
shutter time/v. For example, the leftmost pixel of the

20 pixels in the foreground area shown in Fig. 13 consists of
FOl/V,‘FOZ/v, F03/v, and F04/v. That is, the pixeis ig-the'
.foreground contain motion blur. .

Since the‘object corresponding to the background is

' stationary, light input into the sensor corresponding fo the

25 background during the shutter_time does not change. In this



The foreground conponent of the |eftnost pixel of frame #n-1 in Fig. 15

. corresponding to the third portion of the shutter tine/v fromwhen the
shutter has opened is F10/v. 20 The foreground conponeatp&bmibBe2goscond

pi xel fromthe left 1in Fig. 15 corresponding to the fourth portion of the.
shutter tine/v fromwhen the shutter has opened is also F10/v. The
foreground conponent of the leftnost pixel of franme #n-1 in Fig.15
corresponding to the fourth portion of 25 the shutter time/v from when the
shutter has opened is F09/v. 23 Decenber 2005 - 66 Since the object
correspondi ng to-the background-is. ¢ ationary, the background conponent of
the second pixel fromthe left of franme #n-1 in Fig. 15 corresponding to
the first portion of the shutter time/v fromwhen the shutter 5 has opened

is BOl/v. The_ ,background_conponents of the third ixel fromthe, left of
frame ZASE.PHE Bitel WOLRGSpORATHG DRGROREURRr ereBndosBEbnORbI R ons of

t he shut%gr tige/v from when the shutter has opened are B02/v. The
backngﬁ d°Cofpbhients of the fourth pi xel fromthe--left of frame #n-1 10

n Fig. 15 gQLrgapondy 0a,Lo the fLrsl Lhrough LEILE portiops, of the

shutter ti rom e shutter haS opéned are [V. Tn frame #n-1

o ca, SRTCTRG BECRREOUL A BhoR *TsTourtR oy ol SEPRaR PhE PEFe BEFong fo the

M x£d 2EeRedMIiECRor8qRohRYCEEAPBACKYSOURE BLERgrdlAa EbhPohBheYON twel fih
pi xels fromthe left of frane
A description is given below of a model obtained by
expanding in the time directioﬁ the pixel wvalues of the
pixels which are aligned side-by—-side in a plurality of
frames and which are locéted at fhe same positions in the

10 frames when the image corresponding to the object is moving.
For example, wﬁen the image cbrresponding to the object is
moving horizontally with réspect to the screen, pixels
aligned on the screen can be selected as the pixels aligned
side-by-side.

15 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 6bject
corresponding tq a stationary background and which are
located at the same positions in the frames. Frame fn is

20 the_ffaMe subsequent to frame #n-1, and frame #n+l is the
frame SubSEquent to frame f#n. The same applies'to the other
frames. |

The pixel values BO1 througﬁ B12 shown i# Fig. 14 are
pixel values correspdnding to the stationary background

~ 25 object. Since the object corresponding to the background is



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

t hereof .are BO4 through Bll, respectively. 20 The first through fifth-
pixels fromthe left in frame #n in Fig. 15 belong to jdg.LHKRPhasmd area.
The foreground conponent in the shutter tine/v in the toreground area of
frame #n is any one of FO5/v through F12/v. It can be assuned that the

obj ect corresponding to the 25 foreground is a rigid body noving with
constant velocity, 23 Decenber 2005 - 67 and that it is noving such that
the foreground inmage is displayed four pixels to the right in the
subsequent frane. Accordingly, the %dreground conponent of the fifth pixel
fromthe left of franme.#n in Fig. 15 corresponding to the 5 first portion
of the shutter time/v fromwhen the shutter has opened is F12/v, and the

foreground+g8AREYPENLLEf L R8T Sh¥bbs p&fe{h%@g#@gp&?&inri%ﬂ&s I

corresponding to the second portion of the utter ti romwhen the

shutter srhas ﬂﬂe@eﬂhk§u§hsﬁr§ﬂgl¥n+ﬂ_ hgo T 05-€0E04HGk COMROnenta gl dhe 10
seventh pixel fromthe left in Fig. 15 corresponding to-the “third portion

of the shut pekeli BB/ ¥rhhommhena t fige SPUkS BN in hesapbenet angkdde Ty eground
conponent of the eighth pixel fromthe left in Fig. 15 corresponding to

the fouthk portespondinghposhtiderotitwé vpifeom wheing henshiitdiear has opened
are 15 F12/v. The foreground conponent of the fifth pixel fromthe Ieft
of fTanmea#nei ROFi jn fbamer#espdnmgvergthd gpitel sechnd BQiorti on of the shutter
time/v fromwhen the shutter has
Fig. 15 illustrates a model obtained by expanding in
the fime direction the pixels which are aligned side—by—side
in three frames of an image obtained by capturing an object
éorrespondiﬁg to a fdreground that is moving-to the right in
10 Fig. 15 together with an object corresponding to a
stationary background and which are located at the same
positions in the frames. The model shown in Fig. 15
contains a covered.backgroqnd areé.
In Fig. 15, it can be assumed that the object
15 corresponding to the foreground is a rigid body moving with
constant velocity, and that it is moving such that it is
displayed four pixels to the right in the subsequent frame.
Accordingly, the amount of movement v is 4, and the number
of virtual divided portions is 4.
20 - For example, the foreground component of the leftmost
pixel of frame #n-1 in Fig. 15 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is F12/v, and the foregroﬁnd component of the second

pixel from the left in Fig. 15 corresponding'to the second

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



opened is F11/v. The foreground conponent of the sixth 20 pixel fromthe
left in Fig. 15 corresponding to the third portion of the shutter tine/v
fromwhen the shutter has opened is also F11/v. The {eDeRgembadsnponent
of the seventh pixel fromthe left in Fig. 15 corresponding to the fourth
portion of the shutter time/v fromwhen the shutter 25 has opened is
F11/v. 23 Decenber 2005 - 68 The foreground conponent of the fifth pixel
fromthe left of frame #n in Fig. 15 corresponding to the third portion
of the shutter tinme/v fromwhen the shutter has opened is F10/v. The

f oreground conponent of the sixth 5 gsxel fromthe left in Fig. 15
corresponding to the fourth portion of the shutter tine/v fromwhen the
shutter has opened is also F10/v. The foreground conponent of the fifth

i xel f t | eft of_.f in Fig. 15 i f th
0! RS s LA, Wl s Al TR B9, g, BAS LDey,
Si n bj di: tot back i tiQf ; th
3 e S Aty SO ARG e DAL O o PMERE L,

15. cor ?J%ﬁ‘g%% & 49, d %J%% \}_’lR'%LN %o%{ wth@% %illlét tsgqlttti,ageﬁ%sf rom when t he

shutte 15 opened 1s e background conponents of the seventh

pi Xl GAidd £ dned eyl TRt Idbuflethentd GO RANIIATLL o1t BEOH TSt and

second portions of the shutter tine rom when the utter has opened are

| fB?SﬁZ : ﬂéﬁ nlwﬁrrpm@. A RINeRED AN IHRE & I Miteh bhemibheckeft of
- the shutter time/v from when the shutter has opened are
Fi2/v.
The foreground component of the leftmost pixel of fréme
 #n-1 in Fig. 15 corresponding to the second portion of the

10 shutter time/v from when the shutter has opened is Fli/v.

The foreground. component of the second pixel from the left
in Fig. 15 correspondingrto the third portion of the shutter
time/v from when the shutter has opened is also fll/v. ~ The

- foreground coﬁponent of the third pixel from the left imn Fig.

15 15 corresponding to the fourth portion of the shutter time/v
-froﬁ when the shutter has opened is Fll/v.

The foreground component of the leftmost pixel of fréme
#n-1 in Fig. 15 corresponding to the third portion of the
“shutter time/v from when the shutter has opened is F10/v.

20 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
F10/v. The foreground component of the leftmost pixel of
frame #n-1 in Fig. 15 corresponding to the fourth portion 6f

253 the shutter time/v from when the shutter has opened is F09/v.




20" Fig. 15 corresponding to the first through third portion of the
shutter tinme/v fromwhen the shutter has opened are BO7/v. In frame #n in
Fig. 15, the sixth through eighth pixels fromthe |ef3Désdnbey2005t he nmi xed
area, which is a covered 25 background area. 23 Decenber 2005 - 69 The
ninth through twelfth pixels fromthe left of frane #n in Fig. 15 bel ong
to the background area, and the pixel values thereof are B08 through Bl1,
respectively. The first through ninth pixels fromthe left in franme 5 #n+l
in Fig. 15 belong to the foreground area. The foreground conponent in the
shutter time/v in the foreground aréé& of frame #n+l is any one of FOL/v

t hrough F12/v. It can be assuned that the object corresponding to the
foreground is a rigid body noving with constant velocity, 10 and that it

i's noving suginhddatnd ftﬁojfégtegf&w&acfm&enq ;wﬂitml e Jfrdunhgpiixel s to the

right in the subsequent frane. According t he foreground conponent of

the ninthapi¥ghry, theMbidegt&hdd OfohpsnBn#Not HHe Rdbonkd gid1esponding to
‘the first portion of the shutter tine/v fromwhen-the shutter 15 has

opened Fsokl2h¥, 1808 éherfaieokOundigorpgners rid¥pordditid 4 X@le from the
~left in Fig. 15 corresponding to the second portion of the shutter tine/v

from whéhrthepshtutderof hitse ofiewede st Bhs v Fi2dn .whidte oy egnoited: conponent
of the eleventh pixel fromthe left in Fig. 15 corresponding to the 20
third pbati openédthe Bhlfter Therdlackdromdhmmpdrersirutdferthe third '
pixel from the left of frame #n-1 in Fig. 15 corresponding
to the first and second portions of the shutter time/v from
when the shutter has opened are B02/v. The background
components of the fourth pixel from the left of frame #n-1
10 in Fig. 15 corresponding to the first through third portioné
of the shutter time/v from when the shutte; has opened are
BO3/v.
In frame #n-1 in Fig. 15, the leftmost pixél from the
left belongs to the foreground area, and the second through
15 fourth pixels from the left belong to the mixed area, which
is a covered background-area. |
The fifth through fwelfth pixels from the left of frame
#n-1 in Fig. 15'bélong-to_the background area, and the pixel
values thereof are B04 through Bll, respectively.
20 | 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 fbreground area of
frame #n is any onerof F05/v through Fl12/v.
It can be assumed that the object corresponding to the

_25 foreground is a rigid body moving with constant velocity,



has opened and the foreground conponent of the twelfth pixel fromthe |eft
in Fig. 15 corresponding to the fourth portion of the shutter tine/v from
when the shutter has opened are F12/v. 25 The foregr2tbDdcang@i@mnt of the
ninth pixel fromthe 23 Decenber 2005 70 left of frame #n+l in Fig. 15 °
corresponding to the second 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 5 portion of the
shutter tinme/v fromwhen the shutter has opened is also Fil/v. The
foreground conponent of the eleventd? pixel fromthe. left in Fig. 15
corresponding to the fourth portion of the shutter tinme/v fromwhen the
shutter has opened is Fil/v. 10 The foreground conponent of the ninth

i xel f Left of & ing.to the third
pi xe arng#n%fﬁg iy it QbvihAMe ARt tnll Ehd fﬁsgﬁ%?%ﬁﬁp%%@gé%g dtig }:ll);v.

portion utter tinme/v-tromwhen the ter has ~“op

he TORBUALIANBALL Lhe cheNthanll 18} cheoBLbERGLERE kRafLO- 15

corresponding to the 15 portion of the shutter tinme/v from when the

shut t e RsraieRAREd the #bsRgELOhY: _cmg_ohea%%@u@ﬁeceﬁ@eﬁeaaxgi the ninth

pi xel fromthe'left of frame #n+l in Fig. 15 corresponding to the fourth
porti oErem tdhe Slutct of ARV #hr 9 when tBhecoshutbehaiag epeprd is FO9/v.

20 Since the object corresponding to the background is Stationary, the
backgr dund tc popaient oof theeshamithrpicifk/{r 8Fom when the shutter
has opened is F12/v, and the foréground component of the
sixth pixel from the left in Fig. 15 corresponding to the
second portion of the shutter time/v from when the shuttér
has opened is also F12/v. The foreground component of the
190 seventh pixel from the left in Fig. 15 corresponding to the
third portion of the shutter time/v from when the shuttef
has opened and the foreground component of the eighth pixel
from the left in Fig. 15 corresponding to the féurth portion
of the shutter time/v from when the shutter has opened are
15 Fiz2/v.

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

ropened is F11/v. The foreground component of the sixth

20 pixel from the left in Fig. 15 corresponding to the third
portion of the sﬁufter time/v from when the shutter has
openéd is also Fl1l1/v. The foréground 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

25 has . opened is Fll/v.




the left of franme #n+l1 in Fig. 15 corresponding to the first portion of
the shutter tinme/v fromwhen the shutter has opened is B09/v. The '
background conponents of the eleventh 25 pixel from 2i®ebahber®00br ane #n+1
in Fig. 15 correspondi ng 23 Decenber 2005 - 71 to the first and second
portions of the shutter time/v fromwhen the shutter has opened are B10/v. -
The background conponents of the twelfth pixel fromthe |eft of frame #n+l
in Fig. 15 corresponding to the first through third portion 5 of the
shutter tinme/v fromwhen the shutter has opened are Bll/v. In franme #n+l
in Fig. 15, the tenth through twel ft1#8 pixels fromthe left belong to the
m xed area, which is a covered background area. 10 Fig. 16 is a nodel of
an i mage obtained by extracting the foreground conponents fromthe pixel
val ues showrhd fbgegddundi @mbohdld Ust raiesr ar el xObt@aiorednly expandi ng

in the time direction the pixels which are aligned side-by--side 15 in
t hree filaffesobf faamenigeinbr agneds byoeapspohaddngntebieetthioad responding to
a foreground that is noving to the right in Fig. 17 together with an
. obj ect portéspondi hjet shatsent timasy DHrokgwbendtiaadshdicdr dtas | ocat ed at
the sanme positions in the frames. The nmodel shown in Fig. 17 20 . contains
an unco9eerddbagkfioivd afea. foredirgund 7comporent bef aslseineidktthat t he obj ect
corresponding to the foreground is a rigid body noving with
5 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
10 shutter has opened is F09/v.
Since the object corresponding to the background is
stationary, the background C6mponent of the sixth pixel from
the left of frame #n in Fig. 15 corresponding to the first
portion of the shutter time/v from when the shutter has
15 opened is B05/v. The background components of the seventh
pixel from the left of frame #n in Fig. 15 corresponding to
the first and chond 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
200 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

25 background area.




constant .velocity, and that it is noving such that it is displayed. four
pixels to the right in the subsequent franme. 25 Accordingly, the anmount of
movenent v is 4. 23 Decenber 2005 - 72 For exanple, 2hPetamiegranosd
conponent of the leftnost pixel of frame #n---1 in Fig. 17 correspondi ng
‘to the first portion of the shutter tinme/v from when the shutter has
opened is F13/v, and the foreground conponent of the second 5 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
component of the third pixel fromtde+eft in Fig. 17 corresponding to the
third portion of the shutter tine/v fromwhen the shutter has 10 opened
and the foreground conponent of the fourth pixel from the left in Fig. 17

cor respondi ol gs 1R LRUGED, PR 0, OhsL0E SPULT Pt IBL VoL rompben the

shutter has opened are eground conponen he second pi xel

fromtigg 145 pigfl 187 EiBHE $8- nbNpELiarblndOLLesnoadingnkopihe: i1 st

portion of the shutter tine rom whe he shutt er- s- ‘opened is Fl4/v.

The foregieendnesmRenart 8bst bRxrbibhdp1Al XeksheemitBeyleft in Fig. 17
corresponding to the second portiodon of the shutter tine/v fromwhen the

shutter hastR@ epesedthsBoddsOn Fldh Vpidhesf prear onadi&ppponeptamd the third
pi xel fromthe left in Fig. 17 corresponding to the first portion of the
shus t efntHilnghy Fiigomsheeibhg sbuther rbasgropadedres. F1ohy.
foreground component in the shutter time/v in the foreground
area of frame #n+l is any one of FO1/v thfougﬁ Fl2/v.
It can be assumed tﬁat the 6bjéct corresponding to tﬁe
foreground is a rigid body moving with constant velocity,

10 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 ninth pixel
from the left of frame #n+l in Fig. 15 correspoﬁding to the
first portion of the shutter time/v from when the shutter

15 has opened is Fl2/v, and the foreground-compoﬁent'of the
tenth pixel from the left in Fig. 15 corresponding to the
second portion of the shutter time/v from when the éhutter
has opened is also F12/§. The foreground component of the

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

20 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 Opeﬂed are
F12/v. |

25 The foreground component of the ninth pixel from the




Since the object corresponding to the background is 25 stationary, the
background conponents of the |eftnost pixel 23 Decenber 2005 - 73 of frane -
#n-1 in Fig. 17 corresponding to the second through f28Debempbertd0dhs of the
shutter time/v fromwhen the shutter has opened are B25/v. The background
conponents of the second pixel fromthe left of frane #n-1 in Fig. 1.7 5
corresponding to the third and fourth portions of the shutter tine/v from
when the shutter has opened are B26/v. The background conponent of the -
third pixel fromthe left of frame #n-1 in Fig. 17 corresponding to the
fourth portion of the shutter time/ W& romwhen the shutter has opened is
B27/v. 10 In frame #n-1 in Fig. 17, the leftnost pixel through the third
pi xel belong to the m xed area, which is an uncovered background area The

fourth tiyruelr EW%HEtmnﬁhXQESF&$0”HBh@0E§EE p8haifhbaeE #he sé?ogﬁ
bel ong to the foreground area he 15 foreground Conmponent o e frane i's”

any onepirtibd/ of ttheoughthd4/ viméhe Febhmpabnptrel shiitpyghnihe fourth
pi xel fromthe Ileft of frane #n in Fig. 17 belong-to the background area,

and t he opieneld ial Gad /wher eat doeeB2buhlr evgpoBaBt 30 tRspestinely. It can
be assuned that the object corresponding to the foreground is a rigid body
nmovi ng Witkle lc drsmamhevakdti iy, FlgndlﬁhabrréspSnﬂDMgnﬁoSUE@ thaggit is
dlsplayed four pixels to the right in the subsequent frame-- Accordingly,
the » portion of the shutter time/v from when the shutter has
opened is also Fli/v. The foregroundVCOmponent of the
eleventh pixel from the. left in Fig. 15 correéponding to the
fourth portion of the shuttér time/v from when the.shuttér
has opened is F11/v.
i0 The foreground component of the ninth pixel from the
left of frame #n+l in Fig. 15 corresponding to the thifd
portion of the shutter time/v from when the shutter has
opened is F10/v. The foreground component of the tenth.
pixel from the left in Fig. 15 corresﬁonding to the fourth
15 portion of the shutter time/v from when the shutter has
opened is also F10/v. The foreground component of the ninth
'pixel from the left of frame #n+l in Fig. 15 correéponding
to the fourth portion of the shutter time/v from when the
shutter has opened is FO9/v.
.20 Since the object correéponding to the background is
_.statidqary, the background compdnent 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 backgroqnd components of the eleventh

25 pixel from the left of frame #n+l in Fig. 15 correéponding



25 foreground conponent of the fifth pixel fromthe left of 23 Decenber
2005 -- 7 4 frame #n in Fig. 17 corresponding to the first portion of the
shutter tine/v fromwhen the shutter has opened is F133Decamikrt2d85

f oreground conponent of the sixth pixel fromthe Ileft in Fig. 17
corresponding to the second portion of the 5 shutter tinme/v from when the
shutter has opened is also F13/v. The foreground conponent of the seventh
pi xel 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 fromthe +eft in 10 Fig. 17 corresponding to
the fourth portion of the shutter tinme/v fromwhen the shutter has opened
are F13/v. .The foreground conponent of the sixth pixel fromthe Ileft of

rane #poi Ph&i G rt/ &MLW%&&%&%H It srgf{ééﬁfh o /AhgShut ter

time/v fromwhen the sh _ 15 opened is F14/v. The foreground
conponepheRf thhesmeMait haPiglndd Wpd M dAft ivhdikheidhduRlyr esponding to

the second portion of the shutter tine/v fromwhen the shutter has opened

i s al socéidéventhef omgr@momp;mqmntfr@m e 1QIGNY Frtele Hingq the [eft
in Fig. 17 corresponding to the 20 first portion of the shutter tinme/v from

when thenshig! ers dascapiriids tolHhe £i9sicaeHifbj@Gird Porespandi ng to
t he background is stationary, the background conponents.of the fifth pixel
from t hef | e sifutftreanmecitire Aun fAican whent ahee Shoitdidig Hag todip@ned 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 é
covered baékground area.
10 fig. 16 is a model of an image obtained by extracting
the foreground components from the pixel values shown in Fig.
15.
Fig. 17 i;iustrates a model obtained by expanding in
the time direction the pixels which are aligned side-by-side
15 in three frames of an image obtained by capturing an object
corresponding to a foreground'that is moving to the right in
Fig..17 together with an object corresponding té a
stationary backgrouﬁd and which are located at the same _
positions in the frames. The model sﬁowﬁ:in Fig. 17
20 . contains an uncovered background area.
" In Fig. 17, it can be assumed that the object |
corresponding to the foreground is a rigid body moﬁing with
 constant velocity, and that it is moving such that it is
displayed four pixels to the'rightrin the subsequent frame.

25 Accordingly, the amount of movement v is 4.



25 second through fourth portions of the shutter tine/v from 23 Decenber
2005 - 75 when the shutter has opened are B29/v. The background
conponents of the sixth pixel fromthe left of frane ZhDésember @007
corresponding to the third and fourth portions of the shutter tinme/v from
when the shutter has opened are 5 B30/v. The background conponent of the
seventh pixel from the left of franme #n in Fig. 17 corresponding to the
fourth portion of the shutter time/v fromwhen the shutter has- opened is
B31/v. In frame #n.in Fig. 17, the fifth pixel through the 10 seventh pixe
fromthe left belong to the m xed ar@a, -which -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 corg %ﬂﬂe dn%d tnwtob)% SJ‘%tft thel @E‘t}ﬁo%% any one of

F13/ v through F20/ v. eftnD pi xel roug he eighth prxel fromthe
left of phikamec#ntlahd Ehgl i{ B&longy &Eé%p&?ﬁ%ﬂj%ﬁ“ WY §3rs¢and the
20 respective

pi xel values t hereof are B25 through B32 y. It can be

assumedpbhaliohherobhecshe s £SPARINOr ddn thfon f1M egfAuRd: ki@ rigid body
nmoving with constant velocity, and that it is noving such that it is

di spl ayedefiodr ipi Kef gv, t &nd hehdé | Bhtedrbitte SisatNtod e seeser di ngly,
the 25 foreground conponent of the ninth pixel fromthe |eft of
5 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. 17 corresponding to the third
portion of the shutter time/v from when the shutter has
10 opened and thé foreground component of the fourth pixel from
the left in Fig. 17 corresponding to the fourth p0rtion of
the shutter time/v from when the shutter has opened are
F13/v. |
The foreground component of the second pixel from the-
15 left of frame #n-1 in Fig. 17 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is Fl14/v. The foreground component of the third
pixel from the left in Fig. 17 correspondihg to the second
portion of the shutter-time/v,from when the shutter has
20 opened is also Fl4/v. The foreground component of the third’
pixel from the léft in Fig. 17 corresponding to the first
portioh of the shutter time/v from when the shutter has
opened is F15/v.
Since the object corresponding to the background is

25 stationary, the background components of the leftmost pixel



23 Decenber 2005 - 76 frame #n+l in Fig. 17 corresponding to the first
portion of the shutter tinme/v fromwhen the shutter has opened is F13/v,
and the foreground conponent of the tenth pixel from2hbetarhiteri200%ig. 17
corresponding to the second portion of the 5 shutter tine/v from when the

"~ shutter has opened is also F13/v. The foreground conponent of the eleventh

pi xel from the left in Fig. 17 corresponding to the third portion of the
shutter time/v fromwhen the shutter has opened and the foreground -
conponent of the twelfth pixel fromthe left in 10 Fig. 17 corresponding to

. the fourth portion of the shutter - #Bme/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
time/ v fer %%}a\e(@e@nt-?eiﬁh#%&?r 19a?0}§e919§ﬁ'§£1néj St& 1oy - s dnd ofegRyind

conponent of the elevent pt xel fromthe left in Fig. 17 corresponding to

-the seggRgtnPPblik9Bnef oEhenshehlielet | FBAY/ ¢ T PROMNAREA Nen S el dEFehas opened

is also F14/v. The foreground conponent of the.. +twelfth pixel fromthe

left i Aabi @pehédcareespendi NaThe bhekZPouhd ! Sémpoidnan of €he shutter
time/v fromwhen the shutter has opened is F15/v. . Since the object

correspeadndgpti@ell hErbAckpeouadsi 8f stahé ofary, id eidackyr ound conponents
of the ninth pixel fromthe left of frame #n+l in Fig. 17 corresponding to
t hes 25csecengontiiagghof ahet bhpodt andsfotrthepsitides ¢f nedey from 23
Decenber 2005 - -
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 correquhding to the fourth portioﬁ of
~the shutter time/v from when the shutter has opened is B27/v.
10 In frame #n-1 in Fig. 17, the leftmost pixel through
the third pixel belong to the mixed area, which is an
uncovered background area.
The fourth throﬁgh twelfth pixels from the ieft of
 frame #n-1 in Fig. 17 belong to the foreground area. The
15 foreground component of the frame is any one of F13/v
through F24/v.

The leftmost pixel through the fourth,pikel from the
left of ffame #n in Fig. 17 belong to the background afea,
and- the pixel values thereof are_325 through BZ28,

20 respectively.

It can be assumed that the object.corresppnding 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

25 foreground component of the fifth pixel from the left of




77 when the shutter has opened are B33/v. The background conponents of the
tenth pixel fromthe left of frame #n+l1 in Fig. 17 corresponding to the
third and fourth portions of the shutter tinme/v fronm3Decentes 2608i1tter has

opened are 5 B34/v. The background conponent of the el eventh pixel from
the left of franme #n+l1 in Fig. 17 corresponding to the fourth portion of
the shutter tine/v fromwhen the shutter has opened is B35/v. In frane
#n+l in Fig. 17, the ninth through eleventh 10 pixels fromthe left in
Fig. 17 belong to the m xed area, which is an uncovered background area.
The twelfth pixel fromthe left of-fvéme #n+l in Fig. 17 belongs to the
foreground area. The foreground conponent in the shutter tinme/v in the
foreground area of frame #n+l1 15 is any one of F13 through F16, '

(ooPect XS i th Fil MDA AP e D 45TR9E A ANE Y

extracting the foreground conponents fromthe pixel ues shown in Fig.

17. Refenéi 8gupack {ond} @ £lom WASES ORet Byl ?hé%?%%e?%@ 1601 9, otion

vector and the positional information thereof supp omthe notion

det ect 0ind O2ne tftﬁ:é%ﬁ@dﬂ&ﬂo%ﬂdherﬁ@'cﬁ@!@{eorsi%% ganRRNalEe hgesti mat ed
m xture ratio and t corresponding m xture-ratio related informati on when

it is pesunid BRRQ ThedqivipdiRliongtd GH@Lover 8d RACKILFIRN25 area,
and al so generates the estinmated m xture ratio, ' which 23 Decenber 2005 - 78
S5 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 shuttgr haslopened and fhe
foreground component of the eighth pixel from the left in
10 Fig. 17 corresponding to the fourth portion of the shutter
time/v from when the shutter has opened are F13/v.

The foreground component of the sixth pixel from the
left of frame #n in Fig. 17rcqrre3ponding to thé first
portion of the shutter time/v from when thé shuttér.has

15. opened is F14/v. The foreground component of the seventh
pixel from the left in Fig: 17 corresponding to the second
portion of the shutter time/v from when the shutter has
opened is also Fl4/v. The foreground component of the
eighth pixel from the left in Fig. 17 corresponding to the

20 first portion of the shutter time/v from when the shutter
has opéned is F15/v. .

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

25 second through fourth portions of the shutter time/v from



is the mxture ratio to be estimated, and thé corresponding  mxture-ratio
related information when it is assuned that the pixel belongs to the-
uncover ed background area. The mnixture-ratio cal cul at23rDek8thbend(ils es t he
two generated 5 estimated m xture rati'os and the correspondi ng )
"mxture-ratio related information to the area specifying unit 104. The
area specifying unit 104 specifies each pixel of the input inage as the
foreground area, the background area, or the m xed area based on the input
i mage and the two 10 estimated m xture ratios and the correspondi ng

m xture-ratio related informati on-stupptied fromthe m xture-ratio
-calculator 103, and supplies the area information indicating to which of
t he foreground area, the background area, or the m xed area each pixel

bel ongs,}&, tﬂ}fe fsg{éﬁtg{%&%%?é?{e%%%b%c 2ERAT At LLQR ARGaRhe notion- bl ur

adjusting unit 106. r oun ground ‘separat or 105 extracts the

f o7 €07 QUL SRAIRANGY (PGS A PIHING: O WY 114 o3 GEAUNgn gaTPONENt S

based on the pixel values of a'plurality of franes, the area information,

and t hep i Xtiyr & ditd D ohdidlf &P HPRIH8% R fredowe-taempopent i mage to
the nmotion-blur adjusting unit 106. The notion-blur adjusting unit 106

adj ust sttdaesrafEr tafmdRt i Qbobliiert AHaigiet gt Hhe fople@@iiourd conmponent
irmage based on the foreground conponent inage supplied fromthe 25
f or-egr @B0vhac kigieo Wt k3paind Aompimerdthe fratheosevetittr pixeDecentner 2005 - -

79 supplied fromthe notion detector 102, and the area
the left of frame #n in Fig. 17 corresponding to the fqurth
portion of the shutter time/v from when the shutter has
opened is B31/v. |

In frame #n in Fig. 17, the fifth pixel through the

10 seventh pixel from the left belong to the mixed area, which
-is an uncovered background area.

The eighth through twelfth pixels from the left of
frame #in in Fig. 17 belong to the foreground aréa. The
value in the foreground area of frame #n corresponding to

.15 the period of the shutter time/v is any one of Fi3/v througﬁ
F20/v.

The leftmost pixel through the eigh{h pixel from the
left of frame #n+l in Fig. 17 belong to the baékground area,
and the pixel values thereof are B25 through B32,

20 respectively.

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

25  foreground component of the ninth pixel from the left of



information. supplied fromthe area specifying unit 104, and then outputs
t he foreground conponent inmage in which nmotion blur is adjusted. 5 The
processing for adjusting the anobunt of notion blur p28DecemsbetB006he i mage
processing apparatus is described belowwth reference to the flowhart of
Fig. 19. In step 511, based on the input image and the notion vector and
the .positional information thereof supplied fromthe notion 10 detector
102, the mxture-ratio calculator 103 calculates the estimted m xture
ratio and the corresponding m xture- ratio related information when it is
assuned that the pixel belongs to—tHé& covered background area, and al so
calculates the estimated m xture ratio-and the corresponding m xture 15
ratio related information when it is assunmed that the pixel belongs to the

uncover ggdabackground enga. 1TheoPkXEPbRALAYT o €A CEL A OHO3 SRy i es the
two calculated estimated m xture ratios and the correspondi ng

m Xt ur ethat ishutelkat @dmelFOFFBRI @RehO thlke sttt csP oGkl Yhageunit ¥94/vDetails
of the 20 m xture-ratio cal cul ati on processing are—given below. In step
S12, thendr ghespeciefiybngdundhpddnpes f othe, téasedp el herdmpie | mage and
the two estimated m xture ratios and the corresponding m xture-ratio

-rel at edleffif dnmEtgonl3upplkiespdéndimg hto ntke useesmad i powoalorulat arhel03, . 25
area specifying processing for generating area information 23 Decenber 2005
- 80 | ABPEAEENGLINE/ hfepmorhemethor shubted waeagpernmsi baclajrssund area, the

covered_background area, or the uncovered ,
Fi3/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 ﬁhe
| foreground component of the twelfth pixel from the left in
10 Fig. 17 corresponding to the fourth pbrtion of the shutter
time/v from when the shutter has opened are F1l3/v. |
The foreground compenent of the tenth pixel from the
left of frame #n+l in Fig. 17 corresponding to the first
portion of the shutter time/v from when thé shutter has
15 opened is Fl4/v. The fo;eground component of the eleventh
pixel from the left in Fig. 17 corresponding to the second
pbrtion 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
20_ 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 ninth pixel
from the left of frame #n+l in Fig. 17 corresponding to the

25 second through fourth portions of the shutter time/v from



- background area each pixel of the input image belongs. Details of the area
speci fying processing are given below. 5 The area specifying unit 104:
generates the mxture ratio ,a based on the generat e28 Beaanben200%mat i on,
and the two estimated m xture ratios and the corresponding m xture-ratio
"related information supplied fromthe m xture-ratio calculator 103, and
supplies the generated m xture ratio a 10 to the foreground/background
separator 105. In step 513, the foreground/ background separator 105
extracts the foreground conponents fromthe input inmage based on the area
information and the m xture ratio-a,7and supplies the foreground
conponents to the notion-blur 15 adjusting unit 106 as the foreground
conponent inmage. In step S14, the notion-blur adjusting unit 106

gener at es, sed,on .t he, notion_vector t he ea,_ _ipnformation, the unit
of pro@%@%ﬁE%miﬁgﬁtﬁﬁﬁiéﬁfegpﬁﬁgg 85§igsgﬁg'of?é8n9388?F98nﬁiers di sposed
n the IOMAERY e ¢RL! A, 2Rd belonging gﬁ any (of ot e gncoxer ed,

backgr oun area, the Foregrou area, “and thecovered BackiPFount area, and

adj ust e5Le 3TN QbofR haN Bl WhoC Rk aLNEHal Bohhen B EQEGHId,gOMPOnENt s

correspondi ng to the uni processi ng. € processing for

adj ust irR@ the 2R ARFRIALL,0 tian,b Lyep.be 3,Pecenber 2005 -
81 In step 5%5, tﬁg ?zgggrg?oggggikgéa%%gFg%ﬁsﬂagtgg%@ﬁésagghether t he

prQEESBBﬂngS‘Th%nbﬁbﬁgréﬁﬁdtBSmE@ﬁEﬁtSBEe%He bilevbhthSpdgber fiogd that the
processing is not finished for the.
the left of frame #n+l in Fig. 17 corresponding to the
fourth portion of the shutter time/v froﬁ when the shutter
has opened is B35/v. |
In frame #n+l in Fig. 17, the ninth through eleventh
10 pixels from the left in Fig. 17 belong to the mixed area,
rwhich is an uncovered background area.
The twelfth pixel from the left of frame #n+l in Fig.
17 belongs to the foreground area. The foreground component
. in the shutter time/v in the foreground area of frame #n+l
15 is any one of F13 through F16, respectively.
Fig. 18 illustrates a model of an image obtained by
extracting the foreground components from the pixel values
shown in Fig. 17.
- Referring back to Fig; 2, based on the input iﬁage and
20 the motion vector and the positional information thereof
suppliéd from the motion detector 102, the mixture-ratio
calculator 103 generates the estimated mixture ratio and the
corresponding mixture-ratio related infofmation,when it is
assumed that the ?ixel belongs to the covered background

25 area, and also generates the estimated mixture ratio, which



whol-e screen, the process proceeds to step S14, and the 5 processing for
adj usting.the anount of notion blur for the foreground conponents '
corresponding to the unit.- of processing is repeated.23Decembes 208% er m ned
in step S15 that the processing is finished for the whole screen, the
processing is conpleted. 10 In this nmanner, the inmage processi ng apparatus
‘1s capabl e of adjusting the anount of notion blur contained in the
foreground by separating the foreground and the background. That is, the
i mage processing apparatus is capable of adjusting the amount of notion
bl ur contained in 15 .sanpl ed data irndicating the pixel values of the
foreground. pixels. The configuration of each of the mxture-ratio
~calculator 10.3, the area specifying unit 104, the foreground/background

separ at 6. th@5miRdlr&éNeadnb i 05-bb Uss 2020 4STANG H toh06 4% 085G | bed
below. Fig. 20 is a block diagramillustrating the configdration of the

m xt ur ematioecahtibatolaldd_idfor@stismt @i ¥t U £-4 M Pr@egssor 201
calculates an estimated mixture ratio for each pixel by calculation 25

. correspbhdi pgxéd behodgs 0d the Qvitt@ee bad KEL AL E e s ed 133 Decenber
2005 - 82 on the notion vector and the positional information thereof

suppl i ediktonethethot cahcdbiest or0 1 0ummdi dhetha pttko iF@EEateand out puts the
estimated m xture ratio together with the mxture-rat.io related

i nf ot me®FbRMatpd chixturet vapioredml tthe corresponding mixture-ratio

related information to the area specifying unit 104.

The area specifying unit 104 specifies each pixel of
the input image as the foreground area, the background area,
or the mixed area based on the input image and the two

10  estimated mixture ratios and the corresponding mixture-ratio
related information supplied from fhe mixture-ratio
calculator 103, and supplies the area information indicating
ﬁo which of the foreground area, the'background-area, or the
mixed area each pixel belongs to the foregroﬁnd/backgrdund

15 separator 105 and the motion-blur adjusting unit 106.

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

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

20 supplies the foréground component image to the motion-blur
adjusﬁing‘unit 106.

The motion-blur adjusting unit 106 adjusts the amount
of motion blur contained in the foreground component image
based on the foreground component image supplied from the

25 foreground/backgroﬁnd separator 105, the motion vector



5 the calculation of the estimated m xture ratio. The- mxture-ratio
related information output fromthe estimted- m xture-ratio processor 201
is, for exanple, the sumof foreground conponents. A23 December 2005
estimated-m xture-rati o processor 202 calculates an 10 estimated m xture
ratio for each pixel by calculation corresponding to a nodel of an
uncover ed background area based on.the notion vector and the positional
information thereof supplied fromthe notion detector 102 and the input

i mge, and outputs the estinmated m xture ratio together with .15 the

m xture-ratio related information,—whjch is determned wth the
calculation of the estimated m xture ratio. The mxture-ratio rel ated
information output fromthe estimted m xture-ratio processor 202 is, for

exanpl e, the sum of or egrqund conponents. 20 Since it can be assuned that
Che ObPUEPIGSET EH30h ey TE6 1oRe STOPEGTotNa | ST 0T P RO HPEN constant
velocigﬁﬂgthin t he shut.

t ti th Xt .rati i |
bel onging Fgag%ﬁpk§3p§ é5 ;{ﬁkngget%@g%éﬁgg%ﬁﬁglhgthggt%&?s?%ég.SThat is,

the m eratiq._a.hinearly 2 han or.din j osiiiQnpa
change?%%ktﬁgﬁa?%glg.eég%ﬁgééo 3? 38%§%P%§§ lﬂﬁg%hggp%gg?ﬁoﬁgﬁlcﬁange in
the pixels 13 qpgydiggnsi onal, a change in the mxture ratio a can be
represent ed IineaFly. ‘I'f the positional change in the pixels is

t wos di mensi gpal ?racesgfﬁﬂggofna&j\?smﬁéyﬁﬁeré’tﬁ&?n@ SAmdadiERsent ed on a
pl ane. 5 Since the period of one franme i.s short, It can be

performed by the image processing apparatus is described
below with refefence to the flowchart of Fig. 19. -In step
811, based on the input image and the motion vector and the
-positional information thereof supplied from.the motion
107 detector 102, the mixture-ratio calculator 103 caiculates

the estimated mixture ratio and the corresponding mixture-
ratio related information when it is assumed that the pixel
belongs to the ﬁovered background area, and also calculates
the estimated mixture ratio. and the corresponding mixture-

15 ratio related information when it is assumed that the pixel

belongs to the uncovered background area. The mixture-ratio

calculator 103 supplies the two calculated estimated mixture

ratios and the corresponding mixture-ratio related

information to the area specifying unit 104, Details of the

20 mixture-ratio calculation processing are given below.

In step S12, the area specifying unit 104 performs,
based on the input image and the two estimated mixture
ratios and the corresponding mixture-ratio related
'information supplied from the mixture-ratio calculator 103,.

25 area specifying processing for generating area information




assuned that the object corresponding to the foreground is a rigid body
"nmoving with constant velocity. The gradient of the mxture. ratio ais
inversely proportional to the anmount of novenent v w3 Becerhier 2088tter . 10

time of the .foreground. An exanple of the ideal mxture ratio a is shown
in Fig. 21. The gradient 1 of the ideal mxture ratio a in the mxed area
can be represented by the reciprocal of the amount of novenent v. 15 As-
shown in Fig. 21, the ideal mxture ratio a has the value of 1 in the
background area, the value of 0 in thé foreground area, and the val ue of
greater than 0 and smaller than 1 7rf®Hhe nixed area. In the exanple shown
in Fig. 22, the pixel value C' 6 of 20 the seventh pixel fromthe left in
frame #n can be indicated by equation (4) by using the pixel value P06 of
the seveémidicapiirel tor emitche olfefrhel Fofraouiia- hred3 bReepRekg20QR4- 84 C06
= BO06/v+B06/v+F01/ v+F02/v = PO6/v+P06/v+F01/v+F02/v (4) z~ 2 /v PO6+ZFi
[ v i=1laneagqudns aovieded bhekpirvehdvalree ,C0& ichei ndcoakeddby a pixel val ue
M of- the pixel in the m xed area, while the pixel ‘value P06 is indicated
by a pi ®eélckgaioyadB agfeat kecpi péked i tthe hapkgr dmadeabedondhat is, the
pi xel value M of the
) Details of the area specifying processing are given below.
5 The area specifying unit 104 generates the mixture ratio o
based on the generated area information, and the two
estimated mixture ratios and the correspdnding mixture-ratio
related information supplied from the mixture-ratio
calculator 103, and supplies the generated mixture ratio a
10 to the foreground/background separator 105.
In step S13, the foreground/background separator 105
extrqcts the foreground components from the input image
based on the area information and the mixture rétio o, and
supplies the foreground components to ﬁhe motion-blur
15 adjusting unit 106 as the foreground component image.
In stép 814, the motion-blur adjusting unit 106
generates, based on the motion vector and the area
- information, the unit of processing that indicates the
positions of consecutive pixels disposed in the moving
20 direction and belonging to any of the uncovered background
s 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

processing. Detaills of the processing for adjusting the

25 -amount of motion blﬁr are given below.



pi xel in the.m xed area and the pixel value B of the pixel in the
background area can be represented by equations (5 .and (6) ,

respectively. M= C06 (5) 10 B P06 (6) In equation (2$De2émbenﬁ00§sponds to
the m xture ratio a. Since the anmount of novenent v. is 4, the mxture
ratio a of the seventh pixel fromthe left in frame #n is 0.5. As

di scussed above, the pixel value Cin the designated 15 frame #n is
considered as the pixel value in the m xed 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, equatdon (3) indicating the mixture ratio a
can be represented by equation (7): 20 C=a P+ (7) where f in equation
(7) indicates the sumof the foreground conponents EiFi/v contained in the
desi gnat ed Ehﬁglé ng vgaiab&es containeg inaeﬁu%t%on é?% are two factors,
i.e., 23 DecenberP2803  g5nEha A% BF REPEY18Ia2BRA P AES SURTPBI The

for eor Qe GOTRRNERLS oS 35 o mg%&ﬁ'f&btt%'n Ji% gxpandi ngrin the

time. direction t plxel | Ués in fe Arount of IOvement
and_the U eferQhmtinblizhadl thidefl,BRctibony 13 Aokh AN;uReAveLede gackground
area is shown in Fig. : repre entation o e covere

Pﬂ-gkgrmears%%een' ntmep%%@%%r peobaecker eund capea 4, h%nﬂ' Xgk value C of
5 processing for adjusting. the amount of motion blur for the
foreground components'cqrrEsponding to the unit of
processing is repeated.
| If it is determined in step S$15 that the processing is

finished for the whole screen, the processing is completed.

10 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. Thét is, the image processing apparatus is
.capable of adjusting the amount of motion blur contained in

15 sampled data indicating the pixel values of the foreground
pixels.

The configﬁfation of each of the mixture-ratio
calculator 103, the area specifying unit 104, the
foreground/background separator 105, and the motion-blur

20 adjusting unit 106 is déscribed below.

Fig. 20 is a block-diagram illustrating the
configuration of the mixture-ratio calculator 103. An
estimated—mixture—ratio processor 201 calculates an
estimated mixture ratio for each pixel by calculation

25 corresponding to a model of a covered background area based



designated frame #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 i s _consi dered
as the background area. Accordingly, equation (3) ind?EgeemMeert2989ni xture
ratio a can be represented by equation (8. C=a N f ('8 ) 15 The
enbodi nent has been described, assumng that the background object is
stationary. However, equations (4) through (8) can be applied to the case
in which the background object is noving by using the pixel value of a

pi xel |l ocated corresponding to the apgunt of novenent v of 20 the
background. It is now assuned, for.eXanple, in Fig. 22 that the anount of
novenent v of the object corresponding to the background is 2, and the
nunber of virtual divided portions is 2_ In this case, when the object
corr espondihg mebivhevbatkgrenddths poyittotsl t hefsimghtidm tHeteod?2, the 25
pi xel value B of the pixel in the background area in 23 Decenber 2005 - 86
equat i ofupB}i¢d frpmeteatmdtbyn adpiactowal @@ QA LIS noeperuatigens (7) and
(8) each contain two variables, the m xture ratio a cannot be determ ned
Wi t hout 2RBAPRIRWES t Hee egeibihabhed Blxowos diagly, tedetmxtwirth rdtei 0 a i s
determ ned by establishing an equation concerning a set of a pixel

bel ongi AY*FBTeher i X efie bt bad ahaf @ Hea Biort e spokeh nis plsted rmipsiconidithy to t he

bac%groggd area jn accordance with the anount of novenent v of the fore
€ calculation of the estimated mixture ratio. The

mixture-ratio related information output from the estimated-
| mixture-ratio processot 201 is, for example, the sum of
foreground components.
An estimated—mixture-ratio processoi 202 calculateé an
10 estimated mixture fatio for each pixel by calculation
corresponding to a model of an uncovered background area
based on the motion vector and the positional information
thereof supplied from the motion detector 102 aﬁd the input
iﬁage, and outputs the estimated mixture ratio together with
-15 the mixture-ratio ;elated information, which is determined
with the calculation of the estimated mixture ratio. The
mixture-ratio related information output from the estimated-
mixture-ratio processor 202-is, for example, the sum of
foreground components.
20 Since it can be assumed that the object éorresponding
. to ﬁhe'foreground is moving with constant velocity within
the shutter time,‘the mixture ratio o of the pixels
:belanging to a mixed-area exhibits the following
characteristics. That is, the mixture ratio o linearly

25 changes according to the positional change ‘in the pixels.



.ground object. 10 As the anpunt of novenment v, the notion vector and the
positional .information thereof supplied fromthe notion vector 102 are
utilized. The calculation for the estimated m xture ra3PecemesriZ®0fed by the
estimated-m xture-rati o processor 201 by 15 using the anount of novenent v
based on a nodel corresponding to the covered background area is described
below.. In the exanple shown in Fig. 22 corresponding to the covered
background area,' equation (9) holds true for P02 of 20 frane #n-1, and
equation (10) holds true for CO6 of frame #n. 2 P02 = 21v - B02 + E Filv 2
Q06 =.21v - BO6 + ZRlv ~ (9) . Inedpations (9) and (10), the val ues
corresponding to 23 December 2005 - 87 the mixture ratio a are the sane,
i.e., 2/v. In equations (9) and (10), the values corresponding to the sum

he! ARS8 SULSOMEN S 8L Ml teopck Mpeftibhrs, 3 12t 1o
sane, aid i€ i$UTR O b L85 UBd can be represented linearly.
If the positional change in the pixels is two-dimensional, a
chahge inrthe mixfure ratio & can be represented on a plane.
9 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 grédient of the mixture ratio o is inversely
proportional to the amount of movement v within the shutter

10 time of the foreground.

An example of the ideal mixture ratio o is shown in Fig.
21. The gradient 1 of the ideal mixture ratio @ in the
mixed area can be represented by the reciprocal of the
amount of movement v,

15 Aé shown in Fig. 21, the ideal mixture ratio @ has the
value of 1 in the background area, the value of 0 in the
foreground érea, and the value of greater than 0 and smaller
tﬁan 1 in the mixed area.

In the example shown in Fig. 22, the pixél value C06 of

20 -the seventh pixel from the left in frame #n can be indicated
by equétion (4) by using the pixel value P06 of the seventh

- pixel from the left in frame #n-1




conponents of P02 of franme #n--1 and C06 of frame #n are the sane.
Accordingly, it can be proved that CO06 of frame #n corresponds to P02 of
frame #n-1 according to the novenent 10 of the foreg2dDecerogra@dpd By
assunming that the foreground object is moving with constant velocity and
t he foreground conponents are uniform over a plurality of franmes, it is
possible to select a plurality of sets, each set consisting of a pixel.
bel onging 15 to the mi xed area and the correspondi ng pi xel belonging to

t he background area having the sanme mxture ratio a and the sane sum of

t he foreground conponents, according8#o-the anount of novenent v of the
foreground object. For exanple, five sets., each set consisting of .a

pi xel belonging tao the 20 mxed area and the c rrespondi ng pi xel bel ongi ng
to the backyt ol g%fré’a RS /o8 Jéeﬁ'oéc?e‘Ei*ﬁB? eXampl e, as shown in Fig. 24,
pi xel s M| threughe / M % 04 ¢gngi-ngolo/ tthe- FORed var ea and cogaespondi ng

pi xel s Btl through BtS bel onging to the background area can be sel ected 23
Decenber 2005 = 8 ﬁv.ﬁot;rprzfﬁgryev#n 3 through frame #n+2 in accardance
wi th the anount of novenent of the foreground object. In Fig. 24, the
white dots indicate pixels considered to. belong to the background ar ea,
and the bl ack: dehstiinoi ddhe mh)eebixednsadlaleed:mﬁomelluﬂgc'ametihbyrmxed ar ea.
Equations (11) through (15) hold true for the pixels M1 through M5 and

t he p|xei§eknvalm¢dmgmenH§ pixel in the mixed area, whlle the

pixel value P06 is indicated by a pixel value B of the pixel
5 in the background area. That is, the pixel value M of the
pixel in the mixed area and the pixel value B of the pixél
in the background area can be represented by equations (5)
and (6), respectively.
M = CO6 | (5)
10 B = P06 | (6)
In equation (4), 2/v corresponds to the mixture ratio .
Since the amount of movement v is 4, the mixture ratio o of

the seventh pixel from.the left in frame #n is 0.5.

As discussed above, the pixel value C in the designated
15 frame fin is considered as the pixel value in the mixed area,
while the pixel value P of frame #n-1 prior to frame #ﬁ is
considered as the pixel value in the background afea.
Accordingly, equation (3) indicating the mixture ratio”a can

be repiesented by equation (7):

20 C =a e P+f _ (7)
where f in equation (7) indicates the sum of the foreground
components X;Fi/v contained in the designated pixel. The

variables contained in equation (7) are two factors, i.e.,




"Ml =a Btl+ (11) M2 =c ca Bt2+ (12) 10 M3 = a Bt3-1-f (13) the

f oreground conponents,. the nethod of |east squares can be applied to
equations (11) through (15) to determ ne the m xture23Be¢antzer2fdthe sum f:
~of the foreground conponents. For exanple, the estinmated-m xture-ratio

~ processor 201 prestores normal equations for calculating the mxture ratio
M4 = a Bt4+f (14) M5 =a Btb+f (15) f in equations (11) through (15)
designates the sum of the foreground conponents EiFi/v. Since the five
equations (11) through (15) contain the conmon variables,-i.e., the

m xture ratio a and the sumf of & &d-the sumf of the foreground.
conponents, and sets pixel values belonging to the m xed area and the
correspondi ng pixel values belonging to the background area.in the stored

25 nopgl m%%‘&%EEOBQFiBh&rﬁFM eRLCULAL ENGrt PRe NESLUEELhAGI O @ 23 Decenber
2005 89 -and the sumf of the foreground conponents according to a matrix

sol uti eRmpbhehlie . background is noving, as indicated by an exanple of Fig.
25., the estimated-m xture-ratio processor 201 sets 5 pixel values

bel ongi ng t9ikheapixet ahdde BNSh {dEh & de NGR dih i 4| theal digse bel onging to
the background area in the nornal equations in accordance with the anmount
of nodemertivh, tABdpLakiulalesst be WhXEkr€hé admouat antl hbeeremt
5 is 4 and the number of virtual divided portions is.4 in an
uncovered backéround area is shown in Fig. 23. |
As in the representation of the coﬁe;ed background érea,
in the uncovered background area, the pixel value C of tﬁe
designated frame #n is considered és the pixel wvalue in the

10 mixed area, while the pixel value N of frame #n+l subsequent
t§ frame #n is considered as the background area.
Accordingly, equation (3) inaicating the mixture ratio o can
be represented by equation (8). |

‘'C = o ®» N+f ' (8)

15 The embodiment has been described, éssuming that the
background object is stationary. However, equations (4)
through (8) can be applied to the case in which the
backg;ound object is moving by using the pixel value of a

1pixel loéated corresponding to the amount of mévement v of

20 the background. It is ﬁow assumed, for example, in Fig. 22
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 correspénding
-to the background is moving to the fight in Fig. 22, the

25 pixel value B of the pixel in the background area in



f of the foreground conponents according to a matrix 10 solution. In Fig.
25, the white dots indicate pixels considered to belong to the background
area, and the black dots designate the pixels consi d&3 Bécembas@0dng to t he
m xed area. As di scussed above, the estimted-m xture-ratio 15 processor:
201 calculates the estimated m xture ratio by using the anount of novenent
v based on a nodel -corresponding to the covered background area.
Simlarly, the estimted-m xture-ratio processor 202 .calculates the
estimated m xture ratio by using the anobunt 20 of novenment v based on a
nodel corresponding to the uncovered ckground area. In the uncovered
~background area, the-corresponding pixel belonging to the background area
is selected fromthe franme subsequent to the frane of a designated pixel
25 Fig. 26 is a block diagramillustrating the 23 Decenber 2005 - 90

conf i gurSPSA°CBf (Pheléstrruacsanivedt Brear B k61 pF8éussBP4201 for cal cul ating
the estimated m xture ratio by using the anmount of novenent v based on a
nodel cor r espbRTT nFTEDH1PRS ¢ ¥br%ﬂdbé%kg?ﬁahdc%?E%%nEtVPrﬁﬁ?ﬁﬂhkﬁﬁuation
adder 2% sets, based on the nntiog vector .and the Bositigngl.infornation
t her eof “SGpPri&dTFrbRT1PnE RBEPSL g8t SEFEF™ipsa BikbPularadst®ttdngi ng to

“the mx I and the correspondi ng pi xel val ues belonging to the
backgro%ﬂ& ggggtégﬂ?ained in an image of Mfranmes of the

5 Accordingly, the mixture ratio a is determined by
establishing an equation concerning a set of a pixel
belonging to the mixed area and thé corresponding pixel
belonging to the background area in accordance with the
amount of movement v of the foreground object. |

10 As the amount of movement v, the motion vector and the
positional information thereof supplied from the motion
vector 102 are utilized.

The calculation for the estimated mixture ratio
performed by the estimated—mixture—ratio processor 201 by

15 using the amount of movement v based on a mbdel
corresponding to the covered background area is described
below.

In the example shown in Fig. 22 corresponding to the
covered backgtdund area, equation (9) holds true for P02 of

20 frame #n-1, and equation (10) holds true for C06 of frame #n.

‘ 2
P02 = 2/v - B02 + 3, Filv '®)
: i=1I ‘ ‘
. , A
C06 = 2/v - BO6 +3 Filv | (10)
. =7

- In equations (9) and (10), the values corresponding to



'estrnate&%%%%%ﬁe-PﬁgPpgnﬁfoéegs

10 input .image in prestored normal equatieons. The nornal - equati on adder
221 supplies the normal equations in which the pixel values belonging to

. the m xed area and the correspondi ng pi xel val ues bek®dbgcergbar@00he

background area are set to a calculator 222. 15 The cal cul ator 222 sol ves

“the normal equations in which the pixel values are set supplied fromthe

nor mal - equati on adder 221 by applying a matrix solution, for exanple, a
sweep-out net hod (Gauss-Jordan elimnation) so as to obtain the estimated
m xture ratio, and outputs the calculated 20 estimted m xture ratio. The
cal cul ator 222 outputs the sum of- tgge _foreground conponents, which is
determ ned together wth the calculation of the estimated. m xture rati o,
as the mxture-ratio related information. As di scussed above, the
estimated-m xture-ratio 25 processor 201 calculztes the estjpated m xture

ratio GWEQ§15§H§ﬁbéﬁt2@0§ aregihe S  t heCanodhl - of ﬂo?@ﬂ%ﬁfogsbased on a
nodel rres oagl t% covered backaroung ar ea h
esti mat et (8! rafis ﬁP LE8sGPT585PBUT pliEs *Phk guﬁ?%fthE ©f or egr ound

conponents as e mxture-ratio % lated 5 information. The
©20%"Ras a® ¢onfiguration simlar to the.

estimated-mRture-ratio processor 201, and an explanation thereof is thus

omtted. As ¢ bed above, based on the input inmage and the 10 notion

vector and #He positional information thereof

5 That is, the mixture_ratios a of P02 of frame #n-1 and
C06 of frame #n are the same, and the sums of the foreground
components of P02 of frame #n-1 and C06 of frame #n are the
same. Accordingly, it can be proved that C06 of-frame #n
corresponds to P02 of frame #n-1 according to the movement

10 of the foreground object.

By assuming that the foreground object is ﬁoving with
constant velocity and the foreground components are uniform
over a plurality of frames, it is possible to select a
plurality of sets, each set consisting of a pixel belonging

15 to the mixed area and the corresponding pixel belonging to
the background area having the same mixture ratio o and the
same sum of the foreground components, according to the
amoont of movement v of'the foreground object. For example,
five sets, each set consisting of a pixel belonging to the

) 20 mixed area and the corresponding pixel belonging to the'
background area, may be selected.

For example, as shown in Fig. 24, pixels Mtl through
Mt5 belonging to the mixed area and corresponding pixels Btl

through BtS belonging to the background area can be selected .



supplied fromthe notion detector 102, the m xture-ratio calculator 103 is
able to generate the estimated mixture ratio and the corresponding

m xture-ratio related information when it is assuned23 Retenolber 2605 el
belongs to the 15 covered background area, and is also able to generate ‘the
estimated m xture ratio, which is the mxture ratio to be estimted, and
the corresponding mxture-ratio related information when it is assuned
that the pixel belongs to the. uncovered background area. 20 The
estimated-m xture-rati o cal cul ati on processing perfornmed by the

m xture-ratio calculator 103 is descBBbed below with reference to the
flowhart of Fig. 27. In step S201, the estimted-m xture-rati o processor
201 performs the mxture-ratio estimating processing by using a nodel 25

correspeprdinn@rhfet #8-5OVEF Sy aEkIMOURd: Area RasadRd Re tA3 thecenber 2005

. -'92 input image and the notion vector and the positional information

t her eof afuppti ed hévsméhe Wodf othdlet @EdProukR objlRitai | $nokithe24 ,
m xture-ratio estimting processing are described-below wth reference to-
the fl otbhavhioé &bgs PBdiSata iR H2hsiderebtiodleadni Xbukler ati o |
processor 202 perfornms the mxture-ratio estinmating processing by using a
nodel cbackgpondddngréa, tdmd urtcousrark bctqriowridarcepibaied on the i nput
image and the notion vector and the positional information thereof

supp i edondiderae hotholometiortidre Mixed E0rdan step S203, the mixture-ratio

cal cul ator 103 determi nes whether the mxture ratios have been esti nmated
Equatlons (11) through (15) hold true for the pixels

Mtl through MtS and the pixels Btl through Bt5.

Mtl = & o Btl+f : (11)
ME2 = o * Bt2+f a2
10 ME3 = o e Bt3+f (13)
Mt4 = o ¢ Btd+f (14)
Mt5 = o e BLS+f , (15)

f in equations (11) through {15) designates the sum of the
foreground components X;Fi/v.
15 Since the five equations (11) through (15) contain the

common variables, i.e., the mixture ratio o and the sum f of

[ the foreground components, the method of least squares can

| | be applied to equations (11) through {15) to détermine the
mixture ratio.a,and the sum £ of the foregroﬁnd components.

20 For example, the estimated-mixture-ratio processor 201
prestdres normal equations for calculating the mixture ratio
@ and the sum f of the foreground components, and sets pixel
values belonging to the mixed area and the corresponding

pixel values beionging to the background area.in the stored

- 25" normal equations} thereby calculating the mixture ratio o




for the whole frane. If it is determined that the nmixture ratios have not

been estimated for the whole franme, the process returns to step 5201, and
the processing for 15 estimating the mixture ratio of ZﬁI{EC@mbgégQﬂﬁnt pi xel

is executed. If it is determined in step 5203 that the mixture ratios
have been estimated for the whole frane, the processing is conpleted. 20
As di scussed above, the m xture-ratio calculator 103 is able to calcul ate
the estimated mixture ratio for each pixel based on the notion vector and
the positional information thereof supplied fromthe notion detector 102
and the input image. 25 A descripti®h +s given below, with reference to
the 23 Decenber 2005 -- 9 3 flowhart of Fig. 28, of the

estimated-m xture-ratio cal culating processing perforned by the

esti matggs Nind Wik -# e QHY AGHSSAN [ a l,scor Lespondi ng to
the - covered background area I n sfgﬁgﬁfg%m%ieggf.ag%g?glﬁﬁ §§e§ 5221, the
nor mal nouatd yb1adden 221 reads the notion vector and the positional

“informati on supplied-..,from the notion. detector--102 so as to obtain the

amount of Il‘lfVQ[’fénba@ékgkﬂuﬁﬁe@_ssﬁ’againbbeagoiﬂﬁhéggé@tf)?naﬁd&?émgl?é- sel ects
the 10 pixels frominput Mfranes of i mages based on tThe anount of

nmovenerif \Eican@ssetdet ke tiimedledvalivas rof rbhe oSpheckadori ¥8hssety the
prestored normal equations. ' '

5 pixel values belonging to the mixed area and the
corresponding pixel values belonging to the background area
in the normal equations in accordance with the amount of
movement v', and calculates the mixture ratio ¢ and the éum
f of the foreground components according to a matrix

16 solution. Iﬁ Fig. 25, the white dots indicate pixels
.considered to belong to the.background area, and the black
dots designate the pixels considered to belong to the mi#ed
area.

As discussed above, the estimated-mixture-ratio

15 processor 201 calculates the estimated mixture ratio by
using the amount of movement v based on a model
corresponding tc the covered background area.

Similarly, the estimated—-mixture-ratic processor 202
.caldulates the estimated mixture. ratio by using the amount
- 20 of movement v based on a model cofresponding to the
uncovered background area. In the uncovered background area,
the corresponding pixel belonging to the background area is |
selected from the frame subsequent to the frame of a
designated pixel.

25 . Fig. 26 is a block diagram illustrating the



In step S223, the normal -equation adder 221 determ nes whether the pixel
val ues. have been set for the target pixel. 15 If it is determ ned that
the pi xel val ues have not been set for the target pix2bDecérabgs2882ss
returns to step S222, and the processing for setting the pixel values is
repeated. If it is determned in step S223 that the pixel values have been
set for the target pixel, the process proceeds to 20 step S224. In step
5224, the nornmal -equati on adder 221 supplies the normal equations in which
t he pixel values are set to the Ca|_Clé|Oat_Ol‘ 222, and the cal cul ator 222
solves the normal equations by a sweep-out nmethod (Gauss-Jordan
elimnation) so as to calculate the estimated m xture ratio. 25 The
processing is then conpleted. The cal cul ator 222 23 Decenber 2005 - 94

out put s G igFResfiophe ff shegesthtatedpohettse cortbs gometiegson @0dach pi xel ,
which is determ ned together with the calculation of the estinmted m xture
ratio, &% KELFeEiBg the sstimated nhrouratyario Pysusinrudeed above, the
estimated-m xture-rati o processor 201 is able to calculate the estimted
mi xt ur e PR CETREVAIRRGr ¥- Parrd ert medely ¢roeeonliperfortived by the
esti mat %d-vréi xhu&e-' atio processor 202 by using a nodel 10 corresponding to
the uncSVeréd o 8E5958H8 af€&%in step 5202 of Fig. 27 is sinilar to the.

Procgos 09, SRS Sud Efon URIEP YD Yord I0a22d n " Tnlmo1on ™ ™
vector and the positional information thereof supplied from
the motion detector 102, pixel values belonging to the mixed
‘area and the corresponding pixel ﬁalues belonging to ther
background area contained in an image of M frames of the

10 input-image in prestored normal equations. The normal-
equation adder 221 supplies the normal equations in which
the pixel values belonging to the mixed area and the
corresponding pixel values belonging to the background area
are set to a calcﬁlator 222.

15 The calculator 222 sdlves the normal equations in- which
the pixel values are set supplied from the nérmalvequation
adder 221 by_applying-a matrix solution, for example, a
sweep-out method (Gauss—-Jordan elimination) so as to obtain
the estimated mixture ratio; and outputs thercaldulated

20 estimated mixture ratio. The calculator 222 outputs the sum
of the foreground comﬁonents, which' is determined together
witﬁ the calculation of the estimated.mixture ratio, as the
mixture-ratio related information.

As discussed above, the eétimated—mixture¥ratio

'25 processor 201 calculates the estimated mixture ratio by



corresponding to the nodel of the uncovered background area, and an
expl anation there of is thus omtted. Fig. 29 is a bl ock diagram
illustrating another configuration of.the m xture-ra23Becahtmaunl2§0%r 103.
The mxture-ratio calculator 103 configured as shown in Fig. 29 does not
use a notion vector. An estinmated-m xture-ratio processor 241 cal cul at es,
20 based on the input imge, the estimated m xture ratio of each pixel by
the cal cul ation corresponding to a nodel of the covered background area,
and outputs the estimated m xture ratio together with the m xture-ratio
related information, which is calcuyhated together with the 25 cal cul ation
of the estimated m xture ratio. The m xture 23 Decenber 2005 - 95 ratio
related i nformation output fromthe estimted-nm xture- ratio processor 241
is, for exanple, the sumof-the foreground conponents or the gradient of
the m ¥SdPg A€ §CBAteofi RRVEHSREXY uPRSeHaPRo2pBE.Lsor 242 cal cul ates, 5
based on the inpyt imge, the estinated nixtére rati o_of each pixel by the
|

. R
cal cul SOEERSPEPAEEHoRI hge £OVETREIBRCEFTOPAE 8KE&Byer BB backgr ound ar ea,

d outputs the estimted _mixt ti t i th the mxture-rati
ol af oS CERP SRR koL RA G LPePEARETFF 0a0 L OGULRRFoWE R THB b HAF culat i on

of thegstimaled mxtune ratig. Jhe mxiure; rabi g pelaged informtion -
out put ?’ro the eSPI Haflea-mx ure-- ratl o processor %ﬁ is, for exarrpl e,
t heg suq,@f, . 1.n€ ; ohor eground conponents or the gradient of the mxture ratio.
The estimated-mixture-ratio processor 202 has a
configuration similar to the estimated-mixture-ratio
processor 201, and an explanation thereof is thus omitted.
As described above, based on the input image and the
10 motion vector and the positional information thereof
supplied from the motion detector 102, the mixture-ratio
calculator 103 is able to generate the estimated mixture
ratio and the cérresponding ﬁixture-ratio related
information when it is assumed that the pixel belongs to the
15 covered background area, and is also able to generate the
estimated mixture ratio, which is the mixture ratio to be
estimated, and the corresponding mixture-ratio related
information when it is assumed that the pixel beloﬁgs t6 the
uncovered background area.
20 The estimated-mixture-ratio calculation processing
performed by the mixture-ratio calculator 103 is described
.below with reference to the flowchart of Fig. 27. 1In step
5201, the estimated—mixture—ratio prodessor 201 performs the
mixture-ratio éstimating processing by using a model

25 corresponding to the covered background area based on the




The m xture-ratio estimting processing perforned by 15 the
estimated-m xture-rati o processor 241 and the estimted- m xture-ratio
processor 242 is described below with reference to Fi3BecedtbealB0B2. As
di scussed with reference to Figs. 22 and 23, since equations (7) and (8)
‘each contain the two variables, the 20 mxture ratio a cannot be ,
“determ ned without nodifying equations (7) and (8). The mxture ratio a
- linearly changes in accordance with a change in the position of the pixels
~ because the object corresponding to the foreground is noving w th constant
.25 velocity. By utilizing this charagteristic, the estimted 23 Decenber
2005 - 96 mxture-ratio processor 241 or the estimted-m xture-ratio
processor 242 sets an equation in which the mxture ratio a and the sumf

ofsg?e Eggﬁgrwg c ﬁng{lﬁQtS 1%1_’06 a Sg?ll_;rragt t%hégjigl atl al . direction.

1 zi pIuraI| ues of the pixels

bel ongi g]gf mg@goﬁotmﬁgggfag r]%dtﬂempl vén Cﬂéﬁﬁ, &)Jtéchc% I s bel ongi ng

to the background area, the equations In mxture ratloaand

the sumpbeafathsef ofech okt COMONeN S AL s APAABILGEL ane sol ved. When a
change in'the mxture ratio a I's approxinate a straight line, the
M Xt ur eqéeakkPbad CHEL He XD esSet-dlce B AR ONE(hhartd 6 PP @HO}

5 In step 5202, the estimated-mixture-ratio brocessor 202
-performs the mixture-ratio estimating processing by using a
model correspénding to the uncovered background area based
on the input image and the motion vector and the positioﬂal
information thereof supplied form the motion detector 102.

10 - In step S203, the mixture—;atio calculator 103
determines whether.the mixture ratios have been estimated
for the whole frame. If it is determined that the mixtﬁre
ratios have not been estimated for the whole fréme, the
process returns to step 5201, and the processing for

-15 estimating the mixture ratio of the subsequent pixel is
executed.
If it is determined in step S203 that the mixturé
ratios have been estiméted for the whole frame, the
précessing is compieted.

20 As discussed above, the mixture-ratio calculator 103 is

able'ﬁo célculate the ‘estimated mixture ratio for each pixel
based on the motion vector and the positional information

thereof supplied from the motion detector 102 and the input
image. |

- 25 . A description is given below, with reference to the -




_equatlon

In equation (16), i is the index in the spatial direction 15 when the
position of the designated pixel is set to 0. 1 is the gradient of the
mxture ratio a. pis the. intercept of the straight 28iDeeembert2085m xt ure
ratio a, and is also the mxture ratio a of the designated pixel. In

equation (16), the index is known, and the gradient 1 and the intercept p

20 are unknown. The relationship among the index i, the gradient 1, and
the intercept pis shown in Fig. 30. In Fig. 30, the white dot indicates

t he designated pi xel and the black dots indicate the proximty pixels. 25

By approximating the m xture ratiQagas equation (16). 23 Decenber 2005 97
plurality of different m xture ratios a for a plurality of pixels can be
expressed by two variables. In the exanple shown in Fig. 30, the five

m xture_ratios for five leels are exeressed ¥ the two yariables, i.e.,

t he gr§& CEF AT AR EifheZPnt 8FcEPE B tIHBRCERBIFFREGTEAFRio a is

appr ox shown

i o t"%gf?ltgé}ﬁsPagFFﬁal{lﬂepﬁﬁ\’?Bﬁ’éﬁF Gvobhe conbimehab TRl ek ¢ap

a

Ss_expanded into

directions, i ?8; %ontal dlrectlo and t he vgrtlcg 0 direction of
e

the |n§§§1°aH5°Fﬁ§Sﬁf re ¥at'Po"d gafiofs’ eXpregRebY9etlatidn (17). In
Fi g. 3Eov%?§§wﬁbEﬁg9§End!Q SaEeS %hs Qﬁﬁiggftﬁg%p'é?' a = jmkg+p (17)

ein horr zon irection
5 In step 5221, the normal-equation adder 221 reads the
motion vector and the positionai information supplied.from
the motion detector 102 so as to obtain the amount of
movement v.
In step 5222, the normal-equation adder 221 selects the
.10 pixels from iqput M frames of images based on the amount of
movement v, énd sefs the pixel values of the selected pixels
in the prestored normal equations.
In step 5223, the normal-equation adder 221 determines
whether the pixel values havé been set fér the target pixel.
15 If it is determined that the pixel values have not been set
for.the target pixel, the process returns to step $222, and
the processing for setting the pixel values is repeated.
If it is determined in step S$223 that the pixel values
have been set for the target pixel, the process proceeds to
20 step $5224. 1In step 5224, the normal-equation adder 221 |
supplies the normal equations in which the pixel values are
set to the calculator 222, and the calculator 222 solves the
normal equaﬁions by a sweep—but method (Gauss—Jordan
elimination) so as to calculate the estimated mixture ratio.

25 The processing is then completed. The calculator 222

In




15 and k is the index in the vertical direction when the position of the
designated pixel is set to 0. In equation (17), mdesignates the

horizontal. gradient of .the mxture ratio a in the pRabecember 2906ndi cat es

the vertical gradient of the mxture ratio a in the plane. In equation
(17), p 2.0 indicates the intercept of the mxture ratio a in the plane.
For exanple, in frame #n shown in Fig. 22, equations (18) through (20) can
hold true for CO5 through C07, respectively. C05 = a05+B05/v+f05 (18) 25
C06 = a060B06/v+f06 (19) 23 Decenber 2005 - 98 Q07 = a07BO7/v+f O7 (20)
Assum ng that the foreground corrpoﬁe%?s"posi tioned in close proximty with
each other are equal to each other, i.e.; that FOL through FO3 are equal,

.equation (21) holds 5 true by replacing FAO through FO3 by Fc. f (x) =

(1-- (X ¢xipytdctilgunt o edited | Ird@Pund dongiceaings tdee reepohiiangi n t he
spatial direction. Wen a(x) is replaced by equation (17), equation (21)
10 can be expr gsiserl bwieiplatioddi2dmifed Xogethkr @ikkdhe)) Fc = j (-nfFc)
+k (-gqFc) + ((1-p) Fc) = js+kt+u (22.) In equation™(22) , (-nFc) , (-qFc) ,
and (1-¢p¥eubation of the estimated mixture ratio, as the mixture-
ratio related information.
5 As discussed above, the estimated-mixture-ratio
processor 201 is able to calculate the estimated mixture
ratio, |
The mixture-ratio estimating processing performed by
the estimated-mixture-ratio processor 202 by using a model
10 corresponding to the uncovered background area in step S202
of Fig. 27 is similar to the processing indicated by the
flowchart of Figf 28 by using the normal equations '
corresponding to the model of the uncovered background area,
aﬁd an explanation there of is thus omitted.
.15. Fig. 29 is a block diagram illustrating another
configuration of. the mixture-ratio calculator 103.  The
mixture-ratio calculator 103 configured as shown in Fig. 29
does oot use a motion vector.
-~ An estimated-mixture-ratio processor 241 calculates,
20 based on the inpﬁt image, the estimated mixture ratio of
each pixel by the calcolétion corresponding to a model of
the oovered background area, and outputs the estimated
.mixture rétio together with the mixture-ratio related

~information, which is calculated together with the

.25 calculation of the estimated mixture ratio. The mixture-—




15 repl aced, as expressed by equations (23) through (25), respectlvely S
=.-nFc (23) t = -qFc (24) wu = (1-p) Fc (25) 20 In equation (22), j is the
index in the horizontal direction and k, is the indexX3 Dedeimber20d5 cal
.direction when the position of the designated pixel is 0. As discussed
above, since it can be assuned - that the object corresponding to the
foreground is noving with 25 constant velocity within the shutter period,
~and that the 23 Decenber 2005 99 foreground conponents positioned in close
proximty wth each other are unlforqg the sum of the foreground conponents
can be approxi mated by equation (22) Vhen the m xture ratio a is
approxi mated by a straight 5 line, the sumof the foreground conponents
can be expressed by equation (26). f (x) = is+u (26) By replacing the
m Xt ur ecartdiol xed aaled th€Eosmatabnt batpher egoauntiec espamantd-nbxeguati on (16)
by using equations 10 (17) and (22), the pixel value Mcan be expressed by
equat i aratid7prokessof] BRRqip) Ber sxktmples thBmskBgeBphs+kt+u (27) In
equation (27), unknown variables are six factors, 15 such as the horizontal
grad|eﬁprmgqbumwecmmppuegtﬁapmotae|gradlent of the mixture ratio.
An estimated-mixture-~ratio processor 242 calculates,
5 Dbased on the input image, the estimated mixture ratio of
each pixel by the calculation corresponding to a model of
the uncovered background area, and outputs the estimated
mixture ratio together with the mixture-ratio related
information, which is calculated together with the
10 calculation of the estimated mixture ratio. The mixture-
ratio related information output from the estimated-mixture-
ratio processor 242 is, for example, the sum of the
foreground components or the gradient of the mixture ratio.
The mixture-ratio estimating processing performed by
15 the estimatedqmixtufe—ratio processor 241 and the estimated-
mixture~ratio processor 242 is-described below with
reference to Figé; 30 and 32.
As discussed with reference to Figs. 22 and 23, since
'equations (7) and (8) each contain the two variables, the
20 mixture ratio o cannot be determined without modifying
equations (7) and (8) .
The mixture ratio « linearly changes in accordance with
a change in the position of the pixels because the object

-corresponding to the foreground is moving with constant

25 velocity. By utilizing this characteristic, the estimated-



the plane, the vertical gradient q of the mxture ratio a in the plane,
and the intercepts p, s, t, and u of the nmixture ratio a in the plane. The
pi xel value Mand the pixel value B are set in 20 eqfbDesmmie?2P0dn
.accordance with the pixels close to the designated pixel, and then, a
plurality of equations in which the pixel, value Mand the pixel value B
are set are solved by the nethod of |east squares, thereby cal cul ating
the m xture ratio a. 25 It is now assuned, for exanple, that the horizonta
23 Decenber 2005 -.100 index j of the designated pixel is set to 0, and
the wvertical index k of the desigﬁatq d pixel is set to 0. In this case,
when the pixel value Mor the pixel value Bis set in the equation
corresponding to equation (27) for 3x3 5 pixels located in the proximty
wi t h t heigdésrgnattilo ppretessequadi ons €28)es titmaigi (i) tare-rdttiai ned. . || - ~
.-z =(-1)'B-1,-im- (-1) B 1,-19+B-1,-1"p+ (-1) s+ (--1) t+u (28) M,-1 =
(0) Bo, pre¢eds®0, 2450380 _dp+@)stien 1)t +wh{@9)thaidixtihire ratio a
(+1)B+1,-1"m+(-1)B+a 1.qg+B+1. 1p+(+1)s+{-1)t+u (30)" 10 M 1,0 =

(- 1) B- 12p@wt% Bsun Of gaB_thepigrdgxeyn] t ceppdigntprre approximated

(0)'" Bo, om+(0) Bo, O g+Bo, op+(0)s+(0)t+u (32) M+1,0 = (+1) B+l,om+ (0). B+1,
O. q+B+l iBpihe gpatiat ojiracti®s) M0 +1by ytidigng & mlysedity of
B-1,+1g+B-1,+1' p+ (-1) s+ (#) t+u (34) M, +1 = . '

(0) Bo, +F7k¢ +25 Bbhe I PHEh, 4d Hig D)ot (419 tBixe hs)bakpnging. fto- the
f;éé?]l’hg%gﬁ]%% B;%%%ifffg%Jrrgi:%fl %I(Jelg sc;ré +€'l)1<=£ +5Ji)£e3163 beSllor}lcgeintghetohorl zont al

the background area, the equations in which the mixture
ratio @ and the sum f of the foreground components are
approximated are solved.

10 When a change in the mixture ratioc o 1s approximated as
a straight line, the mixture ratio o can be expressed by
equation (16).

a = il+p (16)

In equation (16), i is the index in the.spatial direction

15 when the positipn of the designated pixel is set to 0. 1 is
the gradient of.the mixture ratio 0. p is ﬁhe.intercept of
the straight line of the mixture ratio o, and is also the
mixture ratio a of the designated pixel. In equation (16) ,

- the index i is known, and the gradient 1 and the intercept p

20 are unknown.

The relatioﬁship among the index i, the gradient 1, and
the intercept p is éhown,in Fig. 30. 1In Fig. 30, the white
dot indicates the designated pixel and the black dots
indicate the proximity pixels.

25 .- By approximating the mixture ratio a as equation (16) ,




0, and the vertical index k of the designated pixel is O, the mxture
ratio a of the designated pixel is equal to the value whenj is 0 and k is
O in equation (17), i.e., the 20 mixture ratio a is eQB@lecérmbértROObNt er cept -
p in equation (17). Accordingly, based on the nine equations (28) through-
(36), the horizontal gradient m the vertical gradient g, and the
intercepts p, s, t, and u are calculated by the nethod of |east squares,
and the intercept pis output as 25 the-mxture ratio a. 23 Decenber 2005
- 101 A specific process for calculating the mxture ratio a by applying
the nethod. of |east squares is as fogl Fows. When the index i and the index
k are expressed by a single index x, the relationship anong the index i,
the 5 index k, and the index x can be expressed by equation (37). x =

Uit ] SE Bkt 3Eh bE 45 cPOreRRHIRE L0t REs T EGRTL A1 LAPLER o | ne

verticql P p?s P, ressed by

Varlabl e@g cgg b§2%§$§%s¥éd 89d§$§ g%gléﬁfQQCt'fﬁl¥heanaﬁ kB, B, j’ k

and 1 gre expresse and ab.- respecti e?y In

consi dehalhotn0Esgl NS0 Sl ERE. PXvecRURELPRS,LRR)ot PopUBlE3PLxerg be modifi ed

i'nto equation (3 ay w + ex Y=0
are expressed by the two varlables i.e., the gradient 1 and
5 the intercept p-

When the mixture ratio o is approximated in the plane.
shown in Fig. 31, equation (16) is expanded into the plane
by considering the movement v corresponding to the two
directions, i.e., the horizontal direction and the vertical

10 direction of the image, and the mixture ratio o can be
expressed by equation (17). In Fig. 31, the white dét
indicates the designated pixel.

o = jmt+kqgtp {(17)

In equation (17), j is the index in the horizontal direction
15 and k is the index in the vertical dipéction.when the
position of the designated pixel is set to 0. In equation
(17) , m designates the horizontal_éradient of the mikture
ratio @ in the plane, and q indicates the vertical gradient
of the mixture ratio ¢ in the plane. In equation (17), p
20 indicates the intercept of the mixture ratio a in the plane.
For exémple, in frame #n shown in Fig. 22, equations

(18) through (20) can hold true for C05 through c07,

respectively.
C05 = a05*B05/v+£05 . (18)
25 . C06 = a06eBO6/v+f06 - (19)




(39) can be found from equation (38).

5ex = Mk - ~ay- w (39) Y=0 Since

the nethod of |east squares is applied, the 20 squarg3bPecerhbaf200he error
is defined as foll ows, as expressed by equation (40). E = ex2 (40)
Decenber 2005°- 102 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 integers fromO to 5. Thus, wy

aWw a

is determned so that 5 equation (41) is satisfied. 8E cW 2 Sex-
= 2- lex av =0 (41) x=0 - 98 -
C07 = a07eBO7/v+£07 (20)

10

15

25

Assuming that the foreground componentswpositioned in‘
close proximity with each other are equal to each other,
i.e., that FO01 through F03 are equal, equation (21} holds
true by replacing FO01 through F03 by Fc.

£(x) = (l-a(x))eFc (21)

In equation (21), x indicates the position in the spatial
direction. |
- When a(x) is replaced by equation (17), equation (21)

can be expressed by equation (22).

£{x) = (1-(Jmtkqtp))eFc
= Je (-m*Fc) +ke (-q*Fc) + ({1-p)*Fc)
= js+kt+u : (22)
in equation-tZZ), (~meFc), (-g*Fc), and (1-p)eFc are

replaced, as expressed by equations (23) through (25),

respectively.
s = -meFc ' - (23)
t = —geFc _ ' (24}
" u = (l-p)eFc : (23)

-In equation (22), j is the index in the horizontal
di;ection and k is the index in the vertical directipn when
the position of the designated pixel is 0.

As discussed above, since it can be assumed that thé
object corresponding to the foreground is moving with

constant velocity within the shutter period, and that the

X=.0 23

Lex x-0



By substituting equation (39) into equation (41), -equation (42) is
obtained a s a |(av Zay - W) =Xav Mk x=0 Y=0 x=0 (42) 10 For exanple, the
sweep-out method (Gauss-Jordan elimnation) is appli &3 Desetnber 2005nal
equations consisting of six equations obtained by substituting one of the
integers fromO to 5 into v in equation (42), thereby obtaining w. As

. stated above, wOis the horizontal 15 gradient m wW is the vertica
gradient g, w2 is'the intercept p, w3 is s, wvdist, and ws is u. As

di scussed above, by applying the nmethod of |east .squares to the equations
in which the pixel value Mand the 98 xel value B are set, the horizontal
gradient m the 20 vertical gradient g, and the intercepts p, s, t, and u
can be. determined. The intercept p is the mxture rati o a when indexes.

23 Dol 2005 cohPineAld 53181 Bnelr Sn 1S PSR CGRILD 15 | ocated

at the Mter positron e |n ercep out put scription has

been g'e‘é%'ﬁ ot} %feehﬁn?‘é‘)rhle tﬁQU?BﬁlOB% cA8) fB?é?ﬁSﬂnﬁ?’@bmeMeﬁééum ng

that the pixel 5 value o p! xel cont ai ned e mxed area Is M and
t he pbé%lﬁ%a%%%r%&lhggeglﬁg gt abReqzbh .t he background area is B. In
0

thl S case, It | S necessary set nor nal equatl ons
When the mixture ratio o is approx;mated by a straight
5 1line, the sum of the foreground components cén be expressed
by equation (26f.
f{x) = is+u ' (26)
By replacing the mixture ratio a and the sum of the
foreground components in equation (16} by using equations
_ 10 (17) and {22), the pixel value M can be expressed by
equation (27).

M

I

(im+kg+p)eB+js+kt+u
= j§0m+kB¢q+B'p+j03+k0t+u (27)
~In eguation (27), unknown variables are six factors,
15 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 p, s, t, and u of the mixture
ratio o in the plane.
The pixel value M and the pixel value B are set in
20 equation (27) in accordance with the pixels close.to the
designéted pixel, and then, a plurality of eqﬁations in
which the pixel value M and the pixel value B are set are
solved by the method of least squapeé, thereby calculating
the mixture ratio o. |

25 : It is now assumed, for examplé, that the horizontal



for each of the cases where the designated pixel is contained in the
covered background area, or the designated 10 pixel is contained in the
uncover ed background area. For exanple, if the m xturRs Dezbinbee2@s t he

pi xel contained in the covered background area in frame #n shown in Fig.
22 is determ ned, CO04 through CO08 of the pixels in frame #n and the pixel
val ues P04 through P08 of the pixels 15 in frame ##n--1 are set in the
normal equations. If the mxture ratio a of the pixels contained in the
uncover ed background area in franme #n shown in Fig. 23 is determ ned, C28
through C32 of the pixels in frane-#0&nmd the pixel values N28 through N32
of the pixels in frame #n+l 20 are set in the normal equations.. Mbreover,
if, for exanple, the mxture ratio a of the. pixel contained in the

cover ed jhaekg -ou@dtareeaem?mté@ pifer B2 sstceboyl aded cdde fol I ow ng
equations (43) through (51). are set. In Fig. 32, the white dots indicate
pi xel s wer23chel angekoxt Be bREKGs OUGElateddpiher b ackelais 0 ndigate pi xel s
23 Decenber 2005 - 10 4 - 5 10-to belong to the m Xed area. The pixel val ue
of the pidel caker, wheshthlephk&l urglta@tMooRa tise gioad atexhd 8 M. Ml = -
(-1) Bclm (-1) Bclg+Bclp+ (-1) s+ (-1) t+u (43) M2 =

(0) Bc2msetl iBc2eBedpatDds +Cotyéspotdilg M3equitilyn (27) for 3x3

Bc3m+(--1) Bc3g+Be3p+(+l )s+(-1)t+u (45) M4 = (-1) Bcd4m+ (0) Bc4g+Bc4p+
(_1)55+p@gpl§+&o@a§¢d in the proximity with the designated pixel,

equations (28} through (36) are obtained.
M_1'_1 = ('—1)']3_1'_1'1'[1‘!' (_1).8“'1,—1.q+B—1,—1.p+ (“1)'S+("‘1).t+u (28)
My 1 = (0)080f40m+(—1)OBOFiOq+BOF4°p+(0)53+(~1)0t+u (29)

Miy,3 = (+1)eB,; _;om# (-1)eB,, _,eq+B,; _;*p+(+l)es+(-1)et+u (30)

10 My o = (—1)*B_; oem+ (0)*B_; ¢*q+B_; og*p+(-1)es+(0)et+u (31)
Mg,0 = (0)®By gom+ (0)®B; o*q+By g®p+ (0)es+(0)et+u (32)
M-i-l’O = (+1).B+1'0.m+(0).B+l'0'q+B+1'0.p+(+1) .S+(0).t+u (33)

M 4 = (-1)®B_, ,omt (+1)eB_; ,;9q+B_, ,,op+(-1)es+ (+1)et4u  (34)
My 41 = (0) By, em+ (+1) @By 0GBy, ,*p+ (0) es+ (+1) st+u (35)
IS My ,4p = (+1)By; omt (+1)eBy; ,0q+B,; ,,9p+(+1)es+(+1)et+u  (36)
Since the horizontal index j of the designated pixel is
0, and the vertical index k of the designatedrpixel is 0,
the mixture ratio o of the designated pixel ié equal to the
value wﬁen j is 0 and k is 0 in equation (17), i.e., the
20 mixture ratio @ is equal to the intercept p in equatiqn (17} .
Abcordingly, based on the nine equations (28) through.
(36), the horizontal gradient m, the vertical gradiént a,
and the intercepts p, s, t, and u are calculated by the
method of least squares, and the intercept p is output as

- 25 the .mixture ratio «.




M5 = (0)Bc5mt(0) Bc5g+Bc5p+(0)s+(0)t+u (47) M6 = (+1)
Bc6mt+( 0) Bc6g+Bcbp+(+1)s+(0)t+u (48) M7 = (-1) -
Bc7m+(+1) Bc7q+Bc7p+(-1)s+(+1)t+u (49) M8 = (0) Bc8aaPeterhber BOBg+Bc8p+
(0) s+ (+1) t+u (50) M9 = (+1)BcIm+(+1)Bc9q+Bc90p+(+l)s+(+1)t+u (51) For
calculating the mxture ratio a of the pixel contained in the covered
-background area in frame #n, the pixel values Bcl through Bc9 of the pixels
of the background 15 area in frane #n-1 in equations (43) through (51),
respectively., corresponding to the pixels in frane #n are used. Wen, for
exanple, the mxture ratio a of theipixel contained in the uncovered
background area shown in Fig. 32 20 is calculated, the follow ng equations
(52) through (60) are set. The pixel value of the pixel for which the
.calculated.is

i Xt i i A . = . .
CSimChiRRbEn AP £05 By e s e
u - ) - =
(+1)Bugﬁﬁﬁikﬁﬁéa%q?§§§%%?§§ OS%(§§%?%+§&?§Q?§g§SSE%ef 6ro%05 - 10 5 -- M4
= (- 1) BudmgRL BUdga Budpds - 1) S4& i dU{pPdx M2 expressed by a
(0) BuSOmt+( 0) Bu5q+Bu5p+(0) s+(0) t +u(56) M6 =

(+1) Bugm -B&h@@iBs&Gptﬁé&éié@lbﬁ%&é- mMR% the index i, the
(-1)Bu7mt +1)Bu7q+Bu7p+(-1)s+(+1)t+u( 8) 5Mu8 = (0) Bu8mt+ (+1) Bu8qg+Bu8p+

(0)5 s+ stttk kuahBOnblgnack ) cBOmE EtbreBsde thidatudtidn G t +u(60)
For calculating the mxture ratio a of the pixe
x = (j+1)e3+ (k+1) : (37)
It is now assumed that the horizontal gradient m, the
vertical gradient g, and the intercepts p, s, t, and u are
expressed by variables w(, wl, w2, w3, w4, and w5,
10 respectively, and jB, kB, B, j, k and 1 are expressed by a0,
al, a2, a3, a4, and a5, respectively., In consideration of.

the error ex, equations (28} through (36) can be modified

into equation {38).

5 ) .
'Mx=Zay-wy+ex {38)
y=0
15 _ In equation (38), x is any one of the integers from 0

to 8.

Equation (39) can be found from equation (38).

o 7
ex = Mx——Zay-wy _ (39)

y=0

Since the method of least squares is applied, the
20 square sum E of the error is defined as follows, as

expressed by equation (40).

. |
E =2 ex (40)
x=0 .




contained in the uncovered background area in frame #n, the pixel val ues
-Bul through Bu9 of the pixels of the background 10 area in frame ##n+l in
equations (52) through (60), respectively, correspondBigcembetZ0di xels in
frame ##n are wused. The mixture=ratio estimati on processor 241 and the

m xture-ratio estinmation processor 242 are configured 15 'simlarly to the
m xture-rati o processor 201, and an explanation thereof is thus omtted.
The processing for calculating the estinmated m xture. ratio perforned. by
the m xture-ratio calculator 103 -configured as shown in Fig. 29. is
~simlar to the processing 20 discusdd® with reference to the flowhart of
Fig. 27, and an expl anation thereof is thus omtted. A description is now
gi ven, with reference to the flowchart of Fig. 33, of the mxture-ratio

estimating {{ QeReSI NG P MHiING & nPdeh-o9f Eﬂ% 5%%%&%@ background area 25
in step 5202 of Fig. 27. 23 Decenber 2005 - .I'n step 5241, the

estimat gefFkXEHE €al abd Pudr HE EsOIvardihb 1S iy tdi&:tplr)%&,ipé@d 4® @Rt ai ned in
the input image in a normal equation corresponding to a nodel of the

cover edsqghaekgsannel &f ethe SetroStamBW e the astigmairgd-dgfieXiodt ehkat i 0
processor 241 determ nes whether the setting of the target pixels is

fini shedntéfers isorel etari hed That, the isetddtrgndfnddheso traget pi xel s is not

finished, the process returns to step
9 equation (41) is satisfied.

a
OB 3 ex - 22X

OWv . = oWv
' 8
=72

By substituting equation (39) into equation (41},

(41)

equation (42) is obtained:

8 5 &
diav- Y ay - wy) =2, av - Mx (42)
x=0 y=0 x=0

10 - For example, the sweep-out methoed (Gauss—Jordan

élimination) is applied to the normal equations consisting
of six equations obtained by substituting one‘of the
integers from 0 to_S into v in equation (42), thereby
obtaining wy. As stated above, w0 is the horizontal

lS gradient m, wl is the vertical gradient q, w2 is the
intercept p, w3 is s, w4 is t, and w5 is u.. |

As discussed above, by applying the method of least

squarés to the equations in-which the pixel value M and the
pixel value B are set, the horizontal gradient m, the

20 vertical gradient g, and the intercepts p; s, t, and u can
be détermined.

- The intercept p is the mixture ratio o when indexes i




S241, and the processing for setting the pixel values in the 10 nornal
equation is repeated. If it is determned in step S242 that the setting for
the target pixels is finished, the process. proceeds ©8Decepb&22®5 | n step
$S243, the estimated-m xture-ratio processor 241 cal cul ates the estinated

“mxture ratio by solving the 15 normal equations in which the pixels

val ues are set, and outputs the calculated m xture ratio. The estinmated
m xture-ratio processor 241 outputs the sumof the foreground conponents
and the gradient of the estimated m xture ratio, which are determ ned
together with the 20 cal cul ation eoft¢he-estimated m xture ratio, as the

m xture- ratio related information. As di scussed above, the

estimated--m xture-ratio processor 241 is able to calculate the estinated

m xture_ [ ti% b%sed on.tQE ingﬁt in@ge. T?e estiggig%g 'gg re-ratio 25
proces?gp 4% 8utpu9sefhe Gh 6F ¢t he 5?%% dnt® ¢ H%onents “Decenber 2005
- 10 7 t I t th | 1 xt I th
nixturgggggfoggggggg ??n g?ﬁﬁtfgﬁéi#ﬁ§£ﬁg§€hée£%g?éggggt?ﬁatiﬁg processi ng

performed by gthe estimmteds MtUrerrali q PEPGRSON. 242 dy using a model 5
ac

corrésppnding_to t he uncovere ( ground ‘ar ea Is simlar to the
procesgiiat¥shag (b8 @HEHﬁbheQIB'QHOB% &Qéﬁ:ﬁﬁn?:?n@x% £ pijg@del of the

uncover ed background area indicated by the owchart of Fig. 33, and an
expd anghioe biFetgef pigel hBSnt2MhéE€0n the mixed area is M, and the
pixei value of the pixel contained in the background area is
B. In_this'case, it is necessary to set normal equations
for each of the cases where the designated pixel is
contained in the covered background area, or the designated
10 pixel is contained in the uncovered background area.

For example, if the mixture ratio ¢ of the pixel
contained in the covered background area in frame #n shown
in Fig. 22 is determined, C04 through C08 of the-pixels_in
frame #n and the piﬁel values P04 through P08 of the pixels

15 in frame #n-1 are set in the normal equations.

If the mixture ratio a of the pixels contained in the
uncovered background area in frame ffin shown in Fig. 23 is
détermined, C28 through C32 of the pixels in fréme #n and
the pixel values N28 through N32 of the pixels in frame #n+l

20 are set in the normal equations..

Mdreover, if, for example, the mixture ratio o of the.
pixel contained in the covered background area shown in Fig.
32 is calculated, the following equations (43) through (51)
are set. In Fig. 32, the white dots indicate pixels to

25 belong to the background, and the black dots indicate pixels




10 Fig. 34 is a block diagramillustrating still another configuration of
the mi xture-ratio calculator 103 for estimating the mixture ratio froman
i nput image, which is input as a conponent signal | n28Mesempaciobcati on,

t he conponent neans individual 15 signal conponents of a conponent signal,
'such as a luminance signal, a chrom nance signal, and an RGB
(Red-green-blue)- signal. The follow ng description is given based on an
exanple in which conponent 1 is a |lum nance value Y, component 2 is 20 a
color difference U, and conponent 3 is a color difference V. An

estimat ed-m xture-rati o-processor 241041 —cal cul ates the estinated mxture
ratio for each pixel based on conponent 1 of the input image according to
the cal culation 25 corresponding to a nodel of a covered background area,
and 23 Lecsonehy 2005che mhiGec “a, WY PUtss d he a8t iviated o xhdr gikali o toget her
with the mxture-ratio related information, which is determned with the
cal cul agdpnumefcht henestir@ied Ftde FatdD.culiRRedmikt Mcg-ratio rel ated
information output fromthe estimated 5 m xture-ratio processor 241-1 is,
for examples the) «iumens (-Lheséorpgropd canpenentpetnd t he (geadi ent of the
mxture ratio. An estimated-m xture-ratio processor 242-1 cal cul ates the
est i matiecl ré X { Gy sBa2atni+-q -1l p# Be2ed i 2egl+ (@9 ed (oh) dBconponerit4l of the input
i mge according to the cal cul ation

5 Mc3 = (+1)eBc3em+{-1)*BcIeg+Bc3ept(+l)est (~1)et+u (45)
Mc4 = ({-1)eBc4em+ (0)eBcdegtBcdept(—1)es+(0)et+u (46)
Mc5H = (0)eBcSHem+ (0)eBcSegt+Bebep+ (0)es+(0)ettu (47)
Mcé = (+1)®Bcoem+ (0)*BcoegtBcoep+ (+1)es+(0}et+u (48)v
Mc7 = (-1)eBc7em+ (+1)sBc7eq+BcTep+ (~1) o5+ (+1)sttu (49)

16 Mc8 = (0)eBc8em+ (+1)*BcBeg+Bc8ept+ (O)es+ {+1)st+u (56}
Mc9 = (+1)eBcYemt (+1)eBc9Iesqg+BcIept (+1)es+ (+1)et+u (51)

For calculating thé mixture ratio ¢ of the pixel
contained in the covered background area in frame #n, the
pixel values Bcl through Bc9 of the pixels of the background |

15 area in frame #n-1 in equations {43) through (51},
respectively, corresponding to the pixels in frame #n are
used.

‘When, for egample, the mixture ratio o of the pixel
contained in the uncovered background area shown in Fig. 32

20 is calculéted, the followinglequations (52) through (60) are
set. The pixel value of the pixel for which the mixture

ratio o is qalculated is Mubs.

Mul = (~1)eBulem+ (—1)eBuleg+Bulep+ (—1l)es+(—1l)et+u (52)
Muz = (O)OBu2-m+(—1)OBu26q+Bu20p+(O)'s+(—l)0t%u (5
‘ 25 Mu3 .= (+1)eBu3em+ (—1)eBuleg+Bulep+ (+1)es+{-1)et+u '(54)



.corresponding to a nodel of an uncovered background area, and outputs the

estimated m xture ratio together with the mxture-ratio related
information, which is determined with the cal cul ati on3ecéhberci0bnmat ed
m xture ratio. The 15 m xture-ratio related information output fromthe

‘estimated- mxture-ratio processor 242-1 is, for exanple, the sumof the

f oreground conponents and the gradient of the m xture ratio. An

estimated-m xture-rati o processor 241-2 cal culates 20 the estinmated m xture
ratio for each pixel based on conponent 2 of the input image according to
the cal cul ation corresponding to—al®del of the covered background area,
and outputs the estimated m xture ratio together with the mxture-ratio
related information, which is determined with 25 the cal culation of the .

eSt'”a%ﬁgi“1XPWUQBEchQ(O?Ehééféﬁﬁﬁﬁ 4Q0%)s5109) e A, €St Matgdym xture-ratio

processor 242-2 cal cul ates ed m xture ratio for each pi xel based

on conpaEent (3))QfButShﬁU(@P‘ﬁuﬁJ@%Eﬁ%Q-Q'quQg(@P'ttihﬁ cal cul at(izgp
corresponding to a nodel of the uncovered background area, 5 and outputs

t he estvymmt-edi i peRubent ad j B GREMFHpW (i) $5e (o i tdtwir e-rati(gzjel at ed
informati on, which is determ ned mntﬁ the-cal cul ati on of the estimated

m Xt ur endAats of— IARBaY gt Ere Bl JegRI Teptti(o 1ps 9 esBOrt241- 3 qaBgul ates the
estimated m xture ratio for each pixel based on 10 conponent 3 of the input
i rage aodbrdi ({g *Bodrine (€h) @i digt@useper(0spondl yuritw a nod€bopf the covered
background area, and
Mu9 = (+1)eBu9em+ (+1)eBudeqg+Budep+ (+1)es+(+1)et+u (60)
For calculating the mixture ratio o of the pixel
_ contained in the uncovered background area in frame #n, ehe
-pixel values Bul through Bu9 of the pixels of the background
10 area in frame #n+l in equations (52) through (60),
respectively, corresponding to the pixels in frame #n are
used.
The mixture-ratio estimation processor 241 and the
mixture-ratio estimation processor 242 are configured
15 ~similarly to the mixture-ratio processor 201, and an
explanatioh therecf is thus omitted. |
The processiné for calculating the estimated mixture
ratio performed by the mixture-ratio calculator 103
' configured as shown in Fig. 29 is similar to the processing
20 discussed with reference to the flowchart of Fig. 27, and an
explanation thereof is thus omitted.
A description is now given, with reference to the
flowchart of Fig. 33, of tﬁe mixtufe—ratio estimating

processing by using a model of the covered background area

25 in step S202 of Fig. 27.



outputs the estimated m xture ratio together with the mxture-ratio
related i nformation, which is determined with the calculation of the
estimated m xture ratio. 15 An estimated-m xture-rati2B8 Decehess@00242- 3
calculates the estimated m xture ratio for each pixel based on conponent
3 of the input image according to the calculation corresponding to a nodel
of the uncovered background area, and outputs the estinated m xture ratio
together with the 20 mixture-ratio related information, which is determ ned
with the calculation of the estimated m xture ratio. As discussed above,
the mxture-ratio cal cul ator 103 T©dffd gured as shown in Fig. 34 is able to
cal cul ate for each conponent, based on the input image, which is input as
the 25-. conponent signal,. the estinated m xture ratio by using a 23

Decenber 200 -stefd s24mdalheofedtimatevemad thackgnotibdpabeasasd 24e .
- estimated m xture ratio by using a nodel of the uncovered background area.
- The m xsate-thtipixal cedBiorcd®Sa Dt uitrs e impdturimaigat iia Bel ated

i nformation, such as the sum of the foreground 5 'Conponents and the

gr adi ennoohal heqestiomt curnesgpandinattion,a rfateleadh thempowventdcor r espondi ng
to the estimated m xture ratio calculated by the nodel corresponding to

t he covepelorgae®kgrorind area and the estimated mixture ratio calculated by
usi ng the nodel correspondi ng to the uncovered background 10 area. Wen

estPmat i ng tHe SHoR $%dZ.attihgs estdmatre-migturemigeio mhpeassaridput as the .

conponent sigpal, the m xture-ratio . )
determines whether the setting of the target pixels is

finished. If it is determined that the setting of the

ﬁarget pixels is not finished, the process returns to step

5241, and the processing for setfing the pixel values in the
10 nqrmal equation is repeated.

If it is determined in step 8242 that the setting for
the target pixels is finished, the process proceeds to step
5243. In.step $243, the estimated-mixture-ratio processor
241 calculates the estimated mixture ratio by solving the

15 normal equations in which the pixels values are set, and
outputs the calculated mixture ratio. The estimated—
mixture-ratio processor 241 outputs the sum of the
foreground components and the gradient of the estimated
mixture ratio, which are determined together with the

20 calculation of the estimated mixture ratio, as the mixture-
ratio related information.

As discuésed above, the estimated-mixture-ratio
processor 241 is able to calculate the estimated mixture
ratio based on the input image. Tﬁe estimatedémixture—ratioA

25 processor 241 outputs the sum of the foreground'components



cal culatar 103 may cal cul ate the estimated m xture ratio by wusing a node
corresponding to the covered background area 15 and the estinmated. m xture
rati o by using a nmodel corresponding to the uncover ed3Decégbanddsarea for
each conponent according to the processing by the estimated m xture-ratio
processor 201 or 202, and outputs the corresponding m xture-ratio rel ated
information together 20 with the estinmated m xture ratios. The enbodi nent
has been described, assum ng that the object carresponding to the
background is stationary. However, the above-described m xture-ratio

cal cul ation processing can be applied even if the inmage corresponding to
25 t he-background area contai ns-notion. For exanple, if the 23 Decenber
2005 - 111 image corresponding to the background area is unifornmy noving,

the M Xhdr GRLatlaqGaheubal 8ho 103 SALLLY KOGEAYEr 8ok bMRgechD accordance
and performs  proces a

with thi's nmoti dn, er sing in a mnner simlar to the case

in whi&EXEQQGSrQthcEeggEQQSEg@ﬁ%ﬁgtggn[he background is stationary. If

the i mage corresponding to t ckground area contains locally different

ot i ons, th@h€1%iﬂﬁ@féﬁ£é91&aé§t&ﬁﬁﬁﬁn&0$roé§é§ﬁﬁé pder Pl Ly or r espondi ng
to the notions as the pixels belonging to the m Xxed area, and executes the

above- +h@ @%&Qh&!@%@~ﬁ&§@:ﬁ%éi—QQtiEﬂ@_r@E:é@s@Qe_QitleYbEQuHﬂh@ d0dodis1 descri bed
below. Fig. 35 is a block diagramillustrating the configuration of the
ar eg S@%&&Eﬁbﬂ@dﬂﬁbttéoﬁthuncovered background area is similar to
the processing using the normal eqﬁations corresponding to a
model of the uncovered background area indicated by the
flowchart of Fig. 33, and an explanation thereof is thus
omitted.
10 Fig. 34 is a block diagram illustrating still another
configﬁration of the mixture~rétio calculator 103 for
:eStimating the mixture ratio from an input image, which is
input as a component signal.
In this specification, the component means individual
15 signal components of a component signal, such as a luminance
signal, a chrominance signal, and an RGB (Red-green-blue)
signal. |
The following description is givén based on an ekample
in which component 1 is a luminance value Y, compoﬁent 2 is
20 a color difference ﬁ, and coﬁponent 3 is a color difference
V.
An estimated—mixture-ratio-prqcessqr 241-1 calculates
the esfimated mixture ratio for each pixel based on
component 1 of the iﬁput image according to the calculation

25 corresponding to a model of a covered background area, and




predictive-error calculating portion 301 cal culates the 15 error val ue
(predictive error value corresponding to the estimated mi xture ratio) for
each pi xel based on the mixture-ratio related i nfornzd Decensr268pondi ng to
the estimted mxture ratio calculated by using the nodel of the covered
background area and the estimated m xture ratio 20 cal cul ated by using the
nodel of the covered background area, and supplies the calculated error

val ue to an uncovered- background-area determ ning portion 303. For

exanpl e, when the m xture-ratio calculator 103 estimates the m xture ratio
by applying the nethod of |east 2518§uares to equations (11) through (15),
the predictive-error 23 Decenber 2005 - 112 cal culating portion 301
cal cul ates the | east square sumof the errors, which. indicates the error

val ue Suiptdedllialbiy GaNesRondiNG R RHali @ithblhe-, based on the
m xture-ratio related information, which is the sumof the 5 foreground

~ CONPONEYHt B u K FASRONH1RE 0 1T raSidiat, edm ihX i il Betakinneal wikat ed by the
nodel of the covered background area and the estifated m xture ratio
cal cul aited caiyedike ivdelf ahe ke tdmeicad Miadkgeonadiar eathe>  {M-(O
B+ZFilv)}2 t (61) 10 In equation (61), a indicates the estimated m xture
rati o, meindcurd-ncitciat eslihedndmifercnaft ifonawaspusedrbar thal eakatrbngd—-
| 5 mixture—ratio processor 241-1 is, for example, the su@ of '
the foreground components and the gradient of thé mixture
ratio.
An estimated—mixture—ratio processor 242-1 calculates
the estimated mixture ratio for each pixel based on
10 component 1 of the input image according to the calculation
corresponding to a model of an uncovered background area,
and outputs the estimated mixture ratio together with the
mixturé—ratio related information, which is detérmined with
the calculation of the estimated mixture ratio. The
15 mixture-ratio related.information output from the estimated-
mixture-ratio processor 242-1 is, fof example, the sum of
the foreground components and the gradient of the mixture
ratio. |
An estimated—mixtureﬂratib processor 241-2 calculates
20 the estimated mixture ratio for each pixel based on
coﬁpbnént 2 of the input image‘according £0'the calculation
correspondihg to.a model of the covered background area, and
outputs the estimated mixture rétio together with the

mixture~ratio related information, which is determined with

25 the calculation of the estimated mixture ratio.



,, Fil v the mixture ratio. i designates the sum of the foreground
conponents, which is the mxture-ratio related information. 15 A
predi ctive-error calculating portion 302 cal cul ates Ri®eeember 20ue for
each pixel based on the mixture-ratio -related information correspondi ng.
“to the estimated m xture ratio calculated by.using a nodel of the
-uncovered background area and the estimated m xture ratio calculated .20
by using a nodel of the uncovered background area, and supplies the
cal cul ated error value to a covered-background- area determ ning portion
304. The predictive-error cal cul ati mg9perti ons 301 and 302 23 Decenber 2005
- 113 may calculate the error value for each pixel by using blocks, each
consisting of a plurality of pixels, such as 5x5-pixel Dblocks. The
predictive-error. calculatin ortions 301 02,,5 t, or may
Cbtain t 15 PREAFGrab PopPe FaBRE Paref t0s 2aethe ot R R e s it o
rel atedyintarmtiion n1he.uacouesed-dackargupdsanepadetentining portion 303
deternmines for eac plxeP whether the error “value supplied fromthe
predi CliyUe-errer scalsc tis (o] AN k-5 3 gHeatek L0 iggual to a
b est of S PERERE 27 SETRE) APy Ak, Ao A T he P T eI BT

gr eat eokhaRpehdefdakot @ mbhe1t Breshe! dnfbvet-Re wACRYSLER haekgr ound- ar ea
determ ning portion 303 determ nes that the designated pixel belongs to

5 ~and outputs the estimated mixture ratio together with the

mixture-ratio related information, which is determined with

the calculation of the estimated mixture ratio.
An estimated-mixture-ratio processor 241-3 calculates
the estimated mixture ratio for each pixel based on

10 component 3 of the input image according to the calculation

corresponding to a model of the covered background area, and
outputs the estimated mixture ratio together with the

mixture-ratio related information, which is determined with

the calculation of the estimated mixture.ratio.
15 - An estimated-mixture-ratio processor 242-3 calculates

the estimated mixture ratio for each pixel based on

component 3 of the input image according to the calculation
corresponding to a model of the uncovered backgfound area;
and outputs the estimated mixture ratio together with the

20 mixturewratiq-related information, which is determined with
-the caiculation of the estimated mixture ratio.

As discussed above, the mixture-ratio calculator 103

configured as shown in Fig. 34 is ableé to calculate for each
compeonent, based on the input image, which is input as the

25  component signal,. the'estimated mixture ratio by using a




~the synthesizer 306. A foregfou

. the uncovered background area, and sets a flag indicating 15 the uncovered

background area in correspondence with the designated pixel. The
uncover ed- background-area determ ning portion 303 supplDeesmbére2006ag
i ndi cating the uncovered background area, which is set for .each pixel, to

-a synthesizer 306. 20 The covered- background-area determ ning portion 304

determ nes for each pixel whether the error value supplied fromthe
predictive-error calculating portion 302 is greater  than or equal to the
prestored threshold Th. If it is determned that the error value is
greater than or equal to 25 the threstbl-d Th, the covered-background- area
determ ning 23 Decenber 2005 - 114 portion 304 determ nes that the

desi gnat ed pi xel belongs to the covered background area, and sets a flag
i ndi cat | h e area jn_t ' i xel. The
coveredEn gg&g§5u§§¥a§§geg§§E@%?%?ﬁ%@%ﬁf?#%% %ﬁ%dgﬁ%%gg%gﬂFﬁﬁf flag

cover ed. bac n 30 f el 1
i ndi cat ,Rg¢lbe ng%egyba&f%%%gggﬁ%g%ghuﬁéoé%ed &AL xe 0

_ ( ound area determ ning portion 305
det er m pesawheirher mi ReubbXpht PE! O0SuiLrdPe1d Or SYF QWY L1 Buddle

" background area. For exanple, the foreground/ background area determ ning

portionr3@do defgtainesryheihesn! heudesigneneds i xef €1%e ML RRsed on

‘the difference between the pixel value of the designated pixel of the

designatempbhanesi andnthé herpd Xeh: ved uenof ed bt & morues pendicng to the
desi gnat ed :
for each component corresponding to the estimated mixture
ratio calculated by the modél corresponding toc the covered
background area and the estimated mixture ratio calculated
by using the model corresponding to the uncovered background
10 area.

When estimating the mixture ratios from the input image,
which is input as the component signal, the mixture-ratio
calculator 103'may caléulate the estimated mixtﬁre ratio by
using a model corresponding to the covered background area

15 and the estimated_mixturé ratio by using a model
corresponding to the unqovered background area for each
component'according to the processing by the estimated-
mixture—ratio processor 201 or 202, and outputs the
corresponding mixture-ratio relafed information together

20 with the estimated mixture ratios.

The embodiment has been deséribed, assuming’that the
object corresponding to the background is stationary.
However, the ébove—described mixtufe—;atio calculatidn
procesging can be appliéd even if the image éorresponding to

25 the .background area contains motion. For example, if the




15 pixel of frame #n-1. The foreground/ background area determ ning portion
305 determ nes whether-the designated pixel is noving based on the

di fference between the pixel value of the desi gnat ed2pDreedmindr 2008
designated frame in and the pixel value of the pixel corresponding to the
designated 20 pixel of frame #n-1-1. If it is determned that the
designated pixel from franme #n-1 to frame in is noving, and that the
designated pixel fromframe #n to frane #n+l is noving, the

f or eground/ background area determ ning portion 305 .25 determnes that the
desi gnat ed pi xel belongs to the. 23;Pgcenber 2005 - 115 foreground area.
For exanple, if it is determned that the designated pixel fromframe #n-1
to #n is stationary, and that the designated pixel fromframe #n to frane
#n+l is stationary, 5 the foreground/ background area deternining portion
305 défRgH ﬁ§§rﬁﬁ§PnFH€gd§§i§%§t?&ﬁ&969u BaRgs 1o WPRECTBa¥kgr ound ar ea.

The foregr.ound/ background area determ._nin rtion 305 .supplies.a flag-
indicaFF%@“phetgﬁr@gﬁﬁﬁﬁﬁ"§ﬁ§éoaﬁ8 §"ﬂ@§§gig%9n§i&£ Fn&hﬁhgesggzéround
area, which are set for each to.t.he s%pthesiéggm 06. The synt hesi zer

306 5y R I5S BAeT RS, fat Foh s "Oadoh el FERCERE ng one of i he
A o /B e SR Py e
uncgver@dect corresponding to the background is stationary. If

the image correspoﬁding to the backgroqnd area contains

- locally different motions, the mixture-ratio calculator 103
selects the pixels corresponding to the motions as the
pixels belonging to the mixed area, and executes the above-
10 described processing.

The area specifying unit 104 is described below.

Fig. 35 is a block diagram illustrating the
configuration of the aréa specifying unit 104. A
predictive—error calculating portion 301 calculates the

15 error value {(predictive error value corresponding to the
éstimated mixture ratio) for‘each pixel based bn the
mixture-ratioc related information corresponding to the
estimated mixture ratio calculated by using the model of the
covered béckground area and the estimated mixture ratio

20 calculated by using the model of the covered background area,
and suﬁplies the calculated error value to an uncovered-
background—area determining portion 303.

For example, when fhe mixture-ratio calculator 103
estimates the mixture ratio by applying the method of least

25 squares to equations (11) through (15), the predictive4error




20 background area supplied fromthe uncovered-background-area determ ning
portion 303, the flag indicating the covered background area supplied from
t he covered-background-area determ ning portion 304,23Recanter 2088
indicating the foreground area and the flag indicating the background area
-supplied fromthe foreground/ background area determ ning portion 305. The
synt hesi zer 306 supplies the synthesized area information to a

m xture-ratio determ ning portion 307, and also outputs the area
information. 25 A mixture-ratio deteririning portion 307 determ nes the 23
Decenber 2005 - 116 nixture rati o a¥ased on the area information supplied
from the synthesizer 306. Mrre specifically, the mxture-ratio

determ ning portion 307 sets O in the mxture ratio a when the designated

pi xel behopgiatinghpotoi@yrIONcdHT Qokadde thdn Mdadie-dide dairergd ni ng
portion 307 sets 1 in the mxture ratio a when the designated pi xel

bel ongsthe theobagkghbeindi ndi estedhgie tderaiesraginet e, iweathdel ongs to the
covered background area, the m xture-ratio determmning: portion 307 sets

t he est rpatedakigtucer respondaiautateghdyidmhe! Giddelbafed Gt hidheover ed
background area in the mxture ratio ac. Wen the designated pixel belongs
to the WaBbSVErEdabiekye burell inarmatiom xvhukeh riat ithaletuse mhithe portion
307 sets the estimated mxture ratio cal cul ated by the nodel of the
uncover EATBIERBPBUBAMRPRRN 5 (IR FASRWMEL AL TD He BitimmtAadture-ratio

deterninlng Eortion 307 outputs the m xture
mixture ratio calculated by the model of the covered

background area and the estimated mixture ratio caléulated

by the model of the covered background area.

S=3{M- (@ -B+SFi)y (61)

10 In equation (61), o indicates the estimated mixture ratio,

and t indicates the number of frames used for calculating

ZFilv

the mixture ratio. i designates the sum of the

foreground components, which is the mixture-ratio related

information.

15 A predictive-error calculating portion 302 calcﬁlaﬁes
| the error value for each pixel based on the mixture—ratio
related information corresponding to the estimated mixture
ratio calculated by using a model of the uncovered
background area and the estimated mixture ratio calculated
20 by using a model of the uncovered background area, and
supplies the caléulated error value to a covered-background-
~area determining portion 304. |

. The predictiveﬂérror calculating portions 301 and 302



ratio a determ ned based on the area information. The determ ning
processi ng perfornmed by the uncovered- background-area determ ning portion
303 is described below with reference to Figs. 36 an@3 Béceraiger203hown in
Fig. 36, since the object corresponding to the background is stationary,
~the pixel val-ue of the designated pixel belonging to the background area
of the designated franme #n is equal to the pixel value of the pixe
corresponding to the designated pixel in frame #na-I1,. which 25 is
subsequent to frame #n. In Fig. 36, Windicates the 23 Decenber 2005 - 117
background area. Simlarly, since-theszobject corresponding to the
background is stationary, the pixel value of the pixel of frame #n+l

-indi cated by the notion vector based on the designated pixel is equal to

t he pixel value of th correspaondi i xel of: frage #n+2 rdlngly,
the osfPated et ?aeaﬁraoeal Bdiig: g%rﬁfa%@%&eﬁomw Sigeie
background area.corres nd|n el on g 104 e ba kground
ar ea bgfﬁ%b§ogﬁﬁ8§ﬁn? b ﬁna ﬁ%l E P Pﬁéefﬁreaggﬁnﬁs enqg becones
alrmstbg.O %% Thus, the error value S cal cul ated by equatlon (61) becones
al nost n'Fig. 36, since the designated pi xel belonging to the

for egr ound %ﬁ§35£89+8€¥§€ é%%ﬁ&'ééi@%%ﬁﬁ&ﬁéﬂg&%?ﬁ?&%’36'“% Pizgl val ue of

t he designate I Xe esi gna ra S equa to the pixe

valge of,f e dRiexel: Obrf haleofPiin2P from the mixture-ratio '
calculator 103 as the mixture-ratio related information.

The uncovered-background-area determining portion 303
determines for each pixel whether the error value supplied
from the predictive~errcor calculating portion 301 is greéter

10 than or equal to a prestored threshold Th. If it is
determined that the error value is greater than or equal to
the threshold Th, the uncovered-background—area determining
portion 303 detérmines that the designated pixel belongs to
the uncovered background area, and sets a fiag indicating

15 the uncovered background area in correspondence with the
designated pixel. The uncovered-background-area determining
portion 303 supplies the flag indicating the uncovered
background area, which is set for each pixel, to a
synthesizér 306. | | |

20 The covergd—backgrounduarea determining portioﬂ 304
dgfermihes for each pixel whether the error value supplied
from the predictive-error calculating portion 302 is greater
than or equal to the prestored threshold Th. If it is
determined that the error value is greater than or equal to

25 'the.threshold Th, the covered-background-area detérmining




i ndi cated by the notion vector based on the designated pixel. Since the
foreground object has a strong correlation in the spatial direction, the
val ues of the foreground conmponents are al nbst the szhiBecefbeoR8dNgly, the
estimated m xture ratio and the | east square sumof the errors of the sum
of the foreground conmponents cal cul ated by the nethod of |east squares
becone relatively small values, though, strictly speaking, this is not
proved based on a physical nodel. 25 Naturally, in the covered background
area indicated by 23 Decenber 2005 - 118 Y in Fig. 36, the estimted

m xture ratio calcul ated by the metlHdd -of | east squares and the |east
square sumof the errors of the sumof the foreground conponents becone
almost 0. 5 In contrast, as shown in Fig. 37, the foreground conponents
cont ai ngdrt foh heopi xete Ml e ofhd hec e sdaagedt edi xate 10 diRgdesiognat ed
frame #n belonging to the uncovered background area indicated by Z in Fig.
37 are théfeseated rigamrkdheuddragiounthd aposnent 81 o niralived iingy tthe pi xel

val ue of 10 the correspondi ng pi xel of frame #n+l, “which is subsequent 'to
frame #oov&redlbadygrelved faresyriounche olnooiem ised gnixadIned Thien t he pi xel

~value of the pixel of frame #n+1 indicated by the notion vector based on

t he destgnatred-piciedreund-alidd etetre roymoimg heo foreyriih duwaipese nhe
contained in the 15 pixel value of the corresponding pixel of frame #n+2.
Wher? def b hrdibcabing othe | ervared dackdgraotnd estegmivgdich is set

for each pixel, to the syﬁthesizer 306.

. A foreground/background area determining portion 305
determines whether the pixel belongs to the foreground area
or the background area.

10 - For example, the foreground/background area determining
portion 305 determines whether the designated pixel is
moving based on the difference between the pixel value of
the'designated pixel of the designated framé #n and the
pixel value of the pixel corresponding to the-designated

15 pixel of frame #n-1. The foreground/background area
determining portion 305 determines whether the designated
pixel is moﬁing based on the difference between the pixel
value of ihé Qesignated pixel of thé'designated frame #n and
the pixel Value_of the pixel corresponding to the designated

20 pixel of frame #n+l1.

If it is determined that the designated pixel from
frame #n-1 to frame #n is moving, and that the designated
pixel from frame #n to frame #n+l is moving, the
foreground/background area determining portion 305

25 determines that the designated pixel belongs to the,




m xture ratio and the sumof the foreground conponents to be unknown

vari abl es according to the nethod of |east squares, the sumof the

f oreground conponents contained in the pixel 20 val ue28&ecembetd08quat i on
cannot be cal cul ated because it is changed. Accordingly, the estimted

m xture ratio and the | east square sumof the errors of the sumof the
foreground conponents, which are cal cul ated based on the nodel of the .25
cover ed background area according to the nethod of -1 east .-23 Decenber 2005
- 119 squares, becone greater val ues when the designated pixel belongs to
t he uncovered background area. Aceoitdlbngly, the uncovered-background-area
determning portion 303 is able to determ ne whether the designated 5

pi xel belongs to the uncovered background area by making a determ nation
‘as to whgthero e £J0r value S of the estimated mixture ratio and the sum
of the foreground conponents, which are cal cul ated based on the nodel of

the cover edbackgeApNd, At £3; ACPA diAGohontHCCHEL Ntk Wfed Rffeod 0 Squar es,

is greater than or equal to the threshold Th Simlarly,” the

cover egriRaak g FrahRa sdet ekl BhngsPaibic9B8ndPd, | Sn@blkat ocKlet ermne
whet her the designated pixel belongs to the cover ed background area by

maki ng des idpiaaicd Makiedn faomt grumet har cbhereneofnyal ve Scotidhergd) estimated
m xture ratio and the sumof the foreground conponents, which are

cal Bul athed floased cumdy/be ckgdelinaf akbe duneemsnﬂdgbp@kgi@urwbﬁr ea according
to the nethod of | east

determines that the designated plxel belongs to the

background area.

The foreground/background area determining portion 365
supplies a flag indicating the foregroﬁnd area and a flag

10 indicating the backgrpund area, whigh are set for each pixel,
to the synthesizer 306.

The synthesizer 306 synthesizes area information for
each pixel indicating one of the uncovered backgfound afea,
the covered background area, the foregrouﬁd area, and the

15 Dbackground area based on the flag indicating the uncovered
background area supplied from the uncovered~background—area
determining portion 303, the flag indicating the covered
background area supplied from the covered-background-area

 determining portion 304, and the flag.indicating the

20 foreg;ound area and the flag indicating the background area
_suppliéd from the foreground/background area determining
portion 305. The synthesizer 306 supplies the.synthesized
area.information_to a mixture-ratio determining portion 307,
and also outputs the area information.

25 . A mixture-ratio determining portion 307 determines the




squares, is greater than or equal to the threshold Th. Figs. 38 through 43
illustrate input images and 20 exanples of the results of the area

determ nations performed by the area specifying unit 2B8M@ecehibgr 285
illustrates an input image. In the input inmage shown in Fig. 38, the
foreground object is noving fromthe left to the right in the drawi ng. 25
The image shown in Fig. 39 is the result obtained by 23 Decenber 2005 - 120
maki ng a determ nation for each pixel of the input inmage shown in Fig. 38
by the area specifying unit 104 by setting the threshold Th to be 70 based
on the estimated m xture ratio and thké sum of the foreground conponent s,
which are 5 calculated by the m xture-ratio calculator 103 by using seven
frames. The imge shown in Fig. 40 is the result obtained by nmaking a

det er m pakiroRef @ t88CH HX5Ai esﬁltieéogke&)flﬁf@mél@wn dipge had N Fig. 38
by the area specifying unit 104 by 10 assumng that the mxture ratio in

the samenkl egkthesipetosos . andoby sebéingcd ey ! hires hol&ulkfe-gfadike sum of
the error values S of each block to be 750 and by-setting the threshold

Th of tHetermaniugl HerBioh BaThs@txed v tihd dierudd otdcilep obehkd based on
the estimated m xture ratio and the 15 sum of the foreground conponents,
whi ch atbecdksifnatedbyixéhebalotgs ets atlhe Dataptaim! ald by Tei ng three
frames. Fig. 41 illustrates an input inmage. In the |nput i mge shown in
Fi g:5 41migkereoragioudetebpbeing spowviory 30bmeattee 1 in the mixture '

ratio o when the designated pixel belongs to the background
area. When the designated pixel belongs to the covered
background area, the mixture-ratio determining portion 367
sets the estimated mixture ratio calculated by the model of

10 the covered background area in the mixture ratio «. When
‘the designated pixel belongs to the uneovered background
area, the mixfure—ratio determining portion 307 sets the
estimated mixture ratio calculated by the model-of the
uncovered background area in the mixture ratio . The

15 mixture-ratio detefmining portion 307 outputs thermixture

. ratio a determined based on the area information.
The determining processing performed by the uncheréd;
background-area detérmining portion 303 is deséribed below
- with reference to Figs. 36 and 37.

20 . As shown in Fig. 36, sincé the object corresponding to
the background is stationary, the pixel value of the
designated pixel belonging to the background area of the
designated frame #n is equal to the pixél value of the pixel
corresponding to the designated pixel in frame #n+l, which

25 is subsequent to frame #n. In Fig. 36, W indicates the



left to the right in the drawi ng.. 20 The image shown in Fig. 42 is the
result obtained by nmaking a determnation for each pixel of the input
image shown in Fig. 41 by the area specifying unit 1Q@30Degerskdrtd08§ the
threshold Th to be 70 based on the estimted m xture ratio and the sum of
“the foreground conponents, which are 25 calculated by the mxture-ratio
cal cul ator 103 by using 23 Decenber 2005 - 121 seven frames. The inage
shown in Fig. 43 is the result obtained by making a determ nati on for
each 5x5-pi xel block of the input inmage shown in Fig. 41 by the area
specifying unit 104 by assumng that7the mxture ratio in the sane bl ock
is uniform and by setting the threshold Th of the sumof the error
values S of each block to be 750 and by setting the threshold Th of the

orror YAGBRl SRE0, 0 Xehu AL D Lheeologlobgole ddchasshan e

estim xtureratio an 0 sum of égroun onpon

ar e caleuLfkefaRkoy bigam ULtk ey caL Ll BLEL) 1020y detag, hree ranes.

In Figs. rou ground area 1S - positioned at the

leadi ngigad b Ehendi §RELT PRakPabliChy t PRe HOE LK OWAd: OPI8Lled SHTOVI Ng Wi th

respect to the tforeground 15 area, and the uncovered background area is

posi ti Qﬁ;%ddétsibhﬁte_ﬁrﬁiikie!ﬂgi§ngqﬁé‘ltf'8 gheesiion vmwbigh fife foreground
object 1is nmoving with respect fo the foreground area. As shown in Figs. 38

t hrpugho42eshbadangapsreti §¥i Pame Wphi2104 is able to determne the areas
al nost precisely.

Accordingly,_the estimated mixture ratio calculated by
the model of the covered background area corresponding to
the pixel belonging to the baékground area becomes almost 1,
and the sum of the foreground components becomes almost 0.

10 Thus, the error wvalue S calculated by equation (61)
becomes almost 0.

In Fig. 36, since the designated pixel belonging to the
foreground area indicated by X is motion—compenséted, the
pixel value of the designated pixel of the designated frame

15 #n is equal to the pixel value of the pixel of frame #n+l
indicated by the motion vector based on the designated pixel.
Since the foreground object has a strong correlation in the
spatial diréctidn, the values of thé foreground components
rare'almost the same.

20 Accordinglf, the estimated mixture ratio and the least
squarelsum-of the errors of the sum of the fofeground

_components caiculated by the method of least squares become
relatively small values, though, strictly speaking, this is
not proved based on a physical model. |

25 - Naturally, in the covered background area indicated by




20 A description is given below of the processing of the area specifying
unit 104 when the mxture-ratio calculator 103 estimates the mxture ratio
by applying the nmethod of |east squares to equati ons28P@pemberd0§h (36) . and
outputs the data indicating the gradient of the estimated m xture ratio 25
‘as the nmixture-ratio related informati on together with the 23 Decenber 2005
- 122 estimated mxture ratio. The pixel value Mof the designated pixel
is. expressed by equation (62) according to equation (27). M=

(j mtkq+p) B+j +s+kt+u (62) 5 In equation (62), j indicates the index in the
hori zontal direction and k indicatdd&he index in the vertical direction
when the position of the designated pixel is set to 0. In equation (62), m
-desi gnates the horizontal gradient in the plane of the mxture ratio a, q

is the 40; yerigCabe Or sl e inh e il :aNE- Ofrdth® WaAluigrbat b9 8nheand p
indicates the intercept of the plane of the mxture ratio a. In equation

(62), Smethod@ndf U1 &4&r Vamiahl LS i diatidied heua@l aukosshtpebet wveen m q, .
and p and the foreground conponents, as expressed~by equations (23) ‘
t hroughef25ys 46 dhe PR £tine - vefr Al Wodpgon@nper beebmd0i1inssabl e to
calculate the | east square sumof errors, which is the error value S, by
the cal@ul ati on corresponding to equation (63) based on the m xture-ratio
related information containing j, k, m g, p, s, t, and u corresponding to:
t he Sest i nat €ith 2P otinasdr,e asatshowoalicuFaged 3By the frodedradind he covered
components contained in the pixel value of the designated
pixel of the designated frame #n belonging to the uncovered
background area indicated by 2z in Fig. 37 are different froﬁ~
the foreground components contained in the pixel value of
10 the corresponding pixel of frame #n+l, which is subsequent
to frame #n. Similarly, the foregrﬁund components contained
in the pixel vaiue of the pixel of frame {#n+l indicated by
the motion vector based on the designated pixel‘are
different from the foreground components contained in the
15 pixel value of the corresponding pixel of frame #n+2.
When determining the solution by setting the estimated
mixture ratio and the sum of therforegroundrcomponents to be
unknown variables according to the method of least squares,
the sum of the foreground components contained in the pixel
20  value set in the equation cannot be calculated bécause it is
éhangeﬁ.
| Accordingly, the estimated mixture ratio.and the least
square sum of the errors of the sum of the foreground

components, which are calculated based on the model of the

25 covered background area according to the method 6fAleast




L

background area and the estimated mi xture ratio calculated by the nodel of
t he covered background area. S=Z {M [(j,n+kg+p).B+js+k.t+u]}2 (63) s; y
The predictive-error calculating portion 302 is abl e 2®D28eleard®8r 2005 -
123 calculate the error value for each pixel by the cal culation
correspondi ng to equation (63) based on the mxture-ratio related
information corresponding to the estimated m xture- ratio cal cul ated by the
model of the uncovered background S area and the estimated m xture ratio
cal cul ated by the nodel of the uncovered background area, and supplies the
cal cul ated error value to the coveretlgbackground-area determ ning portion
304. The uncover ed- background-area determ ning portion 303 10 determ nes
for each pixel whether the error value supplied fromthe predictive-error

cal cul atin ortion 301 is greater than or,equal.to the prestored

Chr oshglaTRe 7 PoRPmPsaraREQF ninote? hAhopnEnE Yo i vit ted 8 &P hater than or
equal to, th restored threshold Jh. th ver ed- background-area 15
deternlﬁ%ﬁ&g%ogfi§%e385088 5?%?%%§kgﬁ3Fn§h§9§§éignated-pixel bel ongs to

the uncovergdehagkgt PN AL &gk ANML €15 Actl Atha  JIdL Ald i dapcover ed

background area | f espondence with't designated pixel. The
UnCOVGFBQt@%ﬁkghQU@g'Q‘éfé +JCLELALALAG RRELLED 808 g&ppliLsedhe flag

i ndi cating the 20 uncovered background area, which is set for each pixel,
tos5.tPRexeYNbeeshg8r t306he uncovered background area by making a
determination as to whether the error value S of the
estimated mixture ratio and the sum of the foreground
components, which are calculated based on the model of the
covered background area according to the method of least
10 sgquares, is greater than or egual to the threshold Th.
Similarly, the covered—backgrounduarea determining
portion 304 is able to determine whether the designated
pixel belongs to the covered background area by making a
determination aé to whether the error value S of the
-15 estimated mixture ratio and the sum of the foreground
components, which are calculated based on the model df the
uncovered background area according to the method of least
squares, is greater than or equal to the threshold Th.
Figs. 38 through 43 illustrate input images and
20 examples of the results of the area determinations pe?forﬁed
by the'area specifying unit 104.
Fig. 38 illustrates an input image. In the input image
shown in Fig. 38, the foreground object is moving from the
left to the right in the drawing.

25 - - The image shown in Fig. 39 is the result obtained by



The cover ed- background-area determ ning portion. 304 deternlnes for each

pi xel whether the error value supplied  fromthe predictive-error
calculating portion 302 is greater 25 than or equal t@3Dkeembasiodted
threshold Th. If it is 23 December 2005 - 12 4 - determined that the error
value is greater than or equal to the prestored threshold Th, the

cover ed- background-area determ ning portion 304 determ nes that the

desi gnated pi xel belongs to the covered background area, and sets a flag 5
i ndi cating the covered background area in correspondence with the

- desi gnat ed pixel. The covered- backgrb@fd=area determ ning portlon 304
supplies the flag indicating the covered background area, which is set for
each pixel, to the synthesizer 306. 10 The foreground/ background area

deter”‘maﬁgngo%tH@%e@&%na@@%ﬁr@b?eéaEHeébﬁéle@EhtHbX§£p9€|Qﬂﬁéet0 the
foreground area or the background area, and supplies a flag indicating the

foregrogndwar ea 2nd. a3l ag iAdi §abhNgptRErPEL gﬁﬁﬂﬁdlﬁie@y sébeidd ag being
set for each pixel, to the synthesizer 306. 15 Thesynthesi zer 306

synt hesithes tan:eahbmaomﬁaitbone 70dbg8kd Ngn Oke O& s t NiRa HBE OMEX BEr-dackgr ound
area, the covered background area, the foreground area, and the background
ar ea forag¢dohapidxehebassdoonthberblragrotgd cadbmponehes, wilkbyierexk backgr ound
area supplied fromthe uncovered 20 background-area determ ning portion
303,5 t heaflcagdaitrdi bat thg mikeucreveatilobagskgubahdrated lsyppsimg from t he
covered- background-area deternlnlng portion 304, and the flag
seven frames,
The image shown in Fig. 40 is the result obtained by
making a determination for each 5x5-pixel block of the input
image shown in Fig. 38 by the area specifying unit 104 by
10 assuming that the mixture ratio in the same block is uniform
and by setting the threshold Th of the sum of the error
values S of each block to be 750 and by setting the
threshold Th of the error value S of each pixel within the
bilock to be 10 based on the estimated mixture ratio and the
15 sum of the foreground components, which are calculated by
the mixture-ratio calculator 103 by using three frames.
Fig. 41 illustrates an input imége. In the input image
shown in Fig. 41, the foreground object is moving from the
~ left to the right in the drawing.
20 The image shown in Fig. 42 is the result obtained by
-making a determination for each pixel of the input image
shown in Fig. 41 by the area specifying unit 104 by setting
the threshold Th to be 70 based on the estimated mixture

ratio and the sum of the foreground components, which are

- 25 calculated by the mixture-ratio calculator 103 by using



indicating the foreground area and the flag indicatihg t he background: area
supplied fromthe foreground/ background area 25 determ ning portion 305..
The synt hesizer 306.supplies the 23 Decenber 2005 - 128 Despfbfed(06ed ar ea
information to the mxture-ratio determning portion 307, and al so outputs
the area information. The m xture-ratio determ ning portion 307 determ nes
5 the mxture ratio a based on the area information supplied fromthe
synt hesi zer 306. As described above, the area specifying unit 104 is able
to generate area information based on the estimated m xture ratio and the
mxture-ratio related informationTi A220-correspondence with the nethod for
estimating the mxture ratio by the mxture--ratio calculator 103.  Fig. 44
is a block diagramillustrating the configuration of the area specifying
unit 1G4Jer faperisfying the area based on the mxture ratios estinated for
each 15 conponent signal, the corresponding m xture-ratio rel ated
i nf or mat i onThandmtfe shpuh inapeg.wWdBchsi shenpdkuds dBeaigsedpepent signal .
The elenments simlar to those shown in Fig. -35 are indicated by |ike
r ef er emeéd imgmer dlederanidadn oneXplragachofxtheigell blothusforhet dpu0 A
predictive-error. calculating portion 301-1 calculates the error value for
each pilrelgehsbednonnt Hdani Afluby- ithei erepelspeed fiynfhgr matiitoh0éobyespondi ng to
the estimated m xture ratio calculated by a nodel of the covered
-bac&gr@ﬁﬁ@mépéathat the mixture ratio in the same block is uniform

and by setting the thfeshold Th of the sum of the error

values S of each block to be 750 and by setting the

threshold Th of the error value S of each pixel within the

. block to be 10 based on the estimated mixture ratio and the

10 sum of the foreground components, which are calculated by

the mixture-ratio calculator 103 by using three frames.

In Figs. 39 through 43, the covered background area is
positioned at the leading end in the direction in which the
foreground object is moving with respect to the foreground

15 area, and the uncovered background area is positioned at the
trailing end in the direction in which the foreground object
is moving with respect to the foreground area.

As shown in Figs. 38 through 43, the area specifying

unit 104 is able to determine the areas almost precisely.

20 A descriptibn is given below of the processing of the
area specifying unit 104 when the mixture-ratio calculator
103 estimates the mixture ratio by applying the method of
least squares to equations'(28) through (36) and outputs the

data indicating the gradient of the estimated mixture ratio

25 as the mixture-ratio related information together with the




and the estimated m xture ratio cal cul ated by a model of the 25 covered
background area, the estimated m xture ratios being 23 Decenber 2005 - 126
cal cul ated from conponent 1 of the input inmage, and sudidcember 2RO5S

calcul ated error value to an adder 321. A predictive-error calculating

portion 301-2 calculates the error value for each pixel based on the

m xture-ratio - 5 related information corresponding to the estinated

m xture ratio calculated by a nodel of the covered background area and the
estimated m xture ratio cal culated by a nodel of the covered background
area, the estimated mixture ratios Bélcg cal cul ated from conponent 2 of
the i nput inmage, and supplies 10 the calculated error value to the adder
321. A predictive-error calculating portion 301-3 calculates the error

val ue fgstaaghe@inekebseshOipbthe mxture-ratio related information
corresponding to the estimated m xture ratio calculated by a nodel of the
covered backgioitkear eaaille andt k@ ceoldsired o plikke fat bRpeaksdbated by a
nodel of the covered background area, the estimated m xture rati os being
cal cul abppdeduati onpehendccotdiddecd nppiatimge(2mnd supplies the

cal cul ated error value to the adder 321. A predictive-error calculating
portion 302 =alicnHkat+gs *B20esheeteru or val ue for ¢azh pixel based on the
m xture-ratio related information corresponding to the estimted m xture
raticoo chiceiieaeiehy (@2 npdel irsiicdteesundoy evetebdok gheuhdrdzeataind t he

- estimated m xture ratio cal cul ated by a nodel of the

direction and k indicates the index in the vertical
direction when the position of the designated pixel is set
to 0. In equation (62), m designates the horizontal
gradient in the plane of‘the mixture ratio o, g is the

10 wvertical gradient in the plane of the mixture ratio o, and p
indicates the intercept of the plane of the mixture ratio a.
In equation (62), s, t, and u are variables indicating the
relationship betweén m, g, and p and the foregrdund
components, as expressed by equations (23) through {25).

15 The predictive-error calculating portion 301 is akle to
calculate the least square sum of errors, which is the error
value §, by the calculation corresponding to equation (63)
based on the mixture-ratio related information containing j,

| k, m, 9, p, s, t, and u corresponding to the estimated

20 mixture ratio calculated by the model of the cdvered
backgfound area and the estimated mixture ratio calculated

by the model of the covered background area.

S=§{M—[(jm+kq+p)-3+j-s+k-t-|¥u]}2 (63)

The prediqtiveferror calculating portion 302 is able to




uncover ed background area, the estimated m xture ratios 25 being cal cul ated
fromconponent 1 of the input image, and 23 Decenber 2005 - 127 supplies
the calculated error value to an adder 322. A predict?3Beeamkar 2089 cul ati ng
~portion 302-2 calculates the error value for each pixel based on the

m xture-ratio related information corresponding to the estimted m xture 5
ratio cal cul ated. by a nodel of the uncovered background area and the
estimated m xture ratio calculated by a nodel of the uncovered background
area, the estimated m xture ratios being cal cul ated from conponent 2 of the
i nput 1image, and supplies the calctfted error value to the adder 322. 10
A predictive-error calculating portion 302-3 calculates the error val ue
for each pixel based on the m xture-ratio related information

corr espahdiuhgttothbeeesdt nvd bde nfat ue&chr pi kel Clay ctihat eall dyl ot imdel of the
uncover ed background area and the estinmated m xture ratio calculated by a
nodel obrtrhepdébdingoteregubackgr 66Bd basad thetlestmimtecematise ratios ‘
bei ng cal cul ated from conmponent 3 of the input image, and supplies the

cal cul seddtedr dnfoahation ¢herespendBrg. tFhthadeetridiedidusxtiree error val ue

supplied fromthe predictive-error calculating portion 301-1, the error

val ue r2biqupplredatednpy nehereedel | 98- the onneavergdthagkperundn 301-2, and
the error value supplied fromthe predictive-error calculating portion
30P- 3,258 uPpFhesethirabddubrtvre ryhioectbothpted by the model

'uncovergd-background-area determ ni ng portion 303.
of the uncovered background aréa, and supplies the

calculated error value to the covered-background-area
determining portion 304.
The uncovered-background-area determining portion 303
10 determines for each pixel whether the error value supplied
from the predictive—error calculating portion 301 ié gréater
than or equal to the prestored threshold Th. If it is
determined that the error value is greater than 6r equal to
the prestored threshold Th, the uncovered-background-area
15 determining portion 303 determines that the designated pixel
belongs to the uncovered background arear and sets a flag
indicating the uncovered background area in correspondence
with the designated pixel. The uncovered-background—-area
determining portion 303 supplies the flag indicating the
20 uncovered background area, which is set for each pixel, to
‘fhe syﬁthesizer 3b6.
The covered-background—area determining portion 304
determines for each pixel whether the error wvalue supplied
from the predictive-error calculating portion 302 is greater

25 than or equal to the prestored threshold Th. TIf it is




-25 . The adder 322 adds the error value supplied fromthe 23 Decenber 2005

- 128 predictive-error calculating portion 302-1, the error val ue
supplied fromthe predictive-error -calculating porti o23B@2eber 2008 t he .
error value supplied fromthe predictive-error calculating portion 302-3,
and supplies the added error 5 value to the covered-background-area

determ ning portion 304. An adder 323 adds conponent 1 of the input inage,
conponent 2 of the input imge, and conponent 3 of the .input inmage, and
suppl i es added conponent 1, conponent 2, and conponent 3 to the

f or egr ound/ backgr ound ar ea det er nini¥¥# 10 portion 305. The
uncover ed- background-area determ ning portion 303 determ nes for each
pi xel whether the error value supplied fromthe adder 321 is greater than

or equaletlrmigedresdOreank dir@shplthdhis Idrddeds €alierdd nefhalt hat the

error value is 15 greater than or equal to the threshold Th, the uncovered-
backgr ound- prestshed @ i e $1g ROIH One 1B T shed s dimaskdhaind-areadesi gnat ed

pi xel belongs to the uncovered background area, ald sets a flag indicating
t he uncdseeedihiok gramnichrar ¥ | de t «mi s otrteen cieh oM dds itdve taheb ipgatied pi xel .
The uncovered 20 background-area determ ning portion 303 supplies the flag
i ndi cat bagonde tmchverendank drothgrarmeh, amdn chand sdts faorflagach pixel, to
the synthesizer 306. The covered- background-area determ ning portion 304

. detPer nindscabingddie prows rethdidugnmndramya vigl (e mgsdarstez® from t he

adder 322 is greater than or equal to the prestored
with the designated pixel. The covered-background—-area

determining portion 304 supplies the flag indicating the
covered background area, which is set for each pixel, to the
synthesizer 306.

10 | The foreground/background area determining portion 305
determines whether eaéhlpixel belongs to the foreground area
or the background area, and supplies a flag indicating the
foreground area and a flag indicating the backgfound area,
the flag being set for each pixel, to the synthesizer 306,

15 The synthesizer 306 synthesizes area information
.indicating one of the uncovered background area, the dovered
background area, the foreground area, and the background
area for each pixel based en the flag indicating the
uncovered background area supplied from the uncovered-

20 background-area determining portion 303, the flag indicating
the cbvered background area suppliéd from the covered-
background-area determining portion 304, and the flag
indicating the foreground area and the flag indicating the
backgroundrarea suppliedlfrom the foreground/background area

- 25 determining portion 305. The synthesizer 306 supplies the



23 Decenber 2005 - 129 threshold Th. If it is determned that the error
value is greater than or equal to the threshold Th, thé covered-
background-area determ ning portion 304 determ nes tha3 DdsembecZ]0fnat ed

pi xel belongs to the covered background area, and 5 sets a flag indicating
"the covered background area in correspondence with the designated pixel.
The covered- background-area determ ning portion 304 supplies the flag

i ndi cating the covered background area, which is set for each pixel, to

t he synthesizer 306. 10 The foreground/ background area determ ning portion
305 determ nes based on the added g¢pgponent 1, conponent 2, and conponent
3 whet her each pixel belongs to the foreground area or the background
area, and supplies a flag indicating the foreground area and a fl ag

i ndi cating.the background 15 area, [ are_set for_each pixel, to the
synthe§ﬂ?&#e§6§?%'?% asﬁﬁ?ﬁ&?ﬁfé?“Sgg ggﬁtﬂé§%?§§ &PEACi nf or mat i on

i ndi cat one .of the_unco ed_background. area, ,the_covered background
area, O OREIP IR HIER, S83a PR BABRGrBuRY Caris BESEd on the flag

indicag& A& yncovered background 20 area supplied fromthe
uncovered-background-area determning portion 303, the flag indicating the

covered backgg omgtafcgaraﬁwp&éﬁ@:ﬁ@{%& NS0 £QYEA e8lg PAGKOL Ak Ar ea
0 d the flag

determning portion 4, an rndicating the foreground area and
thesfl agd RAkEAHNG RS BaBKeLAUBH ;.a_ﬁgaa§hlﬁ_plih§@rﬁé@ﬁbhhﬁup%gied

f or eground/ background area determ ning portion 305. The 23 cenber 2005
from the synthesizer 306.

As described above, tﬁe area sﬁecifying unit 104 is
able to generate area information bésed on the estimated
mixture ratio and the mixture-ratio related information in

10 correspondence with the method for estimating the mixture
ratio by the mixture-ratio calculator 103.

Fig. 44 is a block diagram illustrating the
configuration of the area specifyving unit 104 for specifying
“the area based on fhe mixture ratios estimated for each

15 = component signal, the corresponding mixture-ratio related
information, ahd the input image, which is input as the
component signal. The elements similar to those shown in
Fig. 35 are indicated by like reference numerals, and an
expianation thereof is thus omitted.

20 A predictive—error calculating.pértion 301-1 calculates
the error value for each pixel based on the mixture-ratio
related information cdrresponding to the estimated mixture
ratioc calculated by a model of the covered béckground area'
and the estimated mixture ratio calculated by a_modelrof the

'25 covered background area, the estimated mixture ratios being



- 130 synthesizer 306 supplies .the synthesized area information to the

m xture-ratio determning portion 307, and al so outputs the area
information. As descri bed above, the area specifying BhDecdrolders208bn 5 in
Fig. 44 is able to specify the area based on the mxture ratio estinated
for each conponent signal and the corresponding m xture-ratio rel ated
information, and the input imge, which is input as the conponent signal.
The area specifying unit 104 configured as shown in Fig. 44 is .10 able to
specify the area nore precisely conpared to the area specifying unit 104
configured as shown in Fig. 35. Fig.126 s a block diagramillustrating
another configuration of the area specifying unit 104 for specifying the
area based on the mxture ratio estinmated for each 15 conponent signal and

the coreaspandiced Fir¥hUtempahbft' @Iate@hel mf@ﬁeaiw , el thephnud  signal ,
which is input as the conponent signal. The elenentis sinilar to those

shown i mhEi galédlared des&:gnaéedewcbhahl kadeef gpence nunerals, and an
expl anation 20 thereof is thus omtted. The predictive-error calculating

portion 301-A pradtut htesether eraloduVat Ligy fiesreanh Jpixel Jd2ased aaest he
m xture-ratio related information corresponding to the estimted m xture
rati o caheukared bylaembfdel eaththiexebvbasdd26nbalkgninimngreeatand t he
estimated m xture ratio cal cul ated 23 Decenber 2005 - 131

5 related information corresponding to the estimated mixture
ratio calculated by a model of the covered background area
and the estimated mixture ratio calculated by a model of the
covered background area, the estimated mixture ratios being
calculated from component 2 of the input image, and supplies
10  the ;alculated error value to the adder 321.

A predictive-error calculating portion 301-3 calculates
the error value for each bixel based on the mixture-ratio
~related information corresponding to the estimated mixturé
ratio calculated by a model qf the covered background area

15 and the estimated mixture ratio calculated by a model of the
covered background area, the estiméted mixture ratios being
calculated from component 3 of the input image, and supplies
‘the calculated error value to the adder 321.

A predictive-error caléulating portion 302-1 calculates

20 the error valqe for each pixel based on the mixture-ratio
related information corresponding to the estimated mixture

_‘ratio calculated by a model of the uncovered background area
and the estimated mixture ratio calculated by a model of the

uncovered background area, the estimated mixture ratios

- 25 being calculated from component 1 of the input image, and




by a nodel of the covered background area, the estimated m xture ratios
bei ng cal cul ated from conponent 1 of the input inage, and supplies the

cal cul ated error value to an uncovered-background- ar 83 Deeereberi2006g porti on
303-1. 5 The predictive-error calculating portion 301-2 calculates the
“error value for each pixel based on the mxture-ratio related information
corresponding to the estimated mxture ratio calculated by a nodel of the
covered background area and the estinmated m xture ratio calculated 10 by a
model of the covered background area, the estimated m xture ratios being
cal cul ated from conponent 2 of the i12mpdt inage, and supplies the

calcul ated error value to an uncovered-background-area determ ning portion
303-2. The predictive-error calculating portion 301-3 15 cal cul ates the

error Vv far C ixel . based_on th 1 xt ure- .0 | at ed, information
corresﬁ%ﬁ%ﬁﬁﬁﬁﬁéﬁghgaegg s eﬁrﬁ?§tﬁ?gu?a ?og%a éﬁ%gtéggby a nodel of the

cover ed baﬁkg&%@_gaggggﬁgpgrt%glﬁgégﬁidp&ﬁég ?dd%t,zi oSRleated by a

nodel of the Covere ckground a est | mat O m xture ratios being

cal cul atipd QP GATRRNSRL 3a8h biRe1i BRYEA! FRIEhe 2NExSHPRLESE 4 e

cal cul.ated error value to an wuncovered-background-area determ ning portion

303- 3. yEhe Huedidiiriatebhotosaksbaliing PO thoNe302nd teGaheytates the error
val ue for each pixel based on the 25 mxture-ratio related infornmation

cor pesperdingaiediae ca3bPeaenbae1 2885t he 132co et bdBbedkgiatibd earaii 0
cal cul ated by a nodel of the :
and the estimated mixture ratio calculated by a model of the
uncovered background area,‘the estimated mixture ratios
being calculated from component 2 of the input image, and
supplies the calculated error value to the adder 322.

10 A predictive-error calculating_portion 302-3 calculates
the error value for each pixel based on the mixture-ratio
related information corresponding to the estimated mixture
ratio calculated by a model of the uncovered background area
and the estimated mixture ratio calculated by a model of the

15 ‘uncovered background area, the estimatéd mixture ratios
being calculated from component 3 of fhe input image, and
supplies the calculated'error valué to the adder 322.

| The adder 321 adds the error value supplied from the
predictive-error calculatiﬁg portion 301-1, the error value

20 supplied from the predictive-error calculating portion 301-2,
and the errorlvalue supplied from the predictive-error |
calculating portion 301-3, and.supplies the added error

-value to the uncovered-background-area determining portion
303.

25 - The adder 322 adds the error value supplied from the



uncover ed background area and the estinmated mi xture ratio calculated by a
nmodel of the uncovered background area, the estimated m xture rati os being
calculated fromconponent 1 5 of the input inmage, ang3®epghbas200be ]
calcul ated error value to a covered-background-area determ ning portion

- 304-1. The predictive-error calculating portion 302-2 calculates the error
val ue for each pixel based on the mxture-ratio related information
corresponding to the 10 estimated m xture ratio calcul ated by a nodel of

t he- uncovered background area and the estinmated m xture ratio calcul ated
by a mpodel of the uncovered backgrouti atrea, the estimated mixture ratios
. being calculated fromconponent 2 of the input inage, and supplies the
cal cul ated error value 15 to a covered-background-area determ ning portion

304- 2. prediptédeceiyverecadeulat D abd g @Or3d DAL 3033 erg@rCwhaues t he
error value for each pixel based on the mxture-ratio related information
correspengphgedofrhe thst pretidédtivetareorathtcaakeihgt pdrbyom swzlet, of the
20 uncovered background area and the estimted m xture ratio cal cul ated by
a nodel 2ofl the encovevelubaskppbied Grea, thiderasidtinteedomoxt ure rati os

bei ng cal cul ated from conponent 3 of the input inmage, and supplies the

cal cul afédceirbingapestien 30Toverad ukyyinmdler ealdedeteemuirni ng porti on
304-3. 25_. The uncovered-background-area determ ning portion 303-1 23
Decehbel@2865t0 $88 caueseriheskgppurdTAr pi xeEtaBiNERY t Pereionr3¥hl ue

supplied fromthe predictjve-error calculating portion 301-1is
An adder 323 adds component 1 of the input image,

compenent 2 of the input image, and component 3 of the input
image, and supplies added component 1, componenﬁ 2, and |
component 3 to the foreground/background area determining

10 portion 305.

The uncovered-background-area determining portion 303
determines for each pixel whether the error value supplied
from the adder 321 is greater than or equal to the prestored
threshold Th. TIf it is determined that the error value is

157 greater than or equal to the threshold Th, the uncovered-
background-area determining portion 303 determines that the
designated pixel belongs to the uncovered background area,
and sets a flag indicating the uncovered background area in

"cdrrespondence with the dESiggated pixel., The uncoveréd—

20 .background~érea determining portion 303 supplies the flag
indicdting the uncovered background area, which is set for
each pixel, to the synthesizer 306.

The covered-background-area determining portioh 304

"determines for each pixel whether the error value supplied

- 25 from the adder 322 is greater than or equal to the prestored




greater than or equal to the prestored threshold Th. if it is determ ned
that the error value is greater than or equal 5 to the threshold Th, the
‘uncover ed- background-area determining portion 303-1 2Z@Decembas200hat t he
designated pixel belongs to the uncovered background area, and sets a
flag indicating the uncovered background area in correspondence with the
desi gnat ed pi xel. The uncovered 10 background-area determ ning portion
3.03-1 supplies the flag indicating the uncovered background area, which
is set for each pixel, to a |ogical-OR calculating portion 341. The
uncover ed- background- area determ Ai mgapertion 303-2 determ nes for each
pi xel whether the error value supplied 15 fromthe predictive-error
calculating portion 301-2 is greater than or equal to the prestored

thr eshale Dhorlf il i 431 QUTLARA LAALA! IR 67 1AL YaLue 3 grepier than or

. 2 15 . .
equal t res he “uncovered-background-area d%ternlnlng

por i 0,30 dekAl N eRhaled R Ieni-anabed 2 Pixel cbslpgas to the

uncovered background area, and sets a ag i ndicating.- the uncovered

backgr g3itkgdHoRd-a ret0 IR HRANAeRGe pWirkiohNg 0deaL9n2heHe B! XRhe (I
uncover ed- "background-area determ ning portion 303-2 supplies the flag

i ndi catdgid gnla@ <N gANRIe G 26kEr QUNEnar 88veWBlCRakbRge8hnd0hrdD, €26A Pi xel ,
to the logical-OR calculating portion 341. 23 Decenber 2005 - 134 The

uncoversetsbac kglaouneddicad itet ehsl BbRerear bheRg28dnd3ardet gim nes for each

pi xel whether the error value supplied fromthe predictive-error

cal cul atorrgspondetre3@itd ithe designated pixel. The covered-
backgpouhd—area determining portion 304 supplies the flég
indicating the covered background areé, which is set for
each pixel, to the synthesizer 306.

10 The foreground/background area determining portion 305
determines based on the added component 1, component 2, and
component 3 whether each pixel belongs to fhe foreground
area or the badkground area, and supplies a flag indicating
the foreground area and a flag indicating the background

15 area; which are set for each pixel, to the synthesizer 306.

The synthesizer 306 synthesizes area information
indicating 6ne of the uncovered background area, the covered
béckground area, the foregfound area, and the béckground
area based on the flag iﬁdicating'the.uncovered background

20 area suppliéd from the uncovered-background-area determining
portioh-303, the flag indicating the covered background area
supplied from the cqvered—background—area-determining
portion 304, and thé flag indicating the foreground area and
the fiag indicating the background area supplied from the

25 foreground/background area determining portion 305. The



greater than or equal to the prestored threshold Th. If it 5 is determ ned
that the error value is greater than or equal to the threshold Th, the
uncover ed- background-area determ ning portion 303-3 mEDemﬂmmeOOhat t he
designated pixel belongs to the uncovered background area, and sets a
flag indicating the uncovered background area in 10 correspondence with the
desi gnat ed pi xel . The-uncovered- background-area determ ning portion 303-3
supplies the flag indicating the uncovered background area, which is set
for each pixel, to the logical-OR calculating portion 341. The

cover ed- backgr ound- ar ea deterni ni ng P tTon 304-1 15 deternines for each
pi xel whether the error value supplied fromthe predictive-error
calculating portion 302-1 is greater than or equal to the prestored

t hr esholsgntheslifzeirt 30i6S sdphei 8% NElle t HiphthELi £E4 Of roAl Uerd SnQ @At &l t han or
equal  to the threshold Th, the covered-background-area determ ning 20

porti on t3@4mi xdetrer-ranés alaaérmﬁelld@sp@ﬁai@d Poxelael ongs odwpitie covered
background area, and sets a flag indicating the covered background-area in
corresp@h@en&eawunﬁothetld33|gnated pi xel . The covered-background- area
determning portion 304-1 supplies the flag indicating the covered 25
background abgadeshl thed salynte f dheesotepisteicifiydng hogitcl0423hbBeaenber 2005
- 135 OR calcul ati.ng portion 342. The covered-background-area determning
port? on1B0Kig- @46t épnphRés torseaehipi e area Hersedererthoy mﬂadtwsfesuppl i ed

fron1the %redlctlve error calculating portion 302-2 is
io estimated for each component signal and the

corresponding mixture-ratio related information, and the
input image, which is input as the component signal. The
area specifying unit 104 configured as shown in Fig. 44 is
10 able to specify the area more'precisely compared to tﬁe'area
specifying unit 104 configured as shown in Fig. 35.

Fig. 45 is a block diagram illustrating another
configuration of the area specifying unit 104 for specifying
the area based'on the mixture ratio estimated for each

15 component signal and the correéponding mixturé—ratio_related
information, and the input signal, which is input as the
component signal.

The elements similar to those shown in Fig. 44 are
designated with like rgfergnce numerals, and an explanation

20 thereof is thus omitted.

The predictive—error calculating portion 301-1
calculates the error value for each pixel based on.the
mixture-ratio related informatién corresponding to the
estimated mixture ratio calculated by a model of the covered

,.25 ‘background area and the estimated mixture_ratio calculated




-5 greater than or equal to the prestored threshold Th. If it is determ ned
that the error value is greater than or equal to the threshold Th, the
cover ed- background-area determ ning portion 304-2 de2&Detembert2085 t he
"desi gnat ed pixel belongs to the covered background area, and sets a flag
i ndi cating 10 the covered background area in correspondence with the
desi gnat ed pi xel. The covered- background-drea-determ ning portion 304-2
supplies the flag indicating the covered background area, which is set for
each pixel, to the. |ogical-OR calculating portion 342. 15 The
cover ed- backgr ound- area det erm ni nglgdrti on 304-3 deternmines for each
pi xel whether the error value supplied fromthe predictive-error
calculating portion 302-3 is greater than or equal to the prestored

threshabfl Fhaoddl ide tine AQRRIMEDNSAIRALUNRE 810" thdl U tiimaBkaat er. than-or
-equal 20 to the threshold Th, the covered-background-area determ ning

porti omBOnde deleldl MRS ddalallha Adesi &ﬂ:@iﬂﬁ@oﬂiﬁbﬁbn&eﬂows thko the covered

background area, and sets a flag indicating the covered background area in

cor r espoisien canard h drite suaigsiigiaieet piadelul athe eaveredalaekgbodnd- ar ea
determ ning. 25 portion 304-3 supplies the flag indicating the covered 23

Dec enbein @i ed-12b kgt ubim -kacdeg Ideitrd-mdmdag poirtioins 398t-1f.or each pixel, to
the logical-OR calculating portion 342. A foreground/ background area
det &r m ni ng Ther piredig@své—error calculating portion 301-2
calculates the error value for each pixel based on the
-mixture—ratio related information corresponding to the
estimated mixture ratio calculated by a model of the covéred
background area and the estimated mixture ratio calculated
10 by a model of the covered background area, the estimated
mixture ratios being calculated froﬁ component 2 of the
input image, and supplies the calculated error value to an
uncovered-background-area determining portion 303—2‘
The predictive—-error calculating portion 301-3
15 calculates the error value for each pixel based on the
nmixture-ratio related information corresponding to the
- estimated mixture ratio calculated by a model of the covered
background area and the estimated mixture ratio calculated
' by a model of the covered background érea, the estimated
20 mixture ratios being calculated from component 3 of the
input image, and supplies the calculated error value to an -
uncovered-background-area determining portion 303-3.
The predictive-error calculating portion 302-1
ca;culates the error value for each pixel based on the

~ 25 mixture-ratio related information corresponding to the



determ nes based on conmponent | whether each pixel belongs 5 to the.
foreground area or the background area, and supplies a flag indicating the-
foreground area or a flag indicating the background z8 Bécerer2b03 s set for
each pixel, to a logical-OR calculating portion 343. A
'foreground/background area determning portion 305-2 determ nes based on
conponent 2 whet her each pixel belongs to the foreground area or the
background area, and supplies a flag indicating the foreground area or a
flag indicating the background area, which is set for each pixel, to the
| ogi cal - OR cal cul ati ng portion 343: 18% or egr ound/ backgr ound area

determ ning portion 305-3 determ nes based on conponent 3 whether each .
pi xel belongs to the foreground area or the background area, and supplies

a flag bpdimatéddmiRentOr £ OYNEh BEEAR D oy | AGnd il G iie:  the background
area, which is set for each pixel, to the 20 | ogical-OR cal culating portion

343. Thantegkead - ERcEGEShALA NG RAd |k 3t Gad €dd atiescddee raltagi cal OR of -

t he uncovered background area ‘indicated by the flag supplied fromthe
uncover ediebbskgd Obiyida aticde Ted £1thd i uig-PoF e D barfldrbourid & néag ovaeed
background area indicated by 25 the.flag supplied fromthe
uncover edt bmekegd ouixitarear 28i edentey 20051 atk8V et eyampinkgtpdrti on
303-2, and the uncovered background area indicated by the flag supplied
frorh t hef uhkeovereet Imaker cand-supreld edettdrar o I jgdrad erx3@3valbased on t he

flag indicating the uncovered background area supplied fromthe
to a covered-background-area determining portion 304-1.

The predictive-error calculating portion 302-2
calculates the errof value for each pixel based on the
mixture-ratio related information corresponding to the_

10 estimated mixture ratio calculated by a model of the-
uncovered background area and the estimated mixture ratio
calculated by a model of the uncovered background area, the
eétimated mixture ratios being calculated from éomponent 2
of the input image, and supplies the calculated error value

15 to a covered—background—area determining portion 304-2.

The predictive~error calculating portion 302-3
calculates the error value for each pixel based on the
mixture-ratio related informétion corresponding to the
estimated mixture ratio calculated by a modei of the

- 20 uncovered background area and. the estimated mixture ratio
calculated by a model of the uncovered background area, thé
estimatéd mixture ratios being calculated from component 3
of the input image, and supplies the calculatéd error vaiue
to a covered-background-area determining portion 304f3.

_25 . The uncovered-background-area determining portion 303-1




5 uncover.ed- background-area deternmining portion 303-1, the flag indicating
t he uncovered background area supplied from the uncovered-background-area
determ ning portion 303-2, and the flag indicating th&Daecmoherr2805 X
background area supplied fromthe uncovered-background-area determn ning

‘portion 303-3 10 so as to generate a flag indicating the uncovered

background area cal cul ated by the |logical OR The |ogical-OR calculating
portion 341 supplies the generated flag indicating the uncovered
background area to the synthesizer 306. 15 The | ogical - OR cal cul ating
portion 342 calculates the |ogicall®R of the covered background area
indicated by the flag supplied fromthe covered-background-area
determining portion 304-1, the covered background area indicated by the

flag S@@&b&mdn%%oEb&h%a%ﬁvgﬁﬁéibaﬁEﬂh@Qn%ﬁ@f@%r@%tQamh@iBG goiggrtion

304-2, and the covered background area indicated by the fFag supplied from
t he covelad-thac kaeadkd-iakearrdet ealtilagipe poemidd4381based on the flag

i ndicating the covered background area supplied fromthe covered

backgr ouedtareahdet ermeauag peor thenpd3B4tbretihehirkapo28 Tndi cari by t he

cover ed.background area supplied fromthe 23 Decenber 2005 - 13 8

cover edsbdekgroingdatbatdeher prnbngvpdouki ds gBéa2erantather &dagli ndi cati ng
t he covered background area supplied from the covered-background--area
deter nitei fifepshreshold4TB,sohasuntovgendrhhekgrbing—andacati ng the covered

background area 5 calculated by the logical OR The | ogical-OR calculating
determining portion 303-1 determines that the designated

pixel belongs to the uncovéred background area, and sets a
flag indicating the uncovered background area in |
correspondence with the designated pixel. The uncovered-
10 backgrognd—area determining portion 303-1 supplies the flag
indicating the uncovered background area, which is sét for
each pixel, to a logical-OR calculating portion 341,
The uncévered—background—area determining portion 303-2
determines fér each pixel whether the error value supplied
15 from the predictive-error calcuiating portion 301-2 is
greater than or équal to the prestored threshold Th. If it
is determined that the error value is greater than or equal
to the threshold Th, the uncovered-background-area
determining'portion 303-2 determines that the designated
20  pixel belongs to the uncovered background area, and sets a
flag indicating the uncovered backgroﬁnd area in
correspondence with the designated pixel. The uncovered-—
background-area determining portion 303-2 supplies the flag

indicating the uncovered background area, which is set for

: -25 each pixel, to the logical-OR calculating portion 341.




portion 342 supplies the generated flag indicating the covered background
area to the synthesizer 306. The | ogical-OR calculating portion 343
calculates the logical OR of the foreground area i nd2gBReeembsr 088 flag. 10

.supplied fromthe foreground/ background area determ ning portion 305-1, the

foreground area indicated by the flag supplied fromthe

f or egr ound/ background area determ ning portion 305-2, and the foreground
area indicated by the flag supplied fromthe foreground/ background area
determ ning 15 portion 305-3 based 39 the flag indicating the foreground
area supplied fromthe foreground/b l?gr ound area .- determning portion
305-1, the flag indicating the foreground area supplied fromthe

f oregr ound/ background area determ ning portion 305-2, and the flag

i ndi cating tTe 2mdaoyeagdobadkgreansuppkiredefteaminhiegf poegionnsid e kgr ound
area determning portion 305-3 so as to generate a flag indicating the

f or egr otRiEeEHr e T af @l 2r B My alheHeddieoal thER e rrThve viadgiec slupORiedl cul at i ng
portion_343 supplies the generated flag indicating the foreground area to
the 25 S5RR HeRF RFedostive 2y o @aulziong rr3giophdOlogi éal - OR

cal cul ati n% ortion 343 calculates the .logical OR of the background area
i ndi cat®t® ‘i/g’f heah RF KPR &P fhemanes togiesh tdnsshpadk ghoundfaréa

Sﬁt %r_m'iasi n(?et}ﬁoor.ti o&; ‘%83? mt he background area indicat edoby the flag 5
ppl i ed” fTon the $briegtolid FEARgr Jirtdcarda WEEH ARG OFoPAPBA 305- 2,
and thetéjaﬁ{(egrt%urnedshagl%ﬁ ‘Iihn,dit %t %%c% etrba%—fbla%%grounduarea
determining portion 303-3 determines that the designated
pixel belongs to the uncovered background area, and sets é
flag indicating the uncovered background area in
10 correspondence with the designated pixel. The- uncovered-—
background-area determining portion.303—3 supplies the flag
indicating the uncovered background area, which is set for
each pixel, to the logical-OR calculatihg portidn 341.
The covered;backgroundmarea determining portion 304-1
15 determines for each pixel whether the error value supplied
from the predictive-error calculating portion 302-1 is |
greater than or equal to the préstored threshold Th. 1If it
is determined that the error value is greater than or equal
to the threshold Th; the covered-background-area determining
20 portion 304~1 determines that the designated pixel belongs
to the’coﬁered.background afea, ahd sets a flag indicating
the covered background area in correspondence with the
designated pixel. The covered-background-area determining
portion 304-1 supplies the flag indicating the covered

 25 background area, which is set for each pixel, to é logical—




supplied fromthe foreground/ background area deternining portion 305-3
based on the flag indicating the -background area supplied fromthe

f or egr ound/ background area 10 determi ning portion 30523 Petérabdri265 _

i ndi cating the background area supplied fromthe foreground/ background
area determ ning portion 305-2, and the flag indicating the background
area supplied fromthe foreground/ background area determ ning portion
305-3 so as to generate a flag 15 indicating the background area cal cul ated
by the logical OR The logical-OR calculating portion 343 supplies the
generated flag indicating the backgidhnd area to the synthesizer 306. The
synt hesi zer 306 synt hesizes area information 20 indicating one of the
uncover ed background area, the covered background area, the foreground

area, gRrddieyhackaropnssianeashor each pixel based on the flag indicating
the wuncovered background area supplied fromthe | ogical-OR calculating

portion 341Théh@o@éﬁ@diﬂg&ﬁ?ibﬁﬁdlgﬁeéOaéﬁéﬂmzﬁiﬂécﬁﬁfﬁ&ﬁﬁi§ﬁ£EQSUpp|ied
fromthe |ogical-OR calculating 23 Decenber 2005 ---140 portion 342, and.

the fl agtierdiitaki fgrt Bachopegeountczhead and eiherf kaduendipplieg the
background area supplied fromthe Ilogical-OR calculating portion 343. The
synt hesirper thebprediptliset-Bersynthesuiadiagesoictionnsborop bsThe area
speci fying unit 104 configured as shown in Fig. 45 is able to output the
ar é€a i gireemelri thahhat epeaif testhkeprentbretly threshohdofht hexfoiegr ound
area, the background area,
is determined that the error value is greater than or equal
to the threshold Th, the covered-background-area determining
portion 304-2 determines that the designated pixel belongs
to the covered background area, and sets a flag indicating
10 the covered background area in correspondence with the
designated pixel. The covered-background-area determining
portion 304-2 supplies the flag indicating the covered
background area, which is set for each pixel, to the
logical-OR calculating portion 342.
15 The covered—backgrouﬁduarea determining portion 304-3
determines for each pixel whether the error value supplied
from the predictive-error calculating portion 302-3 is
greater than or egual to the prestored threshold Th. If it
'is determined that the error value is greater .than or equal
20 to the threshold Th, the covered-background—-area determining
portioﬁ 304-3 determines that the designated pixel belongs
to the covered background area, and sets a flag indicating
the covered background area in correspondence with the

designated pixel. The covered-background-area determining .

'25 portion 304-3 supplies the flag indicating the covered



the covered background area, and the uncovered background area. 10 Fig. 46
is a block diagramillustrating still another configuration of the area
speci fying unit 104 for specifying the area based on 23H3cemben2®5 atio
estimated for each conponent signal and the corresponding m xture-ratio
related information, and the input inmage, which is input as the 15
conponent signal. The elenents simlar to those showmn in Fig. 45 are
indicated by |like reference nunerals, and an explanation thereof is thus
omtted. A |logical-AND cal culating portion"361 cal cul ates the 20 | ogica
AND of the uncovered background arsaldfdicated by the flag supplied from
t he uncover ed- background-area determ ning portion 303-1, the uncovered
background area indicated by the flag supplied fromthe uncovered-

backgr owadkagireandeberdl NivhG cROLEI 8Bt383r2eadRdptRe1UNEQVEREd 25 background
area indicated by the flag supplied fromthe 25 Decenber 2005 - 141

uncover ddgikatkgrovadcanadidegt poricabagiparti on 303-3 based on the flag:
i ndi cating 'the uncovered background area supplied fromthe
uncover ed- baskfjio oegdeoanesbadekgronmd ngr pordé varnddidg pdheidd aps-ndi cating
t he uncovered background area supplied 5 from the uncovered- background- area
det er mi diekgrpanesoha8ed- 2n camgonhetf L aghendecathol pheelincolenqs
background area supplied fromthe uncovered-background-area determ ning
port? ont905hs, fangugenadanssaack| shei barkaronygdt Aeeancanérsgpplies
a_flag indicating the foreground area or a flag indicating
the background area, which is set for each pixel, to é
logical-OR calculating portion 343.
A foregrouﬁd/background area determining portion 305-2
10 determines based on component 2 whether each pixel belongs
to the foregrbund area or the background area, and supplies
a flag indicating the fofeground area or a flag indicating
the background area, which is set for each pixéi, to the
logical-OR calculating portion 343.
15 A foreground/background area determining portion 305—3
determines based on component 3 whether each pixei belongs
to the foreground area or the background area, and supplies
a flag indicating the foreground area or a flag indicating
the-baékground area, which is set for each pixel, to the
AéO, logical-OR calculating portién 343.
The logical-OR calculéting portion 341 calculates the
logical OR of the uncovered background area indicated by the
flag supplied from the uncovered-background-area determining

portion 303-1, the uncoﬁered background area indicated by

25 - the flag supplied from the uncovered-background-area



background area cal cul ated by the | ogical AND. The |ogical 10 AND

cal cul ating portion 361 supplies the generated flag indicating the
uncover ed background area to the synthesizer 306. A 23DecahibeARDOS
~calculating portion 362 calculates the |ogical AND of the covered
"background area indicated by the 15 flag supplied fromthe

cover ed- background-area determ ning portion 304-1, the covered background
area. indicated by the flag. supplied fromthe covered-background-area
determ ning portion 304-2, and the covered background area indicated by
the flag supplied fromthe covered hagkground--area 20- determ ning portion
304-3 based on the flag indicating the covered background area supplied
fromthe covered- background-area determ ning portion 304-1, the flag

i ndi cazd_%%iﬁqlﬁpr%eggo%m ckgyound area SeURB]c'fg, reffP @g%&%trﬁgn% 3FFRg

covere groumd-area determi ng portion

i ndi catﬂﬂ}giga{}geﬁgﬁr&ge bﬁg}_@g% g)%gi%rdeafl%q[pg!ﬂeeq}rf&q}giéﬁ Decenmber 2005 -- 14

2 - the covere kgroun ed determni ng portiofr -3, and generates a

flag ingi . : %Qq_ sal.e I b he:Logi cal AND.
The | ogi chﬁ &%éjﬁcﬁ\gﬁ%&%gﬁ%r on 3§?ns%€ﬁe?%5%tgeg§n)eﬁpgt géggll ag

(i ndi catifig dhe dyy GaMerat RAGKH PG @FRad & Ade stpines 26bm3¢fe A
| ogi cal - AND cal cul ating portion 363 cal culates the 1ogical AND of the

f or egr et varreal -adiaiRahd rdhe delt@gmisupll iR dilem3bhRel, the
f oreground/ background area determning portion 305-1, the foreground area
i ndi catfdcgoyinidieafliagy the uncovered background area supplied from

the uncovered—background;area determining portion 3b3—2, and

the flag indicating the uﬁcovered background area suppliéd.

from the uncovered-background-area determining portion 303-3

10 so as to generate a flag indicating the uncovered background
area calculated by the logical OR. The logical-OR
calculating portion 341 supplies the génerated flag
indicating the-uncovered background érea to the.synthesizer
306.

15 The logicalQOR calculating portion 342 calculates the
logical OR of the covered background area indicated by the
flag supplied from the covered—background;area_determining
pdrtion 304-1, the covered background are; indicated by the
flag supplied from the covered-background-area determining

20 portion 304-2, and the covered background area indicated by
the'flég supplied from the covered-background-area
determining portion 304-3 based on the flag indicating the
covered background area supplied from the covered-
background-area determining portion 304—1,.the flag -

‘25 indicating the covered background area supplied from the




10 supplied fromthe foreground/ background area determining portion 305- 2,

and the foreground area indicated by the flag supplied fromthe

f or egr ound/ background area deternining portion 305-32pBeeemest 2088 f| ag .
indicating the foreground area supplied fromthe foreground/ background
area 15 determning portion 305-1, the flag indicating the foreground area
supplied fromthe foreground/ background area determ ning portion 305-2,

and the flag indicating the foreground area supplied fromthe

f oreground/ background area det errr_i;ﬁ:% portioon 305-3, and generates a flag
i ndicating 20 the foreground area c l'ated by the | ogical AND. The :
| ogi cal - AND cal cul ati ng portion 363 supplies the generated flag indicating
the foreground area to the synthesizer. 306. The | ogical -AND cal cul ati ng '
parti oncgeredtbatgesundeardenglaiad rrtitiind pdwet rac Kiroind aadeahiendi cat ed by
the fl ag 25 supplied fromthe foreground/ background area-determ ning 23
Decenbefla90sndiqagingofrhe oro895d , badiey avkdranesd sapgd diendifoatred by t he
flag sugplied fromthe foreground/ background area determ ning portion
305-2, BRE Fheehe@Kep dtanr wrdayonl deftexdninyinh @ dttbdems @ -i3edof mem t he
.foreground/ background_area determ nin 5 portion 305-3 based on the flag

i ndi cat FRgIeherdae k@ riotat 1‘%@%@%ﬂ}§blﬁq’tﬁj R ach I regh@rsackgr ound

e e b 8 AR S e I o B S aon S00. 5.
?g?e;t‘g%% Jla? %ri(l: %4%%@%6 tjhoe l?;{aecnke raotuer}id f%ra%a isnu 19:|alt%_?1gf rt%rg the
covered background area to the synthesizer 306.
The logical-OR calculating portion 343 calculates thé
logiéal OR of the foreground area indicated by the flag
10  supplied from,thé foreground/background area determining
- portion 305-1, the foreground area indicated by the flag
supplied from the foreground/background area determining
portion 305-2, and the foreground area indicated by the flag
supplied from the foreground/background area determining
15 portion 305-3 based on the flag indicating the foreground
area supplied from thé foreground/background area
determining portion 305-1, the flag indicaﬁing the
foreground area supplied from the fofeground/background area
- determining portion 305-2, andrthe flag indicating the
20 foreground area supplied from the foreground/background area
determining portion 305-3 so as to generate a flag
_indicating the foteground area calculated by the logical OR.
The logical-OR calculating portion 343 supplieé the

generated flag indicating the foreground area to the

25 synthesizer 306.



determ ning portion 305-3, and generates a flag indicating the background
area calculated by the |l ogical AND. The | ogical-AND cal culating portion
363 supplies the generated flag indicating the backg2bDecknsheed0fd t he
~synt hesi zer 306. 15 The synthesi zer 306 synthesizes area information

i ndi cati ng one of the uncovered background area, the covered background
area, the foreground area, and the background area for each pixel based on
the flag indicating the uncovered background area supplied fromthe

| ogi cal AND 20 cal cul ating portion 361, the flag indicating the covered
background area supplied fromthe- Ié@?cal AND cal cul ating portion 362, and
the flag indicating the foreground area and the flag indicating the
background area supplied fromthe |ogical AND cal culating portion 363. The

SyntheS|ZerTﬁQGlgéléaiPQhScéh§u§¥ﬂiﬂés% 3e6i &6 egqinEQIARI 408 & Decenber
2005 - 144 The area specifying unit 104 configured as shown in Fig. 46 is

abl e t Qoyitput oRr e ithlobaRkgeBuhavhreasiBlli catear 5 The argg specifying
processing performed by the area specifying unit 04 is described bel ow

‘W th reh@pdied tfeohheheb rblreyebanti/Bhckbgoudd. akBastiepebadiinghe area
specifying unit 104 perfornms processing for specifying the covered
- backgr oot ianedObol ,eatle paxkbhrbasddasrat hadéracedvhiyuehe Peaqils of the
cover ed- backgr ound- area speci fying processing are given below. 10 In step
S302, sherdied fpewi thiendounprotfd/peckgrasndproeesdengrivdnisgeci fying the
uncovered background area for
portion 305-2, and the background area indicated by the flag
supplied from the foreground/background area determining
portion 305-3 based on the flag indicating the background
area supplied from the foreground/background area
10 determining portion 305-1, the flag indicating the
background area supplied from the foreground/background area
determining portion 305-2, and the flag indicating the
background area supplied from the foreground/background area
determining portion 305-3 so as to generate a flag
15 indicating the background area calculated by the logical OR.
The logical—-OR calculating portion 343 supplies the
generatéd flag indicating the background area to the
synthesizer 306.
~ The synthesizer 306 synthesizes area information
20 indicating one of the uncovered background area, the covered
background area, the foreground area, and the background
area for each pixel based on the flag indicating the
uncovered background area supplied from the logical-OR

calculating portion 341, the flag indicating the covered

25 background area supplied from the logical—OR calculating



each pixel based on the error value. Details of the
uncover ed- backgr ound- area speci fyi ng processing are given below 15 In
step 5303, the foreground/ background area determ ni nB3 Pecémismn 200%
specifies the foreground or the background for. each pixel., and the
processing i s conpl eted. The covered- background-area specifying processing
corresponding to step 5301 is discussed belowwth reference 20 to the
flowchart of Fig. 48. In step 5321, the predictive-error calculating ,
portion 302 cal cul ates the error va%%i by using a nodel - corresponding to
t he uncovered background area. The dictive-error cal cul ating portion
302 supplies the 25 calculated error value to the covered-background-area
23 Decenber 2005 - 145 determining portion 304. In step S322, the

cover edfvadkignodrid- ared dbeefibgi hgdipatingntBO4fdeteronmtsawdretdret t he
error value supplied from the predictive-error calculating portion 302 is
gr eat er thgad18goinddggating the barkgholtnd Thresfsuppl sedefxrmitted t hat the
error value is greater than or equal to the threshold Th, the process
proceedéoﬂécéﬁégRSSééPuﬂﬁtépgpPQBQSQHt$&3-pr%@?cﬁ?@%ﬁ%ﬁi%ﬂréﬁhtulating
portion 302 sets the flag .indicating the covered background area in the -
pi xel hQWRYTEOTPReSEPEBESTaPHea rahel RFQERARL9Men proceeds to step 5324.

| f i% i's de%erq;ned in stgg_SS?Zntha{ %he er[orrvalue is not greater than
or efual to thePTHT eSHBFHEFHT| ¥nthnld configured as shown in”Fig.
45 is able to output the area information that specifies the
entirety of each of the foreground area, the background area,
the covered background area, and the uncovered background
area.

10 Fig. 46 is a block diagram iilustrating still another
configuration of the area specifying unit 104 for specifying
the area based on the mixture ratio estimated for each
component signal and the corresponding mixture-ratio related
information, and the input image, which is input as the

i5 component signal.

The elements similar to those shown in Fig. 45 are
indicated by like reference numerals, and an explanation
.thereof is thus omitted.
A logical-AND caléulating_portion'361 calculates the

20 iogical AND of the uncovered background area indicated by
the flag supplied from the uncovered-background-area
determining po;tion 303-1, the uncovered baékground area
_indicatedAby,the flag supplied from the uncovered-
background-area determining portion 303—2, and the uncovered

25 ' background area indicated by the flag supplied from the



proved that the pixel does not belong to the covered background afea,
Accordi ngly, the processing of step S323 15 is skipped, and the_ process
proceeds to step 5324. In step 5324, the area specifyi2ddasambendps :
-determ nes whether the processing has been perfornmed for the whole screen.
If it is determ ned that the processing has not been perfornmed for the
whol e screen, the process returns to .20 step 5321, and the
cover ed- background-area determ ning processing is repeated. If it is
determined in step 5324 that the prqggssing has been perforned for the
whol e screen, the process proceeds to step 5325 in-which the
cover ed- background--area 25 determ ning portion 304 outputs a flag
i ndicating the 23 Decenber 2005 - 146 covered background area. The '
pr oces sPRECY 3T efela Sodid widh rear [gte igTadywdmad Headigrmo dPd—3abeaedpeni f yi ng
processjng corresponding to step 5302 is discussed-below wth reference to
the fl ovehaltadfimiicatying sthe, wycoy sy bagkagouadi @mege seppPdiedal cul ati ng
portion_ 301 calculates the error value by _ using, a--nodel corresponding to
the covEr¥l B%%k'@%aﬁar%%%écwurﬁ—eﬁ%i%t%’fmvoffl%um%wrh@(gb—rh on 301
supplieg th cal] cul ated error value to hhe uncover ed- backgr ound-area 10,
det er mi IR T (1B s ng he egCeyRsed RahAEoVa A rRAC RIPBAGS ar oo
det gr mnj rei 303. det er m nes, whet hey the error value s ied from
e Spr b o, 0RO Lin SRR IR SRR St P G St B2,
and the flag indicating the uncovered background area
supplied from the uncovered-background-area determiﬁing
portion 303-3, and generates a flag indicating the uncovered
background aréa’calculated by the logical AND. The logical-
10 AND calculating portion 361 supplies the generated flag
indicating the uncovered background area to the synthesizer
306.
A logical-AND calculating portion 362 calculates the
logical AND of the covered background area indicated by the.
15 flag supplied from the covéred—background—area determining
portion 304-1, the covered background area. indicated by the
flag supplied from the covered-background-area determining
portion 304-2, and the covered background area indicated by
the flag supplied from the covered-background-area
20° determining portion.30443 based on the flag indicating the
covered background area supplied from the covered-
background-area determiniﬁg portion 304-1, the fiag
indicating the covered background area supplied from the

covered4background—aréa determining portion 304-2, and the

25 flag indicating the covered background area supplied from




" det erni HEQEFAT

|

or equal to the threshold Th. If it is determned that the 15 error val ue
is greater than or equal to the threshold Th, the process proceeds to step
5343. In step S343, the flag indicating the uncovered Baestps@8area is
set in the pixel having the error value. The process then proceeds to step
5344. 20 If it is determined in step S342 that the error value is not
greater than or equal to the threshold Th; it can be proved that the pixel
does not belong to the uncovered ~background area. Accordingly, the -
processing of step S343 is skipped,;and the process proceeds to step 5344.
.25 In step 5344, the area specifying unit 104. determ nes 23 Decenber 2005
- 14 7 whether the processing has been performed for the whole screen. If
it is determned that the processing has not been perforned for the whole.
screen, e CPVEERISPREXUFAYNE 02 e e bBEMInLRY RPyetion 304-3, and

uncover ed- background-area determining 5 processing is repeated. If it is
g?eﬁ 5k %%%%C%hbn%r%%s%?‘ﬁ@re%d%afgw'ﬁgf f%Sfed for the

whol h to st S345 jn .which t .

o ver CAL AL R LR R P o BLEEl it 1 0 B Py S Gl bl el

i ndi cat | h d k d . The p i is th

o o BROAEE J: SERFLES BRSO A B d ISR B 5 0P ¢,

'Ca'Q#'aESVEPSde£§£%%$§ﬂﬁ§Eé%%%“ké”kﬁé“%§ﬁ%ﬂ {84 Jgegture ratio and the
rel at I NT Oor na

m xture-ratio i on ~corresponding to the estinmated m xture
ratio so as.ﬂclogical—AND calculating portion 363 calculates the

ldgical AND of the foreground area indicated by the flag
supplied from the foreground/background area:determining.
portion 305-1, the foreground area indicated by the flag
10 supplied from the foreground/background area determining-
portion 305-2, and the foreground area indicated by the flag
supplied from the foreground/background area determining
portion 305-3 based on the flag indicating the foreground
area supplied from the foreground/background area
15 determining portion 305f1,'the flag indicating the
foreground area supplied from the foreground/background area
determining portion 305-2, and the flag indicatiﬁg the
- foreground area supplied from the foreground/backgroﬁnd érea
determining portion 305-3, and generates a flag indicating
20 the foreground area calculated by the logical AND. The
logical-AND calculating ﬁortion 363 supplies the generated.
flag indicating the foreground area to the synthesizér_BOG.
The logical-AND calculating portion 363 caiculates the
logical ANb of the background area indicated by the flag

25 suppliéd from the foreground/background area'determining




15 speci fy the cove-red background area and the uncovered background area

based on the calcul ated error value. The area specifying unit 104 is able
‘to deternmine the mnixture ratio a based on the gener a22HeseB8eriZ28P®r mat i on,

-and outputs the determned mxture ratio a. 20 By utilizing the m xture
ratio a, it is possible to separate the, foreground conponents and the
background conponents contained in a pixel value while maintaining the
information of notion blur contained in the inmage corresponding to the.
novi ng object. 2.5 The area speci[y'gg unit 104 configured as shown in
Fig.. 23 Decenber 2005 - 148 _ 44 sb ifies the area according to
processing simlar to that described with reference to the flowharts of
Figs. 47 through 49, except that the covered background area or the
uncov ek Paok ¢odudd drhea baskgpecinti edebasediontedebaddbd Blegror val ues. A
detai |l ed explanation of the processing is. thus omtted. The area

. speci f yuRPleid from dhef ifgwmegdoanddbewhgicnufidgare4sSdspeciningsgt he area

according to processing simlar to that described™with reference. to .

t he- f | BcHaPns 380 —Li.gendqa thep bekrkegaghndoarescépdichsedt hy theaflay specifi ed

for each cqnponent, and the final area is determned by the |logical 'OR of
the spédiPbldgdateqn tRegdosppequedpbarkoronndr arne dpEBEBSRIRG i s t hus

omtted. The a peci fying upit 104 configured as shown in Fig. 15 46
speti { PREILRE APRaabesrth Y F0°pFbedsihAycaFhPFaFhe packground
area supplied from the foreground/background area
determining portion 305-1, the flag indicating the
background area supplied from the foreground/background area
determining portion 305~2, and the flag indicating the

10 background area supplied from the foreground/background areé
determining portion7305—3, and generates a flag indicating
the background area calculated by the_lbgical AND. The
logiCal;AND_calCulating portion 363 supplies thergenerated'
flag indicatihg the background area to the synthesizer 306.

15 The synthesizer 306 synthesizes area information
indicating one of the uncovered background area, the covered
background area, the foreground area, and the background
area for each pixel based on the flag indicating the

.‘uncovered-backgroﬁnd area supplied- from the 1ogical AND

20 calculating portion 361, the flag -indicating the covered
background aiea supplied from the logical AND calculating
portion 362, and the flag indicating the'foreground area and
tﬁe flag indicating the background area supplied from the

logical AND calculating portion 363. The synthesizer 306

25 outputs the synthesized area information.




that described with reference to the flowharts of Figs. 47 through 49,
except that the area is specified for each conponent, and the final area
~is determined by the |ogical AND of the specified ared3Pesemberdq08d

-expl anation of the 20 processing is thus onmtted. The

f or egr ound/ background separator 105 is discussed below. Fig. 50 is a block "
diagramillustrating an exanple of the configuration of the

foreground/ background separator 105. The input image supplied to the

f oregr ound/ background .25 separat or ]#p is supplied to a separating portion
601, a 23 Decenber 2005 - 149 switc 02, and a switch 604. The area
information supplied fromthe area specifying unit 104 and indicating the
information of the covered background area and the uncovered background
area-i s supplfedred tReciEphrat vngtpbPti eAndgursdThe ahewni hhoFheti on

i ndi cati ?g.the Eor_e round area is, supplied to the switch 602. The area

i nf or mafPon®i At EatPngUtPHE BEek ol REGRME RN SRATHIRIE SR & IRETOKiSt-ch 604. The:

m xture ratijg}a supplied fromthe mxture-ratio calculator 103 is supplied
to the separ ‘?hagr‘%%ﬁ{?eo‘fﬁ N9 PIPORTE b AShGaTgSso Py SheeBT®@epar at es t he

o O OUBE S ERORE F0d O ALER) OB RIS PE O R g o
el OO LB LT EVEL S BRCKOOUE ey, obhe UGB 03 S
separ at Qe POGA | 90y £9dms processing for specifying the covered

background area for each pixel based on the error value.

Details of the covered-background-area specifying procescing

are given below.

10 . In step 8302, the area specifying unit 104 performs
processing for specifying the uncovered background area fcr
each pixel based on the error value. Details of the
uncovered-background-area specifying processing'are given
below. |

15 In step S$303, the foreground/background area
determining portion 305 specifies the foreground or the
background for each pixel, and the processing is completed.

The covered-background-area specifying processing
corresponding to step $301 is discussed below with reference

20 - to the floﬁchart of Fig. 48.

In step S$321, the predictive-error calculating portion
302 calculates the error value by usiﬁg a model
corresponding to the uncovered background area. The
predictivc?érror calculating porticn 302 supplies the

‘25 calculated error value to the covered-background—-area




al so separates the background conponents fromthe input inmage, and
supplies the separated background conponents to a synthesizer 605. The

-switch 602 is closed when a pixel corresponding to 2@3{DecemberstObund is

i nput based on the area information indicating the foreground area, and

"supplies only the pixels corresponding to the foreground contained in the

input inmage to the synthesizer 603. The switch 604 is closed when a pi xel
corresponding to 25 the-background is input based on the area information
23 Decenber 2005 - 150 indicating the background area, and supplies only
the pixels corresponding to the batk8round contained in the input inage
to the synthesizer 605. The synthesi zer 603 synthesizes a foreground
conponent 5- image based on the foreground conponents supplied fromthe
separ aleR@ rR@hlingn p8@tiandsple pi xel s corresponding to the foreground
supplied fromthe switch 602, and outputs the synthesized foreground
conponent i FAgEteS QQEZthehef@cB@Qif@&mlﬁla@lE PoeR@- 4 A8a N &egrieinglo not

.overlap, the 10 synthe5|zer 603 applies, for exanple, logical ORto the

f or egr pomrdieanporedktsecandnbbewherngiound pirxeksyvather ebppl syat heshzi ng t he
foreground conponent image. In the initializing processing executed at the
start the pheddyntilreserirog padcedsthggf porthenf 302glsugdeabapotieamt 15
i mge, the synthesizer 603 stores an i nage whose pixel values are all 0 in
a Buil ori pgiipdmeoneher ghrébkaldi Bht heIf it is determined that the
error value is greater than or equal to the threshold Th,
the process proceeds to step 5323. In step 5323, the
predictive—errér calculéting portion 302 sets the flag
indicating the covered background area in the pixél having
10 the error value. The process then proceeds to step S§324.
If it is determined in step S322Z that the error value
- is not greatér than or equal to the threshold Th, it can be
proved that thérpixel does not belong to the covéred
background area. Accordingly, the ﬁrocessing of step 5323
15 is skipped, and the process proceeds to step $324.
In step S324, the area specifying unit 104 determines
whether the processing has been performed for the whole
écieen. If it is détermined‘that the proéessing has not
been performed for the whole screen, the process returns to
‘20‘ step 8321, and the vaeredmbackground—area detérmining_
processing is repeated.
If it is determined in step S324 that the processing
has been performed for the whole screen, the.process

proceeds to step S$325 in which the coveréd—background-area

25 determining portion 304 outputs a flag indicating the




synt hesi zi ng processing for the foreground conponent inmage, the synthesizer
603 stores the foreground conponent inage (overwites the previous inage
by the foreground conponent 20 inage). Accordingly, 83Dscembered®0bn the .
pi xel s corresponding to the background area in the foreground conponent
i mge output fromthe synthesizer 603. The synthesizer 605 synthesizes a
background conponent inmage based on the background conponents supplied
fromthe 25 separating portion 601 and the pixels corresponding to-the 23
‘Decenber 2005 - 151 background supplied fromthe switch 604, and outputs
the synthesized background conpon‘enlc4 mage. Since the background area and
the m xed area do not overlap, the synthesizer 605 applies, for exanple,
|l ogical OR to the 5 background conponents and t he background pi xel s,
" t her eby cospmelebhzkggotzthd haekgr omhd soopesnehigi M@gehed odiel dtid.i al i zi ng
processi ng executed at the start of the synthesizing processing for the
background cBnpomerdvefexktes ckdmwmyditdes zgre Gy istp e cassiingge whose
pixel 10 values are all O in a built-in frame menor’y. Then, in the
synt hes2rngsprodengi hg foept H20batk gl bemds eohporkem Wwitdye;efeademce
synthesi zer 605_stores the background conponent inmage (overwites the
previ ou§9i FagefbyvehrrbaekgFbuindd@onmponent inmage). Accordingly, O is
stored in the pixels 15 corresponding to the foreground area in the
background Hdrifdient3 4 ivaddro Rt Ftiomere ogy seResilaéingogortign 51A
iIIustrngs tfe ingut image i nput intq the .
calculates the error value by using a model
corresponding to the covered background area. The
predictive-error calculating portion 301 supplies the
calculated error value to the uncovered-background-area
10 determining portiocn 303.
In step S$342, the uncovered—baékground4area determining
portion 303 determines whether the error value supplied from
the predictive~error calculating portion 301 is-greater than
or equal to the threshold Th. If it is determined that the
15 error value is greater than or equal to the threshold Th,
the process proceeds to step S343. 1In step S343, the flag
indicating thé_uncovered background area is set in the pikel
having the error value. The process then proceeds to step
S344.
20 If it is determined in step 8342 that the error value
is not. greater than or equal to the threshold Th,; it can be
proved that the pixel does not belong to the uncovered
background area. Accordingly, the processing of step S$343
is skipped, and the process proceeds to step S344.

25 In step 5344, the area specifying unit 104 determines



f or egr ound/ background separator 105 and the foreground conponent inage and
t he background conponent” i nage output 20 fromthe foreground/ background
separator 105. Fig. 51B illustrates a nodel correspogdDagernkert2965i nput -
.image input into the foreground/ background separator .105 and the

f oreground conponent image and the background conponent inmage output from
t he foreground/ background separator 105. 25 Fig. 51A is a schematic diagram
illustrating the i nage 23 Decenber 2005 - 152 to be displayed, and Fig.
51B is a nodel obtained by expanding in the tine direction the pixels

di sposed in one line including tﬁelgﬁxéls bel onging to the foreground
area, the pixels belonging to the background area, and the pixels 5

bel onging to the m xed area corresponding to Fig. 51A. As shown in Figs.

51A anaizlBert k@b aekgietisncoC pRRORRRL perfgemedt Fut fthemyhbee .

- f oreground/ background separator 105 consists of the pixels belonging to

t he backgreesnd arfedtand deherbdckdr atad chepphertsscaat AnBedotn the pixels
of the 10 m xed area. As shown in Figs. 51A and 51B, the foreground
conpondesen peadoroedpdorf thm thelkosegereundthackbgnovsd separas oto 105
consists of the pixel belonging to the foreground area and the foreground
conponéted Edhtlai mad ithet hecpivrekd-bhckbeoutB-airreddateamThiéngi xel val ues
of the pixels in the mxed area are separated into the background
componBRP§eaAdNTha s 5ePgRé8Ad conponents by the foreground/ background

separator 105. The
If it is determined in step S$344 that the processing

has been pefformed.for the whole screen, the process
proceeds to step S$345 in which the uncovered—background—#rea
determining portion 303 outputs a flag indicating the

10 uncovered background area. The processing is then completed.

As discussed,abovef the area specifying unit 104 is
able to calculate the error value based on the estimated
mixture ratio and the mixture-ratio reiated information
corresponding to the estimated mixture ratio so as to

15 specify the covered background area and the uncovered
background area based on the calculated error value.

The area speciffing unit 104 is able to determine the
mixture ratio o based on the genérated area information, and
'outputé the determined mixture ratio a.

20 | - By utilizing the mixture ratio «, it is possible to
separate the foreground components and the background
‘components contained in a pixel value while méintaining the
“information of motion blur contained in the image

‘_éorresponding to the moving object.

25 -~ The area specifying unit 104 configured as shown in Fig.



separ at ed background conponents form the background 20 conponent i nmage
together with the pixels belonging to the background area. The separated

f oreground conponents form the foreground conponent 23hBgeenkye0ier with
the pixels belonging to the foreground area. As di scussed above, in the
f oreground conponent image, 25 the pixel values of the pixels
corresponding to the 23 Decenber 2005 - 15 3 background area are set to O,
and significant pixel. values are set in the pixels corresponding to the
foreground area and the pixels coLrﬁ§§ogding to the mxed area. Simlarly,
in the background conponent inage, the pixel values of the 5 pixels
corresponding to the foreground area are set to O, and significant pixel
val ues g8 set .in the pixels corresponding to the background area and the
Pi xel s *GorPESHSREPNE E02ERR AFRREdARGatO ADHRSESS pRY oRiMELa vien bel ow of

t he processi executed, 10 by the separating portion 601 for separating
t he forggﬁiuﬁgschﬁﬁgngﬁFg of eFﬁ%C%agRgFBﬁngleﬁﬁbﬁﬁbﬁt%ffEiﬁﬁ{tﬂi pi xel s

bel ongi ng {0 hhg m xed are ig. 52 illustrates a nodel of an image
i ndi cating 9pregroﬁﬁﬁeeﬁnggﬁgnggeaﬁﬂv%ﬁiﬂg?%ﬁhﬂr%%ﬁ%o%kﬁﬂs?#rﬁﬁﬂma 15
Fo 52 e he Babro i e r Ryt cHBRAL FRed FPEpedon e et of
oYLt SRR, St 4Rle LY o BELLAIRG 35 0 e
thus omitted.
lThe area specifying unit 104 configured as shown in Fig.
45 specif;es the area according to processing similar toA
that described with reference. to the flowcharts of Figs. 47
.10 through 49, except thét the area is specified for each
component, and the final area is determined by the logical
OR of the specified areas. A detailed explanation of the
‘processing is thus omitted.
The area Spécifying_unit 104 configured as shown in Fig.
15 46 speéifies the area according to processing similar to
that described with reference to the flowcharts of Figs. 47
through %9, exbept that the area is specified for each
éomponent, and the final area is determined by the logical
AND of the specified areas. A detailed éxplanation of the
20 processing is thus omitted.
The foreground/background separator 105 is discussed
below. Fig. 50 is a block diagrém illustrating an example
of the configuration of the foreground/background separator

105. The input image supplied to the foreground/baékground

ng separator 105 is supplied to a separating pbition 601, a




20 through eighteenth pixels fromthe Ieft consist of only the -background
conponents and belong to the background area. In frane #n, the second
through fourth pixels fromthe left contain the backiffBesatnbep@fdhent s and
the foreground conponents, and belong to the uncovered background area. In
25 . frame #n, the eleventh through thirteenth pixels fromthe 23 Decenber
2005 - 154 left contain background conponents and foreground conponents,
and belong to the covered background area. In frame #n, the fifth through
tenth pixels fromthe left consist of only the foreground conponents, and
bel ong to the foreground area. 5 nifffame #n+1, the first through fifth

pi xels fromthe left and the eighteenth pixel fromthe left consist of
only the background conponents, and belong to the background area. 1In
frane #wiltcH lE@2si xld Bhsauglreisot.h pineelashr amfdhaatabn stpptaen
background conmponents and foreground conponents, and 10 belong to the
uncov erfabnbadieg rawad speed fylingf bate #04l anidhd ndfiicht-eant hiehr ough
seventeenth pixels fromthe left contain background conponents and

f or egr dunfe rwertione pifs thandolyelrendg batkgirb&ndo werad abEc kipeoundogeead | n frane
#n+l, the ninth through fourteenth pixels fromthe left consist of only

t he 15bpekegoomdd acerporensupplind ol chg sepeetfiogegoogndnabéd. Fig. 53
illustrates the processing for separating the foreground conponents from
t he pi X8Ls 2pepoAgitagmasirheinddeatdagbibryfourarared. arnarig. 53, al
through al8 indicate m xture ratios of the individual pixels of franme #n.
20 I n BUBP138d tRethpf BéhER ARougRheedERtedRERIPR%EPE fREAFating

the background area supplied to the switch 604.
The mixture ratio o supplied from the mixture-ratio
calculator 103 is supplied to the separating portion 601,

10 The separating portion 601 separates the foreground
components from the input image based on the area
information indicating the covered background area, the area
information indicating the uncovered backgroundrarea, and
the mixture ratio.a, and supplies the separated foreground

15 components to a synthesizer 603. The separating portion 601
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
.20 the foreground is input based on the area information
indicating the foreground area, and supplies only the pixelé
corresponding to the foreground contained in.the input image
to fhe synthesizer 603-
- The switch 604 is closed when a pixel corresponding to

25 the . background is input based on the area information



‘the left belong to the covered background area. The pixel value Cl5 of the
fifteenth pixel fromthe Ileft in frame #n can be éexpressed by equation
(64): Cl15 = B15/v+.F09/v+F08/v+F07/v -25 = al 5B15+F)Beoerfi@s/200%-07/v 23

Decenber 2005 - 155 = al 5P15+F09/v+F08/ v+F07/v (64) where al5 indicates
the m xture ratio of the fifteenth pixel fromthe left in frame #n, and
P15 designates the pixel value of the fifteenth pixel fromthe left in
frame #n-1. 5 The sum flI5 of the foreground conponents of the fifteenth
pixel fromthe left in frame #n can be expressed by equation (65) -based on
equation (64). f15 = F09/v+F08/v+FO7/v Cl5-al5P15 (65) 10 Simlarly, the
sum f16 of the foreground conponents of the sixteenth pixel fromthe |eft
in frame #n can be expressed by equation (66), and the sumf17 of the
f or egr odndicahpogehhs bickbeosedeateant ingi xeppliem thky | €fi¢ piselfs ame #n
can be expressed by equation (67). 15 f16 = Cl6-al6P16 f17 = Cl17--al7P17
(66) (6Fprrasphndingnher thehbeathgeguodndononpoadnis tige compa riechge n the
plxel val ue C of the pixel belonglng to the covered
to the synthesizer 605
The synthesizer 603 synthesizes a foreground component
5- image based on the foreground components supplied from the
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
10 synthesizer 603 applies, for example, logical OR to the
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
15 image, the synthesizer 603 stores an image whose pixel
values are all 0 in a built-in frame memory. Then, in the
synthesizing processing for the foreground component image,
the synthesizer 603 stores the foreground component image
(overwrites the previous image by the foreground component
20 image). Accordingly, 0 is stored in the pixels
corresponding to the background area in the foregroﬁnd
component image output from the synthesizer 603.
The synthesizer 605 synthesizes a background component

image based on the background components supplied from the

 25 séparating portion 601 and the pixels cérresponding to the-




background area can be expressed by equation (68) 20 fc = Ca+P (68) where
P designates the pixel value of the corresponding pixel in the previous
frame. Fig. 54 illustrates the processing for separatiZ3dechmberf2(005gr ound.
conponents fromthe pixels belonging to the 25 uncovered background area.
In Fig. 54, al through al8 23 Decenber 2005 -- 15 6 indicate m xture
rati os of the individual pixels of frame #n. In Fig. 54, the second-
through fourth pixels fromthe left belong to the uncovered background

area. The pixel value CO02 of the sggggp pixel fromthe left in franme #n
can be expressed by equation (69): = B02/v+B02/v+B02/v+FOl/v =
a20B02+FO1/v = a2N02+FQOl/v (69) where a2 indicates the mxture ratio of
the second pixel 10 fromthe left in frame #n, and NO2 desi gnates the pixel -
val ue ofPackgresaenguppképdf £oamt hlee| e¥itch 60 ameawd+butidines st f 02 of the
foreground conponents of the second pixel fromthe left in frame #n can be
expr ess8¥THVeE4a4E BACkIOPubd seempen et atPave ( 695 inca5ti®2 = F01/v
COZ-aZNgZ %70) Simlarly, the sumfQ03 of the foreground conponents of the
third pPREFIFPBRF: AECRefRd| Rhe BECH P EYm FR BXbres’ekpp, the

synthesizer 605 applies, for example, logical OR to the
5 background components and the background pixels, theréby
synthesizing the background component image.

In the initializing processing executed at the start of
the synthesizing processing for the background componentr
image, the synthesizer 605 stores an image whose pixel

10 values are all 0 in a built-in frame memory. Then, in the
synthesizing processing for the background component image,
the synthesizer 605 stores the background_component image
(overwfites the previous image by the background component
image}. Accordingly, 0 is stored in the pixels

15 corresponding to the foreground area in the background
component image oﬁtput from the synthesizer 605.

Fig. 51A illustrates the input image input into the
foreground/backgroﬁnd separator 105 and the foreground

- component image and the background component image output

20 from the foreground/background separator 105. Fig. 51B

illustrates a ﬁodel corresponding to the input image input
- into the foreground/background separator 105 and the

,foregrOund component image and the background component

image output from the foreground/baCeround separator 105.

‘25 . Fig. 51A is a schematic diagram illustrating the image



by equation (71), and the sumf04 of the foreground 20" conponents of the
fourth pixel fromthe left in frame #n can be expressed by equation (72).
f03 = (Q03--a3N03 (71) f04 = CQ04-a4N04 (72) In this23Bacenbert2085
.foreground conponents fu contained .25 in the pixel value C of the pixel
bel onging to the uncovered 23 Decenber 2005 - 157 background area can be
expressed by equation (73): fu = CaN (73) where N designates the pixel
val ue of the correspondi.ng pixel in the subsequent frame. 5 As discussed
above, the separating portion 601 ii %ble to separate the foreground
conponents fromthe pixels belongi a to the m xed area and the background
conponents fromthe pixels- belonging to the m xed area based on the
“information indicating the covered background area and the 10 information
i ndi catimdpe hi apicovset eciniaFligr.oGi@® dsea modeflabbedinedt bg ar ea _
information, and the m xture ratio a for each pixel. Fig. 55 is a block
di agr arg¥pangincationg hen texenglieecf: ionhéheopfixglsatiieposkdt he separating
portion 601 for 15 executing the above-described processing. An inmage input -
i nto tHeepdrdudagpdhs pixeds bslongphgedot the framsrmendr§ré2l, and the
area information indicating the covered background area and the uncovered
backgr ddifd Pared ss iyggrongd naf tenithrebarkegpendagireacappdl sher piggland t he

niXEL”(%éfgﬂéing to the mixed area corresponding to Fig. 51a.

As shown in Figs. 51A and 51B, the background component
image output from the foreground/background separator 105
consists of the pixels belonging to the background area énd
the background components contained in the pixels of the

10 mixed area.

As shown in Figs. 51A and 51B, 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

15 mixed area.

The pixel values of the pixels in the mixed area are
separated into the background components and the foregtound
components by the foreground/background separator 105. The

- separated background-components form the background

20 component image together with the pixels belonging to the
background area. The separated foreground components form
the foreground component image together‘with the pixéis
belonging to the fofeground area.

As discussed above, in the foreground component image,

.25 the pixel values of the pixels corresponding to the




20 a are supplied to a separation processing block 622.. The frame nenory .
621 stores the input inmages in units of franes. Wen a frane to be
processed is frame #n, the frane nenory 621 stores fr@amedihhes 2088 Ch i s
the frame one frame before frame #n, frane #n, and frame #n+l, which is

25 the frame one franme after frane #n. 23 Decenber 2005 - 158 The frane

- menory 621 supplies the corresponding pixels in frame #n-1, franme #n, and
frame #n+1 to the separation processing block 622. The separation
processi ng bl ock 622 applies the 5 cul ati ons di scussed with reference to
Figs. 53 and 54 to the pixel values 0of the corresponding pixels in frane
#n-1, frame #n, and frane #n+l supplied fromthe frame nmenory 621 based
on the area information indicating the covered background area and the -

~ uncover BachgERgRBunEear2Ee aret t he 010amd x3igwel fitant pbeehsvalueseparate t he
f oreground conponents 15 and the background conponents fromthe pixels

bel ongi #§St 8ctt bt Wi ¥ ba FA-FeIPRNdNT arrl Eippforeoxdiard tare® f r ane
menory 623. The separation processing block 622 is formed of an wuncovered
area prBBEsERF BRIl URASTRPHENT phdcr dhimd area synieisiady 633, and a
syntheslze£ 6 41]§ nmultiplier 641 of the uncovered area processor 631
mul ti pl FBs PRePHT %ITOLUE* PO pt%ede i nths é?fé‘%i‘fal'_é‘%pmﬁ 'S rom t he
fra@p nBEQéYseggréégﬁggafgﬁﬂég(%ﬂéufé}ébround area are set to 0,
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 givén below of the processing executed
10 by the separating portion 601 for separating the foreground
components and the background components from the pixels
belonging to the mixed area.
Fig. 52 illustrates a model of an image indicating
foreground components and background components in two
15 frames including a foreground object moving from the left to
the right in Fig. 52. In the model of the image shown in
Fig. 52, 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
20 through eighteenth pixels from the left consist of only the
background components and belong to the background area. In
frame #n, the second through fourth pixels from the left
contain the background components and the foreground

components, and belong toe the uncovered baékground area. In

25 frame #n, the eleventh through thirteenth pixels from the



20 and outputs the resulting pixel value to a switch 642." The switch 642

- is closed when the pixel of frame #n (corresponding to the pixel in frane
#n+l) supplied fromthe frame nmenory 621 bel ongs to 2R&egewbersiOsl .

. background area, and supplies the pixel value nmultiplied by the m xture
ratio 25 a supplied fromthe nultiplier 641 to a cal culator 643 and 23
Decenber 2005 - 159 the synthesizer 634. The val ue obtained by multiplying
the pixel value of the pixel in frame #n+l by the mxture ratio a output
fromthe switch 642 is equivalent to the background conponents of the

pi xel "value of the corresponding pi*xéf n 5 frame #n. The cal cul ator 643

subtracts the background conponents supplied fromthe switch 642 fromthe
pi xel value of the pixel in frame #n supplied fromthe frame nenory 621 so

as to leffitaicontted nf WRGIRtthE arptaEnts Bl cad eathaiilid Gdhpbhesitepl i es the
foreground conponents of the pixel in frane #n belonging to the uncovered
backgr emud bafleagt dot ke syicresi bark§33und sukai pl far £65heofn| heheover ed
area processor 632 nultiplies the pixel value of the pixel in frame #n-1
15 suppliiféd fhamughe tendie pisedsy £624 byet heftri xbuséstavfoomly wme out puts
the resulting pixel value to 'a switch 652. The swtch 652 is closed when
t he pi ¥eregroppdreomponeassr eepdnbiehgngotehehei feregnoindnerém- 1) supplied
fromthe. frame nenory 621 belongs to the covered background area, and 20
supdl i es t hER pFs@ne vtk nbhei blred Yyraush ikt @¥talio from the
left and the eighteenth pixel from the left consist of only
the background components, and bélong to the background area.
In frame #n+1, the sixth through eighth piiels from the léft
contain background components and foreground components, and
10 belong to the uncovered background area. In frame #n+l, the
fifteenth through seventeenth pixels from the left contain
background components and foreground compornents, and belong
to the covered background area. In frame #n+l, the ninth
through fourteenth pixels from the left consist of only the
.15 foreground components, and belong to the foreground area.
Fig. 53 illustrates the processing for separating the
foreground components from the pixels belonging to the
covered background area. In Fig. 53, ol through al8
‘indicate mixture ratios of the individual pixels of frame #n.
20 In Fig. 53, the fifteenth through seventeenth pixels from
. the left belong to the covered background area.
The pixel value Cl1l5 of the fifteenth pixel from the
left in frame #n can be expressed by equation (64):

C15 B15/v+FQ9/v+F08/v+F07 /v

.25 | = l56B15+F09/v+F08/v+F07/v




supplied fromthe nmultiplier 651 to a cal cul ator 653 and the synthesi.zer
634. The val ue obtained by multiplying the pixel value of the pixel in
frame #n-1 by the mixture ratio a output fromthe swi23dPeogBwer 208qui val .ent
to the background 25 conponents of the pixel value of the corresponding

pi xel in 23 Decenber 2005 - 160 franme #n. The cal cul ator 653 subtracts the
background conponents supplied fromthe swtch 652 fromthe pixel value of
the pixel in frane #n supplied fromthe frame nenory 621 so as 5 to obtain
t he foreground conponents. The cal cul ator 653 supplies the foreground
conmponents of the pixel in frame #n 1beldnging to the covered background
area to the synthesizer 633. The synthesizer 633 conbines the foreground
conponents 10 of the pixels of frame #n bel onging to the uncovered
background ar ea =and SHIdHiFed frewst/Re Froal/qul at or 643 wigd) the foreground:
conponents of the pixels of frame #n belonging to the covered background
ar ea andhsuppliddifdbontébetbal wikahoe 658io anfl shpptiLsedeh ginddiesi zed
foreground 15 conponents to the frame nenory 623. The synthesizer 634

conbi ne§rohethackgfbuin fompenkémi sandfPihedps kephated fhanmixal bel onging to
t he uncovered background area and supplied fromthe switch 642 with the
backgr oviddue ofpoilent £ 6Eeemeh ppicee s Bforfi rtle ¥af belwnfpang thm-20 t he covered
background area and supplied fromthe switch 652., and supplies the

syn esized7@5%HUPdeéPéﬁhﬂﬁﬁ%ﬁiﬁ“%i¥qqﬂ§ components of the

fifteenth pixel from the left in frame #n can be expressed

by equation (65) based on equation (64).

£15 = FO9/v+FO08/v+F07/v
= C15-al5*P15 (65)
10 Similarly, the sum £f16 of the foreground components of

the sixteenth pixel from the left in frame #n can be
expressed by equation (66), and the sum £17 of the
foreground components of the seventeenth pixel from the left
in frame #n can be expressed by equation (67).

15 f£lé

il

Cl6-0168P16 (66)

f17 = C17-017eP17 . (67)

In this manner, the foreground components fc contained
in the pixel value C.of the pixel belonging to tﬁe covered.
: background area can be expressed by equation (68):
20 . fo = C-oep | (68)
where P designates the pixel value of the corresponding
pixel in the previous frame. -
Fig. 54 illustrétes the processing for separating the
foreground components from the pixels belonging to the

~ 25 uncovered backgroundlarea. In Fig. 54, ol through «al8




frame. nenory 623. The frame nenory 623 stores the foreground conponents
and t he background conponents of the pixels in the mxed 25 area of frane
#n supplied fromthe separation processing 23 Decenbet3 Re@mber 2885 bl ock
.-622. The franme nmenory 623 outputs the stored foreground conponents of the
pixels in the mxed area in franme #n and the stored background conponents
of the pixels in the mxed 5 area in frane #n. By utilizing the mxture
ratio a, which indicates the feature quantity, the foreground conponents
and the background conponents contiihed in the pixel values can be

conpl etely separated. 10 The synthe PPef 603 combines the f or egr ound
conponents of the pixels in the mxed area in frame #n output fromthe
separating portion 601 with the pixels belonging to the foreground area so
as to dewdratte amifxdmegr cwtd ccomiorsdid indiBgelualhe iyglihesi z@ran®)Srconbi nes
t he background 15 conponents of the pixels in the mxed area in frame #n
out put Iy &rhat-hé4sepheasiergnpothirongbOfowicth pheepsxEkbem beeohging to the
background area so as to generate a background conrponent inmage. Fig. 56A
i |1 ust Pelengakoekbaphacoverhd background 20@egonponent i nmage correspondi ng
to frame #n in Fig. 52.. The |eftnost pixel and the fourteenth pixel from

the left cbHhgiBEXel nlye tEBR2 ek Kho utrerdvent sf et ortee tIrft

5 in frame #n can be expressed by equation (69):

C02 = BO2/v+B02/viB02/viF0l/v

0.2¢B02+F01/v
= 02¢N0Z2+F0L1l/v (69}
where 02 indicates the mixture ratio of the second pixel
10 from the left in frame #n, and N02 designates the pixel
value of the second pixel from the left in frame #n+1.
The sum £02 of the foreground components of the second
pixel from the left in frame #n can be expressedrby equation
(70) based on equation (69). |

15 f02 = F01/v

C02fa2-N02 : (70}
Similarly, the sum £03 of the foreground components of
the third pixel from the left in frame #n can be expressed.
by equation (71), and the sum f04 of the foreground
20° components of the fourth pixel from the left in frame #n can
be expressed by equation (72).
£03 = CO3-0.36NO3 (71)
£04 = CO4-0deNO4- (72)
In this manner, the foreground componenté,fu contained

25 in the pixel value C of the pixel belonging to the uncovered



foreground and the background are separated, and thus, the pixel values are.
set to 0. 25 The second and fourth pixels fromthe left belong to 23 -
Decenber 2005 - 162 the uncovered background area. bef®Decérhigerf2008gr ound
.and the background are separated. Accordingly, the background conponents
are set to 0, and the foreground conponents are naintained. The el eventh
through thirteenth pixels fromthe 5 |l eft belong to the covered background
area before the foreground and the background are separated. Accordingly,
t he background conponents are set to 0, and the foreground conponents are
mai nt ai ned. The fifth through tenth kﬁ&eTs fromthe left consist of only
the foreground conponents, 10 which are thus nmaintained. Fig. 56B
illustrates an exanple of the background conponent inmage corresponding to

frame #bacRgkb@ndS52redh€an! Bét 8B5tePs&@| bpnspidiei drourtxmeaent h pi xel fromthe
|l eft consist of only the background conponents before the 15 foreground
and t he backfu cuntl-oemle separated, and thus, the backg(mnd conponents are
mai nt ai ned. The second through fourth pixels fromthe |left belong to the
uncover wtdepacNgdesighatea bhe¢ gpixehevdlnegdurit and rddponbidakgr ound are
separated. Accordingly, the foreground 20 conponents are set to O, and the
backgr cBhdedopobkeat sulasequemt nfxamed. The el eventh through thirteenth
pixels fromthe left ‘belong to the covered background area before the

for eground 2kt HifeusaESyEhRYE artdes epeardd nJAPesitdPnghyl is able

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
10 information indicating the uncovered background area
contained in the area information, and the mixture ratio o
for each pixel. |
Fig. 55 is a block diagram illustrating an example of
tﬁe configuration of the separating portion 601 for
15 executing the above-described processing. An image input
into the separating portion 601 is supplied to a frame
memory 621, and the area information indicating the covered
béckground area and the uncovered baékground area supplied
from the mixture-ratio calculator. 103 and the mixture ratio
20« are. supplied toc a separation processing block 622. -

'The frame memory 621 stores the input images in units
of frames. When a frame to be processed is frame #n, the
frame memory 621 stores frame #n-1, which is the frame one
frame.before frame #n, frame #n, and frame #n+l, which is

.25 the frame one frame after frame #n.




t he foreground conponents are set to 0, and the. background 25 conponents
are mai ntained. The fifth through tenth pixels 23 Decenber 2005 - 163 - from
the left consist of only the foreground conponents, ar2d Ddcbtber 2008 pi xel
val ues are set to 0. The processing for separating the foreground and the
background executed by the foreground/ background separator 5 105 is
descri bed below with reference to the flowhart of Fig. 57. In step S601,
the frame nenory 621 of the separating portion 601 obtains an input image,
and stores frame #n for which the foreground and the background are
separated together with the previougSe ame #n-1 and the 10 subsequent
frame #n+l. In step 5602, the separation processi.ng bl ock 622 of the
separating portion 601 obtains area information supplied fromthe

m xture-ratiQ C l.a 2ol . 9603, t rat.ion_processing

bl ock 622 OE%thE%gﬁa%%FP% gg}tnggggégo%hgbggfﬁgggﬁgﬁ%PgtBgéeggtio a

suppl | ogh 14.0IAE 16,18 Xiiifse ol 20 Gl 9y 103 cld SRR 9904, the

uncovered area processor 631 extracts ackgr ound nponents fromthe .

pi xel vatd@ssHind MR odi Xl bel onging to the uncovered background area
supplied 20 fromthe frame nenory 621 based on the area information and

the mixturerThat separakiost pRo26A5inkhB14BAKOKEEEd RN €8 sPEREESSOr 631
extracts the foreground conponents fromthe pixel values of the pixels
bel Bngigad dud atiti@nisn &d seftes <R GO Hed cdbBd eS HRPIFiIgE . 53 and 54 to

the pixel values of the corresponding pixels in frame #n-1,

frame #n, and frame #n+l1 supplied from the frame memory 621

based on the area information indicating the covered

rbackground area and the uncovered background area and the

10 mixture ratio o so as to separate the foreground components
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

s 15  uncovered area processor 631, a covered area processor 632,

a synthesizer 633, and a synthesizer 634.

A.multiplier 641 of the uncovered area processor 631
multiplies the pixel value of the pixel in frame #n+l
_ ‘supplied from the frame memory 621 by the mixture ratio «,

20 and outputs the resulting pixel value to a switch 642. The

éwitch'642 is-closed Whén the pixel of frame #n

{(corresponding to fhe'pixel in frame #n+l) supplied from the

frame memory 621 belongs to the unqovered background area,

and supplies the pixel value multiplied by the mixture ratio

25 @ supplied from the multiplier 641 to a calculator 643 and




25 fromthe frame nenory 621 based on the area information and 23 Decenber
2005 - 16 4 - the mixture ratio a. In step S606, the covered area processor
632 extracts the background conponents fromthe pixeR3Rieasentodshe ,
‘pi xel s belonging to the covered background area supplied 5 fromthe frame
menory 621 based on the area information and the mxture ratio a. .In step
S607, the covered area processor 632 extracts the foreground conponents
fromthe pixel values of the pixels belonging to the covered background
area supplied 10 fromthe frame nenory 621 based on the area information
and the mixture ratio a. In step S608? the synthesizer 633 conbines the

f oreground. conponents of the pixels belonging to the uncovered background
area extracted in the processing of 15 step S605 with the foreground

conponenine Gfyrithe il $30el 0RgiNgat Qet BE taKEHCHyPAGKE SIPELQr B3 eXt r act ed
in the processing of step 5607; 'The synthesized foreground ~conponents

are supplixed tvalike ofyrhkepizel 6nO8rahbe#nsynbheshienifOré Uribhes conbines
t he pi xels belonging to the 20 foreground area supptied-via the switch 602

with the ouspegr dwod chepementh sdpplisedghionléhe separatbagkeesin®n 601
so as to generate a foreground conponent inmage. In step 5609, the ,
synt hescpapoddatsopifi nbe plheelbagkgeooAdtbenponeassondindiepixe®! sn bel ongi ng
to the 25 uncovered background area extracted in the processing of
5 frame #n. ) -
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
10 supplies the foreground components of the pixel in frame #n
bglonging to the uncovered bhackground area to the
synthesizer 633.
A multiplier 651 of the covered area prqceésor 632
multiplies the pixel value of the pixel in frame #n-1
15 supplied from the frame memory 621 by the mixture ratio «,
and outputs the resulting pixel value to a switch 652. The
switch 652 is closed when the pixel of frame #n
(corresponding to the pixel in framer#nﬂl) supplied from the
frame memory 621 belongs to the covered background area, and
.20 supplies the pixel value multiplied by the mixture ratio o
supplied from the multiplier 651 to a calculator 653 and the
: synthesizer 634. The value obtained by multiplying the
pixel value of the pixel in frame #n-1 by the mixture ratio

o output from the switch 652 is.equivalent to the background

25 components of the pixel value of the corresponding pixel in




23 Decenber 2005 -- 165 . step 5604 with the background conponents of- the

pi xel s belonging to the covered background area extracted in the
processi ng of step 5606. The synt hesi zed background g®mRosabErs2086€ )
supplied to the synthesizer 605. The 5 synthesizer 605 further conbines the
pi xel s belonging to the "background area supplied via the switch 604 with
the background conponents supplied fromthe separating portion 601 so as
to generate a background conmponent image. In step 8610, the synthesizer 603
outputs the 10 foreground conponent image. In step 5611, the synthesizer
605 out puts the background conponentléiOnmage. The processing is then

conpl eted. As di scussed above, the foreground/ background separator 105 is
able to separate the foreground conponents and the 15 background conponents
fromtheg j0put, i mage based on the area information and the mixture ratio
a, and outputs the foreground conponent image consisting of only the

foreground rhaMeaneqis:8Rdebhespatkd .%gn@hgomengpéﬁhwgsmggﬂ%ééi ng of

only the background conmponents. 20 Adjustnents o e anou notion bl ur

from a SuRiAGrlNG: 0 BN @M PGS 2Ie AL SHd RadekaWuericg +p8 is a block
diagramillustrating an exanple of the configuration of the notion-blur

adj ust igigeaniitn ¥3GmeThie FRppQl Ve Gm M tHR@mROsIehioeRals 2inkar gat i on
thereof .25 supplied fromthe notion detector 102 are supplied to a 23
Deckénbafo 2BA%in the foreground components. The calculator 653
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
10 of the pixels of frame #n belonging to the uncovered
-background area and supplied from,tﬁe calculator 643 with
the foreground components of the pixels of frame #n
belonging to the covered background area and supﬁlied from
the calculator 653, and supplies the synthesized foreground
15 components to the frame memory 623.

The synthesizer 634 combines the background components
of the pixels of frame #n belonging to the uncovered:
background'area and supplied from the switch 642 with the
background components of the pixels of frame #n belonging to

20 the covered background area and supplied from the switch 652,
and supplies the synthesized background components to the
frame memory 623. |

The frame memory 623 stores the foreground components
and the background components of the pixels in the mixed

25 area of frame #n supplied from the separation processing



- 166 unit-of-processing determning portion 801, a nodel-form ng portion
802, and a cal culator 805. The area information supplied fromthe area
specifying unit 104 is supplied to the unit-of-processimstefBeermisni Ny
portion 801. The foreground conponent -image supplied fromthe
f or egr ound/ background separator 105 is supplied to the adder 804. The
uni t - of - processing determ ning portion 801, generates the unit of
precessing based on the notion vector 10 and the positional information
thereof, and the area information, and supplies the generated unit of
processing to the nodel-forming portébn 802 and the adder 804. As
indicated by Ain Fig. 59, for exanple, the unit of processing generated
by the unit-of-processing determining 15 portion 801 indicates consecutive
-pi xel s dilspesed2i.n the nmoving direction starting fromthe pixel
corresponding to the covered background area of the foreground conponent
image until The fraed maidespddlicaggucd hhainammesekohapkgmaund area, or
i ndi cates consecutive pixels disposed in 20 the noving direction starting
f rom t heopiprekenter o€spoadphgels oit hehentiwed edrdackyr brante afreaaritht i | t he
pi xel corresponding to the covered background area. The unit of
processithg stofednedchirownd ptevpsneftsiatf we ghikals ciat ethe froixeekanpl e,
t he upper left point (which is the position of 25 the leftnost or the
t oprbst @pPRelnj fréme ¥Rmage desi gnated by 23 December 2005 - 167

By utilizing the mixture ratio @, which indicates the
feature quantity, the foreground components and the
background components contained in the pixel values can be
completely separated.

10 The synthesizer 603 combines the foreground Componeﬁts
of the pixels in the mixed area in frame #n output from the
éeparating portion GOi with the pixels belonging to the
foreground area so as to generate a foreground Component
image. The synthesizer 605 combines the background

15 compohents 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. 56A illustrates an example of the foreground

29 component image corresponding to frame #n in Fig. 52. The
leftmost pixel and the fourteenth pixel from the left
consist-of only the-background components before the
foreground and the background aré separated, and thus, the
pixei values are set to 0.

25 - The second and fourth pixels from the left belong to



the unit of processing) and the | ower right point. The nodel -form ng
portion 802 fornms a nodel based on the notion vector and the input unit of
processing. Mre specifically, for exanple, the nodebsiRE:Ehber f@ELI on 802
may 5 store in advance a plurality of nodels in accordance wth the nunber
of pixels contained in the unit of processing, the nunber of virtual

di vided portions of the pixel value in the time direction, and the nunber
of foreground conponents for each pixel. The nodel -form ng portion 802 may
then 10 select the nodel in which the correlation between the pixel values
and the foreground conponents is dedbgnated, such as that in Fig. 60,
based on the unit of processing and the nunber of virtual divided portions -
of .the pixel value in the time direction. .15 It is now assuned, for

exanpl §nd haled e Rk dHourd %5led BUFCEEPAA 29 @ AigauBhl @hePrOCessi ng
is 12, and that the anount of novenment v within thé shutter time is 5.

Then, thewvgdRind ¥rE8 RGRAEILN 882:38W3 nhe  Numkebalkgrvuhbiual divi ded
portions to 5, and selects a nodel formed of 20 eight types of foreground

- conponedinpcienitala ddh e dtefldomst and Xt ¢ortairdsinanechpoaehedndreonponent,

the second pixel fromthe left contains two foreground conponents, the
third m@idtsaifnean t ed efllevearihaithsoubheenfioteghatng icengoieainsthet he

fourth. pixel fromthe left contains four pixel 25 conponents, the fifth
pi xgl flredih bled olnef ttoc ahieaics efriede bAdkBeoentienr280befot@3thkor egr ound
conmponents, the sixth pixel fromthe left
foreground and the background are separated. Accordingly,
the background components are set to 0, and the foreground
components are maintained. The fifth through tenth pixels
from the left consist of only the foreground components,
10 which are thus maintained.

Fig. 56B illustrates an example of the backgrounq
component image corresponding to frame #n in Fig. 52. The
leftmost pixel and fhe fourteenth pixél from the left
consist of only the background components before the

15 foreground and the background are separated, and thus, the
background components are maintained.

The second through fourth pixels from the left belong
to the uncovered background area before the fo?eground and
the background are separated. Accordingly, the foreground

20 components are set to 0, and the background components are
maintained. The eleventh fhrough.thirteenth pixels from the
left belong to the covered background area before the

| foreground and the background are separated. Accordingly,

the foreground components are set to 0, and the béckgrbund

25 ° components are maintained. The fifth through tenth pixels




contains five foreground conponents, the seventh pixel from the left
contains five foreground conponents, the eighth pixel fromthe left
contains five foreground conponents, the 5 ninth pixelsf pefarits 2bed t
contains four foreground conponents, the tenth pixel fromthe left
contains three foreground conponents, the eleventh pixel fromthe left
contains two foreground conponents, and the twelfth pixel fromthe |eft
contai ns one foreground conponent. 10 Instead of selecting a nodel fromthe
prestored nodels, the nodel-forn ng gorti on 802 may generate a nodel based
on the notion vector and the unit~of®drocessing when the notion vector
and the unit of -processing are supplied. The nodel -forning portion 802
supplies the selected 15 nodel to an equation generator 803. The equati on
gener at drofO8hgenerat esnahsequat 60Dy beredrefegheunadebmssmphied fHom t he

.nmodel -formng portion 802. description is given below, with reference to

t he nodéhuef thhepirekgralundsconposettts nige. shown in Fig. 60, of 20

equati ons generated by the equation generator 803 when the nunber of
foreground cBmpamertesssng, fdhesaparearimgf thiexdesreqmrumes povdithg: t 0 t he unit
of processing is 12, and the anount of novenent v is 5. Wen the :

f or egr obpgkgsapodetreceted abnethé nfe hegRSulidflegehaneurd nprrreri tdmage
corresponding to the shutter 23 Decenber 2005 - 169 tine/v are F.A/v

t hr cughl®98is, dener Heedt bokahi pstiherakeremrwa / to t o uglPrgsInt @fd t he pi xel

val ues C01 through Cl12 can
- Fig. 37. "In step S601, the frame memory 621 of the
separating portion 601 obtains an input image, and stores
frame #n for which the foreground and the background are
separated together with the previous frame #n-1 and the
10 subsequent frame #n+l.

In step S602, the separation processing block 622 of
the separating portion 601 obtains area information supplied
from the mixture-ratio calculator 103. 1In step S603, ther
séparation processing block 622 of the separating portion

15 601 obtains the mixture ratio o supplied from the mixture-
.ratio calculator 103.
In step S604, the uncovered area procdessor 631 extracts
the background components from the pixel values of the
" pixels belonging to the‘uncovered‘background-area supplied
20 from the frame memory 621 based on the area information énd
the mixture ratio .

in step S605, the uncovered area processor 631 extracts
the foreground components from.the pixel values of the
pixels belonging to thé uncovered background area SUppiied

25 from the frame memory 621 based on the area information and




(80) (08 = FO08/v+FO'7/ v+F06/ v+F05/ v+F04/v (81) (09 = :

be expressed by equations (74) through (85). C01 FOL/v (74) 5 Q02 =

FO2/ v+FOL/v (75) C0D3 = FO03/v+F02/v+FQy (76) Q04 = FO4/v+F03/v+F02/ v+FQA y

(77) Q05 = FO5/ v+F04/ v+F03/ v+F02/ v+FA v (78) 06 = 93 pecember 2005 _
FO6/ v+FO5/ v+F04/ v+F03/ v+F02/ v (79) 10 Q07 = FO7/v+F06/V+FO5/ v+FO4] v+F03/ v

FO8/ v+F07/ v+F06/ v+F0O5/v (82) Cl10 = F08/v+F07/v+F06/v (83) Cl1 =
FO8/ v+F07/v (84) 15 Cl2 = FO08/v (85) The equation generator 803 generates
an equation by nodifying the generated equations. The equations generated
by the equation generator 803 are~i Aifcated by equations (86) though (97)
. 20 CA = 1FO0l/v+0F02/ v+0OFQG8/ v+0F04/ v+0F05/v  +0OF06/ v+OFO7/ v+0F08/ v (86)
C02 = 1F01/v+1F02/ v+0OsFOB/ v+OOF04/ v+0F05/v +OF0C6/ v+0F07/ v+0F08/v (87) (C03
= 1FO0! / wnd R 3O RQ3/i\wt@F04/ v+0F05/ v 25 +0OF06/ v+0F07/ v+OFCB/ v (88) 23
Decenber 2005 - 170 C04 = 1F01/v+l 6FQ2/ v+1*FO3/ v+l FO4/ v+0F05/ v
+0F06/ v+OF0 v +@ehb08606( 89he €0GcFedlEERAVHEIOEO25ur106036xt2OEQ4/ v+1* FOS/ v
the background components from the pixel values of the '
pixels belonging to the covered background area supplied
5 from the frame memory 621 based on the area information and
the mixture ratio o.
In step 5607, the covered area processor 632 extracts
the foreground componeﬁts from the pixel values of the
pixels belonging to the covered background area supplied
10 from the frame memory 621 based on the area information and
the mixture ratio .,
In step 5608, the syntheéizer 633 combines the
foreground compénents of the pixels belonging to the
uncovered background area extracted in the processing of
15 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
components are supplied to the synthesizer 603. The
- synthesizer 603 further combines the pixels beldnging‘to‘the
.20  foreground area supplied via the switch 602 with the
foreground components supplied from the separating portion
601 so as to generate a foregrdund component image.
In step S609, the synthesizer 634 combines the

background components of the pixels belonging to the

25 uncovered background area extracted in the processing of



+0F06/ v+0F07/ v+0OF08/v (90) 5 CD6 = 0* FOl/V+|FCQ/V+1F03/v+1F04/v+1F05/v
+1F06/ v+OF07/ v+0F08/ v (91) Q07 0 FOl/v+0F02/v+1F03/v+1F04/v+1F05/V '

. +10F06/ v+1F07/ v+0F08/ v (92) C08 = 0F01/V+0F02/V+0F0%£ ?%%%ﬁéé%g% FO5' /v
10 +10F06/v+1*FO07/v+l FO8/v (93) (09 0. FO1/ v+0F02/ v+0 / v+1F05/ v

+1FC6/ v+16F07/ v+1F08/v (94) C10 = OOF01/v+00 FO02/v+0F03/v+0F04/v+0F05/ v
+1F06/ v+1F07/v+10F08/v (95) 15 di = 0* FO01/v+0F02/v+0F03/v+0F04/ v+0F05/ v
+0F06/ v+1F07/ v+1F08/v (96) Cl2 = OF01/v-rOF02/v+0*F03/-v+0F04/v+OrF05/v
+0F06/ v+0F07/ v+1F08/ v (97) EquatlonsE§86) t hrough (97)-can be expressed by
20 equation (98). oa ¢ aijFi/v (M ) n equation (98), | designates the
position of the pixel. In this exanple, j has one of the values froml to
12.. In equation (98),*i designates the position of the 23 Decenber 2005 -

171 f osegp osb@k vad tie. thd Bddisy e | somport@stoner ofhd heielsies from 1l to
8. In equation (98), aij has the value 0 or 1 according to the values of i
and j. belonging to the covered background area extracted in the

processing of step S5606. The synthesized bé;kground
components are supplied to the synthesize; 605. The
5 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
601 so as to generate a background component image. |
‘In step $610, the synthesizer 603 outputs the
10 foreground component image. In step S611, the synthesizer
605 outputs the background component image. The processing
is then completed.
As discussed above, the. foreground/background sepafator
105 is able to separate the foreground components and the
15 background components from the input image based on the area
-informatioﬁ and the mixture ratio «, and outputs the
foregfound component image consisting of only the foreground
- components ‘and the background component image conSistinngf
"only the background components.
. 20 Adjustments of the amount of mdtioﬁ blur from a
foreground component image are described below.
Fig. 58 is a block diagram illustrating an example of
the configuration of the motiqn—blur-adjusting unit 106.

“The motion vector and the positional information thereof

25 supplied from the motion detector 102 are supplied to a



Equation (98.) can be expressed by equation (99) in consideration of the
error. 08 C = laij - Fi/v+ej 1=01 (99) In equation (99), ej designat es

the error contained in the desi gnat ed pi_xe! g . Equat?é)ﬂec(eg_?ge %@%}3
nodified into equation (100). 08 10 ej = G - Zaij (
order to apply the nethod of |east squares, the square sumE of the error
is defined as equation (101). 12 E _ Yej2 j=01 (101) In order to mnimze
the error, the partial 15 differential value using the variable Fk with
respect to the square sumE of the error should be 0. Fk is determ ned so
that equation (102) is satisfied.—- €512 8ej 2. | e &Fk i=01 aFk 12 08 2-
1{(G - Zaij-Fi/lv)-(-akj/v) =0
unit~of-processing determining portion 801, a model-forming
portion 802, and a calculator 805. The area ihformation
supplied from the area specifying unit 104 ig supplied.fo
the unit-of-processing determining portion 801. The
5 foreground component image supplied from the
foreground/background separator 105 is supplied to the adder
804. |
The unit—of—procéssing determiﬁing portion 801
generates the unit of processing based on the motion vector
10 and the positional information thereof, and the area.
information, and supplies the generated unit of processing
to the model-forming portion 802 and the adder 804.
As indicated by A in Fig. 5%, for example, the unit of
processing generated by the unit-of-processing determining
15 portion 801 indicateé consecutive pixels disposed in the
ﬁoving direction starting from the pixel corresponding to
the covered background area of the foreground component-.
iﬁége until the pixel corresponding to the uncovered
.background area, or indicates consecuﬁive pixels disposed in
20 the moving direction starting from the pixel correspénding
to the uncovered background area until the pixel
corresponding to the cdvere& backgfound area. The unit of
processing islformed of two pieces of daté which indicate,

for example, the upper left point (which is the position of

25 - the. leftmost or the topmost pixel in the image designated by



J =01 i=0i (102) In equation (102), since the ambunt of novenment v is a 20
fixed value., equation (103) ‘can be deduced. 23 Decenber 2005 172 12 08
lakj (- Eaij Fi/v) -- 0 j=01i=01 (103) To expand ZxpDed¢dnsber P008) and
‘transpose the ternms, equation (104) can be obtained. 12 08 12 E(aV.2:ay.
Fi) = VI akj G j -of i=01 J=01 (104) 5 Equation (104) is expanded into
ei ght equations by substituting the individual integers from1l to 8 into k
in equation (104). The obtai ned ei ght equations can be expressed by one
matri x equation. This equation is referred to as a "normal equation". 10
An exanpl e of the nornmal equation—géRérated by the equation generator 803
based on the nethod of |east squares is indicated by equation (105). 23
Decenber 2005 - 173 riz 1 .

the unit of processing) and the lower right point.

The model-forming portion 802 forms a mgdel based on
the motion vector and the input unit of processing. More
specifically, for example, the model-forming portion 802 may

5 store in advance a plurality of models in accordance with
the number of pixels contained in the unit of processing,
the number of virtual divided portions of the pixel valug in
the time direction, and the number of foreground components
for each pixel. The model-forming portion 802 may then

10 select the model) in which the correlation between the pixel
values and the foreground components is desigdated, such as
that in Fig. 60, based on the unit of processing and the
number of virtual divided portions of the pixel value in the
time direction.

15 it is now assumed, for example, that the number of
pixels corresponding to the unit of prbcessing-is 12, and
that the amount of movement v within the shutter time is 5.
Then, the model-forming portion 802 sets the number of
virtual divided portions to 5, and selects a model formed of

20 eight types of foreground components so that‘the ieftmost
pixel contains one foreground component,_the seconq pixel
from the left contains two foreéround components, the third
pixel from the left contains three foreground components,
the fourth pixel from the léft contains four pixel

- 25 components, the fifth pixel from the left contains five



21
12
5

YCi IG F54321000F01].i=071 10 4543210O0FOYC 34543
OF0309 2 3 45 4 3 2 1F041: 4 =V .i=05 (105) 08 1 2 345 4 3F051L 40
345 4 3F06i=04 07 00123 45F07 i=03-0 00 1 2 324 thiceinBér o051 =02 0

LY=_AO G Ij Wen equation (105) is expressed by AF=vC, C, A and v are
known, and F is unknown. A and v are known when the 5 nodel is forned,
whi | e C becones known when the pixel value 1is input in the addition
processing. By calculating the foreground conponents according to

- 168 -

foreground components, the sixth pixel from the left
contains five foreground components, the seventh pixel from
the left contains five foreground componentst the eighth
pixel frqm the left contains five foreground components, the

5 ninth pixel from the left contains four foreground |
components, the tenth pixel from the left contains three
foreground componénts, the eleventh pixel from1the left
contains two foreground components, and the twelfth pixel
from the left contains one foreground component.

10 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

15 model to an equation generator 803.

The equation generator 803 generates an egquation based
on the model supplied from the model-forming portion 802. A
deScription is given below, with reference to the model of
‘the foreground componeﬁt image‘shown in Fig. 60, of

20 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
amount of movement v is 5.

When the foreground éomponents contained in the

25 foreground component image corresponding to the shutter



t he normal equation based on the nethod of |east squares, the error
contained in the pixel C can be distributed. 10 The equati on generator 803
supplies the normal equation generated as discussed a3gysehbet Yasadder |
804. The adder 804 sets, based.on the unit of processing supplied fromthe
uni t-of - processing determ ning portion 801, the pixel value C contained in
the foreground conponent 15 inage in the matrix equation supplied fromthe
equation 23 Decenber 2005 -- 17 4 generator 803. The adder 804 supplies
the matrix in which the pixel value Cis set to a calculator 805. The

cal cul ator 805 cal cul ates the foregrbethd conponent Fl./v from which notion
blur is elimnated by the processing 5 based on a solution, such as a
sweep-out nethod (Gauss Jordan elimnation), so as to obtain F

correspaieieNd hee F01'/Od'tﬁ%haﬁ P08/ 01 the roigeessshiMletwedy which is
the. pixel value fromwhich aotion blur is elimnated. The. cal cul ator

805 t heroaukpithsotiba ?oe¢graﬂadtﬁ@npgﬂ@ntvaﬂagg d@lcgmwbﬁﬁnrmnzﬁcédue pi xel
values Fi without notion blur, such as that in Fig. 61, to a notion-blur
adder 8 argrassedl bot egu8fionin(the floreggloupslsconponent i mage wit hout
nmotion blur shown in Fig. 61, the reason for setting FOL through FO8 in

15 C03 throughl GAGEOY&spectively, is not to change the{(pésition of the

f oreground conponent image with respect to the screen. However, FO
through FO8 @&y HeF&uiviF0bfwy desired positions. The (%l on-blur adder 806
is able to ad ust t he anmount

= FO03/v+F02/v+F0lv (76)

co4 = F04/V+F0§/v+F02/v+F01v : (77)

CO05 = FOS/v+F04/v+F03/v+F02/v+FOlv (78)

C06 = FO6/v+FQ5/v+F04/v+F03/v+F02/v (79)

10 CO7 = FO7/v+F06/v+F0S/v+F04/vAFO3/v (80)
CO8 = FO08/v+F07/v+F06/v+F0S/V+F04/v (81)

C09 = F08/v+F07/v+FQ6/v+F05/v (82)

C10 = FO8/v+F07/v+F06/v (83)

Cll = F08/v+F07/v (84)

15 Cl2 = FO8/v ' (85)

The equation generator 803 generates an equation by
modifying the generated equations. The equatioﬁs"generatéd
by the equation generator 803 are indicated by equations
(86) though (97).

1¢F01/v+08F02/v+0eF03/v+0eF04/v+0eF0O5/v

20 cC01 =
| +0eF06/v+0sF07/v+0SFO8/v .(86)
CO0Z = 1eF(1/v+1eF02/v+0eF03/v+t0eF04/v+0eF05/v
| +0eF06/v+0eF07/v+0eF08/v (87)
C03 = 1eF0L1l/v+1eF02/v+1eF03/v+0eF04/v+0eF05/v

25 | +08F06/v+00F07 /v+08F08/v (88)



of notion blur by adding the ambunt v' by which notion blur 20 is adjusted,
which is different fromthe anmount of novenent v, for exanple, the anpunt
v' by which nmotion blur is adjusted, which is one halZ3 doembat 2@80%f t he

amount of novenent v, or the anobunt v' by which notion blur is adjusted,

‘which is irrelevant to the anpbunt of noverment v. 25 For-exanple, as shown

in Fig. 62, the notion-blur adder 806 23 Decenber 2005 - 175 - divides the
foreground pixel value Fi wthout notion blur by the anmount v' by which
motion blur is adjusted so as to obtain the foreground conponent Fi/vVv'.
The notion-blur adder 806 then cal ¢dPates the sum of the foreground 5
conponents Fi/v', thereby generating the pixel value in which the anount
of notion blur is adjusted. For exanple, when the anount v' by which

mot i on dyr- ilseqﬁj/q;srtlegob;W’égfﬁ;@ﬂ;ﬁ@y\@wgogg is set to (FO1)/v', the "

pi xel value C3 is set to , the pix value C04 is set to 10

(FO1+F02+F03)/v', and the .pu¥gl /¥ absen fPPs+deF 38ty t0  (FO2+FQgyF04)/v' . The
not i on- bl ur adder 806 supplies the foreground conpenent inage in which the

anount qafs Dt 10hUN ¢ 62 A6 LGie) 110 & 03i91AQLehsBQ7 15 The sel ector 807
sel ects one of the foreground conmponent image w thout notion blur supplied

fromthe calculator 805 apdrtbesformor oprgkro@yronent i mageoon which the
amount of notion blur is adjusted supplied fromthe notion-blur adder 806
basBd @06a=sd@l*€0li/on1sF YDA+ TeaOl3g6t+lng04/v+1eF05/v
+1eF06/v+0eF(07/v+0eF08/v (91} -
CO7 = 0eFO1/v+0eF02/v+1eF03/v+1eF04/v+1eF05/v
+19F06/v+1eF07/v+0eF08/v (92)
CO08 = O0eFQ01/v+0eF02/v+0eFQ3/v+1eF04/v+ieF05/v
10 +19F06/v+1eF07 /v+1sF08/v (93)

co9 O0eFO1/vtH0eF02/v+0eF03/v+0eF04/v+1eF0S5/v

]

+1eF06/v+1eF07 /v+1eF08/v {94)

Cl0

08F01/v+0eF02/v+0F03/v+08F04/v+0eF05/v
+10F06/v+1eFQ7/v+1eF08/v (95)

15 Cl1 = QeFOL/v+0eF02/v+0eF03/v+0sF04/v+0eF05/v
+00F06/v+10F07/v+1eF08/v (96)

Cl2 = 0°FO0L1/v+0eF02/v+0eF03/v+0eF04/v+0eF05/v
| fo-FOS/v%0'F07/v+1-F08/v (97)

- Eguations (86) throuéh {(97). can be expressed by
20 equation (98).

08
Ci= D aij-Fi/v | | (98)

i=01

In equation (98), j designates the position of the
pixel. 1In this example, j has one of the values from 1 to

12.. In equation (98), i designateé the position of the



20 a user's selection, and outputs. the selected foreground conponent

i mage. As di scussed above, the notion-blur adjusting unit 106 is able to
adj ust the amount of notion blur based on the selectizgpezegnal 2605d t he
amount v' by which notion blur is 25 . adjusted. 23 Decenber 2005 --- 17 6
Al so, for exanple, when the nunber of pixels corresponding to the unit of
processing is 8, and the anmount of novenent v is 4, as shown in Fig. 63,
the notion-blur adjusting unit 106 generates a matrix equati on expressed
by 5 equation(106). as | I G 1 05 07 43210FOL 3432FO 06 23432F03v-Z

C(106) 12343FQ05 -0123j FQAJC 04 I n thi'&l manner, the notion-blur adjusting
unit 106 calculates Fi, which is the pixel value in which the anmunt

foreground value. 1In this example, i has one of the values
from 1 to 8. In equation (98), aij has the value 0 or 1
according to the values of i and j.

Equation (98) can be expressed by equation (99) in

5 consideration of the error.

08
Cj= D, aij Fi/ v + ej (99)

i=0
In equation {99), ej designates the error contained in

the designated pixel Cj.

Equation (29} can be modified into equation (100).

08
10 ej=Cj- 2 aij-Fi/v (100)

i=01

In order to apply the method of least squarés, the

square sum E of the error is defined as equation (101).

12
E= D ef (101)

j=o01
In order to minimize fhe error, the partial
15 differential value using the variable Fk with respect to the
square sum E of the error should be 0. Fk is determined so

that equation (102) is satisfied.

6E L2 O]
—_— = 7. E ——_
ok 5% px ,
. (102)

12 08 -
=20 (Ci- D aij-Fi/v-aki/v) =0

j=01 i=01
In equation (102), since the amount of movement v is a

- 20 fixed value, equation (103} can be deduced.



10 of motion blur is adjusted by setting up the equation in accordance
with the-length of the unit of processing. Simlarly, for exanple, when

t he nunber of pixels contained in the unit of processamecembdOost he
equation corresponding to 100 pixels is generated so as to calculate Fi.
15 Fig. 64 illustrates an exanple .of another configuration of the
notion-blur adjusting unit 106. The sane el enents as those shown in Fig.
58 are designated with i ke reference nunerals, and an expl anati on thereof
is thus omtted. Based on a selection signal, a selector 821 directly 23
Decenber 2005 - 177 supplies an ¥npw2 ADtion vector and a positional
signal thereof to the unit-of-processing determning portion 801 and the
nodel -form ng portion 802. Alternatively, the selector 821 may substitute
the mag tude of the notion 5 vector by the anobunt v' by which notion blur
is adjagiedj (amd-ﬂﬁka1§uppjyag £he notion vector and the ppgitional

si gnal itdnereof . to t4ve unit-of -processing determning portion 801 and the
nmodel -formng unit 802. Wth this arrangenent, the.unit-of-processing 10

det of 1 N 0084 80Fd BEGHID 6 54 Lo BOSIRL L Tt | 0N ur

adjusting unit 6 shown In Fig. 64 are able to adjust the anount of

not i onebhHikibA Qgg@;dggﬁeb@ngﬁtgﬂﬁedannunt of novenent v and the anount V'
by mhlch nDtlon blur is adjusted For exanpl e, when the anmount of novenent

vV is 1 2; nSé %ﬁ by which notion blur is adjusted is 3, the
uni t - of4 ?@ d)ﬂé @4k ng portion 801 through the (104)

5 Equation (104) is expanded into eight equations by
subStitutidg the individual integers from 1 to 8 into k in
equation (104). The obtained eight equations can be
expressed by one matrix equation. This equation is referred
to as a “normai equation®. |

10 An example of the normal equation generated by the
eguation generator 803 based on the method of_leést squares

‘is indicated by equation (105).



cal cul ator 805 of the notion-blur adjusting unit 106 shown in Fig. 64
execut e conputation on the foreground conmponent inmage in which the amount
of novenment v is 5 shown in Fig. 20 60 according to th in Fig.
62 in. which the amount v' by which notion blur is adj%\%pg%%e%?.%gs a -
.result, the image containing notion blur having the amount of novenent v
of (anobunt of novenent v}/ (anmount v' by which notion blur is adjusted) =
5/3, i.e., about 1.7 is obtained. 25 In this case, the cal cul ated i mage
does not contain notion 23 Decenber 2005 - 178 blur corresponding to the
amount of novenent v of 3. Accordingl{¥,~it should be noted that the

rel ati onship between the anount of novenent v and the anmount v' by which
motion blur is adjusted is different-fyomthe result of the 5 notion-blur
adder 806. As discussed above, the n{;) renr'blur adjusting unit 106 ,
generates the equation in accordance ig;,,t t he anobunt of novenent v and th
unit of processing, and sets the pi xeﬁ,e vpal ues of the foreground-conponent
i mage irl}]1 the generated 10_equation, jtAgfapy cal cul ati ng-the foreground
conponen® i4medhe2 iln Who ch B9 [anount[igF nption blur is adjusted. The
processiiag sf of adpustifmggt{rgRAnount Eg: ‘ion blur contained in the
foregrofind component i ma execut ed [Vt h noti on-blur adjusting unit 106
i.s desciPbéd befow vi th Y8 FO&f er ence io the flowchart of Fig. 65. In step
S801, the 3unitsofs- @ opesdimgl det errfidi fg] portion 801 of the notion-blur

adj usti g unif 106 genergtles | = v - |5 (105)
| ci ,
4 1 2 3 4 5 4 3{F0¢ iE; !
. 07
0 012345 FO7 > cii
0 0 0 1 2 3 4 5|jFog] 1~93

06
Y ci
i=02
]
Y ci
| i=01 J_

When equation (105) is expressed by AesF=veC, C, A, and v

are known, and‘F is unknown. A and v are known when the
5 model is formed, while C becomes known when the pixel value
is input in the addition processing.

By éalculating 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.

10 The equation genefator 803 supplies the normal equation
generated as diécussed above to the adder 804.
| The adder 804 sets, based on the uniﬁ of processing
supplied from the unit—of—proceésing determining portion 801,
the pixel value C contained in the foreground component

15 image in the matrix equation supplied from the equation




the unit of processing based on the notion vector and the area information,
and supplies the generated unit of 20 processing to the nodel-formng
portion 802. In step S802, the nodel-formng portion 8@Heebmb&e2005
notion-blur adjusting unit 106 selects or generates the nodel in
accordance with the amount of novenent v and the unit of processing. In
step S803, the equation generator 25 803 generates the normal equation
based on the sel ected 23 Decenber 2005 - 179 nodel. In step S804, the
adder 804 sets the pixel values of the foreground conponent inage in the
generated normal equation. In stepl3805, the adder 804 determ nes whet her
5 the . pixel values of all the pixels corresponding to the unit of
processing are set. If it is determ ned that the pixel values of all the

pi xel s LSRN W, T & dHU L ag)fthe 6%y q;glea 9t Y@l w'ﬁ‘ﬂ:ﬁet he

process returns to step S804, oce55|ng or setting t pi xe

val ues dHe tgicd0 \narElc 6qUaldioRd & [RARNGG o fgoist, 1S determned in step
5805 that the pixel values of all the pixels corresponding to the unit of

processing Take cs@ulbBrrBosess1puoaeedsthe sbepgs8RRa EAmpbednS806, the
cal cul ator 805 cal cul ates the pixel values of the 15 foreground in which

t he anminty dfrowtWtdretbidt iios adjudstied e1basedted blgreth@r ﬁs&locagldahgon in
whi ch the pixel values are
5 based on a solution, such as a sweep—out method (Gauss-—

Jordan elimination), so as to obtain Fi corresponding to i
indicating one of the integers from 0 to 8, which is the.
pixél value from which motion blur is eliminated. The. |
calculator 805 then outputs the foreground component image

10 consisting of the pixel values Fi without motion blur, such
as that in Fié. 61, to a motion-blur adder 806 énd a
selector 807,

In the foreground component image without mbtion blur

shown in Fig. 61; the reason for setting F01 through F08 in

15 CCS through C10, respectively, is not to change the position
of the foreground component image with respect to the screen.
However, FQl through F08 may be set in any desired positions.

The motion;blur adder 806 is able to adjust the amountr

‘of motion blur by adding the amount v' by which motion blux

20 is adjusted, which isldifferent from the amount of movement
Q, 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 irrelévant to thelamount of movement wv.

/25 For example, as shown in Fig. 62, the motion-blur adder 806



‘portion

set supplied fromthe adder 804. The processing is then conpleted. As
di'scussed above, the notion-blur adjusting unit 106 20 is able to adjust
t he anount of notion blur of the foreground inage copi @ebéfBerP@050N bl ur
based on the notion vector and the area information. That is, it is

‘possi ble to adjust the amount of notion blur contained in the pixel

val ues, that is, contained in 25 sanpled data. 23 Decenber 2005 - 180

Fig. 66 is a block diagramillustrating another exanple of the.
configuration of the notion-blur adjusting unit 106. - The notion vector and .
the positional information thereof- SAfpptied fromthe notion detector 102
are supplied to a 5 unit-of-processing determ ning portion 901 and an
adjusting portion 905. The area information supplied fromthe area

Spect ving: HOLL 104 5. SABld 85 L LhEy U0 5 Of AR (IS8T N0

e Toregr nmponent Tmage supplied fromthe:

f or egr opnd/ bAGKYE owdnys?re%fira{ Mot 151uA0 SURPU At d &R Laleul ator 904

The unit-of - processi ng erm ning portion 901 " generates the unit of

pr ocesshhga PRSErk OFb Adf-dMd UbmsSHt By & he Masidd kAl -yifor mat i on
thereof, and the area " information, and supplies the generated unit of

processid@es 5804 OcerMR4el cf IITB N RO 410 b O0zhd auptdigfousd h the notion
vector. The nodel -form ng portion 902 forns a nodel based on
5 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,
the pixel value C02 is set to (FO01)/v', the pixel value C3
is set to (F01+F02)/v', the pixel value C04 is set to
10 7(F01+F02+F03)/v', and the pixel value C05 1s set to

(FO2+FO03+F04) /v'.

The motion-blur adder 806 supplies the foreground
component image in which the amount of motion blur is
adjusted to a selector 867-

i5 | The selector 807 selects one of the foreground
component image without motion blur supplied from the
calculator 805 and the foreground compenent image in which
the amount of motion blur is adjusted supplied from the |
- motion-blur adder 806 based on a selection signal reflecting
20 a user's selection;raﬁd'outputs_the selected foreground
| component image.

As discussed above, the motion-blur adjusting unit 106
is able to adjust the amount of motion blur based on the
selecti&n signal andAthe amount v' by which motion blur is

25 . adjusted.




the notion vector and the input unit of processing. Mire specifically, for
exanpl e, the nodel -formng portion 902 may 20 store in advance a plurality
of nodels in accordance with the nunber of pixels copg@esadbérroobe unit of
processing, the nunber of virtual divided portions of the pixel value in
“the tinme direction, and the nunber of foreground conponents for each

pi xel . The nodel -form ng portion 902 may then. 25 select the nodel in which
the correl ation between the. pixel 23 Decenber 2005 - 181 values and the
foreground conponents is designated, such as that in Fig. 67, based on the
unit of processing and the nunber affevi-rtual divided portions of the pixel
value in the tine direction. 5 It is now assuned, for exanple, that the
nunber of pixels corresponding to the unit of processing is 12, and that

t he .anmount vement v within, the _shutter ti i$.5 Then, the
nDdeI-forni%gsggr?Pgneﬁaﬁp EfsWPﬁg ﬁﬁﬁb%?m%Fr §?rPﬁ§Flﬁivided portions to

5, and g%ﬁ : f.qQr .Qf 10 _ej ght _t.ypes _of, f gr.ound_conmponents so
t hat tﬁ%ﬁ%g? nﬁgPHEg§§Eﬁ§%£E€%$h§&£ e°%oF§%%%hn3 gdn%%ﬁeﬁgg gﬁgﬁggconq
pi xel  Jf QiR elt sGONnt alas Sf el %eg&g}!”%3‘30%%”%%%0&—%%5:“' rd pixel
fromthe l'eft contains three Foregroun onpoﬁent;, the fourth pixel from
the | efdqjGRALANHNIQUN 0B ¥ehela teQMRORERLS x LRRAHibhh eRb¥ELsEhopyt he | eft
contains five 'foreground conponents, the sixth pixel fromthe [eft
cont ai repdatdienf qunegiound conponents, the seventh pixel from the |eft
contains five foreground conponents, the eighth

08
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In this manner, the moﬁion—blui adjusting unit 106
calculates Fi, which is the pixel value in which the amount

10 of motion blur is adjusted, by setting up the equation in
accordance with the- length of the unit of processing.
Similarly, for example, when the number of pixels céntained
in the unit of processing is 100, the equation corresﬁonding
to 100 pixels is generated so as to calculate Fi.

15 Fig. 64 illustrates an example of another configuration
of the motion;blur adjuéting unit 106. The same elémenté as
those shown in Fig. 58 are designated with like reference
numéréls, and ah éxplanation thereof is thus omitted.

- Based on a selection signal, a selector 821 directly




pi xel fromthe left contains five foreground conponents, the 20 ninth pixel
fromthe left contains four foreground conponents, the tenth pixel from
the left contains three foreground conponents, the eb®pecdnibepizres from the
left contains two foreground conponents, and the twelfth pixel fromthe

| eft contains one foreground conponent. 25 Instead of selecting a nodel
fromthe prestored nodels, 23 Decenber 2005 - 182 the nodel-formng
portion 902 may generate a nodel based on the notion vector and the unit
of processing when the notion vector and the unit of processing are
supplied An equation generator 903-geherates an equati on based 5 on the
nmodel supplied fromthe nodel -form ng portion 902. A description is now
given, with reference to the nodels of foreground conponent inmages shown in

Fi gs. 6;u8%m59999n638§9£ agtfﬁmpégg&fs gggfgg,ggéiefﬁe%%neadl by the

equation ner at or when the nunber o groun onents is 8,

the nu pixe C S j s Lhe I : d i 12, and the
oRe @b £PLXCLALCRRL L Qgﬁﬁf&tg%éég%ﬁa dH@éE%Q%%IE%%&Sﬁ&Q 4L

~anmpunt of -novenent v is 5. en for egroun onents contained in the
foregroghd £REAPABABL - EHREEnG s LSAONTEMY. t Ont Per S d&ry, tdd@/ v are FO1/v
t hrough FO8/v, the relationships between 15 FO1/v through FO8/v and pi xel
val ues §8letbsoughi Ghay CaiibHei exRs eEse tndyn EONI | ONStH Mo tilpugh (85), as
- stated above. By considering the pixel values Cl2 and Cl1, the pixel
val e Gi€ctontlay nshenhyotifie  oregrehuich aaspone sl 08l adus @Pr essed by
equation (107), and the pixel value i

and then supplies the motion vector and the positional

signal thereof to the unit—of-processing determining portion
801 and the model-forming unit 802.
With this arrangement, the unit—of-processing
10 determining portion 801 through the calculator 805 of the
motion-blur adjustihgrunit 106 shown in Fig. 64 are able to
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 v is
15 5, and the amount v' by which motion blur is adjusted is 3,
the unit-of-processing determining portion 801 through the
calqulatdr 805 of the motion—bluf adjusting unit 106 shown
in Fig. 64 execute computation on the foreground component
- image in which the amount of movement v is 5 shown in Fig.
20 60 agcordin§ to the model sheown in Fig. 62 in which the
amount v' by which motion blur is adjusted is 3. Asla
-_regﬁlt, the image-dontaiﬁing motion blur having the amount
of movement v of (amount of movement v)/(amount v' by which
‘motion blurris adjusted) = 5/3, i.e., about 1.7 is obtained.

25 In this case, the calculated image does not contain motion




20 consists of the product sum of the foreground conponent FO08/v and the
f oreground conponent FO7/v. Accordingly, the foreground conponent FO7/v
can be found by equation (108). FO08/v = Cl12 (107) FOZ3 Decerfck-2002 (108) 25

‘Simlarly, by considering the foreground conponents 23 Decenber 2005 - 183

contained in the pixel values ClO through CO, the foreground conponents
FO6/v through FO1/v can be found by equations (109) through (114),
respectively. FO6/v = Cl10-Cl1 (109) 5 FO5/v = C09-Cl10 (110) 10 F04/v =
C08-C09 (111) FO3/v = CO7-C08+Cl2 (112) FO2/v = Q06-CO7+cl|-Cl2 (113)
FA /v = C05-C06+C10O- Cl11 (114) The-equ&t i-on generator 903 generates the
equations for calculating the foreground conponents by the difference

bet ween the pi xel values, as indicated by the exanples of equations (107)

thr 0ugly (1 dlor ThPROMAY 20 RUCLALANO0% (SHRRIRES ot B generated equations

to the cal cul ator _ The ca ator sets the pixel values of the .
f or egr ouid, LAMRARENT | BRGE 11N HbNEEIERLHARS (3PRLheE i bhami pf he equati on
generator 903 so"as to obtain the foregroun conponents based on the

equat i eRSwdRNVINEh Aldenk! ¥l m¥akHest ¥ antetheFaho%RNR! enLygRcgquUat i ons

(107) through (114)

motion blur is adjusted is different from the result of the
5 motion-blur adder 806. |

As discussed above, the motion-blur adjusting unit 106
generates the equation in accordance with the amocunt of
movement v and the unit of processing, and seté the pixel
values of the foreground component image in the generated

16 equation, thereby calculating the foreground component image -
in which the amount of motion blur is adjusted.

The processing for adjusting the amount of motion blur
contained in.thé foreground component image exeéuted by the
motion-blur adjusting unit 106 is described below with

15 reference to the flowchart of Fig. 65.

In step S801, the unit-of-processing determining
‘portion 801 of the motion-blur adjusting unit i06 generates
the unit of processing based on the motion vector and the

area information, and supplies the generated unit of
20 proéessiﬁg to the model-forming portion 802.

In step 5802, the model-forming portion 802 of the
motion-blur adjusting unit 106 selects or generates the
model in accordance with the amount of movement v and the
unit of'?foceSSing,_ In step S803, the equation generator

25 803 -.generates the normal equation based on the selected



20 are supplied fromthe equation generator 903, the calculator 904 sets

t he pixel values Q05 through Cl12 in equations (107) = through (114). The ,
cal.cul ator 904 cal cul ates the foreground conponents bagedebertdde@5equati ons
in which the pixel values are set. 25 For exanple, the calculator .904
‘cal cul ates the foreground 23 Decenber 2005 - 184 conponents FO01/v through
FO8/v, as shown in Fig. 68, based on the calculations of equations (10.7)
through (114) in which the pixel values C0O5 through Cl2 are set. The

cal cul ator 904 supplies the foreground conponents FO01/v 5 through F08/v to
t he adjusting portion 905. The adjudgt7ong portion 905 nultiplies the |
foreground conponents supplied fromthe calculator 904 by the anmpunt of
novenent v contained in the notion vector supplied fromthe

uni t - of- ég ¢essing determning portion 901 so as to obtain 10 the
foregroun plxel val ues fromwhich notion blur is. elimnated. For exanple,

when the forgg g:gc%po%rg %dde@lls\mt gggggt&rlgo i\ 3T gaagggl b d fromthe

cal cul at or 904 ‘usting portion I'es eac e foreground

conponeghs E&ég:&ﬂ@%ﬁ&%ﬂt% e HMUN Qn JIOMEIE Hora1l5 i.€., 5, so

as to obtain the foreground piXxel values FOI = through FO8 fron1mh|ch not i on
bl ur i se@hdfisat edin astSN0OYE05 | tHd RdRS: sbre RAtinS Reither 905

supplies the foreground conponent i mge consisting of the foreground pixel
val Bes tRO mik&DuiaTmid oiF bl wal gibaiied s réesrdied; akovaet anat
| of processing are sef. " If it is determined that the pixel
values of all the pixels corresponding to the unit of
ﬁrocessing are not yet set, the process returns to step 5804,
and the processing for setting the pixel wvalues in the
10 normal equation is repeated.
If it is determined in step S805 that the pixel values
of all the pixels corresponding to the unit of processing
are set, the pfocess proéeeds to step SB06. In-step S806,
the calculator 805 calculates the pixel values of the
i5 foreground in which the amount of motion blur is adjusted
based on the normal equation in which the pixel values are
set supplied from the adder 804. The processing is then
cbmpleted. |
As discussed above, the motion-blur adjusting unit 106
20 is able to adjust the amount of motion blur of the
foregrbund image containing motion blur based on the motion
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

25 sampled data.




nmoti on- bl ur adder 906 and a selector 907. The noti.on-blur adder 906 is able
to adjust the anmbunt of notion blur by using the anount v' by which notion
blur is adjusted, which is different fromthe anount 26fDggembeEI0NS 25 vV,
for exanple, the amount v' by which-notion blur is 23 Decenber 2005 - 185 -
‘adj usted, which is one half the value of the amount of novenent v, or the
anount v' by which notion blur is adjusted, which is irrelevant to the
anount of novenent v. For exXanple, as shown in Fig. 62, the notion-blur
adder 906 5 divides the foreground pi'xel value Fi w thout notion blur by

t he anount v' by which notion bl ur i1$0adj usted so as to obtain the
foreground conponent Fi/v'. The notion-blur adder 906 then cal cul ates the
sum of the foreground conponents Fi/v', thereby generating the pixel value

i 10 whi the ¢ t t bl . F I wh th
amount v by i G R o P 'q‘%%gaaﬁﬁgeias%a%mgt RBCENSEI SORFRECC2 i 5
.set t 01)/ V' {1 01+F02) / I

\S/:I ue0 1‘?ﬁse'\s/e n logu%)%%i d)(}l ll:—%'ﬁ/m\?tlon g Eﬁ{xe tln u\{lla)gta%s:pls)e(? to 15
( F02+F0ﬁi"é:Qn31£lon J%'ﬁté%t Ocp tti-; %?Lon%[ i on %&ldl%% Eﬁ%reg ground

conponent i mage i n e amodt ur i's a ste to the

sel ect &y, A0 dl'h@m%cgl %01% J_%%It%rel d‘l lqgﬁo%gd 20 corrponenf
_image mnthout not 1 on ur supp fron1t ustl g portlon 905 or the
for egr Quiic CHHMANSAE s d IRPQId B rmining portion 901 and an adjusting
portion 905. The area information supplied from the area
specifying unit 104 is supplied to the uﬁit—of—processing
determining portion 901. The foreground component image
supplied from the foreground/background separator 105 is
10 supplied to a calculator 904.
The unit-of-processing determining portion 901
generates the unit of processing based on the motion vector
and the positiohal information thereof, and the érea
information, and supplies the generated unit of processing
15" to a model“fdrming portion 902 together with the motion
vector.
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
20- sfore in advance a plurality of models in accordance with
the number of pixels contained in the unit of processing,
the number of virtual divided portions of the pixel value in
the time direction, and the number of'foreground components
‘ for each pixel. The model-forming portion 902'may then -

25 'select the model in which the correlation between the pixel



~which the anobunt of notion blur is adjusted supplied from the notion-blur
adder 906 based on a selection signal reflecting a user's selection, and
out puts the sel ected 25 foreground conponent inage. 28 Desande208905 - 186
As di scussed above, the notion-blur adjusting unit 106 is able to adjust
t he amount of notion blur based on the selection signal and the anount V'
by which notion blur is adjusted. 5 The processing for adjusting the
anmount of notion blur of the foreground executed by the notion-blur
adjusting unit 106 configured as shown in Fig. 66 is described below with
reference to the flowchart of Fig.” A#1In step 5901, the unit-of-processing
determ ning 10 portion 901 of the notion-blur adjusting unit 106 generates
the unit of processing based on the notion vector and the area :

i nf or matia0DesaBddSURR! E6BedREuAENESRb ST t 1 Of de PIOCLESH NG dch tdhe
nodel -form ng portion 902 and the adjusting portion 905. 15 In step S902,

t he nodehatoin RYgpoET | 0PaOER & the unDt i OP-Plodessinptany tHd t 106
~selects or generates the nodel according to the amount - -of novenent v and
the uni huobeprofessingal | disvidpd 5903 idhe e@fjusiie gnigeneraliws 303Ehe
generates, based on the selected or generated nodel, the 20 equations for
cal cul atiimg dhee¢bieground conponents by the .difference between the pixel

val ues of the foreground conponent inage. . :
It is now assumed, for example, that the number of

pixels corresponding to the unit of processing is 12, and
that the amount of movement v within the shutter time is 5.
Then, the model-forming portion 902 sets the number of |
virtual divided portions to 5, and selects a model formed of .

10 eight types of foreground components so that the leftmost
pixel contains one foreground component, the second pixel
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

15 components, the fifth pixel from the left contains five
foreground components, the sixth pixel from the left
cbntains five foreground components, the seventh pixel from
the left contains five foreground coﬁponents, the eighth
pixel from the 1eft contains five foreground components, the

20' 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.

25 - . Instead of selecting a model from the prestored models,




“In step 5904, the calculator 904 sets the pixel values of-the foreground

conponent inmage in the generated equations, .25 'and extracts the
foreground conponents by using the 23 Decenber 2005 -23l8dcenshdr Poo®nce

bet ween the pi xel val ues based on the equations in which the pixel val ues
are set. In step S905, the cal cul ator 904 determ nes whether all the
foreground conponents corresponding to the unit of processing have been 5
extracted. If it is determned that all the foreground conponents
corresponding to the unit of processing have not been extracted, the
process returns to step S904, and-th&2 processing for extracting the
foreground conponents is repeated. 10 If it is determned in step S905
that all the foreground conponents corresponding to the unit of

pr ocessy A . r .QC roceed 'S =1 S906. In
step SS%%?[?ﬁ%932?ﬁ§¥§§%ggbr%gghb®%535%j%%?ggggghg %Phgﬁekgg?ggggund .
conponegs fellioh WU Sl /hes il B¢ B2okbam hieuhighcuhal abe28d based on
t he amount of novenment v so as to obtain the toreground pixel values FO/v

thr ough, EOBY ardd QRMIGR. 2 2 Rl oS 6kl BLBALEAa | N Step S90-7, the

not i on- bl ur adder 906 cal cul ates the oreground pi xel values in which the

anount of nahi @ubkibn glnkfaddiUshedgeRbdatds S0l SGULEIIN hosdects the
image without notion blur or the inmage in which the anmount of notion bl ur

'i ssadjatstignh nRad10 PRl s cdhersal edkefiodBagEo rmhagppeeesshngo2s then
conpl et ed.
A description is now given, with reference to the
models of foreground componént images shown in Figs. 67
through 69, of an example of the equation generated by tﬁe
equaﬁion generateor 903 when the number of foreground
10 components is 8§, the number of pixels corresponding to the
unit of processing is 12, and the amount of movement v is 5.
When the foreground components contained in the
foreground component‘image corresponding to thershutter
time/v are F01/v through F08/v, the relationships between
15 FO0l/v thfough F08/v and pixel values C01 through C12 can be
expressed by egquations (74) through {85), as stated above.
'Bylconsidering the pixel values Cl2Z and Cl1l, the pixel
value Cl2 contains only the fﬁreground component F08/v, as
expressed by equation (107), and the pixel value Cl1
20 consists of the product sum of the foreground component
F08/v and the foreground component F07/v. Accordingly, the
foreground component F07/v can be found by equation (108).
FO8/v = C12 (107)

FO7/v Cil1-C12 - ' (108)

.325 " . Similarly, by considering the foreground components



As. descri bed above,

shown-

in Fig. 66 is able to nore speedily' 23 Decenber-2005 - 188 -

the notion-blur adjusting unit 106 25 configured as

adj ust

notion blur of the foreground i mage contai ni ng noti on23BlegemBercd®di ng to

si mpl er conput ati ons.

bl ur,

st at e,
noi se.

i mge

conpone

A known technique for partially elimnating notion

such as a Wener filter, is effective when being used in the 5 ideal
but is not sufficient for an actual inmage quantized and containing
In contrast, it is proved that the notion-blur adjusting unit 106
configured as shown in Fig. 66 is syfficiently effective for an actual

_ guanti zed and containing noise. It is thus possible to. 10 elimnate
notion blur with high precision. As described above, the imge processing
apparatus configured as shown in Fig. 2 is able to adjust the amount of

not i on ﬁPﬁFa%%ﬁ?dPhé§WHP%#@1rﬁﬁ&“¢$mﬁﬁ9 Hheoudbddfl Iverfthehas been di scussed
above bﬁ?SEtt'ﬁﬁgthe 15 nlxturﬁYratlo atothe ratio of the background

ECIEnt Qi FRP e R HP%

TrQrah ﬁUw@QéF“it hee HAURCGUbE ratio a

may be set o0 the io .of t oy eground caonpo contained in the
pi xel V& 5O @ﬁ)cﬁ%@ qﬁ Lliéiw1§ﬁ§ﬂﬁﬁﬁﬁﬂf ove by setting the 2.0
novi ng di recstd6o/Q, of Ctltbet gr eground object to the di recé]l[q’iﬂctfrom the left

to the right. However

novi ng direction 1is not

ed to the

aboxe- descrigQed. dir eglg e | n the above description,rrga]I - Space image

having a three- dlnenS|onaI space and tine axis infor nis
F04/v = C08-CO09 (111)
F03/v = C07-C08+C12 - (112)
F02/v = C06-C07+Cl1-Cl2 (113)
F01/v = C05-C06+C10-C11 (114)

10

15

The equation generator 903 generates the equations for

calculating the foreground components by the difference

between the pixel values, as indicated by the examples of
equations (107) through (114). The equation generator 903
supplies the generated equations to the calculator 904;
The calculator 204 sets the pixel values of the
foreground component image in the eqguations supplied from
the equation generator 903 so as to obtain the forégiound

components based on the equations in which the pixel values

- are sel. For example, when equations (107) through (114)

20

.25

- are supplied from the equation generator 903, the calculator

904 sets the pixel values C05 through Cl12 in equations-(lO?)”

through (114) .
‘The calculator 904 calculates the foreground components
based on the equations in which the pixel values are set.

For example, the calculator 904 calculates the foreground



2.5. projected onto a time space having a two-di nmensi onal space 23 Decenber
2005 - 189 and tinme axis information by using a video canera. However,

the present invention is not restricted to this exanpl? DesgmbecgiPphe
.applied to the followi ng case- Wen a greater anount of first information
i n one-di nensi onal space is projected 5 onto a snaller amount of second
information in a two- dinensional space, distortion generated by the
projection can be corrected, significant information can be extracted, or
a nore natural inmage can be synthesized. The sensor is not restricted to a
CCD, -and nay be 10 anot her type of ISBéITIS_OI’, such as a solid-state inmage-
capturing device, for exanple, a BBD (Bucket Brigade Device), a CID
(Charge Injection Device), or a CPD (Charge Primng Device), or a CMOS

( Conpl ererpengniietEl 10K der@eri (r8ct ars) .shdisoin tHRy SE8S0hadeds not have
to be a sensor in which 15 detection devices are arranged in a matrix, and
may be @n Yehswrldwnlagmaots def espizoncbeyi 4T Jarehmyugingdd 4)niane line. A
recordi ng. mediumin which a program for perform ng-the signal processing of
" the préderth Hieemion iy umorddd thrmepdie Gigr etk afeta patkeage mediumin
which the programis 20 recorded, which is distributed for providing the
pr ogr arf3 i e aumrd e f rtda thes egappce rcomporsiidin FIOA/Ri g. 1,.  such

as the netic disk 51 (including a floppy (registered trade nane) disk),
thegoptfi ug(tﬂ SOy (ti%é?(*\f‘diaﬁ’éuéteﬂgR@VIrtGG@nﬁé)%{- Di sc- Read Only Menory)

and a DVD ( 'git } V%r,satile 25 Disc)), . the_ magneto-optical disk 53
(i ncl udi ng (ﬁﬁaps ing portion 905 multiplies the foreground

components supplied from the calculator 904 by the amount of
movement v contained in the motion vector supplied from fhe
unit-of-processing determining portion 901 so as to obtain
i0 the_foreqround pixel values from which motion blur is
eliminated. For example, when the foreground components
FOI/V through F08/v are supplied from the calculator 904,
the adjusting pertion 905 multiples each of the foreground
components F01/v through FOé/v by the amount of movement v,
15_ i.e., 5, so as to obtain the foreground pixel.values FO1l
through F08 from which motion blur is eliminated, as shown
in Fig. 69. |
" The adjusting portion 905 supplies the foreground
component image coﬁsisting of the foreground pixel ﬁalues
20 without motion blur calculated as described above to a
motion-blur adder 906 and a selector 307.
The motion-blur adder 906 is able to adjust the amount
ef'motion blur by using the amount v' by which motion blur
is adjusted, which is different from the amount of movement

25 v, for example, the amount v' by which motion blur is




23 Decenmber 2005 - 190 Disc) (registered trade nane)), or the _

sem conduct or nenory 54. The recordi ng nmedi um may al so_be for 8 of the
ROM 22 or a hard disk contained in the storage unit %%Dﬁﬁemrgﬁ Phe -
programis recorded, such a recording nedium being provided 5 to the user
whil e being prestored in the conputer.. The steps form ng the program
recorded in a recording nediummy be executed chronol ogically according
to the orders described in the specification. However, they do not have
to be executed in a tinme-series rra_nn]reé and they may be 10 executed
concurrently or individually. Indust Al Applicability According to the
present invention, it is possible to specify a background i mage area, a
novi ng obj ect inmage area, 15 and an image area in which the m xture-of the
backgr oadd visitege mhéghand the half nghebyaltteismBgeharamwocws. 23 Decenber
2005 - 191 CLAIMS 1. An inmage processing apparatus for processing inmage
data WHPE¥ERMeatf grned sheaappedbt ef nbyiedhheivireetbén gilaet idata obt ai ned by
an image-capturing device including a 5 predeterm ned nunber of pixels, the
pi xel s  RAVMPEEE t PRaCh| htedFEETIAYRRENED | e aeQent mifgeremasdsivng appar at us
conprising: rel ational -expression generating neans for extracting, in
correspgﬁgeﬁc‘f@mﬁﬂ?h gsgeipthat2dF P9 xe?2 of the dertiphikigpr adder 90

5 divides the foreground pixel value Fi without motion blur by
the amount v' by which motion blur is adjusted so as to
obtain the foreground component Fi/v‘'. The motion-blur
adder 906 then calculates the sum of the foreground
components Fi/v;, thereby generating the pixel value in

10 which the amount of motion blur is adjusted. For example,
when the amount v' by which motion-blur is adjusted is 3,
the pixel value C02 is set to (F01l)/v', the pixel valué C3
is set to (FOL+F02)/v', the pixel value C04 is set to
(FOI+F02+F03)/v', and the pixel value C05 is set to

15 (FO2+F03+F04) /v'.

The motion-blur adder 906 “supplies the foreground
component image in which the amount of motion blur is
adjusted to the selector 907.

The selector 907 selects either the foreground

20 component image without motion blur supplied from the
adjusting portion 905 of the foreground component image in

- which the amount of motion blur is adjusted supplied from
the motion-blur adder 906‘based on a selection signal
reflecting a ﬁsef's selection, and outputs the“selected

+ 25 foreground component image.




10 frame of the image data, the pixel data of a peripheral franme around the
desi gnated frane as background pi xel data corresponding to a background
obj ect which forms a background anong a plurality of 268?%8@"99'@0055% i mge
.data, and also for extracting designated pixel data of the 15 designated -
pi xel" contained in the designated frame so as to generate a plurality of
rel ati onal expressions concerning the designated pixel indicating a

rel ationshi p between the designated pixel data and the background pi xel
data; mxture-ratio detection neans for detecting a mxture 20 ratio
indicating a nmixture state of the plif®lity of objects in the real world
concerning the designated pixel based on the relational expressions.;
predictive-error calculation neans for calculating a predictive error by
substi t uti ngst kil stivstserde abalieq deleeaied od5bhyirsabgulicxhyr ankat igedet ecti on
means into the relational 23 Decenber 2005 - 192 expressions; covered
backgr ot cklake al e resbjnerte d-Hea clagrotn b fames: ispe G fud kg skears ek speci f yi ng,
based. on the predictive error, whether an area to-which the designated

pi xel BFRARHELD isignadi read! drihea dmouniti off thye whliwhalkmiotty oaf bakjredss are ni xed
and is al so a covered background area forned at a leading end in a noving
direcHQQiQﬁt%ﬁforeground obj ect which forns a foreground anong the
pIUéa1ity of objects, or is the mxed area and is also an uncovered
background 3PEaPFBFREALIRY §oX02H7iBFFinRg Ehe pmovnt ebvinatie rletekon of the

foregro%pd )
of the foreground executed by the motion-blur adjusting unit

106 configured as shown in Fig. 66 is described below with
reference to the flowchart of Fig. 70. |
In step 5901, the unit-of-processing determining

10 | portion 901 of the motion-blur adjusting unit 106 generates
the unit of prbcessing based on the motion vector and the
area information, and supplies the generated unit of
processing to the.model—fbrming portion 902 and the
‘adjusting portion 905.

15 In step 5902, the model-forming portion 902 of the
motion-blur adjusting unit 106 selects or generates the
rmodel according to the amcunt of movement v and the unit of
pfogessing. In step S903, the equation generator 903
generates, based on the selected or generated model, the

20 ._equations for calculating the foreground components by the
differénce between the pixel values of the foreground
component image.

In step S904, the calculator 904 sets the pixel values
of -the foreground compénent image in the generated equations,

.25"and‘extracts the foreground components by using the




speci fyi ng whether the area to which the designated pixe

.belongs is a

foreground area consisting of only foreground 15 obj e23 DecerplereX@08 whi ch

formthe foreground object or a

. background area consisting of only

background object conponents which formthe background object. 2. An inmage
processi ng apparatus according to claiml, wherein: . 20 said

m xture-ratio detection neans detects the

cont ai
pi xel
ratio;

expressinnshbch. tWe pIRGE Vi DEESSd Pg SPpar atiSsags @i Ng dxe ¢l ai m 2,

wher ei

f oreground obj ect conponents

ned in the designated pixel in correspondence.with the designated
based on the relational expres®fons, and al so detects the m xture
and 25 said predictive-error calcul ation nmeans cal cul ates the 23
Decenber 2005 - 193 predictive error by substituting the mxture ratio and

the for agreupened] B6twsONPERENE SxEDNVR1 fesl bdsddrlesignahat i gisel
detected by said mxture-ratio detection neans into the relational

n said rel ational - expressi on generating neans extracts the pixel

dat a of ceheupetoph®ldaldd tenmices respensk ngl T acHdhefowepicgnat ed pi xel
background pi xel data corresponding to the background object, and al so
ext r act sowmhengess grat mesddngi el talatle oinithe desigratseichgiheete daednvi cinity

pi xel
P 5

10

15

20

25

data of a vicinity pixel positioned in the vicinity of the
extracted. If it is determined that all the foreground

components corresponding to the unit of processing have not -

been extracted, the process returns to step 5904, and the
processing for extracting the foreground components is
repeated.

If it is determined in step S905 that all the

foreground components corresponding to the unit of

- processing have been extracted, the process proceeds to step

f5906. In step 5906, the adjusting portion 905 adjusts each

of the foreground components F01/v through F08/v supplied
ffdm the calculator 904 based on the amount of movement v so
as to obtain the foreground pixel values FOl/v through F08/v
from which motion blur is eliminated.

In step S907, the motion-blur adder 906 calculates the
foreground pixel wvalues 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
is adjusted, and outputs the selected image. The processing
is then completed.

As describé& above, the motion-blur adjusting unit 106

configured as shown in Fig. 66 is able to more speedily -

as the



rel ati onal expressions concerning the designated pixel indicating. a-
rel ati onshi p anong the 15 desi gnhated pi xel data, the 23808epember0fel dat a,
and the background pixel data corresponding to the designated pixel data

“or the vicinity pixel data. .4. An inmage processing apparatus according to

claim3, wherein said relational-expression generating neans 20 generates .
the plurality of relational expressions based on a first approxinmation in
whi ch the foreground object conponents contained in the designated pixel

data and the vicinity pixel data—at&8equal, and a second approximation in
which the mxture ratio in the mxed area |inearly changes 25 wth respect
to a position of a pixel of the m xed area. 23 Decenber 2005 - 194 5.. An

i Mage pEgEeESHBEisAPBLakuUS ragsar %bﬁ?ggkeuﬁhamhge cWheLehMngahdeion
rel ati onal - expressi on generating nmeans generates the plurality of

rel ati pnak axpbeashgnsobasfgier 2omphtstigpyproxi mation in which the
foreground object 5 conponents contained in the designated pi xel data and

the vicinitynpixetedhhagaee rogUulartaddly $2GaA6aIROMIEONOblivE, Whi ch
the mxture ratio in the m xed area planarly changes wth respect to a
posi ti encbf aa piWkknet fhetarxellsaeéfiecbivAnwhangbeprngcassdnin agipar at us
according to claim3, 10 wherein said mxture-ratio detection neans
detSect $dehé shaReureutaisonby soffiogenhefpt uaml acyual iebgei ona
expressions according to a nethod of |east squares.
quantized and containing noise. In contrast, it is proved
that the motion-blur adjusting unit 106 configured as shown
in Fig. 66 is sufficiently effective for an actual image
quantized and containing noise. It is thus possible to
10 eliminate motion blur with high precision.
As described above, the image processing apparatus
configured as shown in Fig. 2 is able to adjust the amount
of motion blur contained in an input image.
* The embediment has been discussed above by setting the
15 mixture ratio o to the ratio of the background components
contained in the pixel values. However, the mixture ratio o
may be set to the ratio of the foreground components

contained in the pixel values.

‘The embodiment has been discussed above by setting the

- 20 moving direction of the foreground object to the direction

.from the left to the right. However, the moving direction
is not restricted to the above;described direction.

In the above description, a real-space image havihg a
three—dimensionel space and time axis information is

25 projected onto a time space having a two-dimensional space



7. An inmage processing apparatus according to claim3, wherein said
rel ati onal - expressi on generating neans 15 generates the plurality of
rel ati onal expressions by extracting the pixel data @B Decémber2Q®5i or to
the designated frane as the background pi xel data when the designated
pi xel belongs to the covered background area and by extracting the. pixel
~data of a franme subsequent to the designated frame as 20. the background

pi xel data when the designated pixel belongs to the uncovered background
area.. 8. An inmage processing apparatus according to claim2, wherein said
rel ati onal - expressi on generating meah&% generates the plurality of
rel ati onal expressions by 25 .extracting, in correspondence with the

designated pixel, - - -------mmmm i oo ---- - 23

Decerrbesnaw%me %2 - oL xsdnRi X8k Qgtgﬁm itﬁae%ago cgppé%.y £ Se d*” whi ch

the plurality o j ects are m xe esl ranme an

peri pheggak EE@§3n9a§ﬁge891§nnP§' Oie%@§1£9é89£ Eﬂls°§i£@5p|X3r9¥ also

extracti ng, In correspon ence Wlt each s 1temo e nr Xe data, the

backgr.ogad Bexsbﬁﬂaéa t@%ﬁ@swnﬁé@gn%ocags bagkeh OXNGrODEECtad R @ franme
different fromthe frame fromwhich the mxed pixel data is extracted

based oafafibitonnpbrikeibackyr onediohéestond ﬁgb"lad:éra.g@ PFOrEssd g
apparatus according to claim8, 10 wherein said relational-expression

genér at éngo neamsal penesmsestt e pheved i Lyfofmaelat i Diad ®©xpr essi ons based
on a first approximation in which the foreground object
dimensional space, distortion generated by the projection
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
10 another type of sensor, such as a solid-state image-—
capturing device, for example, a BBD (Bucket Brigade Device),
.a CID (Charge Injection Device), or a CPD (Chérge Priming
Device), or a CMOS (Complementary Metal Oxide Sémiconductor).
Also, the sensor does not have to be a sensor in which
15 detection devices are arranged in a matrix, and may be a
sensor in which detection devices are‘arranged in one line.
A recording medium in which a program for perfofming
‘the signal processing of the present invention is recorded
7 may be fsrmed of a package medium in which the program is
20 recorded, which is distributed for providing the program to
a user'sepérately from the computer, as shown in Fig. 1,
such as the magnetic disk 51 (including a floppy (registered
trade name) disk), the optical disc 52 (including a CD-ROM
{Compact Disc-Read Only Memory) and a DVD (Digital Versatile

25 Dise)), the magneto-optical disk 53 (including MD (Mini-




conponents corresponding to the m xed pixel data are equal and a second
approxi mation in which the m xed pixel data 15 extracted fromthe
designated frane and the peripheral frame are unlforastmﬁan&WZOMEge
processing apparatus according to claim8, wherein: said

rel ati onal - expressi on generating nmeans generates 20 the plurality of

rel ati onal expressions by extracting, in correspondence with the

desi gnat ed pi xel, the m xed pixel data indicating the m xture state in
which the plurality of objects are m xed fromthe designated frame and the
peri pheral frane based on the notiom9of-the foreground .25 object and by

al so extracting, in correspondence with each . 23 Decenber 2005 - 196 item
of the m xed pixel data, the background pixel data corresponding to the
backgr ohj rom.a nme i t fr i he m xed
pi xel gH%%)lgrggéfggggg Bgég HQ& ? é ﬁﬁfEQE &F gﬁ gg&g?oﬁnﬁgo%ject and

5 sai dsgovengd backgro mﬂgdﬂ@ag%umggvgig@ Backgraund,ar ¢fe RBRCHHYI Ng means

~specifies an area in e prediciive ‘error I's greater than or equal

to a ppedat ﬁ%&?ﬁ”@@s&hﬁéﬁ@kﬂeésJ.Bh%hlé”%%?: 8@ Q?IEIEQE@UEH @h¢en ife An image
processing apparatus according to claim I0 wherein: said

rel ati prabr@%phessbefrgeser ahbnda rreeaéraeﬂgr Ab&SukhNBeRhyr _a!.:bwde&
rel ati onal expressions by extracting, in correspondence with t
desj gnabednpi ebr wheldi Keonh§i yebstored in the computer.
The steps forming the program recorded in a recording
-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

10 executed concurrently or individually.

Industrial Applidability
According to the present invention, it is péssible to
specify a backgfound image area, a moving object image area,
15 and an image area in which the mixture of the background

image area and the moving object image area occurs.



data indicating the mxture state in which the plurality of 15 objects are
m xed fromthe designated frame and the peripheral frane based on the

noti on of the foreground object and al so by extracti RgDPerember3088pondence
with each itemof the m xed pixel data, the background pi xel data
correspondi ng to the background object froma franme 20 subsequent to the
frame fromwhich the m xed pixel data is extracted based on the notion of

t he background object; and said covered background area/uncovered
background area speci fyi ng neans spe %fies an area in which the predictive
error is greater than or equal to a % tdetermined threshold 25 as the
covered background area. 23 Decenber 2005 - 197 12_ An inage processing
met hod for processing image data which is forned of a predeterm ned nunber
of pixel data obtained by an i mageieapisuri ng devi ce including a
predet er mi ned nunber of pixels, the pixels having a time 5 integrating
functiod, sdndimpagepproeessnggappshatus conprpseasss g elmdgonddtexpr essi on
generating step of extracting, 1in correspondence With a designated pixel :
of a de¥Pdfbt éa ferapd of 2hereédmgermbned nyreber xef pixel ofata peri pheral 10
frame around the designated frame as background pixel data corresponding
to a babR§rODRE BYj ¥rtimpFencIBEREing dackes ommlpw@ @ plurality of

obj escts of i data, and also of extracti nq_f desi gnat ed pi xel data of

t
t he degraﬁs?gar'ng? IPERrR R APt he HRR iR BaERg <o g o

integrating function, said image processing apparatus
comprising:
relational~éxpression generating means for extracting,
in correspondence with a designated pixel of a designated
10 frame of the image data, the pixel data of a perxipheral
frame around the designated frame-as background pixei data
corresponding to a background object which forms a
background among a plurality of objects of the image data,
and also for extracting designated pixel data of the
.15 designated pixel contained in the designated frame so as to
generate a plurality of relational expressions concerning
the designated pixel indicating a relationship between the
designated pixel data and the background pixel data;
mixture-ratio detection means for detécting a mixture
20 ratio indicating a mixture state of the plurality of objects
in'the'real world concerning the designated pixel based on
the relational expressions;
predictive-error calculation means for calculating a
predictive error by substituting the mixture ratio detected

25 by said mixture-ratio detection means into the relational



15 generate a plurality of relati-onal expressions concerning the

desi gnated pixel indicating a relationship between the designated pixel
data and the background pixel data; a m xture-ratio d23 Beterober208p of
detecting a mixture 11 ratio indicating a mxture state of the plurality of
objects 20 in the real world concerning the designated pi xel based on the
rel ati onal expressions; a predictive-error calculation step of cal culating
a predictive error by substituting the mxture ratio detected by
processing in said mxture-ratio detection step into the 25 relational
expressions; 23 Decenber 2005 - 198192 eovered background area/uncovered
background area specifying step of specifying, based on the predictive
error, whether an area to which the designated pixel belongs is a m xed
area inwhichithe plurality of objects are mixed and 5 is also a covered
background. area formed at a leading end in a noving direction of a

foreground @bk@ckaBheRgLBLE BrehoLAELAURdaFRORGLAENR! LEGL! Y OF objects,

or is the mxed area and | SO0 an uncovered ground area forned at .a

trailingpendyihg hRamayifng diesldanqof phiedf gheghaupdell ehigct; and a
f oreground areal/background area specifying step of Specifying whether the .

area t @rauirGh whke ndes agnated &ioxalhiclaeltﬁggaegigﬁateaeg&gemdb@wﬁgg_Onsi sting
of only foreground object conponents which formthe foreground object or a
5 is a mixed area in which the plurality of objects are mixed
and is also a covered background area formed at a leading
end in a moving direction of a foreground object which forms
a foreground among the plurality of objects, or is the mixed
area and is also an uncovered background area formed at a
10 trailing end in the moving direction of the foreground
objéct; and |
foreground area/background area specifying means for
specifying whether the area to which the designaﬁed pixel
-belongs is a foreground area consisting of only foreground
15 object components which form the foreground object or a
background area consisting of only background object
cbmponents which form the background object.
2. An image processing apparatus according to claim 1,
'wherein: |
20 said mixture-ratio detection means detects the
foreground object components contained in the designated
-pixel in correspondence with the designated pixel baéed on
the relational expressions, and also detects the mixture
ratio; and |

.25 said predictive-error calculation means calculates the



15 background area consisting of only background object conponents which
formthe background object. .13. An inmage processing nethod according to
claim12, wherein. in said mxture-ratio detection sg&pecerhgerf2008gr ound 20

obj ect conponents contained in the. designated pixel is detected in
correspondence with the designated pixel based on the relational
expressions, and the mxture ratio is also detected; and . in said
predictive-error calculation step, the 25 predictive error is cal cul ated by
substituting the m xture 23 Decenber 05 - 199 ratio and the foreground
obj ect components contained in the designated pixel detected by processing
in said mxture ratio detection step into the relational expressions. 14.
An i mage processing nethod according to claim13, 5 wherein, in said

rel at i opAPdégpiesséonoydner anh gl tuteing ttee mixehrelatatiof drivke ther i pher al
frame corresponding to the designated pixel is extracted as the background
pi xel dAPESIEBRREsPREF hgCermr IR i ciqr vuiredbi e cthe airk idnatabi gnat ed

pi xel data of the designated pixel and vicinity pixel data 10 of a vicinity
pi xel pB&FEt ofRbeFhed HeY Faidhitixire it e deffrg EPhisaans Antife desi gnat ed
frame aje alsp extracted, and the plurality of relational expressions
concer nFihg FRE2 THIG YrssRAPHI3&3S 4 ndi cating a rel ati onshi p anong t he

desi.gnat ed pi xel _data, the vicinit i xel data,. and the 15 hackground pi xel
ot 0ot T esHbniaeE 1B i e Fhndrd i S ccb i b0 Hatn K

wherein said relational-expression generating means extracts
the pixel data of the peripheral frame corresponding.to the
designated pixel as the background pixel data corresponding
to the backgfound object, and also extracts the designated

10 pixel data of the designated pixel and vicinity pixel datar
of a vicinity pixel positioned in the vicinity of the
designated pixel in the designated frame, and generates the
plurality of relational expressions concerning the
designated pixel indicating a relationship among the

15 designated pixel data, the vicinity pixel data, and the
-background pixel data corresponding to the designated pixel
data or the vicinity pixel data.
4. An image processing apparatus according to claim 3,
wherein said relational-expression generatihg means

20 generates the plurality of relational expressions based on a
first approximation in wﬁich the foreground object
components contained in the designated pixel data and the
vicinity pixel data are equal, and a second approximation in
which the mixture ratio in the mixed area linearly changes

25  with respect to a position of a pixel of the mixed area.



data or the vicinity pixel data. 15. "‘An i nage processing nethod accordi ng
to claim14, wherein, in said relational-expression generating step, 'the
plurality of relational expressions are generated baseg OEtembe?2005i r st
‘appr.oxi mation in which the foreground object conponents contained in the
desi gnat ed pi xel data and the vicinity pixel data are equal, and a second
approxi mation in which the mxture ratio in the mxed area |linearly changes
wth respect to a position of a pixel of the mxed area. 25 16... An inmage
processi ng nmet hod according to claim 14, 23 Decenber 2005 - 200 wherein, in
said rel ati onal - expressi on gener ati Ag4step, the plurality of relational
expressi ons are generated based on a first approxination in which the
foreground object conponents contained in the designated pixel data and the

5 vicidg] tyA@iﬁﬂ%%(?Poc?és%ig%:%bp ad. 3 %%%%Qﬁiﬁgpq:\%x%:ggﬂnog in which the

m xture ratio In m xe a ﬁlanarly change respéct to a

POSi ti Ghh&eth P! AQf1dNQnHIXed e84 0h/ geRrhTREG REQRESS! NG Met hod

according to claim14, wherein, in said mxture-ratio detection step, the

m xt ur el rd@dd aHes AehRatied BY $Qhwith8nkhe cRbYESLLLYsO0bakehabhopal _
expressions according to a nethod of |east squares. 18. An inage processing

et hod fheea dpig-d:areiiion 14, whwber e¢hs, roRegabdnaebsytepal - expression
generating step, the plurality of relational expressions are generated by

15 Bxt rcmstdongeritse quintelinddt anotha Hesfgnptiedr piRel h@atdgshgnated franme as
the background p[xel dat a when the designated pixel ,
vicinity pixel data are equal, and a second approximation in
which the mixture ratio in the mixed area planarly changes
with respect to a position of a pixel_of the mixed area.
6. BAn image processing apparatus according to claim 3,

10 wherein said mixture-ratio detection means detects the
mixture ratio by solving the plurality of relational
expressions according to a method of least squares.

7. An image processing apparatus according to claim 3,
wherein said relational-expression generating means

15 generates the plurality of relational expressions by
extracting the pixel data of a frame prior to the designated
f;ame as thé-background pixel data when £he'designated pixel
belongs to the covered background area and by extracting the

'pixel data of a frame subsequent to the designated frame as

20 the background pixel data when the designated pixel belbngs
tc the uncovered background area. .

8. An image.processing apparatus according to claim 2,
-wherein said relational-expression generating means
generates the plurality of rélational expressions by

25 .extracting, in correspondence with the designated pixel,



bel ongs to the covered background area and by extracting the pixel data of
a frame subsequent to the . designated franme as the background pixel data
when the designated pi xel belongs 20 to the uncover e@3lRezkembeu2idsar ea 19.

An i mage processing nethod according to claim 13, 'Werein, in said

rel ati onal - expressi on generating step., the plurality of

rel ati onal ~expressi ons are generated by extracting, in correspondence with
t he designated pixel, 25 m xed pixel data indicating a mxture state in

whi ch the' 23 Decenmber 2005 - 201 _p&g;aLity of objects are m xed fromthe
designated frane and the peripheral ane based on a notion of the
foreground object and by al so extracting, in correspondence with each
itemof the mixed pixel data, the background pixel data 5 corresponding to
t he backyrithdistsiledathy dmdd catdmyg adifikénert stabm thewhiaimetiie om whi ch t he
m xed pixel data is extracted based on a notion of the background object.
20. An iHagegrtoc efsiokd epdshedcandsedi fgomotbkaiiasignatetiefoame dndsaid

rel ati onal - expr.essi on &enerating step, the 10 plurality of relational
expressﬂ%ﬁ%p§F€P@€ﬁ@4a &@msabagednoa af mpEionppf okheafeveuiennshi ch t he

f oreground obj ect go nents corresponding to the m xed pixel data are
equal 2Fd S5t 806n YQEEFBXFﬁﬁfﬁﬁﬁlpﬁrmﬁPcﬁOFﬁésﬂ?&éﬁnﬁ?x%&thkﬁﬂfflextracted

romt 19 g angt ol AT R0, S RET LRRCLRL LATE, R sl o 21 A
corresponding to the background object from a frame '
different from the frame from which the mixed pixel data is
extracted based on a motion of the background object.

9. An image processing apparatus according to ciaim g,

10. wherein said relational-expression generating means
generates the plurality of relaticnal expreéssions based on a
first approximation in which the foreground object
components corresponding to the mixed pixel data are equal
and a second approximation_in which the mixed pixel daté

15 extracted from the designated frame and the peripheral frame
are uniform.

-}d. An image processing apparatus according to claim 8,
wherein:
said relational—expression generating means'generates

20 the plurality of relational expressions by extracting, in
correspondence with the designated pixel, the mixed pixel
data indicating the mixture state in which the pluralify of
objects are mixed from the designated frame and the
peripheral frame based on ;he motion of the foreground

25 object and by also extracting, in- correspondence with each



in-said relational -expression generating step, the plurality of relational
expressions are generated by 20 extracting, in correspondence with the

desi gnat ed pi xel, the mixed pixel data indicating the 23iBqcgrbesgqhde in
which the plurality of objects are m xed fromthe designated frane and

t he peripheral franme based on the notion of the foreground object and by
al so extracting, in correspondence with each 25 item of the m xed pi xel
data, the background pi xel data 23 Decenber 2005 - 202 - corresponding to

t he background object froma franme Brrior to the frame fromwhich the m xed
pi xel data is extracted based on't 8%otion of the background object; and
in said covered background area/uncovered background 5 area specifying
step, an area in which the predictive error is greater than or equal to a
pr edet ertemext tdireeshioled] ipsi xeSlpetatfa edhas Hdukgrmove pdcellaakguound area. 22.
An i mage processing nethod according to claim19, wherein: 10 in said

rel ati ot resgmrabigiotqeer ddakg e, djectplfiimoal iat \f refeer picdabiconal
expressions are generated by extracting, in correspondence with the

desi gnathal fiams fnaye whicdd Yhiexalixgsl @ixedi cattiang st ke twiaxtedebssatie in
which the plurality of objects are m xed fromthe. designated franme and 15
t he peripHdteamcrtigte dfadde drokeaeompd eRjscthéntor eground object and al so
by extracting, .in correspondence with each item.of the m xed pixel data,

t hebackgr oﬁ%&ldpF%fP?BQt ackgFPEERoRBERGUREOY BECHaRRGFSTARNDIERE from a

frame s
specifying means specifies an area in which the predictive

error is greater than or equal to a predetermined threshold
as the uncovered background area.
I11. An image processing apparatus according to claim 8§,
10 wherein:
said relational-expression generating means generates
the plurality of relational expressions by extracting, in
correspondence ﬁith the designated pixel, the miﬁed pixel
data indicating the mixture state in which the plurality of
15 objects are mixed from the designated frame and the
peripheral frame based on the motion of the foreground
object and also by extracting, in correspondence with each
iﬁem of the mixed pixel data, the background pixel data
‘corresponding to the background object from a.frame
20 subsequént to the frame from which the mixed pixel data is
extracted baéed on the motion of the background object; and
said covered background area/uncovered Background area
specifying means specifies an area in which the predictive
_error is greater than or equal to a predetermined threshold

25 as the covered background area.




subsequent to the franme fromwhich the m xed pixel data is 20 extracted
based on the notion of the background object; and. in said covered
background area/uncovered background area specifying28tDepgember 2008a i n
which the predictive error is greater than or equal to a predeterm ned
threshold is specified as the covered background area. 25 23.. A recording
medi um in which a conputer-readabl e program 23 Decenber 2005 - 203 is
recorded, said conputer-readabl e program being used for processing imge
data which i's formed of a. predeterm ned nunber of pixel data obtained by
an i mage-capturing devi ce. includiﬂﬁr%fbredeternined nunber of pixels, the
pi xels 5 having a tine integrating function, said conputer-readabl e

program conprising: a relational -expression generating step of extracting,
in corr@gpondenteaget bracdesi gipahethqd xBdr Pracaesirgndmade taaae of the

i mge data, the pixel data of a peripheral 10 frane around the designated
frame awvhbabkgsofindmedxef aapeedeiormegpohdivgpdno of dcdedr damd obj ect whi ch
forms a background anong a plurality of objects of- the imge data, and

al so of okkainedi hy desimnateckhpiweilnglatevisfe tivelugligiggrat ed pi xel cont ai ned
in the designated frane so as to 15 generate a plurality of relational

expr essPBRdeEpRREReg neumip e ofe S igivdted Piaidaldi darviing a £émlagtionship
between the designated pixel data and the background pixel data; a

i xtUr el R REP B2 BERG cERRFt 52p FHLHSMERAT Ry oL afiSd e &Sthefdo i ndicating a

m xture state of the plurality of objects
comprising: _

a relational-expression generating step of extracting,
in correspondence with a designated pixel of a designated
frame of the image data, the pixel data of a peripheral

10, frame arcund the designated frame as background pixel data
corresponding to a background object which forms a
background among a plurality of objects of the image data,
and also of extracting designated pixel data of the
designated pixel contained in the designated frame so as to

15 'generate a plurality of relational expressions concerning

the designated pixel indicating a relationship between the

designated pixel data and the background pixel data;

a mixture-ratio detection step of detecting a mixture -

W%

- ratio indicatiﬁg a mixture state of the plurality of objects
20 in the real world concerning the designated pixel based on -
the reiational expressions;
a predictive~error calculation step of caléulating a
predictive error by substituting the mixture ratio detected‘
by processing in said mixture-ratio detection step iﬁto the

25 relational expressions;



- 20" in the real world concerning the designated pixel based on the

‘rel ati onal expressions; a predictive-error calculation step of cal cul ating
a predictive error by substituting the mxture ratio ddiesember 25
.processing in said mxture-ratio detection step into the .25 relational
expressions; 23 Decenber 2005 - 204 a covered background area/uncovered
background area specifying step of specifying, based on the predictive
error, whether an area to which the designated pixel belongs is a m xed
area in which the plurality of objects are mxed and 5 is also a covered

background area forned at a leadingi®¥in a nmoving direction of a
foreground object which forns a foreground anong the plurality of objects,
or is the mxed area and is also an uncovered background area fornmed at a

trailing end idovidiedMddigrdunChired /hdde deer eacryrduhl qbkgct; and a
foreground areal/ background area specifying step of “specifying whether the

area t sy e shesp gnat gse@i &elng pebongs 68 ahéopegadupdvar earepnsi sting
of only foreground object conponents which formthe foreground object or a

. 15 backgreurer save s e stics twhig-to ft hende sdanpiagreatind xellj eeflonggnpenant s whi ch
formthe background object. 24. A recording nmedium according to claim 23,
wher ei mixed aysal im wthirah rdid @ loetaddttiyo o 55 tad e ditdse afrer eixedndndobj ect
conponents contained in the designated pixel is 20 detected in

cor Pespgéndeie aniaavanesl desikgmavod pineel fisaged at a leading end in

' a moving direction of a foreground object which forms a
foreground among the plurality of objects, or is the mixed
area and is also an uncovered background area formed at a
trailing end in the moving direction of the foreground

10 object; and

a foreground area/background area specifying step of
specifying whether the area to which the designated pixel
belongs is a fofeground area consisting of onlyrforeground
‘'object components which form the foreground object or a

15 background area consisting of only background object
components which form ‘the background object.

13.  An image processing method according to claim 12,
_wherein:

in oaid mixture-ratio detection step, the foreground

20 object components contained in-the_designated pixel is
detected in correspondence with the designated pixel based
on the relational expressioﬁs; and the mixture ratio is also
détected; and

in 'said predictive-error calculation step, the

25 predictive er#or is calculated by substituting the mixture




-on the relational expressions, and the mxture ratio is also detected; and
in said predictive-error calculation step, the predictive error ‘is
-cal cul ated by substituting the mxture 25 ratio and @3dDdoambgr2a05d obj ect
conponents contained .in the 23 Decenber 2005 - 205 designated pixel
detected by processing in said mxture- ratio detection step into the

rel ati onal expressions 25. A recordi ng nedi um according to cl aim 24,
wherein, in said relational -expression generating step, the pixel data of

t he peripheral frame corresponding to the designated pixel is extracted as
t he background pixel data correspondifhg to the background object, and the
designated pi xel data of the designated pixel and vicinity pixel data of a
vicinity pixel positioned in the vicinity of the 10 designated pixel in the
desi gnatted:ifor amel &he #Absegextindcobilectandmpbeeptsir abntyinéd riad athional
expressi ons concerning the designated pixel indicating a relationship
anong t kesidesitgdapédepi dektedbed, byherocespiny pixehidatixtwmndt t he
background. pixel data corresponding to the designated pixel 15 data or the
vici ni t Fapiireledggchionestapr drbedihg petithvertorxibressonsd ai m 25, wherein,
in said relational-expression generating step, the plurality-of

rel ati ofdl- eRpPr éBapgnBrafresyineraebliodaeerEhi g f 19 stlabppkdxi mation in

whi ¢ th%Ffoneground ogject conmponents 20 contained in the designated pixel
dat & any " EHEr citRi B§LpFREP EHAM AL AP EPERRAION ARPAEIREYRF Hihr FhSmation in

whi ch pixel data of the peripheral frame corresponding to the
desigﬁated pixel ié éxtracted as the background pixel data
corresponding to the background object, and the-designated
pixel data of the designated pixel and vicinity pixel data
10 of a vicinity pixel positioned in the vicinity of the
designated pixel in the designated.framé are also éxtracted,
and the plurality of relational expressions concerning the'
designated pixel indicating a relationship among the
designated pixél data, the vicinity pixel data, and the
15 background pixel data corresponding to the designated pixel
data or the vicinity pixel data.
15. An image processing method according to claim 14,
wherein, in said relational—expression generating step, fhe
plurality of relational expressiéns are generated based on a
20 first approximation in which the foreground object
components contained in the designated pixel data and the
vicinity pixel data are equal, and a second approximation in
which thg mixture ratio in the mixed area linearly changes
with respect to a position of a pixél of the mixed area.

25 16.. An image processing method according to claim 14,



the mxture ratio in the mxed area linearly changes with respect to a
position of a pixel of the m xed area. 27. A recording nedium according to
claim25, wherein, in 25 said relational-expression genpéaimbag266:p, the
plurality of 23 Decenber 2005 - 206 relational expressions are generated
"based on a first approximation in which the foreground object conponents
contained in the designated pixel data and the vicinity pixel data are
equal, and a second approximation in which 5 the mxture ratio in the

m xed area planarly changes with respect to a position of a pixel of the
m xed area. 28.- A recordi ng nmedi um a@dgor-ding to claim25; wherein, in said
m xture-ratio detection step, the mxture ratio is detected by solving the

plurality of relational expressions 10 according to a nethod of | east
cording fto claim?25, wherein sai d

O S SIS R SO S

rel ati ona

nal - €x _ | i i af i
Che o Pl By SR AAE e PRI b S B et Hackd GATR PTi oy

t he designated franme as

bi xelbed Ao 116 COUPT A HACKORANG ALRA ANth Rty acting the pi xel

data of a .frame subsequent to the designate as the background
pi xel dedmporiaitd heotesi onatad die @le LQJRNART TR xNQIHAC QYRS @@ background

area. .20 30. A recording. nedium according-to claim24, wherein, in said
rel ati oniadiTEdYy @SN Qaneratd RYshiep ardd@ RHlddodld bpprbxingiabhonal

expressions are generated by extracting, in

which the mixture ratio in the mixed area planarly changes
with respect to a position of a pixel of the mixed area;
17. An image processing method according to claim 14,
wherein, in said mixture-ratio detection step, the mixture

10 ratio is detected by solving the plurality of relationél
expressions according to a method of least squares.
18. An image processing method according to claim 14,
wherein, in said relational—expreésion generatihQrstep, the
plu;ality.of relational expressions are genefated by

15 extracting the pixel data of a frame prior to the designated
frame as the background pixel data when the designated pixel
beloﬁgs to the covered background area and by extracting the
pixel data of a frame subsequent to the designated frame as
the backgrdund pixel data when the designated pixél belongs

20 to the uncovered background areé.- | |
19. An image procéssing method according to claim 13,
wherein, in said relational—expfession generating step, the
plﬁrality of relationai-expressions are geﬁerated by
extracting, in correspondence with the designated pixél,

25 mixed pixel data indicating a mixture state in which the



correspondence with the designated pixel, mxed. pixel data indicating a

m xture state in which the. plurality of objects 25 are mxed fromthe
designated frane and the peripheral frame 23 Decenber 220ebemb&@@D05based .on
a notion of the foreground object and by al so extracting, in correspondence
with each itemof the m xed pixel data, the background pixel data
corresponding to the background object froma frane different fromthe
frame from5 which the m xed pixel data is extracted based on a notion of

t he background object. 31. A recording nedium according to claim 30,
wherein, in said reIationaI-expréEé% generating step, the plurality of
rel ati onal - expressions are generated based on a first 10 approximation in
whi ch the foreground obj ect conmponents corresponding to the m xed pixel
dat a arplegqaalitgndfaokteotd appphidxédaiian the Wik shghdieedn fethepiatel dat a
extracted fromthe designated frame and the peripheral frane are uniform
32. A reberdengphedaluntagceridased t on ch ahat By eabhetiee nfoddgrqurshi d

rel ati onal - expressi on generating step, the .plurality of relational

expr essbbnscar endeherat ed dytraxting! i g, cénrespordporeleniceh wiadh t he

desi gnated pixel, the mxed pixel data indicating the mxture state in

whi ch t hEempp fir Bhe tyizgd apl vel sdaka, nibeddekgrewrd deiAghaadd frame and 20
t he peripheral frame based on the notion of the foreground object and by
al sO exFPREEFRYNAITD cof r e orrrdrteryiid PRI FEUM DFEXFRE ni xed pi xel dat a,

t he backfrgund gixel_data correspondi ng to the background object froma
frane ﬁ? 6 exyen from the frame from which the mixed pixel data is

extracted based on a motion of the background object.
'20. An image processing method according to claim 19,
wherein, in said relational-expression generating step, the
10 plurality of relational expressions are generated based on a
first approximation in which the foreground object
components coiresponding to the mixed pixel data are equal
and a second approximation in which the mixed pixel data
extracted from the designated frame and the peripheral frame
15 are uniform.
21. An image processing method according to claim 19,
wherein: )
in said relational-expression generating step, the
: plurality of relational expressions are generated by
20 extracting, in correspondence with the designated pixel, the
mixed pixel data indicating the mixture state iﬁ which the
plurality of objects-are mixed from the designated frame and
~ the peripheral frame based on the motion of the foreground
object\and by also extracting, in correspondence with each

 25 item of the mixed pixel data, the background pixel data




the frame fromwhich the m xed pixel data is extracted based 25 on the

noti on of the background object; and 23 Decenber 2005 - 208 in said
covered background area/uncovered background area sp28Degembers208p, an area
in which the predictive error is greater than or equal to a predeterm ned
threshold is specified as the uncovered background area. 5 33. A recording
medi um according to claim30, wherein: in said relational-expression
generating step, the plurality of relational expressions are generated by
extracting, in correspondence with the designated pixel, the mxed pixel
data indicating the m xture state~i B0%hich the 10 plurality of objects are
m xed fromthe designated frame and the peripheral frane based on the
notion of the foreground object and al so by extracting, in correspondence

‘Wi th earrdsiRmdahgt e Wh¥esaRikgebudal 3pjklke Baskgnoyrdmpi ¥ekodats

correspondi ng to the background object froma franme 15 subsequent to the

frane fohemfraineh frbe Whied Rh¥ehistabapisxeleyhtactiedextkasedd BAskhRe nmotion
of the background object; and in said covered background area/uncovered

backgr emndtheameaispeoitf yhegbatkproandapdieicn ;Wahah the predictive error is
greater than-or equal to a predeterm ned threshold is 20 specified as the
covered backyrsaind eveare@dbadkyrogndnafed/ ahdowe ngd cbaokgpudwtd f or

processing i mage data forned of a predetermn ned number of pixel data
obtai nedeapgrenifaye- stppur angatdeni ¢8 whitbdthg mnredédéieemenedr nunber of
pi xel s, the pixels having a tinme integrating

_is greater than or equal to a predetermined threshold is

specified as the uncovered background area.

22. An image processing method according to claim 19,

wherein:

10 in said relational;expression generating step, the
plurality of relational expressions are geﬁerated by
extracting, in correspondence with the designated pixel, the
mixed pixel data indicating the mixture state inlwhich the
plurality of objects are mixed from the designated frame and

-15 the peripheral frame based on the motion of the foreground
object and also by extracting, in correspondence with each
item of the mixed pixel data, the background pixel data
corresponding'to the background object from a frame
"subsequent to £he frame from which the mixed pixel data is

20 extracted based on the motion of the background object; and.

in said covered background area/uncovered background
- area specifying step, én area‘in which the predictive errbr
is greater than or equal to a predetermined threshold is

specified as the covered background area.

25 23.. A recording medium in which a computér—readable program



25 function, to execute: 23-Decenber 2005 -- 209 a relational -expression
generating step of extracting, in correspondence with a designated pixel of
a designated frane of the inmge data, the pixel data Z#Decepurer @@y al franme
-around the designated frane as background pixel data 5 corresponding to a
background object which forns a background anong a plurality of objects of
the inmage data, and also of extracting designated pixel data of the
designated pi xel contained in the designated frane so as to generate a
plurality of relational expressions concerning 10 the designated pixel
indicating a relationship between 3 desi gnat ed pi xel data and the
background pixel data; a m xture-ratio detection step of detecting a

m xture ratio indicating a m xture state of the plurality of objects in the

real woisdreoocéed) ngaidiecatnsh et sshditded iaspthm be ihhy thsed eloat | onal
expressions; a predictive-error calculation step of calculating a
pr edi ctpvecessbng bimayd sda tatwinigch hies nffodtmerde afatd. e rksieiodewinday processing
in said mxture-ratio detection step into the relational expressions; 20 a
cover ednakky r ofi nef e e sl altre oxtet ath dyh dkg rasunishegyeeac amstpecirfy idey isteep  of
speci fying, based on the predictive error, whether an area to which the
desi gnatrel yilind darmarptemninedinutber o ipiasdich thee plxala ity of objects
are_m xed and is also a covered background area forned at a | eading end in
25. Sa MATHY & redts ot 6197 Hgre Jrofid Bbj el duiretimg apdable
program comprising:
a relational-expression generating step of extracting,
in correspondence with a designated pixel of a designated
frame of the image data, the pixel data of a peripheral
10 frame around the designated frame as background pixel data
corresponding to a background object which forms a
background among a plurality of objects of the image data,
and also of extracting designated pixel data of the
designated pixel contained in the designated frame so as to
15 generate a plurality of relational expressions concerning
the designated pixel indicating & relationship between the
designated pixel data and the background pixel data;
a mixture-ratioc detection step of detecting‘a mixture
ratio indicating a mixture state of the plurality of objects
20' in the real world.concerning the designated pixel based on
the relational expressions;
a predictive—error calculation step of calculating a -
predictive error by substituting the mixture ratio detected

by processing in said mixture-ratio detection step into the

- 25 relational expressions;



23 Decenber 2005 - 210 foreground anong the plurality of objects, or is
the mxed area and is also an uncovered background area forned at a
trailing end in the noving direction of the foregroun®3digceoter 2005 5 a

foreground areal/ background area specifying step of specifying whether the

area to which the designated pixel belongs is a foreground area consisting
of only foreground object conponents which formthe foreground object or a
background area consisting of only background object 10 -conponents which
formthe background object. 35. A program according to claim 34, wherein:

‘in said mxture-ratio detection steg04the foreground object conponents

contained in the designated pixel is detected in correspondence with the
desi gnated pixel based ~15 on the relational expressions, and the m xture

ratio is alaOCOQakeetsgckﬁeguha §éégéﬁﬁégbéké&ebgék8£oﬁﬁbCHf@é'0” step, the
predictive error is calculated by substituting the mxture ratio and the

f or egr e iGhjieet sa,@gao@tergp%&wﬁigﬁe%agbd heh 2bh desianat et dixelo det ect ed
sal .

by processing in m xture- ratio detection step into the relational
expr essitither 3G aAepr @9l afiatCehedl Agstgnaladmp3reiwbenengs LB gaid

rel ational --expression generating step, the pixel data of the peripheral
frame cdresspaoed dg wﬁlbhetﬂespgnahedtglmflobgezisea&éamﬁgddaanahe
background pixel data corresponding to the - --------------------- ---
5 is also a covered background area formed at a leading end in
a moving direction of a foreground object which forms a
foreground among the plurality of objects, or is the mixed
area and is also an uncovered background area formed at a
trailing end in the moving direction of the foreground
10 object; and
a foreground area/background area specifying step of
specifying whether the area to which the designated pixel
belongs is a foteground area consisting of only foreground
object componente which form the foreground object or a
15 background area consisting of only background object
components which form the background objecﬁ.
~ 24. A recording medium according to claim 23, wherein:
in said mixture-ratio detection step, the foreground
-object components contained in the designated pixel is
20 detected in correspondence with the designated pixel based
on the relational expressions, and the mixture ratio is also
detected; and
in sajd predictive-error calculation step, the

predictive error is calculated by substituting the mixture

25 ratio and the foreground object components contained in the



23 Decenber 2005 - 211 background object, and the designated pixel data of

the designated pixel and vicinity pixel data of a vicinity pixel ' L
positioned in the vicinity of the designated pixel in 23®ecefitl gogg ed frane
are also extracted, and the plurality of 5 relational expressions
concerning the designated pixel indicating a relationship anong the

desi gnated pi xel data, the vicinity pixel data, and the background pi xel
data corresponding to the designated pixel data or the vicinity pixel
data: 10 .37. A program according to claim36, wherein, in said -

rel ati onal - expressi on generating steqP>the plurality of relational
expressions are generated based on a first approximation in which the

f oreground object conponents contained in the designated pixel data and
the vi ciasiyndbedi ke ladat &t €ed I pradisls S s N Gs SRP B tltd-on i n whi ch
the mxture ratio in the mxed area linearly changes with respect to a
posi ti onabiocadptaetiot $bep nixies Eieare BBLidhg agtareadicarsdi ng to cl ai m 36,
wherein, in said relational-expression generating-step; the plurality of
20 rel a2%onah expredbionesdiwen geneyadody basedlaim 24, vgte@ipr oxinmat i on in
whi ch the foreground object conponents contained in the designated pixel
dat a an®Rifereleiivnal pixatesicn genapiing b ddeond-xgipdestiamat i on in
which the mxture ratio in the mxed area planarly changes with 25

resPectOf otie porTirkaraf s dowfenmndinedartde s ipeededer 2005
pixel is extracted as the background pixel data
corresponding to the background object, and the designaﬁed
pixel data of the designated pixel and vicinity pixel data
of a vicinity pixel positioned‘ih the vicinity of the

10 designated_pixel in the désignated frame are also extracted,
and the plurality of relational expressions concerning the
designated pixel indicating a relationship among the
designated pixel data, the vicinity pixel data, and the
background pixel data correspondingrto the designated pixel

15 data or the vicinity-pixelrdata.;

26. A recording medium according to claim 25, wherein, in
said relational-expression generating step, the plurality .of
relational expressions are gensrated based on a first
approximation in which the foreground object components

20 contained in the designated pixel data and the vicinity
pixel data aré eqqal, and a second approximation in which
the mixture ratio.in the mixed area linearly changes with
respect to a position of a pixel of the mixed area.

27. A recording medium according to claim 25, wherein, in

25 said relational-expression generating step, the plurality of



- 212 -- 39.-A program according to claim 36, wherein, in said
m xture-ratio detection step, the mxture ratio is detected by solving the
plurality of relational expressions according to a nésRedember 2086t
~squares. 5 40. A program according to claim36, wherein, in said

rel ati onal - expression generating step, the plurality of relational

expressions are generated by extracting the pixel

t he designated frame as the background pixel data when the designated

pi xel
pi xel
pi xel

ar ea.

bel ongs to 10 the covered background area and by extracting

t he

data of a franme prior to

data of a frame subsequent to20ke-designated frame as the background
data when the designated pi xel belongs to the uncovered background

41. A program according to claim 35, wherein., in said 15

rel ati onal a EXHLS QP B8NYA ING HefRralthe BhYka! shyaogiréﬁl ational

expressions are generated by extracting, in correspon

ence with the

desi gnaigsiegat @l 6100 %@d whiieel t@al Forldireahiinebdet XEURBoaEALE I N Which the
plurality of objects are mxed fromthe designated frame and the-

peri phefad tdirae 20 Uhas adsagma teat pareaf dhke haaegheupdcohiegt and by al so

extracting, in correspondence with each itemof the m xed .pixel
backgr aquintkIpideala datea eqaranespaddangetontihappbagkgsovod ohj ®BLchrom a frane
different fromthe frame from which the m xed-pixel data is extra

- baséd dihea mipttivore obkt25 tihetbachdkedndrebj pténarlR3chengaberiR05 - 213

10

15

20

25

- respect to a position of a pixel of the mixed area.

28. A recording medium according to claim 25, wherein, in
said mixture-ratio detection step, the mixture ratio is
detected by solving the plurality of relational ekpressions
according to a method of least squares.

29. A recording medium according to claim 25, wherein, in

said relational-expression generating step, the plurality of

"relational expressions are generated by extracting the pixel

data of a frame prior to the designated frame as the
background pixel data when the désignéted pixel belongs to
-the covered background area and by extiacting the pixel data
of a frame subsequent to the desigﬁated frame_és the

background pixel data when the designated pixel belongs to

the uncovered background area.

30. A recording medium according to claim 24, wherein, in
said rélationalQexpression generating step, the plurality of

relational expressions are generated by extracting, in

- correspondence with the designated pixel, mixed pixel data

indicating a mixture state in which the plurality of objects

dat a,

ct ed

are mixed from the designated frame and the peripheral frame

t he




42. -A program according to.claim41, wherein, in said

rel ational -expressi on generating step, the plurality of relational
expressi ons are generated based on a first approxi naR2B@ecembedd00B t he
foreground object conponents 5 corresponding to the m xed pixel data are
equal and a second approximation in which the m xed pixel data extracted
from the designated franme and the peripheral franme are uniform 43. A
program according to claim4l, wherein: in said relational-expression
generating step, the 10 plurality of_ relational expressions are generated
by extracting, in correspondenceiM%qyfﬁe desi gnated pixel, the m xed

pi xel data indicating the mxture state in which the plurality of objects
are m xed fromthe designated frame and the peripheral frame based on the
noti on bRseHeohoaegobiiod 45 vihg efd ramcblryd adispe@xtamCtbynGlsd

correspondence with each itemof the mixed pixel data, the background
pi xel dgx&ractingspbndenyrespondebae kgt ttunehalbjidodm faformkee friarel prior to
the frame fromwhich the m xed pixel data is extracted based on the notion
of the P&¥R4r8ahd, obhecrackeorowdd i mixeal dawy eratkdraskgtioyndoartda/ uncover ed
background area spepif%ing step, an area in which the predictive error is
gr eat er PRAEATORN@ Ml €6 B etlcterme i fanasshdinpn dhes fagie dadons t he
uncgyereg,bgckground area. 44, A program according to claim4l, wherein: 25
in Sai d“PEFat FERM 2k pr st it enkt 44553 Siseh Patrd 23 pedeien 2605 - 214
- pIura{héybggké§gE% cgggeggpre55|ons are generated by
31. A recording medium according to claim 30, wherein, in
said relational-expression generating step, the plurality of
relational expressions are generated based on a first
10. approximation in which the foreground object components
corresponding to the mixed pixel dafa are equal and a second
- approximation in which the mixed pixel data extracted From
the designated frame and the peripheral frame are uniform.
32. A recording medium according to claim 30, wherein:
15 in said relational-expression generating step, the
Pplurality of relational expressions are generated by
extracting, in correspondence with the designated pixel, the
mixed pixel data indicating the mixture state in which the
- plurality of objects are mixed from the designated frame and
- 20 the peripheral frame based on the motion of the foreground
object and by also extracting, in correspondence with each
item of the mixed pixel data, the background pixel data
corresponding to the background object from a frame prior to

the frame from which the mixed pixel data is extracted based

'25 on the motion of the background object; and




extracting, in correspondence with the designated pixel, the m xed pixe
data indicating the m xture state in which the plurality of objects are
m.xed fromthe designated frame and 5 the peripheral f23daeeinhec2005n t he
~nmotion of the foreground object and also by extracting, in correspondence
with each itemof the m xed pixel data, the background pixel data
correspondi ng to the background object froma frane subsequent to the
~frame-fromwhich the m xed pixel data is 10 extracted. based on the notion
of the background object; and in said covered background area/uncovered
background area specifying step, —aB08rea in which the predictive error is
greater than or equal to a predetermned threshold is specified as the
covered background area 15 45. An inmmge-capturing apparatus conprising:

| mage- capt UihnNgaiBaRsvEeEdAOYERKEEORAd da SER) 8ALCEREE KAPI&thDY an
i mage- capturing device including a predeterm ned nunber of pixels, the

pi xel s dhad RpeilfiyiRg istle@gr ahi BeehUnG! WAAchashiNBaeddat avl ok pEg-0f a 20
predet er mi ned nunber of pixel data; rel ational -expression generating neans
for extisacirieageri nthaer bespandence W phededesimgnabiednpesrbl@fia desi gnated
frame of the image data, the pixel data of a peripheral frame around the
desi gnaiped iffizde aas thackgreourdefi kebkdaband5aeenr espondi ng to a background
obj ect which fornms a 23 December 2005 - 215 background anong a plurality
of @bj 8ét-s &f regerdimgemgdinm aandrdisg torckaimad0i ngheesimnat ed pi xel
data of the, ) '
: in said relational-expression generating step, the
plurality of relational expressions are generated by
extracting, in cofrespondence with the designated pixel, the
mixed pixel data indicating the mixture state in which the
10 plurality -of objects are mixed from the designated frame and
the peripheral frame based on the motion of the foreground
object and also by extracting, in correspondence with each
item of the mixed pixel data, the background pixel data
corresponding to the background object from a frame
15 subsequent to the frame from which the mixed pixel déta is
extracted. based on the motion of the background object; and
in said covered background area/uncovered background.
area specifying step, an area in which the predictive error
is greater than or equal to a predetermined threshold is
20 specified as the covered background area.
34. A program for allowing a computer for processing image
-data formed of a predetermined number of pixel data obtained
by an image-capturing device including a predetermined

. number of pixels, the pixels having a time integrating

25 function, to execute:



desi gnat ed pi xel contained in the designated frane so as to generate a
plurality of relational expressions concerning 5 the designated pixel
indicating a relationship between the designated pixeB Ddstmbarzbdshe
background pi xel data; mxture-ratio detection neans for ,detecting a

m xture ratio indicating a mxture state of the plurality of objects in
the real world concerning the designated pixel based on 10 the relationa
expressions; predictive-error cal.culation nmeans for calculating a
predictive error by substituting the mxture ratio detected by said

m xture-ratio detection neans into t#@°rel ational - expressions; 15 covered
background area/uncovered background area specifying nmeans for specifying,
based on the predictive error, whether an area to which the designated

pi xel bel onga rélatiohxBeegitad fonhiateddtei gy Widdp b ektebicgehy,are n xed
and is also a covered background area forned at a leading 20 end in a
novi ng dir eotrirespohdantereftibundded) eottadi pixwdbrod a aldsdrggrtednd anong t he
plurality of objects, or is the m xed area and is-—also an uncovered - _
backgr offmdngr ed. ther iedgatdatat reéi pgxehddaie tde anpamghdinadct i on of the
foreground object; and 25 foreground areal/ background area specifying neans
for 23 BEa@gbaropndsthe 2desigrpeed f fiame whethrekatwnal @dxted whiteh t he

desi gnat ed pi xel belongs is a foreground area consisting of only
forégroGﬂHreﬁﬁPéé%ngoﬁ%o%é%ﬂ%kQWR%mgf%Ph@@%éﬂﬁﬁﬂbdkﬁMWdaobject or a

background among a plurality of objects of the image data,
and also of extracting designated pixel data of the
designated pixel contained in the designated frame so as to
generate a pluraiity of relational expressions concerning
10 thé designated pixel indicating a relationship between the
designated pixel data and the background pixel data;

4 mixture~ratio detection step of detecting a mixture
ratio indicating a mixture state of the plurality of objects
in the real world concerning the designated pixel based on

15 the relational expressions; |

a predictive-error calculation step of calculating a
predictive error by substituting the mixture ratio detected
by processing in said mixture-ratio detectionlstep into the
relational expressions;

20 a covered background area/uncovered background area
lgpeciEYing step of specifying, based on the predictive error,
- whether an area to which the designated pixe; beioﬁgs is a
- mixed area in which the plurality of objects are mixed-énd
is also a covered background area formed at a 1eadinglénd in

25 a moving direction of a foreground object which forms a




formthe background object. 46. An inmage-capturing apparatus according to
claim45, wherein: said mxture-ratio detection nmean3Récaiter OGS
foreground object conponents contained in the designated 10 pixel in
correspondence with the designated pixel based on the rel ational
expressions, and also detects the mxture ratio; and said predictive-error
cal cul ation nmeans cal culates the predictive error by substituting the

m xture ratio and the 15 foreground object conponents contained in the

desi gnat ed pi xel detected by sai d-m2iure-rati o detection neans into the
rel ati onal expressions. 47. An inmage-capturing apparatus according to claim
46, wherein said relational -expression generating nmeans extracts 20 the

P badfeiothle ARPRTED 01U AT GO pYAAY, LY, Lhecgshanaed b xel 23

t he background pi xe ta correspondin € "backgroun ect, and al so

ext ractasrddeesionalsed an Qﬂn)&%:veq_%tda b%fckégg"%,ugﬁs Iﬁg'%%:[ %gr{?tieéelag:agd vicinity

pi xel data of a vicinity pixel position inthe vicinity of the 25

desi gnaired 1inkelendn ihhendesbenabedifdcdonaRe ¢8ReERLES-b1Ra23 Decenber
2005 - 217 - plurality of relational expressions concerning the designated

pi xel iohdieeat;i Bgda rel ati onship anong the designated pixel data, the
vicinity pixel data, and the background pi xel data corresponding to the
des$gnat ed pi fekeground area/background area specifying step of
specifying whether the area to which the designated pixel
belongs is a foreground area consisting of only foreground
ocbject éomponents which form the foreground object or a |
background area consisting of only background object
10 components which form the background object.
35. A program according to claim 34, wherein:
in said mixture-ratio detection step, the foreground
object components contained in the designated pi#el is
detécted in correspondence with the deéignated'pixel based
15 on the relational expressions, and the mixture ratio is also
detected; and
in said predictive-error calculation step, the
predictive error is calculated by substituting the mixture
- ratio and thé foreground object components contained in the
20 designatedvpixel detected by processing in said mixture-
ratio detectiop step into the relational expressions.
36. A program according to claim 35, wherein, in said
relational-expression generating step, the pixel data of the
peripheral frame corresponding to the designated pixel is

25 extracted as the background pixel data corresponding to the



5 data or the vicinity pixel data. 48. An inmge-capturing apparatus i .
according to claim47, wherein said relational-expression generating neans
generates the plurality of relational expressions bas@dDete@aberfd005t

approxi mation in which the foreground object 10 conponents contained in the
desi gnated pi xel data and the vicinity pixel data are equal, and a second
approximation in which the mxture ratio in the mxed area linearly
changes wth respect to a position of a pixel of the m xed area. 49. An

i mage-capturing apparatus according to claim47, 15 wherein said

rel ati onal - expr essi on generating neahs! generates the plurality of

rel ati onal expressions based on a first approxinmation in which the

f oreground object conponents contained in the designated pixel data and
the vi bhekbyopndebbdata, asfdegnal dedignhar &€ CcoNge A €Xidmtdan in 2' 0 which
the mxture ratio in the m xed area planarly changes wth respect to a
posi ti odesfigaapedepirélt hadnikein Ateapix&D. dfta | FRGE-EoPinirtiyngpiaaar at us
according to claim47, wherein said mxture-ratio detection neans detects
the m rpeiéipacdoinytbel viagnite of utld ideys ofnatedditpionsl 26 tdxpressions

‘according to a nethod of |east squares. 23 Decenber 2005 - 218 51. An

i mage- capsignagedppusae usracebieli engtracttddi muy  the \phermsili tyaick
rel ati onal - expressi on generating neans generates the plurality of
rel at i ohgfl2bkprelsernsepgionkt pRREG RN el xdas idmatast mixedane prior to
t he deSiiggfct:aegir? farl agglggiér?s?hjl.)acei(rggxgunghepici(eesli dn%attaeciv\lhe:'ﬂu—:-tlh(?:laqt:(?':lSi gnat ed
pi- xel _ g P g g p ,

| the vicinity pixel data, and the background pixel data
corresponding to the designated pixel data or the viéinity
pixel data.

10 37. A program according to claim 36, wherein, in said
relational-expression generating step, the plurality of
relational expressions are generated based on a first
approximation in which the foreground objéct components
contained in the designated pixel data and the vicinity

15 pixel data are equal, and a second approximation in which
the mixture ratio in the mixed area linearly changes with
respect to a position of a pixel of the mixed area.

38. A program according to claim 36, wherein, in saié
- relational-expression generating step, the plurality of

20 ;eiational expressions are generated based on a first
approximation in which the foreground object components
contained in the designated pixel data and‘ﬁhe vicinity
pixel data ére:equal, and a second approkimation in which
the mixture ratio in the mixed érea planarly changes with

 25 respect to a poSition of a pixel of the mixed area.



10 bel ongs to the covered background area and by extracting the pixel data
of a franme subsequent to the designated frame as the background pixel data
when the designated pixel belongs to the uncovered baCHmcember 260a. 52. An
i mage-capturing apparatus according to claim46, wherein said

rel ati onal - expressi on generating means generates the plurality of

rel ational expressions by extracting, in correspondence with the
designated pixel, mxed pixel data indicating a m xture state in which the
15 plurality of objects are m xed fromthe designated frame and the

peri pheral franme based on a notionm &2t ke foreground object and by al so
extracting, in correspondence with each itemof the m xed pixel data, the
background pi xel data corresponding to the background object froma framne

20 di ffy enta fy,Qum.the J&&{)Egici{(nrgo'@o"‘?lorlﬂ e Myteddinxel idatagl s extracted

based on a notion of the groun ject.” 53. An i mage-capturing

appar aiScaneOHH i (AR 9 StepNHR MiS@hdd §adlibonal qz@XBEegSi on
generating neans. generates the plurality of rel ational expressions based

on a 2%y iscdtviaRprind Matien ity Wi ¢ 1bhe dnaneaxeued seBheCchc23rBeagnber 2005
- 219 conmponents corresponding to the m xed pi xel data are equal = and a

second tappr amdttrid @T ileadtd elhyukkesn xed pi xel data extracted fromthe

designated frane and the peripheral frame are uniform 5 54. An

i mage- d@pt uA EProapRar alaco raddaar dbnglhdmc 38, "wh2rein, in said
relational-expression generating step, the plurality of
relational expressions are generated by extracting the pixel

data of a frame prior ﬁo the designated frame as the
background pixel data when the designated pixel belongs to
10 the covered background area and by extracting the pixel data
of a frame subsequent to the designated frame as the
background pixel data when the designated pixel belongs to
the uncovered béckground area.
41. A program according to claim 35, wherein, in said
15 relational—éxpression generatihg step, the'piurality of

relational expressions are generated by extracting, in
correspondence with the designated pixel, mixed pixel data
indicating a mixture state in which the plurality of objects
are mixed from the deéignated frame and the peripheral frame

: 20‘ based on a motion of the foreground object and by also
extracting, in correspondence with each item of the mixed
pixel data, the background pixel data.corresponding to the
background object from a frame different from the frame from

which the mixed pixel data is extracted based on a motion of

'25 the background object.




wherein: said rel ati onal -expressi on generating neans generates the
plurality of relational expressions by extracting, in correspondence wth
t he designated pixel, the m xed pixel 10 data indicati23dcembe X005r € state
in which the plurality of objects are mxed fromthe designated frame and
the peripheral frame based on the notion of the foreground object and by
al so extracting, in correspondence with each itemof the m xed pixel data,
t he background pi xel data 15 corresponding to the background object froma
frame prior to the frame from which %’?e m xed pixel data is extracted
based on the notion of the backgrou% obj ect; and said covered background
area/ uncovered background area specifying nmeans specifies an area in which
the predictive 20 error is greater than or equal to a predeterm ned
t hreshok@ - ad pheguanozeceddbagkye ochdimr ¢k, Bherdinj nagesLcapt uri ng
apparatus according to claim52, wherein: said relational-expression
gener at FR4adanslgenpraeseson . @énehet pharatepy Ofe rglwtabival @Xpressi ons by
- extracting, in 23 Decenber 2005 - 220 correspondence with the designated
pixel , FRéAKLQBALpeXRFesghems | Lk caenerp téd basediren s afierstn which the
plurali té of _obl:e'cts_ are m xed fromthe designated frame and the
per i phePBPFPFARRTHER et O He Hik | ERregrevrd (i r®ohjtect and al so by
extracti ngf in corres ondence. with each item of the m xed pixel data, the
bac groﬁﬂ ﬁfggy A9 gto the mixed pixel data are equal and a second
approximation in which the mixed pixel data extracted from
the designated frame and the peripheral frame are_uniform.
43. A program according to claim 41, wherein:
in said relational-expression generating step, the
10 plurality of relational expressions are generated by
extracting, in correspondence with the designated pixel, the
mixed pixel data indicating the mixture state in which the
plurality of objects are mixed from the designated frame and
the peripheral frame based on the motion of the foreground
15 object and by also extracting, in correspondence with each
item of the mixed pixel data, the background pixel data
corresponding to the background object from a frame prior to
the frame from which the mixed pixel data is extracted based
on the motion of the background object; and
_20 in said covered background area/uncovered background
area specifying step, an area in which the predictive error
is greater than or equal to a predetermined threshold is
specified as the uncovered background area.

44. A program according to claim 41, wherein:

‘25 . in said relationalfexpression generating step, the




correspondi ng to the background object froma frame subsequent to the
frame fromwhich the m xed pixel data is extracted based on the notion of
t he background object; and 10 said covered background 2 Radenbeo2@dsed

. background area specifying neans specifies an area in which the predicfive

error is greater than or equal to a predeterm ned threshold as the covered
background area. 23 Decenber 2005 ABSTRACT An object of the present
invention is to nake it possible to specify a background i nage area, a
novi ng object image area; and an inage area in which the mxture of the
background i mage area and the anrnﬁlgbrect i mage area occurs. A

m xture-ratio calculator 103 extracts pixel data of a peripheral frane
corresponding to a designated pixel of a designated frame of the inage
dat a aplbacRgreund pieiekionallacgpireespondi aget geackatkdr Bynd obj ect, and

al so extracts designated pixel data of the designated pixel contained in

t he desikgmracednbrade sorasspendenepawéth pher deistynatetiepakiednathe
expressions indicating the relationshi p-between the designated pixel data
and t haibadkgisahddpitrelindatatifje thexnikeureat sbacal ¢ul ahdrhl@Bedet ects t he
m xture ratio indicating the mxture state of the objects based on the

rel ati Badradipreesi ohdechs areamipedi fypmgthai degdgnataticranesand

.predictive error by substituting the detected mxture ratio into the

rel®at i 5h§I PEXpPBeERdnEramadbagetepni hes MAkLiABr ofintheeforegwhint t he
deSigngigchiégé'also by extracting, in correspondence with each
item of the mixed pixel data, the backgrbund pixel data
corresponding to the background object from a frame
subsequent to the frame from which the‘mixed pixel data is
10 extracted based on the motion of the background object; and
in said covered backgréund area/uncovered background
area specifying step, an area in which the predictivererror
is greater than or equal to a predetermined threshold is
specified as the covered background area. |
15 45. An image-capturing appafatus comprising:
image—capturing means for outputting a subject imdge
captﬁre& by an image—capturing device including a
predetermined number of pixels; the pixels hafing a time
integrating function, as image,dgta formed of‘a
20 predetermihed number of pixel data;
relational-expression generating means for extracting,
 in correspondence with a designated pixel of a designated

frame of the image data, the pixel data of a peripheral

frame around the designated frame as background pixel data

- 25 corresponding to a background object which forms a



bel ongs is a covered background area, an uncovered background area, a =
foreground area, or a background area. "~ The present invention is applicable
to an inmage processing apparatus. 23 December 2005 o
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background among a plurality of objects of the image data,
and also for extracting designated pixel data oflthe
designated pixel contained in the designated frame so as to
generate a plurality of relational expressions concerning
5 the designated pixel indicating a relationship between the
designated pixel data and the background pixel data;
mixture-ratio detection means for detecting a mixture
ratio indicating a mixture étate of the plurality of 6bjects
in the real world concefning the designated pixel based on
10 the relational expressions;
predictive—error calculation means for calculating a
predictive error by substituting the mixture ratio detected
by said mixture-ratio detection means into the felational
expressions;
i5 covered background area/uncovered background area
speCifying means for specifying, based on the predictive

error, whether an area to which the designated pixel belongs

is a mixed area in which the plurality of objects are mixed
and is also a covered background area formed at a leading

20 end in a moving direction of a foreground object which forms
a foregroﬁnd among the plurality of objecté, or is.the mixed
area aﬁd is also an uncovered background aréa.formed at a

trailing end in the moving direction of the foreground

object; and

- 25 foreground area/background area specifying means for
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specifying whether the area to which the designated pixel
belongs 1s a foreground area consisting of only foreground
object components which form the foreground ;bject or a
background area consisting of only background object
components which form the backgroﬁnd object.
46. An image-capturing apparatus according to claim 45,
wherein:

said mixture-ratio detection means detects the
foreground objeét compénents contained in the designated

pixel in correspondence with the designated pixel based on

thé relational expressions, and also detects the mixture

ratio; and

said predictive-error calculation means caléﬁlates the
predictive error by substituting the mixture ratio and the
foreground object components contained in the designated
pixel detected by said mixtﬁré—ratio detection means into

the relational expressions.

47. An image-capturing apparatus acéording to claim 46,

wherein said relational-expression generating means extracts

the pixel data of the peripheral frame corresponding to the

- designdted pixel as the background pixel data corresponding

to the background object, and also extracts the designated

pixel data of the designated pixél and vicinity pixel data

of a vicinity pixel positioned in the viéinity of the

designated pixel in the designated frame, and generates the
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plurality of relational expressions concerning the
dgsignated pixel indicating a relationship among the
designated pixel data, the vicinity pixel dé;a, énd the
background pixel data cbrresponding to the designated pixel

data or the vicinity pixel data.

48. An image-capturing apparatus according to claim 47,

wherein said relational-expression generating means

generates the plurality of relational expressions based on a
first approximation in which the foreground object
components contained in the designated pixel data and the
vicinity pixel data are equal, and a second approximation in
which the mixture ratio in the mixed area linearly changes
with respect to a position of a pixel of the mixed érea.

49. An image-capturing apparatus according to claim 47,
wherein said relational-expression generating means
generates the plurality of relational expressions based on a
first approximation in which the foreground object

components contained in the designated pixel data and the

‘vicinity pixel data are equal, and a second approximation in

which the mixture ratio in the mixed area planarly changes

with respect to a position of a pixel of the mixed area.

. 50. An image-capturing apparatus according. to claim 47,

wherein said mixture-ratio detection means detects the
mixture ratio by solving the pluralitf of relational

expressions according to a method of least sguares.
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51. An image-capturing apparatus according to claim 47,
'whereih said relational-expression generating means
generates the plurality of relational expre;;ionﬁ by
extracting the pixel data ofra framé prior to the designated
frame as the background pixel data when the designated pixel
belongs to the covered background area and by extracting the
pixel data of a frame subsequent to the designated fraﬁe as
the background pixel data when the designated pixel belongs.
to the uncovered background area.

52. An image—capturing apparatus according to claim 46,
wherein said relational-expression genérating means
generates the plurality of relational expressions by
extracting, in correspondence with therdesignated pixel,
mixed pixel data indicatingra mixture state in which‘the
plurality of objecté are mixed from the designated frame and
the peripheral frame based on a motion of the foreground
object and by also extracting, in correspondence with each
item of the mixed pixel data, the background pixel.daté
corresponding to the background object from a frame 

different from the frame from which the mixed pixel data is

extracted based on a motion of the background object.

. 23. An image-capturing apparatus according to claim 52,

wherein said relational-expression generating means.
generates the plurality of relational expressions based on a

first approximation in which the foreground object
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components corresponding to the mixed pixel data are equal
and a second approximation in which the mixed pixel data
extracted from the designated frame and the peripheral frame
are uniform.
54. An image—capfuring apparatus according to claim 52,
wherein:

said relational-expression generating means generates

the plurality of relational expressions by extracting, in

- correspondence with the designated pixel, the mixed pixel

data indicating the mixture state in which the plurality of

‘objects are mixed from the designated frame and the -

peripheral frame based on the motion of thelforegrouhd
object and hy also extracting, in correspondencelﬁith each
item of the mixed pixel data, the background pixel data
correspondiﬁg to the background cbject from a f;ame prior to
the frame from which the mixed pixel data is extracted based
on the motion of the background object; and

said covered background area/uncovered background area
specifying means épecifies.an area in which the predictive
error is greater than or equal to a predetermined threshold
as the uncovered background area.
55. An image-capturing apparatus according to claim 52,
wherein:

said relational-expression generating means genérates

the plurality of relational expressions by extracting, in
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correspondence with the designated pixel, the mixed pixel
data indicating the mixture state in which the plurality of
objects are mixed from the designated frame and the
peripherai frame based on the motion of the foreground
object and also by extracting, in correspondence with each
item of the mixed pixel data, the background pixel data
corresponding to the background object from a frame
subsequent to the frame from which the mixed pixel data is
extracted based on the motion of the background object;:and
said covered background area/uncovered background area
specifying means specifies an area in whicﬁrthe predictivé

error is greater than or equal to a predetermined threshold

as the covered background area.
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ABSTRACT

.An object of the present invention is to make it
possible to specify a backgiohnd image area;-a moving object
image area, and an image area in which the mixture of the
background image area and the moving object image area
occurs. A mixture-ratio calculator 103 extracts pixel data
of a peripheral frame corresponding to a designated pixel of
a designdted frame of the image data as background pixel
data corresponding to a background object, and also extracts
designated‘pixel data of the designated pixel contained in
the designated f;ame so as to generéte a plurality of
relational expressions indicating the relationship between
"the designated pixel dafa and the background pikel_data.
The mixture-ratio calculator 103 detects the mixture ratio
indicating the mixture state of the objects based on the
felational expressions. An area specifying unit 104
talculates a predictive error by substituting the detected
rmixture ratio into the relational expressions, ana
'_determines whether an area to which the.designated pixel
belongs is a covered background area, an uncovered
‘background area, a foreground area,.or a background area.

The present invention is applicable to an image processing

apparatus.




