l. DESCRI PTI ON | MAGE PROCESSI NG APPARATUS AND METHOD, AND | MAGE- CAPTURI NG |
APPARATUS 5 Technical Field The present invention relﬂgﬁax%ax§§a¥p , :

processi ng apparatuses and net hods, and inage-capturing, apparatuses, and
nore particularly, to-an i mage processing apparatus and nethod, and an

i mage- capturing apparatus in which a 10 difference between a signal
detected by a sensor and the real world is taken into consideration.
Background Art A technique for detecting incidents occurring in the 15
real world by a sensor and for processing sanpled data output fromthe
‘image sensor is widely used. For exanple., notion blur occurs in an inmge
obt ai ned by capturing an object noving in front of a predeterm ned

- stationary background with a video canera if the noving 20 speed is :
relatively high. However, when apEsbRreetios noving in front of a
stationary background, not only does notion blur caused by the m xture of
t he novimgGabproCEBSSRGT ADPARATUBURANAl RATHNE, ANRt IMAGEfCRREUBAB&Qr ound
i mge and the object inmage occurs. 25 Hitherto, it has 'not been |
consi deredARRTUAet ect the m xture. 16 Decenber 2005 - 2. state of the - |
background i mage and the noving object. D sclosure of Invention ' |

5 Technical Field

The present invention relates to image processing

apparatuses and méthods, and image—capturing-apparatusés,

and more particularly, to an image processing apparatus and

method, and an image-capturing apparatus in which a
10 difference between a signal detected by a sensor and the

real world is taken into consideration.

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

For example, motion blur occurs in an image obtained by
captﬁring 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 froht of a
stationary background, not only does motion blur caused by
the mixture'of the moving.object itself occur, but also the
mixture of the baékgrpund image and the object imageroccurs. ’

25 Hitherto, it has not been considered to detect the mixture



The present invention has been made in view of the above- descri bed
background. An exanpl e enbodi ment of the present invegpeednkan0det ect the
m xture ratio indicating the mxture state of a plurality of objects, such
as a background i mage and a noving object image. In accordance with a
first aspect of the present invention,, there is provided an inage

processi ng apparatus for processing inmge data which is fornmed of a

predet er gt ped Juiherp ol ioteh dale AR Adebanga,jdmge. capturing device

i ncluding a predeterm ne pi xel s, thée pixels having a tine
integrating function, said inage processing apparatus conpri sing: '
rel ati onal -expression generating neans for extracting, in correspondence
with a desimriredopi xelerfica designated frane of the image data, m xed
pi xel data, which is the pixel data, in which a plurality of objects
cont ai ned i nTidhepiramge dadwerarienneed beehomadee desivigmnat efl theambosnd a
peri pheral frame around the designated frame in accordance with a notion
of a fordgsauncdobpeckgmhingh forfys axafhplegrabedivént hefpl bhal inneseht
objects, and also for extracting, in correspondence with the m xed pixel
dat a, backyewiireah pi gah ddaeat ®whe cRiktutcherpiiel indtertiegr réspdiditiget o a
background object which forns a background of the plurality of objects,
the bacRErerIRE pi @amrdat iy bef mpissssci 2t 3 toh HAF&IESTILSIIE96i R Ai xed
pi xel data, froma frame different fromthe frames from which the m xed
pi xel daP@vHi%® BNEFAct®RPSn accordance with a notion 16 December 2005 - 3

In accordance with a first aspect of the present invention,
there is provided an image processing apparatus for processing
image data which is formed of a predetermined number of pixel data
obtained by an image-capturing device including a predetermined
number of pixels, the pixels having a time integrating function,
said image processing apparatus comprising: relational-expression
generatiﬁg means for extracting, iﬁ correspondence with a
désignated pixel of a designated frame of the image data, mixed
pixel data, which is the pixel data, in which a plurality of
objects contained in the image data are mixed, from the designated
frame and a peripheral frame around the designated frame in
accordance with a motion of a foreground object which forms a
foreground of the plurality of objects, and also for extracting,
in correspondence with the mixed pixel data, background pixel
data, which is the pixel data, correspending to a backgrbund
object which forms a background of the plurality of objects, the
background pixel data being associated with the corresponding
mixed pixel data, from a frame different from the frames from
which the mixed pixel data are extracted in accordance with a

motion



of the background object so as to generate a plurality relational ~
expressions indicating relationships between the nixeﬁbng&é§# @ and the
background pi xel data concerning the designated pixe nlxture ratio
detection neans for detecting a mxture ratio indicating a m xture state
of the plurality of objects in the real world concerning the designated
pi xel based on the relational expressions, wherein the

rel ational - expressi on generating mean benerates t he pIuraIity of

rel ati onal ressi )ase a first rOXI tion_in o] nents
of the PgréépounﬁcB f%ﬁ c8n %ghegolnathgp Q&8 hi el 2 da?gh% ang "Be

substant La1Lyi ddealpy et idhd & aﬁegtw%tmﬂ%hghg? Bedlf RhxChexednd a

second apprOX|na ion mxtlre ratio o he m xed pi x dat a

extract epliépreatﬂe a%StH@%aeﬁg%aH& &%ﬁgggtase&%@ﬁt hel Lye | dd8qmbyeMi th
respect to the positions of the pixels. The inmage procCessing apparatus may

further pngdudeand arpgneundibackemdosenasdd i ofr NBastfiay sepaxatiag the
image data into a foreground object inage consisting of only the

f or egr ounde DHj e6di @TRGNENtS xvhit€hstotan shethor ggnandyobjfeetjedtst he i mage
data and a background object imge consisting of only background object
conponentke Wreah fwsind heobhaackgngunchebjdestgnated hpikxelagdadatia daseteon t he
m xture ratio corresponding to the designated pixel. The mxture-ratio

det ect i onehe@imnainy depeessides, 16 Dbeeaber 2005 - Zelmtitopb-exdesshyn

solving the plurality of relational expressions
generating means generates the plurality of relational expressions

based on a first approximation in which components of the
foreground object contained in the mixed pixel data change
substantially linearly with respect o the positions of the
pixels, and a second approximation in which the mixture ratio of
the mixed pixzel data extracted from the designated frame changes
substantially linearly with respect to the positions of the
pixels.

The image processing apparatus may further include
foreground/background separation means for separating the image
data dinto a foreground object image consiéting of only the
foreground object components which form the foreground object in
theAimage data and a background object image consisting éf only
background object components which form the background object in
the image data based on the mixture ratio corresponding fo the
designated pixel.

The mixture-ratio detection means may detect the




according to a nethod of |east squares. In accordance with a second aspect
of the present invention, there is-provided an imgelé)bgg&ﬁ%&gogret hod for
ed nunber

processing imge data which is fornmed of a predetermn

data obtained by an i nage-capturing device including a predeternned
nunber of pixels, the pixels having a tine integrating function, said
i mage processing apparatus conprising: a jel ational - expression generating
step of extracting, in correspondence with a designated pixel of a

deSignatﬁ§ﬁ£ﬁ réﬁi&'ﬂ% %Qﬁ%?ngakﬂe ggﬁgghiﬂﬁ)g¥ f%ﬂé%ioﬂ@ichﬁféééy%ngiXel

data, in

rch a plurality obj ec contained in the 1mage data are

m xed, fremibgmAesi gnid@da brameaand@apesi pheral frame around the

designated frane in

forns a

f or egr e d@bhick heiph usakkbyn®f agly@Cley, taRd paksenof 1gxddtAekl, ng,

of pixel

accordance with a notion of a foreground object which

in

correspondence with the m xed pi xel data, background pixel data, which is
t he pi xekhdat ajs cardvasipandhngmé@e splraeksgt oy nte tohjdedor whbehsd nrgrsimage

background of the plurality of objects, the background pixel data being

associ at ddtai thithe icorfesponddfhiga mnegdtprrialedatapbdr onf a piikate ddithf er ent
fromthe frames from which the m xed pixel data are extracted in
accor dancktaindd aby nati dpage-tdrtWaekgrisyade obpeteding as predegesioriaed a

plurality of relational expressions indicating relationships between the
m xed prREPeEath RHPlShe thecRGKBLAANAYIRI Hatiiec dd@IrPRGY hEURES%Fnat ed

pi xel ; and ,a m xture-ratio detection step of detecting a mxture ratio
i ndi cati A1 nitRe9t e BEARTL TMI1I6 IREAHEF 2008PI1H 9 2 relational-

expression generating step of extracting, in correspondence with a
designated pixel of a designated frame of the image data, mixed
pixel data, which is the pixel data, in which a plurality of
objects contained in the image data are mixed, from the designated
frame and a peripheral frame around the desighated frame in
accordance with a motion of a foreground object which forms a
foreground of the plurality of objects, and also of extracting, in
correspondence with the mixed pixel data, background pixel data,
which 1s the pixel data, corresponding to a background object

which forms a background of the plurality of objects, the

background pixel data being associated with the corresponding

mixed pixel data, from a frame different from the frames from

which the mixed pixel data are extracted in accordance with a

motion ¢of the background object, so0 as to generate a plurality of

relational expressions indicating relationships between the mixed

pixel data and the background pixel data concerning the designated

pixel; and a 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 the relational expressions; wherein in 16 Degg ng&nggggos 5 the
rel ational -expression generating step, the plurality relational expressions
are generated based on a first approximtion in which conponents of the
foreground object contained in the m xed pixel data change substantially
linearly wth respect to the positions of the pixels, and a second

approxi mation in which the m xture raffo of the nixed pi xel data extracted
fromthe designated frame changes substantially linear with respect to the
positions of the pixels The i mage processing nethod may further include a

foregroypd/ b@ﬁﬁgrl% SepaLfd Qn stgp gfﬁ?se}p jat 'Mlhhecbﬂé&%ﬂﬁt aypbnto a

f oreground obj ect ge consl sting of e foreground object

conponegt s; yuireh ﬁpﬁm tﬂé%eﬁoéﬁgfh%u'ﬂglé)@i&&tl bﬁiié%ﬂo'ﬁ@gewhéi@éﬁ apd a
background obj ect i mage consisting of only background object conponents
whi ch formthe background object in the inmage data based on the m xture -
ratio corresponding to the designated pixel. In the mxture-ratio
detection step, the mxture ratio nay be detected by -solving the plurality
of relational expressions according to a nethod of |east squares. In
accordance with a third aspect of the present invention, there is provided
a recording nediumin which a conputer-readable programis recorded, said
program bei ng used for processing inmage data which is forned of a
predet erm ned nunber of pixel data



obt ained by an i mage-capturing device including a predeterm ned

pi xel s,

the pixels having a time integrating functionjgpiaifhde?005am

conprising: a rel ational-expres s ion generating step of 16 Decenber

- Ba -

extracting, in correspondence with a designated pixel of a

nunber of

2005

designated frane of the inage data, m xed pixel data, which is the pixeT

data, in which a plurality of objects gcontained in the 16 Decenber 2005 -
6 1image data are m xed, fron1the designated frame and a peripheral franme
around th desi i t not gr.eund
obj ect mhgch %o?%ﬁ?é?g ore oun 8?ﬁ ugglg?%pbf £R€ egl&%alég a%go of

extract | gt foLAr T egRORlEnce oW tahfet e o XEsko P! XBhs 1 8 bRCKDT QURG. i Xel
|1 C IS ta

dat a, whi
forms a Ragkground oaf

bei ng

the pixe

correspondlng to a background obj ect which

ihheupl & alddmpoRbn D] est s, cHde dackasaund ek data
associated wth the corresponding m xed pi xel data, froma frame

di f fer ent.ohtomddeid r em@smi xen phiteh ddie nenediepi stdistdat talare lindaragted in

accordance with a notion of the background object, so as to generate a

pluralitwieh rsdspeicanato exyieesgooitsionadi cat g pekats,onshipsa betewerd t he
m xed pi xel data and the background pixel data concerning the designated

pi xel ;

andpaexindatipe- iat wbicldetlertmiortugeepatfiodef ethé ngizedrindtagle dagti o

i ndi catlng a mxture

extracted from the designated frame changes substantially linear
with respect to the positions of the pixels.

The image processing method may further include a
foreground/background separation step of separating the image data
into a foreground object image consisting of only the foreground
object components which form the foreground object in the image
data and a background object image consisting of only background
object components which form the background object in the image
data based on the mixture ratio corresponding to the designated
pixel.

In the mixture-ratio detection step, the mixture ratio may be
detected by solving the plurality of relétional expressions
according to a method of least squares.

.In accordance with a third aspect of the present invention,
there is provided a recording medium in which a computer-readable
program is recorded, said program being used for processin§ 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 program comprising: a relational-expression generating step

of



state of the plurality of objects in the real world concerning the
desi gnat ed pi xel based on the rel ati onal expressions, ld‘ﬂﬁé tirboos t he
rel ati onal - expression generating step, the plurality of el at 1 onal
expressions are generated based on a first apprOX|nat|on |n whi ch

~conponents of the foreground object contained in the m xed pixel data

change, substantially linearly wth reaﬁggt to the positions of the

pi xel s, and a second approxination in wWhich the mxture ratio of the m xed

pi xel data_ _e tracted from.the d natengrgne chi ggg? qgng? gOOS -
ns S.

7 subst SAETRTIY 9 i ndAr %ﬁﬁ?espespec 0s11 e i xe ‘The

program a&gjf(% te'aerfra clydea tQr g&r@&&d/ gggggrﬁ%q agpar a&m% SkepnLof

separating e inmg ata into a foregroun objéct i'mage consisting of
only the iQéfgIa‘%‘é”dlﬁ’hhﬁ% gopnenants owhich &er B idia nar eground obj ect in
t he |nage data and a background object i mage consi sting of only background
obj ect conponents which formthe background object in the i mage data

based on the m xture ratio corresponding to the designated pixel. In the

m xture-ratio detection step, the mxture ratio may be detected by solving
the plurality of relational expressions according to a nethod of |east
squares. I n accordance with a fourth aspect of the present invention,

there is provided a programfor allowi ng a conputer for processing inage
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 tinme integrating function,



:

to execute: a relational-expression generating step of extracting, in
correspondence with a designated pixel of a designate ra 0 i mage
data, mixed pixel data, which is the pixel data, in V\/ﬂ?bﬁéﬁbeﬁ{zg?gality of
objects contained in the imge data are m xed, from the designated frane
and a peripheral frame around the designated frane in accordance with a
notion of a foreground object which fornms a foreground of the plurality of
obj ects, and also of extracting, in correspondence with the nmi xed pixel

data, back d pi xel .data, _whi i s, the pjxel_data, ' t
Cacar oo G Ak BikclesF3b ot P Sl 5 RLS ARl o 0 SaaRdLpa, Lo @
plural i ¥, of. OB 8RLSend N NARKALPUALR! 18! 20alRanBET 0252 GfedbRdoW LN the

corr espondl ng m Xea pl xe roma ranme erent fromthe franes

from whi @Qﬁé%urﬂgx%%’jem:x%igﬁt ForAk € 104Gt &thd no??%ﬁéd%@ﬁgaﬂﬁf' & hotion

of the background object so as to generate a plurality of relational

expressi gpsediidi Gakl Bfso I &F abiOnshiipg, bed e dshendinad «pivkelcndamaxand the
background pi xel data concerning the designated pixel; and a m xture-ratio

det ect i op; 4P datadetRekypgudd MpXkel € daaki O wiidhcals ngh@ Mbxielr edasaat e of
the plurality of objects in the real world concerning the designated pixel
based oncbheedpehdaihgnad expaessicams, onjerei pnhich fdwns & diddwabueipeoessi on
generating step, the plurality of relational expressions ate generated
based onthe fipkiralappr oxf nethmetisn whheh karqgorends pixelhe dadreglbeimd
object contained in the mxed pixel data change substantially linearly
Wi th respestcitageth@iposth¢ opsregsrondipy xeixed aiked sidtdgmd from a frame
different from the. frames from which the mixed pixel data are
extracted in accordance with a motion of the background object, so
as to generate a plurality of relational expressions indicating
relationships between the mixed pixel data and the background
pixel data concerning the designated pixel; and a mixture-ratio
detection step of detecting a mixture ratic indicating a mixture
state of the plurality of objects in the real world concerning the
designated pixel based on the relational expressions, wherein in
the relational-expression generating step, the plurality of
relational expressions are generated based on a  first
approximation in which components of the foreground object
contained in the mixed pixel data change, substantially 1linearly
with respect to the positions of the pixels, and a second

approximation in which the mixture ratio of the mixed pixel data

extracted from the designated frame changes




approximation in which the mxture ratio of the m xed pixel data extracted
fromthe designated frame changes substantially |ineajg Détdnfber 280%eCt to the
positions of the pixels. The program may further include a

f oreground/ background separation step of separating the inmage data into a
foreground object inmage consisting of only the foreground object
conponents which formthe foreground gbject in the image data and a
background object image consisting of only 16 Decenber 2005 - 9 background

obj ect cQNBEPLHH:S W €0 Lo mithe Dackar eynchObioestibfs dhenk P dat a based

on the mxture ratio corresponding to the designated pixel. 1n the

m xture-ratighdet geddQm ShEp, ERLtHEXt UmR10Aki 0a MaYo Ry rAetged &eyridyingol vi ng
the plurality of relational expressions according to a nethod of |east
squar es. skpaagcyrdagnce Wi hsepdidtiihgaspectinefyet hiatpr eismat 4 n¥erigrenndt her e
is provided an i nmage-capturing apparatus conprising inmage- capturing neans
for outpubteoyg dmsubjeotsiismige oclpbuiedtihy dvregmmgd- ohpedr i oguubeente

i ncluding a predeterm ned nunber of pixels having a tinme integrating

f unct i onwasch maerrdatthec ofsiedriongdof ckieqir edat etlm neldraggnbéatadf apidkekr dat a;
rel ati onal -expression generating neans for extracting, in correspondence
with a &eskgreinsd pbieft ofirgodestyrdeednyr e ORlYhPIGhEGeBat £PIfked

pi xel data, which is the pixel data, in which a plurality of objects

cont ai ne@OMRCRHE S rElyectdaf &rmar ER%i REAXIFIBH t PRI s brhaﬁéa imagdfe 9448 a

eripheral, frame around the designated franme in , .
P P based on the mgxture ratgo orrespondfhg to the designated pixel.

In the mixture-ratic detection step, the mixture ratio may be
detected by solving the plurality of relational expressions
according to a methed of least squares.

In accordance with a fourth aspect of the present invention,
there is provided a program for allowing a computef 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,
to execute: a relational-expression generating step of extracting,
in correspondence with a designated pixel of ardesignated frame of
image data, mixed pixel data, which is the pixel data, in which a
pluiality of objects contained in the image data are mixed, from
the designated frame and a peripheral frame around the designated
frame in accordance with a motion of a foreground object' which
forms a foreground of the plurality of objects, and also of
extracting, in correspon&ence with the mixed pixel data,
background pixel data, which is the pixel data, corresponding to a

background object which forms a



accordance with a notion of a foreground object which forns a foreground

of the plurality of objects, and also for extractlng ndence
with the m xed pi xel data, background pi xel at a, mh%%?gleg&?‘{g?%g?xel dat a,

correspondi ng to a background object which forns a background of the .
plurality of objects, the background pixel data being associated wth the
corresponding m xed pixel data, fron1§ frame different fromthe franes
from which the 16 Decenber 2005 - 10 “mi xed pixel data are extracted in

accordan% Q%QT%%Ionéﬁp Oﬁurgﬁuap%&k%%ggng ObéeCta%%Fggu 6%. ﬁr%g%a

plurality 5 Xpressi‘ons indrca ons etween the

i xed pi gl pdatacopnd tdh%lgﬁclégé oune: kel dat @1§@c§m}§f§¥lngiattge desj,gnat ed

plxel xture-ratio detection ne etecting a m xfure ratio

i ndi cati ng . fe MhXFH Akt 3h8n0tnt hey Rhdy adddny mﬁflcﬁbltﬁ@t fAikdy,t e deqalqarwor | d
concerni ng the designated pixel based on the relational expressions,

wherein the eetaddi@alineXpE@stined generatidigofeansthy@aekatesnd bjrlkcur al | ty
of relational expressions based on a first approximation in which

conponentss af thegdranageownglwhilécly ofond mitiedal nekh:ssixed padielatdata
change substantially linearly wth respect to the positions of the pixels,
and a secendtiappripsi nedtwerni rthehi wixdchepinzedt udeta attnd cfhet heaghowedngi xel
data extracted fromthe designated frame changes substantially linearly

W th respéselt dethecposetiimgs the tdrsignreed. pThel i nagk- capiuFvrR m@ypar at us

may further include foreground/ background separation neans for separating
t he i magdetection 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 the relational expressions, wherein in
the relational-expression generating step, the plurality of
relational expressions are generated based on a first
approximation in which components of the foréground object
contained in the mixed pixel data change substantially linearly
with respect to the positions of the pixels, and a second
approximation in which the mixture ratio of the mixed pixel data
extracted from the designated frame changes substantially linear
with respect to the positions of the pixels.

The program may further include a foreground/background
sepération. step of separating the image data into a fofeground
object image consisting of only the foreground object components
which form the foreground object in the image déta and a

background object image consisting of only



data into a foreground object image consisting of only the foreground

obj ect components which formthe foreground object inigDeeehbprge0slata and a
background object image, consisting of only background object conponents
whi ch formthe background object in the imge data based on the m xture
ratio corresponding to the designated pixel. 16 Decenber 2005 - 11 The

m xture-rati o detection neans nay de[egt_nixture ratio by solving the
plurality of relational expressions according to a method of |east

squar es. b'agkgi%%g:gﬁg%%i%ﬁ‘g‘étg@% ottt ASRRC ooy ftﬁhgrragégiﬁo”&né SaLLon,,

there is pro OCEsSI ng appar at us processi ng- 1 mage data

which is r f r r g, n n f . .pixel E Al n an
inage-cag%grﬁﬁgggegggg ?%g%ﬁd?hg%gep%ggg%ggnf%% %%%%%?nggg?xg?s?x?he

pi xel s hawkshgnadd MBxEDtegrating function, said inmage processing apparatus
conprising: relational-expression generating neans for extracting, in :
correspondencenWhd nd xcdest ghaledepiseiornfstapdesignated rbr agei dfndvheei mage

data, pixel data of a peripheral frame around the designated frane as
backgrougdtptxel dat asedrimspamdi NgluvaBithaclkdr ovarhwilynatt ekpeesgilonsal ity
of objects of the imge data, and also for extracting designated pixel
dat a of thecdeéiigrat ednqgihcel odntkeprtoxiqurtys pi xel data of a pixel |ocated
in close proximty with the designated pixel in the designated frame so as
to generate alplayredrdapcef witke| at fohth asgaadsSifortdei wdeeant ngnysitEonenshi ps
of the designated pixel data, the proximty pixel data, and the background
pi xel there is provided an image-capturing apparatus comprising image-
capturing means for outputting a subject image captured by an
image-capturing device including a predetermined number of pixels
having a time integrating function as image data consisting of a
predetermined  number of Apixel data; relational-expression
generating means for extracting, in correspondence with a
designated pixel of a designated frame of the image data, mixed
pixel data, which is the pixel data, 1in which a plurality of
objects contained in the image data are mixed, from the designated
frame and a peripheral, frame around the designated frame in
accordance with a motion of a foreground object which forms a
foreground of the plurality of objects, and also for extracting,
in correspondence with the mixed pixel data, background pixel
data, which is the pixel data, corresponding to a background
object which forms a background of the plurality of objects, the
background pixel data being asscocliated with the corresponding

mixed pixel data, from a frame different from the frames from

which the



data .corresponding to the designated pixel data or the proximty pixel
data concerning the designated pixel; and m xture-ratj@peghg00 neans
for detecting a mxture ratio indicating a mxture state of the plurality
of objects in the real world concerning the designated pixel based on the
rel ati onal expressions, wherein the relational-expression generating nmeans
generates the 16 Decenber 2005 - 1la urality of relational expressions
based on an approximation in which the m xture ratio corresponding to the

deSignat%ﬁx@hxgkxéHuhaééh%rer8§££%é€%dpEéegcégEégHé%O%gk?1g Q%Eﬁﬂb%& %g? - 12
The rel ati'onal =expr essi on dgenerating means nay generate the 61urall y of

rel ation i S Lpatj op, whi che ﬁpgg of a
foregrou%&C%éF%%§§o e p?grgPiﬁ% g%gﬁgékggfi Q%%%gfh d #% ? e g@%gnated

pi xel datgapdside Q&@EEH&&H&_ngQ%Hoggﬁfbéﬂﬁéﬂ%@EBO%HE fh€ed pixel data
rel ati onal -expression generating means nmay generate the plurality of

rel ati onalngexpé 6564 1suhaseLkN AR APPECNTRE! ORe | desiWnia€BaCcoIRANERha of a
foreground object of the plurality of objects contained in the designated
pi xel datdxandetdw@ipr odetédtionpi xebkndatmrchaegecsithst ant maktyrd | neaiby wth
respect to the positions of the pixels. The inmage processi ng apparatus may
i ncl ude imoiegriound/ bagkgrourchteepér elte griurednsy fof <gpatat imgtieherciaiage
data into a foreground object image consisting of only the

world concerning the designated pixel based on the relaticnal

expressions, wherein the relational-expression generating means

generates the plurality of relational expressions based on a first

approximation in which components of the foreground object

contained 1in the mixed pixel data change substantially linearly

with respect to the positions of the pixels, and a second

approximation in which the mixture ratio of the mixed pixel data

extracted from the designated frame changes substantially linearly

with respect to the positions of the pixels.

The image-capturing apparatus may further include

foreground/background separation means for separating the image

data into a foreground object image consisting of only the

foreground object components which form the foreground object in

the image data and a background ogbject image, consisting of only

background object components which form the background object in

the image data based on the mixture ratio corresponding to the

designated pixel.



foreground object conponents which formthe foreground object in the inmage
data and a background object inmage consisting of onl y16]9&%§ﬁ>%92‘§% obj ect
conmponents which formthe background object in the inmagé data based on the
m xture ratio corresponding to the designated pixel. The m xture-ratio .
detection neans may detect the mxture ratio by solving the plurality of
rel ati onal expressions according to a__nethod of |east squares. In
accordance with a seventh aspect of T He present invention, there is

provi ded an i e jprocessi.ng nethod for processi i_mage. . dat ach is
Formed of & plEOGtA i RoE TArBBr a5 PPl BRrs nhir iy o ob B

TSI ALDR B GRS . LML DOSE MR 0ot o LA

pi xels 1 2 I atime integrating function, said

i mage proeessh ek TehbodsQERri sing: a relational -expression generating
step of extracting, in correspondence with a designated pixel of 16

Decenber 20057y ddoraaflesignat ed sfikaneagbeddie dimage @absendi Xflendaba, of a
peri pheral frame around the designated franme as background pi xel data

corresponséng 6 arbachgsound iehjechrotesspldir abpdnatak abjrecioeissihfie
i mge data, and al so of extracting designated pixel data of the designated
pi xel andmpgoxiatat whpehkels datracdf ofl Pipteldeltocatredl numbel ose pinedi dety with
t he designated pixel in the designated frane so as to generate a plurality
of rel at Pomaineskpressnongage-capturing device including a predetermined
number of pixels, the pixels having a time integrating function,
said image processing apparatus cbmprising: relational-expression
generating means for extracting, in correspondence with a
designated pixel of a designated frame of the image data, pixel
data of a peripheral frame around the designated £frame as
background pixel data corresponding to a background object of a
plurality of objects of the image data, and alsc for extracting
designated pixel data of the designated pixel and proximity pixel
data of a pixel located in close proximity with the designated
pixel in the designated frame so as to generate a plurality of
relational expressions indicating relationships of the designated
pixel data, the proximity pixel data, and the background pixel
data corresponding to the designated pixel data or the pfoximity
pixel data concerning the designated pixel; and mixture-ratio
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, wherein the

rélational-expression generating means generates the




i ndicating relationshi ps of the designated pixel data, the proximty pixel
data, and the background pi xel data correspondi ng toiéhecsssdr@oas ed pi xel
data or the proximty pixel data concerning the designated pixel; and a

m xture-ratio detection step of detecting a mxture ratio indicating a

m xture state of the plurality of objects in the real world concerning the
desi gnat ed pi xel based on the relatypqﬁk expressions, wherein in the

rel ati onal - expression generating step,  the plurality of relational
expressions are generated based on an approximation in which the m xture
ratio corresponding to the designated pixel and the proximty pixel is

uniform il Lhecy eLAt Lonal s RLpr 835100 98RNALLA0 S8R LALoRl M Al ¥ 50f

relation expressions nay be g rate ased on an approxinmation in which

conponent,s,ef, ank OF£aRQUNG, b el ALobLhg: R Wealhby . als; Reat 5; gontained i n

t he designated pixel data and the proximty pixel data are uniform 16
Decenber 1209 roxifhi tynptihel ried ahii @sah- expressi on generating step, the
plurality of relational expressions may be generated based on an

approxi mation in which conponents of a foreground object of the plurality
of objects contained in the designated pixel data and the proximty pixel
data change substantially linearly with respect to the positions of the
pi xel s. The i mage processing nmethod may further include a

f oregr ound/ background separati on step of separating the imge data into a
f oreground object inage consisting of only the foreground



obj ect components which formthe foreground object in the inmage data and a
background obj ect inage consisting of only backgroundig D&jepiHer 2@)Fponent s
whi ch formthe background object in the inage data based on the m xture
ratio corresponding to the designated pixel. In the mxture-ratio :
detection step, the mxture ratio may be detected by solving the plurality
of relational expressions according tq a nethod of |east squares. In
accordance with an eighth aspect of t present invention, there is

provi ded a regordi medi um i n whi.ch uter-r ab| ragr '

recor ded, saigh%r€é#%5%083?ﬁaqﬁ§g l?%r%Sgggggégn&E%%%ggmgdéﬁg%%ﬁ?ngﬁg
formed o t ] : e Is tain ; : :
inage-ca%?g¥?%§g§é§{g%ﬁ%%épg%?néxgaﬁggég%e?%%%%dgpn%%bggbg%“%?§é?g,l?he

pi xel' s hgyipg &dnbBBehtd €gkatd NGofUREL RN, ob$éitd BEOGF M 6OUPLI SyN06f A

rel ati onal -expression generating step extracting, in correspondence with a
desi gnat gd;pixe! c@ftaand@signahedqbs amitell bhgei Nages dadd, tipd xeloxdat ayof a
peri pheral frame 16 Decenber 2005 - 14a around the designated frane as
backgr oupdxpi xeltadaka warfeespondi ng to a background object of a plurality
of objects of the image data, and also of extracting designated 16
Decenber 2005The 1lbepitdehnata¢spafsstibe deseynaingd nEavel rwyd ganexehet yhei xel

data of a pixel located in close proximty with the designated pixel in
t he plurality of relational expressions based on an approximation in

which components of a foreground object of the plurality of
objects contained in the designated pixel data and the proximity
pixel data change substantially linearly with respect to the
positions of the pixels.

The image proceésing apparatus may include
foreground/background separation means for separating the image
data into a foreground object image consisting of only the
foreground object components which form the foreground object in
the image data and a background object image consisting of only
background object components which form the background object in
the image data based on the mixture ratio corresponding to the
designated pixel.

.The mixture-ratio detection means may detect the mixture ratio
by solving the plurality of relational expressions according to a
method of least squares. |

In accordance with a sgventh aspect of the present invention,
there is provided an_image processing method for processing image
data which is formed of a predetermined number of pixel data
cbtained by an image—capturing' device including a predetermined

number of pixels, the pixels



designated frane so as to generate a plurality of relational expressions
indicating relationshi ps of the designated pixel data the proxjmty pixel
data, and the background pixel data corresponding to gﬁgmﬁﬁggﬁﬁébgh pi xel
data or the proximty pixel data concerning the designated pixel; and a
m xture-ratio detection step of detecting a mxture ratio indicating a

m xture state of the plurality of ijgctg in the real world concerning the
desi gnat ed pi xel based on the r el at i onar expressions, wherein in the
relational -expression generating. s .the pluraljt f __relatiaqnal
exprossi ong ana Sokihs P Lak M R e b HE R EE Tkt Froghfeftd A Rog: ur e
ratio corgespongding J&etlﬁ‘éi&?ﬁ'—%g&géjsi%% enB0Ge 5 A& RLORIEML tYraPé[B&%' S
uniform Tn the rel ational-expression generating step, the plura |t€ of

rel ati onal, eXpre&sRineRa By B 08081 HLdabgsah QF an  approxi mation in which
conponents of a foreground object of the plurality of objects contained in

t he designated pixel data and the proxinmty pixel data are uniform In the.

rel ati onal - expression generating step, the plurality of relational
expressions nmay be generated based on an approximation in which conponents
of a foreground object of the plurality of objects contained in the 16
Decenber 2005 - 16 designated pixel data and the proximty pixel data
change substantially linearly with respect to the positions of the

pi xel s. The program may include a foreground/ background separation



step of separating the inmage data into a foreground object inmage

consisting of only the foreground object conponents whigch f rn1b@$
foreground object in the imge data and a background B%ﬁ@%?ﬁﬁqh&

consisting of only background object conponents which formthe background
object in the imge data based on the m xture ratio corresponding to the
designated pixel. In the mxture-ratio ?etection step, the mxture ratio
may be detected by solving the pIuréI} y of relational expressions

according to_a nethod.of |east,squares. .in accorda wi.th.a_ninth_aspect
of “the plesBrtolThaninge SEerd WEAES i Ghd SR T o B G thr = ap Pt

comput er r I n i whj is_for r er m_ned
mp rQhe P anta gB?aﬁﬁgg_ at g .ffﬁhe ag Hgggﬁ%uﬁdp ﬁﬂ&h} G

nunber of pi xel y an i nmage-capturing device 1ncluding a

predet er pipRedspSHHTRET +8f aPhXelsrounie Bl Xt Sohayi NG @1t L Feot NS AL B

function, to execute: a relational-expression generating step of
extracti Rle imMAgEOHAESPORRENSEOM 4 exilesitgngt ads Phnledofpidedesiagnabed

frame of the inmage data, pixel data of a peripheral frame around the
desi gnat edef Harkgms-ddagkgeounnd ppxetidatya paael esdpondénga t Piel hacdegeaund
object of a plurality of objects of the imge data, and also of extracting
desi gnat ed pilcvek gatainity heidestignatiediatedd mainglprioxithd ydesglatddt a of
a pixel located in close proximty 16 Decenber 2005 - 16a with the
desi gnat édapé xele 135 t he destymat ed folamelsiy asft gelgeheralt ecappiimiahnsty of
rel ational expressions indicating relationships of the 16 Decenber 2005
indicating relationships . of the designated pixel data, the
proximity pixel data, and the background pixel data corresponding
to the designated pixel data or the proximity pixel data
concerning the designated pixel; and a 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 the relational expressions, wherein in
the relational-expression generating step, the plurality of
relational expressions are generated based on an approximation in
which the mixture ratio corresponding to the designated pixel and
the proximity pixel is uniform.
In the relational-expression generating step, the plurality of
. relational expressions may be generated based on an approximation
in which compcnents of a foreground object of the plurality of

objects contained in the designated pixel data and the proximity

pixel data are uniform.



- 17 designated pixel data, the proximty pixel data, and the. background
pi xel data corresponding to the designated pixel datajgDécanibRr OGSXI Mty

pi xel data concerning the designated pixel; and a mxture-ratio detection
step of detecting a mxture ratio indicating a m xture state of the
plurality of objects in the real world concerning the designated pixel
based on the relational expressions, v;{ua_rei nin the relational -expression
generating step, the plurality of relational expressions are generated

based on an appgQxi g@ié&%ﬂa&-\é@%%gﬁ% rH.e)flKeHEEil{gatégeI;%O[%geSWaﬂgt&Q the

designated pixel and the proximty pixel 7s uniform

rel ationgl- expigssé N genghaldsNenst eRayt N@eP! Welkkh¥e®f bhgdatigRAl an
expressions nay b e generated based on an approxinmation in which

conponentgpfbx ikaftobegrauntiob] eehpofeddie f Ui akbidn:@undokpgets ogomhai ned
in the designated pixel data and the proximty pixel data are uniform in -
t he rel apilonal -exprfessi@rtgenenabingd siepihé haepldatraaleidt ypiakl wekat eodal
expressi ons nay be generated based on an approximtion in which conponents
of a forepeoumb:gbjiegt vixdlhe daltar achéygeof supbfectisaldont dinedrimn thigh

desi gnated pi xel data and the proximty pixel data change substantially

| i near | yredpdrty dopshe papitthenspoSitheconixeist he pi xel s. The program may
further include a foreground/ background 16 Decenmber 2005 - 18 _separation
step of separ®td ngiPHE | MREECHBT DG nt B I or eBpbundurbbfect Ipfhyes 2

consisting of only the foreground o_b(j ect conponents ,
foreground/background” separation step of separating the image data

into a foreground object image consisting of only the foreground
object components which form the foreground object in the image
data and a background object image consisting of only background
object components which form the background object in the image
data based on the mixture ratioc corresponding to.the designated
pixel.

In the mixture-ratio detection step, the mixture ratio may be
detected by solving the plurality of relational expressions
according to a methoa of least squares.

In accordance with an eighth aspect of thé present invention,
there is provided a recording medium in which a computer-readable
proéram is recorded, said 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,
said program comprising: a relaticnal-expression generating step
of extracting, in correspondence with a designated pixel of a
designated frame of the image data, pixel data of a peripheral

frame



which formthe foreground object in the inmage data and a background obj ect
i mage consisting of only background object conponent gg pabdhhd 2005 t he
background object in the image data based on the mixture ratio
corresponding to the designated pixel. In the mxture-ratio detection step,
the mxture ratio may be detected by solving the plurality of relational
expressions according to a nmethod of_I??st squares. In accordance with a
tenth aspect of the present invention, fiere is provided an

i mage-capturing apparatus conprising: inmge- capturing nmeans for outputting
a subject image captured by an image-capturing device including a

predet er g, e} I avi.n o= I atddng Wela'] i mage
R& drg‘H{%jq{ ‘1% REX®! & anflavs Q?T@cgtf d ]B_‘L;? g&dtﬁ bYpCL i ag

data consistin redet erm ne er o

relatlon%b-ggpggg%?fyﬂndg%m eati pg %E%H%ra@ﬁt?XBEanh@gts'BfCQmEGQBQBQenCG
with a designated pixel a designated frane of the inage data, pixe
data of @apelifpheralsof pank@aheuldytdeidastgnated frane as background pi xe
data corresponding to a background object of a plurality of objects of the
i mage data, and also for extracting designated pixel data of the

desi gnat ed pi xel and proximity pixel data of a pixel located in close
proximty with the designated pixel in the designhated frane so as to
generate a plurality of relational expressions 16 Decenber 2005 - 19

i ndi cating rel ationships of the designated pixel data, the proxinmty pixel
data, and the background pixel data corresponding to the designated pixel
data or the proximty pixel data



concerning the designated pixel; and m xture-ratio detection neans for
detecting a mxture ratio indicating a mxture state @pDédgbePbousal ity of
objects in the real world concerning the designated pixel based on the

rel ati onal expressions, wherein the rel ational - expression generating nmeans
generates the plurality of relational expressions based on an

approxi mation in which the m xture rat%g__corresponding to the designated
pi xel and the proximty pixel is unifotrm The rel ational-expression

generatin a may.-generate th plural ity of relatianal .expressions
based on aﬁggpgggii%%t?%% @%ﬁg&ﬂ?%% %%ﬁ%bﬁg%t$rgfl%ﬁ:%Sﬁgfguﬁgtgbﬁgcﬁ'of

the pl Ur%‘i&%i 9%ca19915 a6t %189@%@%61&9’:%2 %Eﬁéﬁén%gqapé&%i@t gnanget he

proxi mt i xel data are uniform pression generating

means MaygeRRiede theme PLUr ald t¥o Ofgehelatd onal pAxpnessi s bassd Aa1an
approximation in which conponents of a foreground object of the plurality -

of obj eckpreofiainaddiBat ey deshonaiad i ¥el tHat desithalbe proxi rdaty, pi xel
data change substantially linearly with respect to the positions of the
pi xel s. the | pageisapt urpiglapparatl us anay frhuet heackfiedumde pixel data
f or egr ound/ background separation neans for separating the 16 Decenber 2005
- 20 i mnegerdapendimpo ta tbeedevigndteld] ptkel nige congihst pngxofitonlpixefihe
f oreground obj ect. conponents which formthe foreground object in the image
dat a anddatbackghroemningbj ddee | tageynaiatsi gtiined: of aofll yabaskygrewerdradhpect
conponents which form _
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 the relational expressions, wherein in
the relational-expression generating step, the plurality of
relational expressions are generated based on an approxXimation in
which the mixture ratic corresponding to the designated pixel and
the proximity pixel is uniform.
In the relational-expression generating step, the plurality
of relational expressions may be generated based on an
approximation in which components of a foreground object of the
plurality of objects contained in the designated pixel data and
the proximity pixel data are uniform.
In the relational-expression generating step, the plurality
of relational expressions may be generated based on an

approximation in which components of a foreground object of the

plurality of objects contained in the



5. the background object in the inmage data based on the m xture ratio
correspondi ng to the designated pixel. The m xture-r glg Sedaibee2ogdn nMeans
may detect the mxture ratio by solving the plurality of relational
expressions according to a nmethod of |east squares. 10 in correspondence.
W th a designated pixel of a designated frane of imge data, m xed pi xel
data, which is pixel data, in which 6(;;I_ural ity of objects contained in
the inmage data are m xed, are extract fromthe designated frane and a

peri pheral franme aroqund,the desi t frape. in.15 dance w noti on
of a forglge%%%teocﬁj éf{e\l/\/ni%l"ltaf ora?rls%a %glfeor ﬁ?%ltﬂnrﬁyof %ﬁ%g{ plctijarta itcygg?e

obj ect s. P or Rde i m.xed, pi X dat g, bagkgrqund
pi xel dastég?g%%%ﬁlgs %ﬁ%%gﬁgewgta%ma%ggggﬁs%ndfn% fgoosa %acigroun% obj ect
whi ch forpg.as background of the plurality of objects, 20 the background

pi xel data being associated wth the corresponding m xed pi xel data, are
extracted freom aphkbai®n Ak errRNLJEr AN EBeedFAMBILE £ RHR MNAC Ns dheraii ¥ d

pi xel data are extracted Iin accordance with a notion of the background

obj ect. Atppubal béyaritingl ahéonmhgexd4es Simns d Mdiregkbmed . o2fedteliabiyonshi ps

bet ween the m xed pi xel data and the 16 Decenber 2005 - 21 background

pi xel datanaistigenerabelly cdnrcdomepgotite okdest goatmeohepitxelvhidh niodmurtber ati o

indicating a m xture state of the plurality of objects in the real world

is detedbedgroncerhingt tire desiignaredaps xehd basebkgwothé object image
consisting of only background object components which form the
background object in the image data based on the mixture ratio
corresponding to the designated pixel.

In the mixture-ratio detection step, the mixture ratio may be
detected by solving the plurality of relational expressions
according to a method of least squares.

In accordance with a ninth aspect ¢f the present invention,
there is provided a program for allowing a computer for processing
image data which is formed of a predetermined number of pixel data
obtained by an image-capturing device including a predetermined
number of pixels, the pixels having a time iﬁtegrating function,
to execute: a relational;expression generating step of extracting,
in éorrespondence with a designated pixel of a designated frame of
the image data, pixel data of a peripheral frame around the

. designated frame as background pixel data correspondingk to a
background object of a plurality of objects of the image data, and

also of extracting designated pixel data of the designated pixel

and proximity pixel data of a pixel located in close proximity



5 relational expressions. In the generation of the relational expressions,
the plurality of relational expressions-are generat g Deeabep2008 first
approxi mation in which conponents of the foreground object contained in
the m xed pixel data change substantially linearly with respect to the
positions 10 of the pixels, and a second approximation in which the

m xture ratio of the m xed pixel data.extracted fromthe designated frane
changes substantially linearly withTé Pect to the positions of the
pixels. In correspondence with a designated pixel of a 15 designated frane
of the imge data, pixel data of a peripheral frame around the designated

(rame ar g et raa! edecam hnakargund phxelndaba, carseanopdiing Lo abagkoround

object of a plurality obj ects of the I nmge desi gnat ed pi xe
data of thgedasi gnat _eglﬁk&(ﬂtyandof” ogsémttﬁén%Q p'e&?lreggicﬁlé)f andioselinkocat ed
in close proximty w the “designated pi xel he designated frame are
extractedeldcidqsmipki ¥ @fe rel ati onal expressions indicating relationships
of the designated pixel data, the 'proximty pixel data, and

t he- background pi xel data corresponding to the designated .25 pixel data or
the proximty pixel data are generated 16 Decenber 2005 - 22 concerning
the designated pixel. A mxture ratio indicating a mxture state of the
plurality of objects in the real world is detected concerning the

desi gnat ed pi xel based on.. the relational expressions. In.the generation
of the _




5 relational expression, the plurality of relational expressions are
generated based on an approxination in which the m xjgDecehidtet 2005
corresponding to the designated pixel and the proximty pixel is uniform
Wth this arrangenent, the mxture ratio indicating the 10 m xture state
of a plurality of objects, such as a background i mage and a novi ng obj ect
i mage, can be detected. Brief Description of the Drawings Fig. 1
illustrates the principle-of the preséﬂt 15 invention. Fig. 2 is a block
dlagran1lllustrat n ex Ie of the configuration t mhlch he_pr esent
i nvent i oAST 591 d eg’lxell—" 8 s A% SR J@’? n?”ﬁqustc%atal' nga]ﬁ% exgrrpl e of

the configuy A%I gatlx%tﬁ'dg@ghcgw sg)%%a&n 2, shopn % fgggatea gg 1Fhgr,4 is a

bl ock diagfa e Signa ocessor Ustrates the

i mage CaBt:uElll 9919:%&%?‘3%@& %at§e&§rﬁ‘fernlng|:{:19e c@eélgln'e@é(ﬁ aélex%lt hend a
ar r angenent o pi xel's . 7 illustratés the opération of a detection

devi ce. A@XM%&OZO@&ect%n Fitep 8Af | bustéaiRs an | nRgen.okt air-aedo by
i mge- capturing an object corresponding to a noving foreground and an

obj ect conrdRSRURNGI AgniRt@rstsAhionaf yrihaghgraunty i @b38Bcs | ilisteatresla
nodel of an inmage obtained by 5 image-capturing an object corresponding to
a Nnovi Nngworld concerning the designated pixel based on the relational
expresSioﬁs, wherein in the relaticnal-expression generating step,
the pluralityrof relational expressions are generated based on an
approximation in which the mixture ratio corresponding to the
designated pixel and the proximity pixel is uniform.

In the relational-expression generating step, the plurality of
relational expressions may be generated based on an approximation
in which components of a foreground object of the plurality of
objects contained in the designated pixel data and the proximity
pixel data are uniform.

In the relational-expression generating step, the plurality of
relational expressions may be generated based on an approximation
in which components of a foreground object of the plurality of
objects contained in the designated pixel data and the p;oximity
pixél data change substantially linearly with respect to the
positions of the pixels.

The program may further include a foreground/background




foreground and an object corresponding to a stationary background. Fig. 9
illustrates a background area, a foreground area, a {gpetkmir28g5 & covered
background area, and an uncovered 10 background area. Fig. 10 illustrates a
nodel obtained by expanding in the tinme direction the pixel values of
pi xel s aligned side-- by-side in an i mage obtai ned by inmage-capturing an
object corresponding to a stationary #ﬁ[pground and an the object 15
corresponding to a stationary background. Fig. 11 illustrates a nodel in
whi ch pi xel val ues panded. .i.n t tige dir ian.and. t [
correspor?(?lpﬁﬁaaié oglt%eee%hﬁ%(t g?g?]?a%nigs gllevil ed. |a§CFa llftl%l IausF(?% %s?uggrmdel
in which _pi yal yes expanded Lp.t i i Lectlon peri od
oBlXEL Sc@ffscillo CEPABARY Lhe ﬁsréq:ﬁlzgéglgsﬁ% OnaRd e s

corresponding to utter“tinme Is divided. Fi _ ustrates a node
in whichgixgl palbiesnar ereXxpaiedad | foidig tiige dhd eGliage aagded heyper hod

corresponding to the shutter tinme is divided. 25 Fig. I4.illustrates an
exanpl e ipBcwht&thddi ¥8ksct N ikade DesaiiRefingd008E - oddy fHAGOURd afitRcta
background area, and a m xed area are extracted. Fig. 15 illustrates the

rel ati onsbinpsnaetaveeniqi xebsn and @daskdedurabt sbhwed bin expandimaget hiatpi xel
values in the 5 tinme direction.
based on the mixture ratio corresponding to the designated pixel.

In the mixture-ratio detection step, the mixture ratio may be
detected by solving the plurality of relational expressions
according to a method of least sqguares.

In accordance with a tenth aspect of the present invention,
there is provided an image-capturing apparatus comprising: image-
capturing means for outputting a subject image captured by an
image—capturing device including a predetermined number Of pixels
having a time integrating function as image data consisting of a
predetermined number of pixel data; relational-expression
generating means for extracting, in correspondence with a
designated pixel of a designated frame of the image data, pixel
data of a peripheral frame around the désignated frame as
background pixel data corresponding to a background object of a
plufality of objects of the image data, and also for extracting
designated pixel data of the designated pixel and proximity pixel
data of a pixel locatedA in close preximity with the designated

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

relational expressions



Fig. 16 illustrates a nodel in which pixel values are expanded in the tine

direction and the period corresponding to the shutte iQE | {vi ded.
Fig. 17 illustrates a nodel in which pixel values areﬁié e}%%%@g% in the

time direction and the. period corresponding to the shutter tine is _
divided. Fig: 18 illustrates a nodel in which pixel values are expanded in
the time direction and the period corrgsponding to the shutter tine is
divided. 15 Fig. 19 illustrates a nodel” in which pixel values are expanded

0 the VigRidhiss! | o8 aadedba erivad cort esnandleg giide Suler chire s

di vided. Fi 07 I lustrates g_nn el in which™ixel values are expanded in
the ti mp@b&%iﬂfp!bi%ﬂ HE@aPeéﬂd)_dtH‘eorHa%c?Q&ﬁld‘q:ix%Q tWachheoshuddenihyme is

divided. Fig. 2T i's a flowchart illustrafing the processing for adjusting
the amourb otheDteigRbYed FbO:iel22 dasad BF OCKhdi @Aty USti-alli Ngasa

exanple of the configuration of an area specifying unit 103. 25 Fig. 23

i |l ustratescaminggleWiesi@inteld etkel; b miatuespoitdiondetectai dromegnsund i s

noving. Fig. 24 illustrates a nodel in which pixel values are expanded in

t he tinefdicr deteonimnd tite:tperi odtdor iesporidingg a trolttheestsgater ofi tbei s

divided. 5 Fig. 25 illustrates a nodel in which pixel values are expanded

in the tpAerdlitectdforrbdedtshénpehe odesbr vassorringgrning the designated
pixel based on the relational expressions, wherein the relational-
expression geherating means generates the plurality of relational
expressions based on an approximation in which the mixture ratio
corresponding to the designated pixel and the proximity pixel is
uniform.

The relational-expression generating means may generate the
plurality of relational expressions based on an approximation in
which components of a foreground object of the plurality of
objects contained in the designated pixel data and the proximity
pixel data are uniform.

The relational-expression generating means may generate the
plurality of relational expressions based on an appreximation in
which components .of a foreground object of the plurality of
objects contained in the designated pixel data and the pioximity
pixel data change substantially 1linearly with respect to the

- positions of the pixels.

The image-capturing apparatus may further include

foreground/background separation means for separating the



Fig. 31 is

to the shutter tine is divided. Fig. 26 illustrates a nodel in which pixel
val ues are expanded in the tinme direction and the perlod ccrreg&gndlng 10
to the shutter time is divided. Fig. 27 illustrates tHeDeesmher for

determining the area.. Fig. 28A illustrates an exanple of the result
obtai ned by specifying the area by the area specifying unit 103. 15 Fig.
28B illustrates an exanple of the result obtained by specifying the area.

by the area specifying unit 103. Fig. 28C illustrates an exanple of the
result obtained by specifying the area by the area specifying unit 103.
Fig. 28D illustrates an exanple of -t-heoresult obtained 20 by specifying
the area by the area specifying unit 103. Fig. 29 illustrates an exanpl e of
the result obtained by specifying the area by the area specifying unit

103, Fi 0. 53004 Sadt L OUEDA tedd il bAGeLbe; ALGR SRECILVIP o PIQGRSSIng 25

agran1| trating’anct

Conflgura£159r‘fﬁe<;ff}ﬁlrﬁf W FRACIIAERAHEL wAfEn Fhfhn S| Houtliaies o Imgge'_

i n which pixel ues are Inthe time directrl.

correspongh{éct tih e %.mggteerdatt'a”%ntls dbé{bﬁlsgouéd Félgj eB inllalq‘ést rates an
exanpl e of a background inage. Fig: 34 is bl ock diagramillustrating the

consisting of only background object components which form

5. the background objeét in the image data based on the mixture
ratio corresponding to the designated pixel.
The mixture-ratio detection means may detect the

mixture ratio-by solving the plurality_éf felational

expressions accordiné to a method of least squares.

10 In correspondence with a designated pixel of a
designated frame of image data, mixed pixel daté, which is
pixel data, in which a plurality of objects contained in the
imagé data are mixed, are extracted from the designated
frame and a peripheral frame around the designated frame in

15 accordance with a motion of a foregroﬁnd object which forms
a foreground of the plurality of objects. Also, in
‘correspondence with the mixed pPixel data, background pixel
daté, wﬁich is the pixel data, corresponding to a background.
object which forms a background of the pluraiity of objects,

20 'tﬁé background pixel data being associated with the t
corresponding mixed pixel data, are extrécted'from a frame
different from the frames from which the‘mixed bixel data
are extracted in accordance with a motion of the background
object. A plurality of relational expressions indicating

- 25 relationships between the mixed pixel data and the



configuration of a binary-object-inmge extracting portion 302. Fig. 35A
illustrates the calculation of a correlation 10 val ug.nEl

illustrates the calculation of a correlation value. L‘l%%@e@%g@?ﬁ%st rates
the calculation of a correlation value. 15 Fig. 36B illustrates the
calculation of a correlation value. Fig. 37 illustrates an exanple of the
binary object image. Fig. 38 is a block diagramillustrating the 20
.configuration of a time change detector 303. Fig. 39 illustrates

determ nations nade by an area determ.ning portion 342. Fig. 40

il lustrates an exanpleﬂof‘deterninafi&ﬁs‘nade by the tinme change detector.
303. 25 Fig. 41 is a flowhart illustrating the area specifying 16 Decenber
2005 - 27 processing performed by the area specifying unit 103. Fig. 42 is
a fl owchasdckdtaistd giiixeg detai bseofehbeate@acon@eaiing RGhePr ocessing. Fig.
43 is a block diagramillustrating still another 5 configuration of the
area specidsigrpthed pike@3.. Fagmiddurs aablockndieagran id histuiale ng t he

state of the plurality of objects in the real world is
detectéd.concerning the designated pixel based on the
5 relational expressions. In the generation of the relational
expressions,'thé plurality of relational expressions are
.generated based on a first approximation in which compénents
of the foreground.object contained in the mi#ed pixel dafa
change substantially linearly with respect to tﬁe positions
10  of the pixels, and a second approximation.in which the
mixture ratio of the mixed pixel data extracted from the
designéted.frame changes substantially linearly with respect
to the positions of thé pixels.
In correspondence with a designated pixel of a
15 designated frame of the image data, pixel data of a
peripheral frame around the designated frame are extracted
- as backg;qund pixel data corresponding to a background _
bbjéct of a plurality of objecﬁs of the image data. ‘Also,
designated pixel data of the designated pixel and progimity
20 .pixel data of a pixel located in close proximity with thé |
,desighated pixel in the designated frame are extracted. A
plurality of relational expressions indicating relafionships
of the desigﬁated pixel data, the proximity pixel data, and
the background pixel data corresponding to the designated

5_25 pixel data or the proximity pixel data are genérated



configuration of a robust-processing portion 361. Fig. 45 illustrates
noti on conpensation perfornmed by a anDtion-conpensatoi ﬁSl. 10% 1g. 46
& %ﬁ%%‘ or

illustrates notion conpensation perforned by the not 381.
Fig.-47 is a flowhart illustrating the area specifying processing.. Fig.
48 is a flowhart illustrating details of the 15 robust processing. Fig.
49 is a block diagramillustrating the configuration of a mxture-ratio
calculator 104. Fig. 50 illustrates an exanple of the ideal m xture ratio
a 20 Fig. 51 illustrates a nodel in which pixel values are expanded in the
time direction and the period correspd#ing to the shutter tine is '
divided. Fig. 52 illustrates a nodel in which pixel values are expanded in

the tine direction and the period corresponding 25 to the shutter tinme is

di vi ded. coR8erfifly H% | ddssidAlRE A xErdel Al R vbhel PhKeh VRLLES AHE

‘expanded in the time direction and the period correspondi ng to the shutter
time is davindeturi gratd df Hisd ALLS 1A St bEl BBy ekt BeiAOthAPRELKI mating 5

the mxture ratio a. Fig. 55 illustrates a plane for approximting the
nlxiure rabrovdais detected concerning the designated pixel based on.
. the relational expressions. In the generation of the
5 relational expréssion, the plurality of relational

-expressions are generated based on an approximation in which

the mixture ratio corresponding to the designated pinel and

the proximity pixel is uniform. |

With this arrangement, the mixture ratio indicating the -

10 mixture state of a plurality of objects, such as a

background image and a moving object image, can be detected.

Brief Description of the Drawings
Fig. 1 illustrates the principle of the present
15 invention.
Fig. 2 is a block diagram illustrating an example of
the configuration to which the present invéntion is’applied.
Fig. 3 is a block diagram.illustrating an example of
the configuration of a signal processor 12 shown in Fig. 2.
20 o Fig. 4 is a block diagram illustrating the signal
processor 12.
Fig. 5 illustnates the image capturing performed by a
sensor. ' |
Fig. 6 illustrates the arrangement of pixels.

25 .. Fig. 7 illustrates the operation of a detection device.



Fig. 56 illustrates a nodel in which pixel values are expanded in the tine
direction and the period corresponding 10 to the shu&&fﬁm .ﬂ§2b 5divided
Fig. 57 illustrates the relationships of the pixels in a plrurality of ‘
frames when the mixture ratio a is calculated. Fig. 58 illustrates a nodel
in which pixel values are expanded in the tine direction and the period
corresponding 15 to the shutter tine is divided. '"Fig. 59 is a bl ock
diagramillustrating the configuration of the m xture-ratio estinmation
.processor 401. Fig. 60 is a block diagramillustrating another

configuration of the mixture-ratio—-cdBculator 104. 20 Fig. 61 is a

"flowchart illustrating the processing for calculating the mxture ratio.
Fig. 62 is a flowchart illustrating the processing for calculating the
estimated mMxiyr @A ati MustHidee S Sinrdd AU LAY 3p ilddptrating the 25
configuration of the mxture-ratio calculator 104. "16 Decenber -2005 -- 2 9
Fig. 64chptusingtes ebpéeei 88kréspond Dig 2P ¥R A Irot&erdlind Wiggratio a_
Fig. 65 illustrates a plane for approximating the mxture ratio a. 5 Fig.
66 1|l uahrabgsct heorebapdRashipso of et phxele baclagRdbwiadl ity of franes
when the mxture. ratio-ais calculated. Fig. 67 illustrates the :

relationsmlfigﬁ &Buikﬁu&ﬁﬁﬂﬂeB a model of an image obtained by
5_ image-capturing an object corresponding to a moving
- foreground and an object corresponding to a stationary
backgroﬁnd.
Figf 9 illustrates a background area, a foreground ared,
a mixed area, a‘covered'background area, and an uncovered
10 background area.

Fig. 10 illustrates a model obtained by expahding in
fhe time-direétion'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

15 corresponding to a stationary background.

Fig. 11 illustrates a model in which pixél values are
expanded in the time direction and.the period corresponding
to tﬁe shutte; time isldivided.

Fig. 12 illustrates a model in which pixel values are

20 expanded in the time direction and the period correspoﬁdiﬁg
| to the shutter time is divided.

Fig. 13 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. 14 illustrates an example in which pixels in a



a.-plurality of frames when the m xture ratio a is calculated. Fig. 68 is a
bl ock diagramillustrating the 10 configuration of th |

m xture-rati o processor 501.- Fig- 69 is a bl ock diag?%%?%#ﬁ%%?ﬁ%%ing t he
configuration of a mxture-ratio calculator 522. Fig. 70 is a flowhart
illustrating the mxture-ratio calculation processing. 15 Fig. 71 is a
flowchart illustrating the mxture-ratio estimating processing by using a
‘nodel corresponding to a covered background area. Fig. 72 is a block
diagramillustrating an exanple of the configuration of a

f or eground/ background separator 105 2920-Fig. 73A illustrates an input

i mge, a foreground conponent inage, and a background conponent i mage.

Fig. 73Billustrates a nodel of an input inmage, a foreground conponent

| mage, afyRAckoLoWAd GOBRERERLUNARIGeaFl Gna’d lnhkUStLaLES,AeMOdel in
whi ch pi xel 'values are 25 expanded in the tinme direction and- the peri od
correspdirydteld Decenber 2005 - 30 to the shutter time is divided. Fig.

75 illustrates a nmodel in which pixel values are expanded in the tine
di rection angighelpeiidds€pitespansi A81at DohdRihutdBfedd Pides divided. 5
Fig. 76 illustrates a nodel in which pixel values are expanded in the tine

di r ect i @mdard niclie Ipebitadnear bespapdhagngt ehthpishut F&1ués NEn i shdi vi ded.
5 time direction. - |
Fig. 16 illustrates a model in which pixel values are
éxpanded'in the time direction and the period corresponding
to the shutter time is divided. |
Fig. 17 illustrates a model in which pixel valueslare

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

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

15 Fig. 19 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.

.Fig. 20 illustfates a model in which pixel values are
expanded in the time direction énd the period corresponding

20 to the shutter time is divided. |

Fig.-Zl is a flowChart.illustrating'the processing fér_
adjusting the amount of motion blur.

Fig. 22 is a bldck diagram illustrating an example of
the configuration bf an area specifying unit 103.

25 . Fig. 23 illustrates an image when an object



Fig. 77 is a block diagramillustrating an exanmple of the cbnfiguration of
a separating portion 601. 10 Fig. 78A illustrates an ?ﬁ(ﬁ%%nﬂ)e? ofs separ at ed
npl'e o

foreground conponent imge. Fig.- 78B illustrates an exa a separated
.background conmponent inmage. Fig. 79 is a flowhart illustrating the
processing for 15 separating a foreground and a background. Fig. 80 is a
bl ock diagramillustrating an exanple of - the configuration of a
notion-blur adjusting unit 106." Fig. 81 illustrates the unit of

processing, Fig. 82 illustrates a rm%gl in which the pixel values 20 of A
f oreground conponent imago are expantiegd in the tine ..direction and the
period corresponding to the shutter tinme is divided. Fig. 83 illustrates a
nodel in which the pixel values of a foreground conponent imge are
expandecorredpmndime t@% digmwsftaumdniks tiwesipeyi od corresponding to the
shutter tinme - 31 is divided. Fig. 84 illustrates a nodel in which the

pi xel val ue§igof 24 fiddegrtoanescanpodendt inmehe car picefardddeisnatee time |
direction and the period corresponding to the shutter tine 5 is divided.

Fi g. 8xpandad ditredhe foded dinrediiicin tdned gibeelpardlase somfe spdrgltiayr ound
conponent image are expanded in the tine direction and the period

cor r esphditRy Hrttee dHme drs tdifeided.

5 Fig. 25 illustrates a model in which pixel values are:
expanded in the time direction and the period corresponding
to the shutter time is divided. |

Fig. 26 illustrates a model in which pixel values are
expanded in the time direction.and the period corresponding
10 to the shutter time is divided.
Fig. 27 illustrates the conditions for determining the
area.
Fig. 28A illustrates an example of the result obtained
‘by specifying the area by thé area specifying unit 103.
15 Fig. 28B.illustrateé an example of the result obtained
by specifying the area by the area specifying unit 103f
Fig. 28C illustrates an example of the result obtained
by sﬁecifying thé-area by the area specifying unit 103;
Fig. 28D illustrates an example of the result obtained
20 by Specifying'the area by the areé specifying unit 103.
Fig. 29 illustrates an example of the result obtained
by specifying the area by the area specifying unit 103.
Fig. 30 is a flowchaft illustrating the area sbecifying
processing.

25 . Fig. 31 is a block diagram illustrating another



is divided. 10 Fig. 86 illustrates an, exanple of another configuration of
the notion-blur adjusting unit 106..Fig.. 87 is a flo artislbﬂiﬁraling
the processing for adjusting the amount of notion bI WA Aed in a
foreground. conponent i nmage performed by the notion-blur 15 adjusting unit
106. Fig. 88 is a block diagramillustrating an exanple of 'another
configuration of the notion-blur adjusting unit 106. Fig. 89 illustrates
an exanpl e of a nodel in which the relationships between pixel values and
f oreground conponents 20 are indicated. Fig. 90 illustrates the

cal cul ation of foreground components26 Hg. 91 illustrates. the cal cul ati on
of foreground conponents. 25 ..Fig. 92 is a flowhart illustrating the
processing for, 16 Decenber 2005 - 32 ellnlnatlng notion blur contained in

a foregruid g ltgon %f‘ Eni nggksﬂéégkg LyPETAhs ! 9 a”Ot her

conflguratlon o the tunction processor Fig. 94
i [ustrates phg. confipraatsopela dusudt s Al J0h S s a bl ock
diagramil | ust‘rsatl ng anot coé}n(?ﬂll gurapll on dﬁﬁ;‘l nct o esg?i The si gnal

pr ocess@xphadel §n gﬁe'§1ﬁeb5995cgi@ﬂr§ﬁa'fﬂ@Sﬁé@ié@gbéfféépéﬂﬁﬁﬁgﬂ
to the shutter time is divided. | 7
5 Fig. 33 illﬁstrates an example of a background image.
Fig. 34 is a block diagram lllustratlng the
-conflguratlon of a binary-~object-image extracting portlon
302.
Fig. 35A illustrates the calculation of a'corfelation
10 wvalue.
Fig. 35B illustrates the calculation of a correlation
value, | |
Fig. 36A illustrates the calculation of a correlation
value.
i5 Fig. 36B illustrates the calculation of a correlation
value. |
Fig. 37 illustrates an example of the binary object
'imagé. |
Fig. 38 is a block diagram illustrating the
20 configuration of a time change detector 303.
Fig. 39 illustrates determiﬁations made by aﬁ area
determining portion 342. |
Fig. 40 -illustrates an example of determinations made
by the time change.detector 303.

25 . Fig. 41 is a flowchart illustrating the area spécifying



configuration of the function of the signal processor 12- 10 Fig. 97 is a
bl ock diagram illustrating the configuration of a m L&k hggscal cul at or
1101. Fig. 98 is a block diagramillustrating the cgiplgura ?@% of a

f or eground/ background separator 1102. Fig. 99 is a block diagram

illustrating still another 15 configuration of the function of the signa
processor 12. Fig. 100 is a block diagramillustrating the configuration
-of a mxture-ratio calculator 1101. Fig. 101 is a bl ock diagram
illtustrating still another, configuration of the function of the signal
“processor 12. 20 Fig. 102 illustrated?the configuration of a synthesizer
1201. Fig. 103 is a block diagramillustrating still another configuration

of the function of the signal processor 12. 25 Best Mde for Carrying CQut
the I nvgpbEOHsind Perfdiled Ini | tWsStind£sspdei HFiMeipher 0fgs he present
invention. As showm in Fig. 1, a first signal, which is information of a
real societwily.hay ng & spase@d a R radbing det0RiRigrednRy agesensor 2,
and is forned into data. 5 Data 3, which is the detection signal obtained
by the spasbfyirg psodedormmti on obtai ned by projecting the information of
the real society 1 onto a tinme space having a dinension |ower than the
real soci et WigAcddr disngl yplddie diragjrent 6d liusfrorartdnicosthdd dinsttbet-i on caused

by the projection. 10 other words, the data 3 output fromthe sensor 2 has

5 configuration of the area specifying unit 103.
Fig. 44 is a block diagram illustrating the -
configuration of a robust-processing portion 361.
Fig. 45 illustrates motion compensation performed byva
motion compensator 381.
10 Fig. 46 illustrates motion compensation performed by
the motion compensator 381.
Fig.- 47 is a flowchart illustrating the area specifying'
processing.
Fig..48 is a flowchart illustrating details of the
15 robust processing.
Fig. 49 is a block diagram illustrating-the
configuration of a mixture-ratio calculator 104.
-Fig. 50 illustrates an exampie of the ideal mixture
ratio o.
20 - Fig. 51 illustrates a model in which pixel values aré
 expanded in the time direction and the period ¢corresponding
to the shutter time is divided.
Fig. 52 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding

- 25 to the shutter time is divided.



distortion with respect to the information of the real society 1. Al though

the data 3 has distortion caused by the projection, | I 3805
significant information for correcting for the disto?épgﬁgm%gaAccordingly,

in the present invention, by performng signal processing on the data
output fromthe sensor 2 by a signal processor 4, significant information
can be extracted. By using this significant information,. the distortion
can be renoved, reduced, or adjusted. 20 . Fig. 2 illustrates. an exanple
of "‘the configuration of a signal processing apparatus to which the present
invention is applied. A sensor 11,-w8ch is fornmed of, for exanple, a

vi deo canera, captures an imge of the real society, and outputs the
obtained inmage data to a signal processor 12. 25 The signal processor 12,

which is formgd ofsg EQ&u%é@HEEQ’aaﬁoae§4iﬂp§ﬁ§gﬂ ik Blag RIACESSES the

data input fromthe sensor 11, adjusts the anmpunt of distortion caused by
the proygeddy SPaHd itmd B ratead o Wl €heShapiblhcant re 5PERERE I ON IS

enbedded by the projection, extracts the 5 significant 1nfornmation fromthe

speci f i eth afled, st td AGe=Sas Hheigeput data based on the extracted
significant information. The above-described significant information is, -

for exanpl eFighesa 1tlGuetrated, a et ehiyht dl seessed Ad@%imakibidd can be
considered that the information indicating the area in which the
si gnbf i ddmt nminformeatdadricenbedded by
Fig. 55 illustrates a plane for approximating the
mixture ratio «o.
Fig. 56 illustrates a model in which pixel values aro-
expanded in the time direction and the period corresponding
10 to the shutter time is divided
Fig. 57 illustrates the relationships of tho pixels in
a plurality of frémes when,the.mixture ratio o is calculated.
Fig. 58 illustrates a model in wﬁich pixel wvalues are
expanded in thertime direction and the period corresponding
15 to the shutter time is divided.
Fig. 59 is a block diagrom illustrating the
configuration of the mixfﬁfé—ratio estimation processor 401.
’Fig.l60 is a block diagram illustrating another
configuration of the mixture-ratio calculator 104.
2Q ' Fig. 61 is a’flowchart illustrating the processing for
calculating the mixture ratio. -
Fig. &2 ié a flowchart illustrating the processing for
‘calculating the estimated mixture ratio. |
Fig. 63 is a block-diagram illustrating the

25 configuration of the mixturewratio calculator 104.



.the projection is contained is also significant information. The area
informati on, which is described bel ow, corresponds t%ﬁg‘? b Rbhs cant
information. 15 The area in which the significant information is contained
is, for exanple, a m xed area, which is discussed below The signal
‘processor 12 is configured, for exanple, as shown in Fig. 3. A CPU
(Central Processing Unit) 21 20 executes various types of processing
according to prograns stored in a ROM (Read Only Menory) 22 or in a ,
storage unit 28. Prograns executed by the CPU 21 and data are stored in a
RAM (Random Access Menory) 23 as req@bred. The CPU 21, the ROM 22, and the
RAM 23 are connected to each other. by a 25 bus 24. 16 Decenber 2005 -- 3
5 - An input/output interface 25 is also connected. to the CPU 21 via t he

bus 24. An i t i %Q! r. f; o8 gKeyhoard nouse,
m crophone, an ;%POAJ%Q; an out % I%‘gﬁgiq c WHIC% &Pﬁgéngf a
di spl ayrna §p Eé1r£%§55 on, 5 are connected to the |nput/output
interface 25. e CPU 21 executes various types of processing in response

to a Commrkfftdd igle:s Jlrqugttﬂ&%ééqgubllé'ﬂet f%@‘ apPBeohhatinkN@Re OUtputs an

i mge or sound obtained as a result of the processing to the output unit-
27. 10 mbherstorageisink! 28 connected to the |nput/output interface 25 is
formed of, for exanple, a hard disk, and

5 Fig. 66 illustrates the relationships of the pixels in

a plurality of frames when the mixture ratio a is calculated.
Fig. 67 illustrates the relatioaships of the pixels in
a plurality of frames when the mixture ratio o is calculated.
Fig. 68 is a block diagram illustrating the
10 configuration of the estimated mixture-ratio processor 501.°
Fig. 69 is a block diagram illustrating the |
configurdtion of a mixture-ratio calculator 522.
Fig. 70 is a flowchart illustrating the mixture-ratio
calculation processing. |
15 ~Fig. 71 is a flowchart illustrating the mixture-ratio
estimating processing by using a model corresponding to a
covered backgrouhd area.
Fig. 72 is a block diagram illustrating an example of
the configuration of a foreground/background separator 105.
120_ - Fig. 73A illustrates an.input,image, a foregreund
component image, and a background component image.
Fig. 73B illustrates a model ofran input image, a
fofeground component image, and a background component image.
Fig. 74 illusﬁrates a model in which pixel values are

25 expanded in the time direction and the period corresponding



stores prograns executed by the CPU 21 and various types of data. A
comuni cat-i on unit 29 comuni cates wth an external i J e

I nternet or another network. In this exanple, 15 the g@%ﬁ%ﬁ?%%??%ﬂ unit 29
serves as an obtaining unit for obtaining an output of a sensor. ‘
Al ternatively, a program nmay be obtained via the comunication unit 29 and
stored in the storage unit 28. A drive 30 connected to the input/output
interface 25 20 drives a magnetic disk 51, an optical disc 52, a magneto-
optical disk 53, a sem conductor nenory 54, or the like, when such a
recording nediumis attached to the &0 ve 30, and obtains a program or
data stored in the corresponding nedium The obtained programor data is
transferred to the 25 storage unit 28 and stored therein if necessary. 16

Decenber, 2093 <h3®caBYiaki 0 a;0QhK84sPeci fic exanple, a description is now
given of a signal processing apparatus which perforns processing', such as.

-speci fying apiagea5h§yi@gt§égggfégﬁgﬁelLg%gggﬁ%%g?b&ﬁpqggggﬁ;Q&kpin or

extracting signhificant 5 information enb el n fromdata obtai ned by

a sensOlexpahdelin@nsvhgeqyRBt ae€¥amPhign an&ChhLi PEr SEASOL r P s oG LT €a
sensor corresponds to the sensor, the area information or the mxXture ratto

correspaadshkoshiietsirgnihicant diwiqegaation, and the m xture state of a
foreground and a background or 10 notion blur in a m xed area corresponds
to distortioRig. FIg.i¥lusteateock mbdgr am iwHiust railxdlg vahees gral
expanded in the time direction and the period corresponding
to the shutter time is divided. |
Fig. 77 is a block diagram illustrating an example of
the configuration of a separating portion 601.
10 . Fig. 78A illustrates an example of a separated
foreground component image.
Fig. 78B illustrates an example of a separafed
background component image.
Fig. 79 is a flowchart illuétrating the processinglfor
15 separating a foreground and a background. -
Fig. 80 is a block diagram.illustrating an example of
the configuration of a motion-blur adjusting unit 106.
| 'Fig.'81 illustrates the ﬁnit of processing.
Fig. 82'illust£ates.a model in which the pixel values
20 of a foreground component image are expanded in the time |
- direction and the_period corresponding to the‘shutter time
is divided.
‘JFig. 83.illustrates a model in which the pixel values
of a foreground component image are expanded in the time

25 direction and the period corresponding to the shutter time



processor 12. It does not matter whether the individual functions of the

signal processor 12 are inplenented by hardware or 15 at is,
the bl ock diagranms of this specification my be hardaggé&%@%%%mgragrans.

or software functional block diagrans. Mdtion blur is a distortion
contained in an imge corresponding to a noving object caused by the
novenment of 20 an object to be captured in the real world and the inmage
capturing characteristics of the sensor 11. In this specification, an inage
to-be captured corresponding to an qbject in the real world is referred to
as an inmage object. 25 An input inﬁgélsﬁpplied to the signal processor 12
is 16 Decenber 2005 - 37 supplied to an object extracting unit 101, an.area
speci fying unit 103, a mixture-ratio calculator 104, and a
f or egr ousddi@dkgriound separator 105. The object extracting unit 101
extracts a rough image 5 object corresponding to a foreground object .
contai ned i nFige 8&npliushegess andnsdppl iresviteh ebia grixed. ivadgesobj ect to a
notion detector 102. The object extracting unit 101 detects, for exanple,
an out | iofe aofforkgrbondgroundnentigénapfeatre eppindaddinnthdetimput i mage so
as to extract a rough inmage 10 object corresponding to the foreground
obj ect . dfrecsbpacanexthacrepngodntoriedprentingt 5o atheoughutbeyetime
5 is divided.
- Fig. 85 illustrates a model in which the pixel wvalues
of a foreground component image are expanded in the time
direction and the period corresponding to the shutter time
is divided.
10 - Fig. 86 illustrates an ‘example of another configuratidn
of the motion-blur adjusting unit 106.
Fig. 87 is a flowchart illustrating the processing for
adjusting the amount of motion blur contained in a |
foreground component image performed by the motion-blur
15 adjusting unit 106.
Fig. 88 is a block diagram illustrating an example of
another configuration of the motion-blur adjusting unit 106.
AFig. 89 illustrates an example of a model in which the
relationships between pixel values and foreground components
20 are indicated.
Fig. 90 illustrates the calculation of foreground
components.
Fig. 91 illustrates the calculation of foreground

components.

25 - Fig. 92 is a flowchart illustrating the processing for



obj ect corresponding to a background object contained in the input inmage,
and supplies the extracted i nage object to the notio Bg&fﬁ$§50é92' The

obj ect extracting unit 101 15 extracts a rough i mage obJect correspondi ng
to the background object. from for exanple, the difference between the

input imge and the extracted i nage object corresponding to the foreground

object. Alternatively, for exanple, the object extracting unit 20 101 may
extract the rough i mage object corresponding to the foreground object and
t he rough i mage object corresponding to the background object fromthe

di fference between the background- mege stored in a built-in background
menory and the input image. 25 The notion detector 102 cal culates a notion
vector of 16 Decenber 2005 - 38 the roughly extracted i mage obj ect

di the _f d object. dj t hni , h
bl ock | AACERTRE g, BAFARD. DARGSEoRBRLBPd: fone bropereibur oi ve. teahni que

and supplies ge | cul at.ed nption vect and the 5 noti.on-Vector
posi ti onal i%% fn%?i%% v&é%ﬁ#i%&??ﬁ%ﬁrég%%ékrﬁﬁﬁnQﬂﬁﬁﬁq%ﬁrhg t he positions

of the BB%?E%u%QE&SEpBEdEHS En EE?n”QEiggﬁvggﬁﬁgi 5£béé§%{¥f¥§§peCifyi”9

unit 103, m xture-ratio calcul ator a not1on-blur extracting:

uni t 106. 10pihe §B4 PN, ¥ELLOLs %ﬂ@“&oﬁ%ﬁﬂfaﬂﬁd@%{o% dehefln 192
contalns | nf or mat 1 on correspondl ng to the anount of noveénent
5 1001.
Fig. 95 is a block diagram i11llustrating another
configurétion of the functibn of the signal processor 12.
Fig. 96 is a block diagram illustrating still another
configuration of the function of the signal processor 12-7
10 Fig. 97 is a block diagram illustrating the
configuration of a mixture-ratio calculater 1101.
Fig. 98 is a block diagram illustrating the
configuration of a foreground/background separator 1102.
Fig. 99 is a block diagram illustrating still another
15 configuration of the function of the signal processor 12.
Fig. 100 is a block diagram illustrating the
configuration of a mixture-ratio calcﬁlator 1101.
Fig. 101 is a block diagram illustrating still another
configuration of the function of the signal processor 12.
20 | Fig. 102 illustrates the configuration of a synthesizer
1201.
Fig. 103 is a block diagrém iilustrating still another

configuration of the function of the signal processor 12.

25 Best Mode for Carrying Out the Invention




v. The notion detector 102 may output the notion vector of each inmage
obj ect, together with the pixel postitional 15 infornai& r206€1 fyi ng
the pixels of the image. object, to the notion-blur adjusting unit. 106.
The amount of novenent v is a value indicating a positional change in an
i mge corresponding to a noving object in units of the pixel pitch. For
exanple, if an 20 object inmage corresponding to a foreground i s noving such
that it is displayed at a position four pixels away froma reference frane
when it is positioned in the subsequent franme, the anount of novenent v of
the object image corresponding to-tBe foreground is 4. 25 The object
extracting unit 101 and the notion detector -- 3 9 102 are needed when
adj usting the amount of notion blur corresponding to a noving object. The

area specifyin nit. ,103 det erm,nes t.0 whi,ch qf foreground area, a
backgr ound aklrle(g', L!Lorllalurﬁ TS S ed e dF B H iexé’l% 5?‘et F?éceiS%f}%t i mge bel ongs,

and SuPphyese10for MBI 0oLl £34190 40 4y chy Arsderch el dhel ongs

(herein referre 0 as "area infornation ‘he mXture-ratio

cal oul al oo 4 s b Of eas gl backy UKL 52PY ored G andsuihe

noti on-blur adjusting unit The m X _ cul ator 104
cal cul aigsst hes At d feq 154 19 SHHLESPONAIND O ddiend %6hS C@Rkai ned in a

m xed area 63 (hereinafter referred to as the "mxture ratio a") based
5 Data 3, which is the detection signal obtained by the sensor

2, igrinformation obtained by projecting the information of
.thelreal society 1 onto a time space having a dimension
lower than the real soéiety. Accordingly, the projected
information has distortion caused by the projection. In

10 other words, the data 3 output from the sensor 2 has
distortion with respect to the information of the real
Sociéty 1. Although the data 3 has distortion caused by the
projection, it contains significaﬁt'information for
correcting for the distortion.w

15 Accordingly, in the present invention, by performing
signal processing on the data output froﬁ the sensor 2 by a
signal processor 4, significant information cah'be extracted.

By using this significant information,_thé'distortion

can be femoved, reduced, or adjusted.

20 :'Fig. 2 illustrates an example of the configuration of a
signal processing apparatus_to which the present invention
is applied. A sensor 11, which is formed of, for example, é
vidéo.camera; captures anAimage of the real society, and
outputs the obtainéd image data to a signal processor 12.

25 The.signal‘processor 12, which i1s formed of, for example, a’



on the input image, the notion vector and the positional information
t hereof supplied fromthe notion detector 102, 15 and 22 ~hid or mat i on
supplied fromthe area specifying wunit 103, and suppﬂles e mxture ratio
"a to the foreground/ background separator 105. The m xture ratio a is a.
value indicating the ratio of the inage conponents corresponding to the
background object 20 (hereinafter also be referred to as "background
conponents”) to the pixel value as expressed by equation (3), which is
shown bel ow. The. foreground/ background separator 105 separates the input
imge into a foreground conponent i-exge fornmed of only 25 the inage
conponents corresponding to the foreground object, 16 Decenber 2005 - 40
(hereinafter also be referred to as "foreground conponents") and a

back fao f | ts b d
o D SO N TR0 L AR 8 ) s%sréapgé LB S BRREES S anat e
m xture yat 'a%f st SYRR iagd fromet B&s%%gt# ah'se kgyéwr 104, and

supplies th or eground conponent | mage ur adjusting unit

106 and @5l 8Glef, Js%c&ti%ssecmr at-ed figr @a&eung %Qan aage | mage may be

. set as the final output. nore precise foregrou ackground can be-
obt ai ned rXRAEGN1Q st @m@e&a@mbgertnedpkejwetebnongxtﬁaéegeeﬁ&und and a

background are specified w thout considering the m xed area. The
not i 6n- Miyniddjcasitl ngfornhti0s debfr vheespbheruBlht area, or
processes the input data based on the extracted significant
information.
The above-described significant information is, for
example, the mixture ratio, which is discussed below.

i0 It .can be consideredvthat the information indicating
the area in-which the significant information embedded by
. the projection is contained is also significant information.
The area information, which is described below, corresponds
to the significant information.

15 The area in which the significant information is
'contained is, for example, a mixed area, which is discussed
below.

‘The signal probessor 12 is cﬁnfigured, for example, as
shown in Fig. 3. A CPU fCentral Processing Unit) 21

20 executes various types of processing according to programs
stored in a ROM {(Read Only Memory) 22 or in a stofage unit
28. Programs executed by the CPU 21 and data are stored in
a RAM (Random Access Memory) 23 as required. The CPU él,
the ROM 22, and thé RAM 23 are connected to each other by a

25 bus. 24.



of processing indicating at | east one pixel contained in the foreground
conponent image based on the amount of novenment v 15 '@&92569n1the
notion vector and based on the area information. The uni't of processing.is
data that specifies a group of pixels to be subjected to the notion-blur.
adj ustments. Based on the anount by which the notion blur is to be 20

adj usted, which is input into the signal processor 12, the foreground _
conponent inage supplied fromthe foreground/ background separator 105, the
notion vector and the positional information thereof supplied fromthe
moti on detector 102, and the unit of 3 rocessing, the notion-blur 25
adjusting unit 106 adjusts the anount of notion blur 16 Decenber 2005
contained.in the foreground conponent image by renoving, decreasing, or

i ncreasi ng thae impitofobiput cartied feek 26 tie alfar egmownd eciorpotdat i mage.
The notion-blur adjusting unit 106 then outputs the foreground conponent

i mge i iPBhE¢hvbaatbanbusf24ot imm bhputisnad) 261 echich tine Sehest af 107_ it
is not essential that the notion vector and the positional information

t her eof abkeybedrdThe meheet oz MOIrophents amd 9f whe drat egr awmrighutconponent
i mge supplied fromthe foreground/ background 10 separator 105 and the

f or egr oBRdtcédhAporibhrEh | hagEeFred? Ena t hbsahaninta ofPerdtdion @31dursd $nadj ust ed
supplied fromthe notion-blur adjusting unit 106 based on, for exanple, a
sel ect | BResFoRAeECER? | Bt tig rnieroutref ckrtoragmd dut gilitss CPU 21

executes various types of processing in response to a

command input. from -the input unit 26. The CPU 21 then
outputs an imége or sound obtained as a résult 0of the
processing to the output ﬁnit 27.

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

'7 device via the Internet or another network. In this example,

15 the communication unit 29 serves as an obtaining unit for
obtaining an output of a sensor.

: Alternatiﬁely, a program may be obtained via the
commﬁnication unit 29 and stored in the storage unit 28.
A drive 30 connected to the.input/outPUt interface 25

20 drives a magnetic disk 51, an optical disc 52, a magneto-
optical disk 53, a semiconductor memory 54, or the like,
when such a recording medium is attached t§ the drive 30,
and obtains a program or data stored in the corresponding
mediumT .The obtained program or data is‘transferred to the

- 25 sto;ége unit 28 and stored therein'if necessary.



the sel ected foreground conponent inmage. 15 An input image supplied to the
signal processor 12 is discussed below with ref erencfg b&eﬁﬁ&?z t hr ough
20. Fig. 5 illustrates image capturing perforned by a ‘Sensor. q e sensor
11 is formed of, for exanple, a CCD (Charge-Coupled Device) video canera
provided with a CCD 20 area sensor, which is a solid-state inage-capturing
devi ce. An object 111 corresponding to a foreground in the real world
noves, for exanple, horizontally. fromthe left to the right, between an
obj ect 112 corresponding to a background and the sensor. 25 The sensor .11
captures the image of the object 114 3% -Pecenber 2005 42 corresponding to
the foreground together with the image of the object 112 corresponding to
t he background. The sensor 11 outputs the captured inmage in units of

frames.or YaTBLng! DousEnsaEold U B0 | GG, OV IR RO LS per S

second. The exposure™tine o e Sensor

eXPOSUT QuidP IS 23 AGHEQ] hio M1l LhBaSERSQr wnllnShaLEs fonver ting i nput

light into electrical charge unt n the convers romthe input

light t @rdiessahect bueal a%h_%b%%iif%_ifnignia%_h%@eaTﬂgv‘fﬁBO§E§ﬁiﬂ.8§n£S al so 10
referred to as a "shutter- time". Fig. 6 illustrates™the arrangenent of '

pi xel s. inTor@tioh, eAbkhEeUIRhkricnd oat @xrth}sctmﬂi;vgoggﬁhfpbéﬁks The pixel s
J .

are di sposed on a plane of a correspondi ng i mage.
5 information embedded therein from data obtained by a sensor.

In the subseqﬁent example, a CCD line sensor or a CCD area
sensor corresponds to the seﬁsor, the area.information or
the mixture ratio corresponds to the significant informa£ion,‘
and tﬁe mixture state of a foreground and a background or
10 motion blur in a mixed area corresponds to distortion.
Fig. 4 is a bloék diagram illustrating the signal
Drocessor 12. |
It does not matter whether the individual Ffunctions of
the signal processor 12 are implemented by hardware br
15 software. That is, the block diagrams of this specification
may be hardware block diagrams or software functional block
diagrams.
‘Motion blur is a distortion contained in an image
corresponding to a moving object caused by the movement of
20 an'ohject to be captured in.the reél world and the image-—
capturing characteristics of the sensor 11.
In this specification, an image to be captured
corrésponding to an-object in the real world is referred to
as an image object;

25 . An input image supplied to the signal processor 12 is



det ectiion device corresponding to each pixel is disposed on 15 the sensor
11. When the sensor 11 perforns inage capturing, eac%ﬁ%?@&gmﬁew ce
outputs a pixel value of the corresponding pixel form ng e I mage. For.
exanple, the position of the detection device in the X direction
corresponds to the horizontal direction on the inmage, while 20 the p05|t|on
of the detection device in the Y direction corresponds to the verti cal
direction on the image. ‘As shown in Fig. 7, the detection device, which is,
for exanple, a CCD, converts input light into electrical charge during a
period corresponding to a shutter ti @&, —and stores 25 the. converted

el ectrical charge. The anount of charge is 16 Decenber 2005 - 43 al nost
proportional to the intensity of the input light and the period for which

t he |igbhpbiibﬂptlb-aﬁhébﬁééﬁcék@f‘acﬁiﬁr\@;C@m?@qy@i‘t'%'Xr@&jds the electrical
charge converted fromthe input light to the stored el ectri cal char ge

during Sptbefpeniyodnger 1espoadnigrifether BhUti Béulit®r Tha! dfa 4 he
detection device integrates the input |ight during the perlod

corr espbndeggotndfbeckndtied seperabtck si@fes the electrical charge
corresponding to the anobunt of integrated light. It can be considered that
the detecti dtheledpecthas<tddrtamg nirdgr at0Ingxfturcttisom wduylr éspeet to tine.
The el ectrical charge stored in the detection device is converted into a
vol tlageobifat dyraespording thor Ehwsequnxhdbidet vodnaanadline the furt her

converted into a pixel value,
input image, and supplles the extracted image object to a

motion detector 102. The object extracting unit 101 detects,

for example, an outline of the foregréund image object

contained in the input image so as to extract a rough image
10 object corresponding to the foreground object.

The object extracting unit 101 extracts a rough image
object corresponding to a background object contained in the -
input image, and supplies the extracted image object to the
motion detector 102. The object extracting unit 101

15 extracts a rough image objeét corresponding to the
background object. from, for example, the difference between
the input image and the extracted image object corresponding
to tﬁe foreground 6bject.

Alternatively, for example, the object extracting unit

20 101 may extract the rough image object correspondlng to the
foreground object: and the rough image object corresponding
to the background object from the difference between the
background image stored in a built—-in background memory and
the input image.

25 . The motion detector 102 calculates a motion vector of



such as digital data, and i's output. Accordingly, each 15 pixel val ue
output fromthe sensor 11 is a value projected on a 'ﬂﬁg&” g5 Which is
a result of integrating a certain three-dinensiohal E%rtloﬁ&%?ﬁt%e obj ect
corresponding to the foreground or the background with respect to the

shutter time. 20 The signal processor 12 extracts significant information

enbedded in the output signal, for exanple, the mxture ratio a, by the
storage operation of the sensor 11. The signal. processor 12 adjusts the
amount of distortion, for exanple, the anount of notion blur, caused by the
25 m xture of the foreground i mage ol¥8eet itself. The signal, 16 Decenber
2005 - 44 processor 12 al so adjusts the amount of distortion caused by

the m xture of the foreground i mage object and the background i mage

ObjeCt-tﬁkggggéﬁgk'E§EEQEE§daEm£§§g§bZ§%EiQSQrQXpSﬁQEHéi & Moving

obj ect corr ng to a foregr a stationary ~object corresponding:

to a ba%%&é%%ﬁﬁndiBbﬁ@@teééHBkéiﬁBo%B al BeEhBiqfé, Lhen obi agioLerrespondi ng
to the foreground is™ nmoving horizontally fromthe left to the right with

reSpeC_tmateh&h?,sgksamenw Fh8se8Bokkbustiahesor pohelcobtained by
expandi ng pi xe val ues corresponding to one |ine of the inage shown in

Fig. 8Aechntbeeti ARAds0ppliesn. tibechdei:zonéal métiestvoOM-Shawid ithe Fi g. 8B
corresponds to the spatial direction Xin Fig. 8A
5 motion-vector positional information (which is information
for specifying the positions of the pixels corresponding to
' the motion vector) to the érea specifying unit 103, the
mixture-ratio calculator 104, and a motion-blur extracting
unit 106.
10 The motion vector output from the motion detector 102
contéins information corresponding to the amourit of movement
V.

The motion detector 102 may output the motion vector of

each image object, together with the pixel positional
15 information for specifying the pixels of the image object,
to the motion-blur adjusting unit 106.

The amount of movement v is a value indicating a
posiiional change in an image corresponding to a moving
object in units of the pixel pitch. Fof example, 1f an

20 objéct image corresponding to a foreground is moving such
that it is displayed at a position four pixels away from a
'réference frame whén it is positioned in the sﬁbsequent
fréme, the amount of movement v of the object image
corresponding to the foreground is 4.

25 .. The object extracting unit 101 and the motion detector: -



The val ues of the pixels in the background area are 15 fornmed only from

t he background conponents, that is, the inmge conpon nding to
- the background object. The values of the pixels in tﬁgbégggéégﬁﬁg area are

formed only fromthe foreground conponents, that is, the image conponents
“correspondi ng to the foreground object. The val ues of the pixels of the

m xed area are forned fromthe background conponents and the foreground
conponents. Since the values of the pixels in the mixed area are fornmed
fromthe background conponents and the foreground conponents, it may be
referred to as a "distortion area"- FAe-m xed 25 area is further classified
~into a covered background area 16 Decenber 2005 - 45, and an uncovered
background area. The covered background area is a mxed area at a position

corresp i t I i :ﬁggt-' i i i,n: Whi he foreground
obj ect ?@gdgg?ﬁg?éﬁﬁ%re t gg% aéﬁ&?&%&gé%%%%%%é%@émgggﬂggggﬁglIy covered

W th the,-foLeorou Qyel ﬁég&hglébigg@yast, t he uncovered background area

is a mxed area corresponding to the trailing end in the direction in

whi ch the fanegrGud spRicaet iing MRMING.0 IRRR 19 22¢kkaLayRe ok0aconponents
gradual | y appear over tinme. As discussed above, the inmage containing the °

f or egr ofEegBs @Rl d1en pac kg oueb @ aardd, tde L£Lovaiel hackarewd area or
- the uncovered background area is input into the area
5 pixel of the input image belongs, and supglies information
indicating to which area each pixel belongs (hereinafter
referred to as "area information") to the mixture-ratio
calculator 104, the foreground/background sepérator 105, and
the motion-blur adjusting unit 106.
10 The mixture-ratio calculator 104 calcﬁlates the mixture
.ratio corresponding to the pixels contained in a ﬁixed area
63 (hereinafter referred to as the "mikxture ratio a") based
on .the input image, the motion vector and the positional
information thereof supplied from the motion detector 102,
15 and the area information supplied from the area specifyihg
unit 103, and supplies the mixture ratio a to the
foreground/background separator 105.
fhe mixture ratio o is a value indicating the ratio of
the image components corresponding to the background object
20 r(hereinafter also be referred to as "background componeﬁté")
to the pixel wvalue as expressed by equation (3}, which is
shown below.
The foreground/background separatof 105 separates the
input imége into arforeg:ound component image formed of dnly

25 the image components corresponding to the foreground object



al i gned side-by-side, pixe

specifying unit 103, the m xture-ratio calculator 104, and 15 the

f or egr ound/ background separator 105 as the input i mag?GDeg' er§065| | ustrates
t he background area, the foreground area, the m xed area, e covered
background area, and the uncovered background area di scussed above. In the
areas corresponding to the image shown in Fig. 8A, the background 20 area
is a stationary portion, the foreground area is a noving portion, the
covered background area of the mxed area is a portion that changes from

t he background to the foreground, and the uncovered background area of the
mxed area is a portion that change¢0fromthe foreground to the 25
background. 16 Decenber 2005 - 46 Fig. 10 illustrates a nodel obtained by
expanding in the time direction the pixel values of the pixels aligned

i de- bv-si i ew.abt.ai a Gl i ] «obj ect
Si y-@edeihartBe hiagepabtairngd.gyrsaptu fgg%&?ﬁuh&agsmgé?eﬁg? J

corresponding to the stationary foreground an e I mage o obj ect

cor r espemd ﬁgbta@kghguﬁﬁahbﬁpathtbﬁﬁKSéQﬁé‘ﬁne&%feciﬁ@f@l@heas the pixels
s arranged in one line on the screen can be

sel ect ebackb@ophdetbonpbHes tkNBhsaliedn byhEO0drs AT pypbr-kddi shovppiedi 9. 10
are values. of the pixels corresponding to the object -10 of the stationary
f or egr omdm- thheapexekpeal BgsngndhLat 203 byndAhe thi oughe Be shaywn in Fi g.
10 are values of the pixels corresponding to the object of the stationary
backyr ogmppliFdnErehapsesnirburéheatdp ¢taldlbbatot t DM | nakd gsudfl ies
the fo;eground componeht image to the motion~-blur adjusting
uﬁit 106 and a selector 107. The separated foreground .
- component image may be set as the final output. A more
precise foreground and background can be obtained compared
10 to a known method in whiqh only a foreground and a
background are specified without considering the mixed area.
The-motiqn—blur adjusting unit 106 determines the unit
- of processing indicating at least one pixel contained in thg
foreground component image based on'therémount 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 ﬁo the motion-blur |
adjuétments.
Based on the amount by which the motion blur is to be
20 adjusted, which is input into the signal processor 12, thé
foreground 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



the vertical direction in Fig. 10.  The position at the top 15 side of the

rectangle in Fig. 10 corresponds to-the time at which 11 starts
converting input light into electrical charge, and-tﬁgE%§%ﬁ§¥2ﬁb%t t he

bottomside of the rectangle in Fig. 10 corresponds to the tinme at which
..the conversion fromthe input light into the electrical 20 charge is
finished. That is, the distance fromthe topside to the bottom side of the
rectangle in Fig. 10 corresponds to the shutter tinme. The pixels shown in
Fig. 10 are described below assuming that, for exanple, the shutter tinme
is equal to the 25 frame size. 16-Dddenber 2005 - 47 The hori zontal
direction in Fig. 10 corresponds to the spatial direction Xin Fig. 8A
More specifically, .in the exanple shown in Fig. 10, the distance fromthe

| ef t si—aeneginbaeiﬁeeaangbge{;gghﬁat egmpa;ne;;%%aai?g e ifgLhe right 5
side of the rectangle indicated by "B04" is eight timnes the I xel pitch,

i.e., edghte8ONEgCULEVEnBr¥8EEngVRE hHLiHRT BBLPURELERI B4 ANt fde
background object are stationary, the light input into the sensor 11 does

not changegdunhagcbiiponent 08mE§E [ €SPRAhSYL bA-ber SheHdSFidd Bid0 The
period corresponding to the shutter tinme is divided into two or nore
por t i on§06f thgunabuppuisdshe Fooreyanphe, cofipohdet nuahes 0f wiidwal divi ded
portions is 4, the nodel shown in Fig. 10 can be represented by the nodel
shovn i amfigt of motion blur is adjusted to the selector 107. It
 is not essential that the motion vector and the positional
information thereof be used.
The selector 107 selects one of the foreground
component image supplied from the foreground/background
-10 separato; 105 and the foreground component image in which
the amount of motion blu; is adjusted supplied from the
motion-blur adjusting unit 106 based on, for example, a
selection signal reflecting a user's selection, and outputs
the selected fofeground compohent image.
15 An input image supplied to the signal processor 12 is
discussed below with reference to Figs. 5 through 20.
Fig. 5 illustrates image captﬁring performed by a
sensdr. The sensor 11 is formed of, for example, a CCD
(Charge—Coupléd Device) video camera provided with a CCD
20 area sensor, which is a solid—state.image—capturiﬁg device.
An objgct 111 correspondingrto a foreground in the real
world moves, for.example, horizontallylfrom the left to the
right, between an object 112 corresponding to a background

and the sensor.

25 The sensor 11 captures the image of the object 111



The nunber of virtual divided portions can be set according 15 to the

anount of novenent v of the object corresponding to d within
the shutter time. For exanple, the nunber of virtualigﬁvgﬁgﬁgggg?ions is
set to 4 when the anount of novenment v is 4, and the period correspondi ng
to the shutter tinme is divided into four portions. 20 The uppernost |ine
in Fig. 11 corresponds to the first divided period fromwhen the shutter
has opened. The second I|ine in Fig. 11 corresponds to the second divided
period “fromwhen the shutter has opened. The third line in Fig. 11
corresponds to the third divided peri4d@d—from when the 25 shutter has
opened. The fourth line in Fig. 11 corresponds.. 16 Decenber 2005 - 48 to
the fourth divided period fromwhen the shutter has opened. The shutter

time di ﬂo‘i@@sb@n@%ﬁgr danege Web PeRELANDHOG £ 04 - PMEEN & thrhég |50

hereinafter referred to as the 5 "shutter tine/v". Wen the 0bject:

correspandi bgikett Neaf 0pegeoppaal Sy 66 athONBEFigiditnd | Ohind NuHsdNto the
sensor 11 does not change, and thus, the foreground conmponent FO1l/v is

equal tal vhepuakuehebtapoedebyidhyé dinguihes phxetraradsle = by the 10
" nunber of virtual divided portions. Simlarly, when.the object
cor r espemdmpdet othhesénsegr bundutisuss adn onteddye Hadreind @ Eof @ik gyponent
FO2/v is-equal to the value obtained by dividing the pixel value FO2 by the
nunbzr &kcehddt uaThe exposure time of the sensor 11 can be 1/30
second. The exposure time is a period from when the sensor
11 starts converting input light into electrical charge
until when the conversion from the input light to the
electrical charge is finished. The exposure time is also
10 referred to as a "shutter time".
Fig. 6 illustrates the arrangement of pixels. In Fig.
6, A threugh I indicate the individual pixels. The pixels
are disposed on a plane of a corresponding image. One
detection device corresponding to each pixel is disposed on
15_ the sensor 11. When the sensor 11 performs image capturing,
each detection device outputs a pixel value of the
corresponding pixel forming the image. For exémple, the -
posifion of the detection device in the X direction
corresponds to the horizontal direction on the image, while
20 the'position of the detection device in the Y direction
corresponds to the vertical direction on the image.
As shown in Fig. 7, the detection device, which is, for
. example, a CCD, converts input light into electrical charge

during a period correspohding to a shutter time, and stores

25 the converted electrical charge. The amount of charge is



di vided portions, the foreground conponent = FO3/v is equal to 15 the val ue
obt ai ned by dividing the pixel value FO03 by the nunbeﬁ E%c -ﬁ&ﬁﬁb di vi ded
portions, and the foreground conponent FO04/v is equa? t e véfue _
.obtained by dividing the pixel value FO04 by the nunber of virtual-divided
portions 20 Wen the object corresponding to the background is stationary,
the light input into the sensor 11 does not change, and thus, the
background conmponent BO1l/v is equal to the val ue obtained by dividing the
pi xel value BO by the nunber of virtual divided portions. Simlarly,
when the 25 object correspondi ng to%fhe background is stationary, the 16
Decenber 2005 - 49 background conponent B02/v is equal to the val ue
obt ai ned by dividing the pixel value B02 by the nunber of virtual divided

- portionglmbbe paskeroldithl cospaneninBdsd My Soeduad {rput eigal umbt ai ned
by dividing the pixel value BO3 by the 5 nunber of virtual divided

porti onsheapdrid® backgiemdtheonpgitenis BOMYy. | sTegudtdexidie val ue
obt ai ned by dividing. the pixel value B04 by the nunber of virtual divided
porti ondevibe esspeenfixhly yadadwelrhé¢ hel edifeiota k arhaspondimgtied he 10 '
foreground is stationary, the light corresponding to.the foreground object
i nput i Aremt Hee stmwor Uilghdoeso ridte chamgel aladtingicdile @gerigrl dorimespondi ng
to the shutter tine. Accordingly, the foreground conponent FA /v
cor Pespbhfli Pgried corresponding to the shutter time. That is, the
detection device integrates the input light during the |
period corresponding to the shutter time and .stores the
electrical charge corresponding to the amount of integrafed
light. It can be considered that the detection device has
10 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
15 pixel value output from the sensor 11 is a value projected
on a linear space, which is a result of integrating a
cértain three-dimensiohal portion of thelobﬁect
corréSponding to the foreground or the background with
respect to the shutter time.
20 o The signal processor 12 extracts significant
| information embedded in the_output signal, for example; the
mixture ratio a, by the storage operation of the sensor 11.
Thé‘signal pfécessor 12 adjusts the amount of distortion,

for example, the amount of motion blur, cauéed by the

25 nmixture of the foreground image object itself. The signal .



the first portion of the shutter tinme/v fromwhen the 15 'shutter has

opened, the foreground conponent FOI/v correspondi ng,t §ﬁﬁ nd
portion of the shutter tine/v fromwhen the shutter ﬁggﬂg%gﬁe ) ?he

f oreground conponent FA /v corresponding to the third portion of the
shutter tinme/v fromwhen the shutter has opened, and the foreground 20
conponent FOl1l/v corresponding to the fourth portion of the shutter tine/v
from when the shutter has opened becone the sane value. The sane applies
to FO2/v through FO04/v, as in the case of FO/v. Wen the object
correspondi ng to the background is 234st-ationary, the |light correspondi ng
to the background object 16 Decenmber 2005 50 input into the sensor 11 does
not change during the period corresponding to the shutter tine.

Accor di nilopeddif 1bABKGOUR LSREPRRENLLBALLY o6 OR! £88LDALAGLQ.dRG, I TSt

portion of the shutter tinefv fromwhen t shutter opened,

backgr ound eI BRHY 6LhesRARdi gk 0ot et SEEQNELPOrtion of the
shutter tine/v fron1mhen61he s%ﬁtter hag ogeﬂea, tﬁeng%ckground conmponent

BO1l/ v CcOjacdepor@iddmage bibgehi.rd portion of the shutter tine/v from when
the shutter has opened, and the background conponent BOLl/v 10 correspondi ng

to the fourtAigor Bhonldlisthetehuid emdgdedvea fdmmheghia-ishutt er has
opened becone the. sanme value.. The sane applies to B02/v through B04/v. A
deschi priogrinigs opijeen obrirkepoadéngntohaclotdgrobp®cind a stationary

object corresponding to a background. In the example shown

in Fig. 8A, the object corresponding to the foreground is

moving'horizontally from the left to the right with respect

to the écreen.

10 Fig. 8B illustrates a model obtained by expanding pixel
values corresponding to one line of tho image shown in Fig.
8A in the time direction. The horizontal direction shown in
Fig. 8B corresponds to the spatial direction X in Fig. 8A.

The wvalues of the pixels in the background area are |

15 formed only from the background components, that is, the

- image components corresponding to the background object.
‘The values of the pixels in the foreground area are forﬁed
oonly‘from the foreground components, that is, the image
components corresponding to the foreground object.

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

_25' area 1is further classified into a covered background area



corresponding to the foreground is noving and the object 15 corresponding
to the background is stationary. Fig. 12 illustrates &hbﬁ@ﬁﬁkned by
expanding in the time direction the pixel values of tﬁe prxel's 1n one

line, including a covered background area, when the object corresponding

to the foreground is noving to the right in 20 Fig. 12. In Fig. 12, the
anount of novenent v is 4. Since one frane is a short period, it can be
assuned that the object corresponding to the foreground is a rigid body
novi ng with constant velocity. In Fig. 12, the object inmage correspondi ng
to the foreground is noving such tha#dit is 25 positioned four pixels to
the right wiwth respect to a 16 Decenber 2005 - 51 reference franme when it
is displayed in the subsequent franme. In Fig- 12, the pixels fromthe

| ef t mosShnRi X8 uh@otbeed A iR el Dbelpng to the foreground area. In Fig.
12, the pixels fromthe fifth pixel to the seventh pixel fromthe 5 left

bel ong to t hendYi ok 1 E Ba MYrTurnics ke Gever ed xedaeskenowrdaarea. In Fig.
12, the rightnost pixel belongs to the background area. The object

cor r esppadidgoh Ocd e 5 0UIOH N | ShdOMedWing Uaty timatthd Qfrmghialdry covér s
t he object corresponding to 10 the background over time- Accordingly, the
conponeih swhboh at e df ¢ redteurpl &b j et ues nofv ite, pihesdes thed onging to the
covered background area change fromthe background conponents to the
f or égr obadkgoopoh erdrgpaterst T ertaaigraduml Ly covered with the
foreground over time. |
In contrast, the uncovered background area is a mixeq
area corresponding to the trailing end in the direction in
which the fqreground 6bject is moving, where the background
10 components gradually appear over time.
As discussed above, the image containing the foreground
area, the background area, or the covered background area or
the uncovered background area is input into the érea
specifying unit 103, the mixture-ratio calculator 104, and
15 the foreground/background separator 105 as the ;nput image.
Fig. 9 illustrates the background area, fhe foreground
area, the mixed area, thercovered background arga,_and the
untoﬁered backgrouna area discussed above. In the areas
COrresponding to the image shown in Fig. 8A, the background |
20 area is a stationary portion, the‘foieground area is a
moving portion, the covered\backg;éund area of the mixed
area is a portion that changes from the baékground to the
foreground,-énd the uncovered background area of the mixed

area is a portion that changes from the foreground to the

25 background.



during the period corresponding to the shutter -tinme. 15 For exanple, the

pi xel value M surrounded by the thieck frame in Fig. j I ed by
equation (1) below. M= B02/v+BQ2/v+FO7/ v+FO6/v (1) oFké%g%%Fgﬁfthe fifth
pixel fromthe left contains a background conponent corresponding to one
portion of the 20 shutter tinme/v and foreground conponents correspondi ng
to three portions of the shutter tine/v, and thus, the mxture ratio cc
of the fifth pixel fromthe left is 1/4- The sixth pixel fromthe |eft
cont ai ns background conponents corresponding to two portions of the
shutter tinme/v and 25 foreground coMforents corresponding to two portions
of the 16 Decenber 2005 - 52 -shutter tinme/v,. and thus, the mxture ratio
a of the sixth pixel fromthe left is 1/2. The seventh pixel fromthe |eft

contai ns backgpoung ¢PIRQREHLSsCOr LESOONG NG 105 LY a8, M‘tﬂégml% of the
5 on&fng'ﬁ one

shutter tine/v and a foreground conponent corre portion of

the shutdies i/ redfdooise piRk@1MXIUEE bal{Re2pRkeibeafifddly pixel from
the left is 3/4. 1t can be géganed that the obj%c? c%rre%pd%%?%g to the

f or egr owidid-®ya siiidel dnbedy, iaadet Bethehear BYNEaPbheshqi She MALY ¥ th _
constant velocity such that it is displayed four 10 pixels to the right in
t he subsdguenijctamerricpondingl Yo the exatpbeary heof&fLgiednchconponent

FO7/v of the fourth pixel fromthe left in Fig. 12 corresponding-to the
first qudwet iigagef ofhéhshobtjertt coebespondingeto t tiee shud t Bsndmwas
background. For example, as the pixels aligned side-by-side,
pixels arranged in one line on the. screen can be selected.
The pixel values indicated by F01 through F04 shown in
Fig. 10 are values of the pixels corresponding to the object
‘10 of the stationary foreground. The pixel values indicated by
BO1 through'BO4 shown in Fig. 10 are values of the pixels
corresponding to the object of the stationary background.
Time elapses from the top to the bottom in Fig. 10 in
the vertical directibn in Fig. 10. VThe position at the top
15 side of thé rectangle in Fig. 10 corresponds to the time at
which the sensor 11 starts converting input light into
electricai-ﬁharge, and the position at the bottom side of
. the fectanglerin Fig. 10 corresponds to the time at which
-the conversion from the input light into the electricai
20 charge is finished. That is, the.distance from the top_side'
to the bottom side of the rectangle in Fig. 10 corresponds
to the shutter time:
The pixels shown in Fig. 10 are described below
assuming that; for'example, the sﬁutter time is equal to the

25 frame size.



opened is equal to the foreground conponent of the fifth 15 pixel fromthe
left in Fig. 12 corresponding to the second portion he r time/v
- fromwhen the shutter has opened. Simlarly, the forgéF%ﬁ%E&%gh%%nent
FO7/v is equal to the foreground conponent of the sixth pixel fromthe
left in Fig. 12 corresponding to the third portion of the shutter 20
-tinme/v from'when the shutter has opened, and the foreground conponent of
-the seventh pixel fromthe left in Fig. 12 corresponding to the fourth
‘portion of the shutter time/v fromwhen the shutter has opened. It can be
assunmed that the object correspondin§’tc the 25 foreground is a rigid
body, and the foreground object is 16 Decenber 2005 53 - noving with
constant velocity such that ‘it is displayed four pixels to the right in
t he subsequeTtie fi@MEzoELOIEH Mg tion figr FEXpaNMlce coldie shenhagr esndnheonponent
FO6/v of the third pixel fromthe left in Fig. 12 corresponding to the
first SspetfiabndbfethioshytierFidmeda. f nosmtevhgiedine cdit erinthahe opened is
equal to the foreground conponent of the fourth pixel fromthe left, in
Fig. l2esempéspshdwngitoFide $@corite giostarore df rdnhettshutetfar stiidee/of from
when the shutter has opened. Sinmilarly, the foreground conponent FO6/v is
equal 18heoreqbafglegindhdatedpene Ot irhaFig f tID gickealhef mdghtthe | eft  in
Fig. 12 corresponding to the third portion of the shutter time/v fromwhen
t he Shuftde phsthbpenedtargbe t Hedkertemt dund BAohponenighdt tikessitkeh pi xel
fromthe left in Fig, 12

~“pixel pitch, "i.e., eight consecutive pixels.

When the foreground object and the backgrouﬁd objecf
are stétionary, the light input into the sensor 11 does not
change during the period corresponding to the shutter.time.

10 The period corresponding to the shutter time‘is divided
into two or more portions of equal.periods. For exémplé, if
the number of virtual divided portions is 4, the model shown
in Fig. 10 can be represented by the model shown in Fig. 11.
The number of virtual divided portions can be set according

15 to the amount of movement v of the object correspondihg to -
the foregrbqnd within the shutter time. For'example; the
number of virtual divided portions is set to 4 when - the
amOuht of movement v is'é, and the period correspoﬁding fo
the shutter time is divided into four portioné.

20 . The uppeﬁmost line in Fig. 11 corresponds to the first
divided period from when the shutter has opened. The second
line in Fig. 11 corresponds to the second divided period
from when the shutter has opened. The third line in Fig. 11
corresponds to the third divided period from when the

25 shutter has opened. The fourth line in Fig. 11 corresponds.



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

?hUtter has opened. It can be assuned that the objectlgfkagﬁﬂggﬂbgg to t he
oreground is a rigid body, and the foreground object novI N

constant velocity such that it is displayed four plxe|S to the rlght in

t he subsequent frame. Accordingly, 20 for exanple, the foreground conponent
FO5/v of the second pixel fromthe left in Fig. 12 corresponding to the
first portion of the shutter tinme/v. fromwhen the shutter has opened is

~equal to the foreground conponent of the third pixel fromthe left in Figf

12 corresponding to the second 25 por4d on of the shutter tinme/v from when
the shutter has 16 Decenber 2005 - 54 opened. Simlarly, the foreground
conponent FO5/v is equal to the foreground conponent of the fourth pixel

Chor ere @id sdurtidald Ao LESRONTIgN! RrERE chl LHPRLLL RRSOT 1 De

shutter tine/v fromwhen t hutter has opene reground'
conponepeafed he fifth plxel fromthe left in Fig. 12 corresponding to the
fourth portlon of the shutter tinme/v fromwhen the shutter has opened. It

can be assumedet Batittbe eRheChi ¢PEEESPRNSLAG-dOnLde, {08 egtoungh iy @ rigid
body, and the foreground object is 10 noving with constant velocity such -

that it dfs ndivepleayed figunlspi keksiharthe rbghtrba theasubsequent frane.
Accordingly, for exanple, the foreground conponent FO04/v of the |eft nost
pi xeb i n'shiug.tel? tdaer/esponding. to the first portion of the
When the object corrésponding to the foregrbund is
stationary, the light input into the sensor 11 does not
change, and thus, the foreground component FO0l/v is equai to
‘the value obtained by dividing the pixel value FOl by the
10 number of virtual divided portions. Similarly, when the
object corresponding to the‘foreground is stationary, the
foreground component F02/v is.equal to the value obtained by
dividing the pixel value FO02 by the number of virtual
'divided'portioné, the foreground component F03/v is equal to
15 the valuerbtained by dividing the pixel value F03 by the
number of virtual divided portions, and the foreground
component F04/v is ‘equal to the value obtained by dividing
the bixel value F04 by the number of virtual divided
~portions. 4 |
20 ' When the object corfesponding to the 5ackground is
stationary, the light input inﬁo the sensor 11 does not
change, and thus, the background componént BO0l/v is equal to
the value obtained by dividing the pixel value B0l by the
number of virtual divided pbftions. Similarly, when the

25 object corresponding to the background is stationary, the



shutter tfne/v from when the shutter has opened is equal to 15 the

f oreground conponent of the second pixel fromthe |ef
corresponding to the second portion of the shutter tlh%yi % ?aé%n t he.

shutter has opened. Simlarly, the foreground conponent FO4/v is equal to
‘the foreground conponent of the third pixel fromthe left in Fig. 12 20
corresponding to the third portion of the shutter tine/v fromwhen the
shutter has opened, and the foreground conponent of the fourth pixel from
the left in Fig. 12 corresponding to the fourth portion of the shutter
time/v fromwhen the shutter has opthed. 25 Since the foreground area
corresponding to the noving 16 Decenber 2005 - 55 object contains notion
bl ur as discussed above, it can also be referred to as a "distortion area”

Fig. 13nibiysiid eonbdiRisl stAi ned éaaaqx%ﬂ%@gvhmuteh%bttb@ﬁeal pgction the

pi xel values of the pixels in one 5 line including an uncovered background

area WhelvidenPhiRCtpi Al KeSRRNGE020 Uyo thike nabedr eyndikguA@Vvi ng to the
right in Fig. 13. I'n Fig. 13, the anmount of novenent v is 4. Since one

frame igivi&d0rgogrdmed, tie GaitkigcassUbpbhahtt Bo3@bj eet egartesponding to
the foreground is a rigid body 10 noving with constant velocity. In Fig.
13, thetlodjeciud mage iewd espatidiiag nioo tihiee pliaeégrralind BS3nbyi ahet 0 t he ri ght
such that it is positioned four pixels to the right with respect to a
r ef &r enmenbemnet whertuatl idsivdidsyl et liomst,hensulbbeqbenkground
component B04/v is equal to the value obtained by dividing
the pixel value B04 by the number of virtual divided
portions.
More specifically, when the object correspending to the
10 foreground is stationary, the light corresponding to the
foreground object input into the sensor 11 does nbt change
during the period cofresponding to the'shutter time.
Accordingly, the foreground component F0l/v corresponding to
the first portion of the shutter time/v from when the
15 ’'shutter has opened, the fo;egroﬁnd component. FO1/v
corresponding to the second portion of the shﬁtter.time/v
from when the shutter has opened, the foreground component
FOl/ﬁ corresponding to the third portion of the shutter.
time/v from when the shutter has opened, and the foreground
20 component FO01/v corrésponding'to the fourth portion of thé
shutter time/v from ﬁhen the shutte; has opened 5ecome the
same value. The same applies to F02/v through F04/v, as in.
the case of FO01/v. |

When the object dorresponding to the background is

25 stationary, the light cofresponding to the background object



frame. 15 In Fig. 13, the pixels fromthe leftnost pixel to the fourth

pi xel belong to the background area. In Fig. 13, the i I the fifth
pi xel to the seventh pixels fromthe |eft belong to gﬁgéﬁ%ég%zgg%a, whi ch
is an uncovered background area. In Fig. 13, the rightnost pixel belongs
to 20 the foreground area. The object corresponding to the foreground

~which covers the object corresponding to the background is noving such

that it is gradually renoved fromthe object corresponding to the
background over tine. Accordingly, the conponents 25 contained in the pixel
val ues of the pixels belonging to thé&(l6- Decenber 2005 - 56 uncovered
background area change fromthe foreground conponents -to the background
conponents at a certain time of the period corresponding to the shutter

time. F rg%ia , e .pi.xel | r d .1 he i .S.frame in
Fi g. 13q‘|n exg?lggsg Qbfggéﬁgt ;ignyi?%l)gl. n%/lle éﬂégggvgﬁél%g+ggglééﬁ2%9v (2) For
exa mpl @otla@pbinliRgPiselenkr emuthe ! %fiﬁleeonmbe;?diﬁagﬁgreg@d conponent s
corresponding to three portions of the shutter tinme/v and a foreground

COoNpoNnedackYirbespoBdnpankatrlBoane shutbepoRaihy0Rc0fntheishutter tine/v,
and thus, the mxture ratio cc of the fifth pixel fromthe left is 3/4.

The si xtdoriiixel offr efet Baukebl eanbdingrbackeauaHe CORREAEATBas COr respondi ng
to two portions of the shutter tinme/v and
5 opened, the background component B0Ol/v corresponding to the
second portion of the shﬁtter time/v from when the shutter
has opened, the background componentrBﬁllv corresponding to
the third portioﬁ of the shutter time/v from when the |
shutter has opened, and the background component B0O1l/v
10 corresponding to the fourth portion of the shutter time/v
from when the shutter has opened become the same yalue, The
same applies to B02/v through B04/v.

A description is given of the case in which the object

corresponding to the foreground is moving and the oﬁject
15 corresponding to the'béckground is stationary.

Fig. 12 illustrates a model obtained by-expanding in
the time directién the pixel values of the pixels in one
line; including a covered background afea, when the ébjéct
corresponding to the foreground is moving to the right in

20 Fig. 12. 1In Eig; 12, the amount of movément v is 4. Sinée
one frame is a short period, it can be assumed that the
_object corresponding to the foreground is a rigid body
moving with constanﬁ velocity. Iﬁ Fig. 12, the object image
corresponding to the foreground is moving such that it is

25 positioned four pixels to the right with respect to a



f oreground conponents corresponding to two portions of the 15 shutter
time/v, and thus, the mxture ratio-cc of the sixth ! ) e left is
1/2. The seventh pixel fromthe left contains a backS?gﬁh%ﬁ%%gggﬁent
.corresponding to one portion. of the shutter tinme/v and foreground .
conponents corresponding to three portions of the shutter tinme/v, and 20
thus, the mxture ratio a of the seventh pixel fromthe left is 1/4. Wen
equations (1) and (2) are generalized, the pixel value Mcan be expressed
by equation (3): MB + jFi [/ v (3) i 16 Decenber 2005 57 where a is the
m xture ratio, B indicates a pixel v@lue of the background, and Fi/v -

desi gnates a foreground conponent. It can be assuned that the object
corresponding to the foreground is a rigid body, which is noving with
const anteBeyeheei Fyamangnkhe i%nﬂgnhi%})l@é%”%@lt th SubAeeietith ¢ hmef Or
exanpl e, the foreground conponent FO1l/v of the fifth pixe fromthe left
in Fig..13 coirespond Nge® gheeld rstopaiid o rfodthgisttut ey ddre/ v from
when the shutter has opened is equal to the foreground conmponent of the

si xth pEmerthrpixdd bbeohgf toi th&i gordJreanidespendi non twid herBece portion
of the shutter tine/v fromwhen the shutter has opened. Simlarly, the

f or egr opbdetonpooenth&0il fth spegwhl to othdesefanegrpimsl chnponent of the
seventh pixel fromthe left in-

5 1left belong to the mixed area, which is the covered
‘background area. In Fig. 12, the rightmost pixel belongs to
the baékground aréa.

The object corresponding to the foreground is moving

such that it gradually covers the object corresponding to

10 the background over time.. Accordingly, the components
contained in thé pixel values of the pixels belonging to the
covered backgrpund area change from the background
components to the foreground components at a certain time
during the period corresponding to the shutter time.

15 For example, the pixel value M surrounded by the thick
frame:in‘Fig. 12 is expresséd by equation (lj below.

M

B02/v+B02/v+F07/v+F06/v (1)
.For example} the fifth pixel from the left contains a

background éomponent,corresponding to one portion of the

20 shutter timekv and foreground components Coriesponding ta
three portions of fhe Shutter time/v, and thus, the mixture
ratio o of tﬁé,fifth pixel from the left is.l/4. The sixth
pixél from the ieft contains background components
corresponding tortwo portions of thé shutter time/v and

25 foreground components corresponding to two portions of the



Fig. 13 corresponding to the third portion of the shutter 15 tine/v from
when 't he shutter has opened, and the foreground conp nt of ei ghth
pi xel fromthe left in Fig.13 corresponding to the fﬁ%ﬁ?ﬁmﬁﬁ??p®% of the
shutter tine/v fromwhen the shutter has opened. It can be assuned that
‘the object corresponding to the 20 foreground is a rigid body, which is
novi ng with constant velocity, and the anount of novenent v is 4.
Accordingly, for exanple, the foreground conponent FO02/v of the sixth
pi xel fromthe left in Fig. 13 corresponding to the first portion of the
shutter tinme/v fromwhen the shutter 5Bas 25 opened is equal to. the
foreground conponent of the seventh 16 Decenber 2005 - 58 pixel fromthe
left in Fig. 13 corresponding to the second portion of the shutter tinme/v.
fromwh shy h e i m , foregr onent
_gﬁuUaslr @?{%&?ﬁé q PpeReden Sigilantly ?gt & %ﬁtﬁ&%dsxﬁgype

FO2/v is equa oregrouhd conponent o e ei romthe 5

left i npElgs E3aROERESPOPI 19 1Pzt Norkdi s RKH IONOT i Il timel/v

from when t shutter has opened. It can be assuned that the object:

corr espeBdiAdnE0bLRRGr6 QA& IESHPEN LSS &b BlEslyinghiS i SedOVing With
constant velocity, and the anmpbunt of novement v is 4. Accordingly, 10 for

exanpl epotheoher egr eHads @FREAENIMEDS/ dnd@f a t hersemamd coupaierdftt om the | eft

in Fig. 13 corresponding to the first portion of the shutter time/v from
whers t heoshutbendhag topenedpbstéqunabft ahkhehbioregr atiind/conpodethusf the
etahth the mixture ratio a of the fifth pixel from the left is 3/4. |
It can be assumed that the object corresponding to the
foreground is a riéid body, and the foreground object is
moving with constant velocity sucﬁ that it is displayed four
10 pixels to the right in the subsequent frame. Accordingly,
for example, the foreground component F07/v of the fourth
pixel from the left in Fig. 12 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is equal to the foreground component 6f the fifth
15 pixel from the left in Fig. 12 cdrresponding to the second
portion of the shutter time/v from when the shutter has
opened. Similarly, the foreground component F07/v is equal
to the foreground component of the sixth pixél from the left
in Fig. 12 corresponding to the third portion of the shutter
20 - time/v from when the shutter has opened, and tﬁe foregrouhd
componenf of the seventh pixel from the left in Fig. 12
corresponding to the fourth portion of the shutter time/v
from when the shutter has épehed.

It can be assumed that the object corresponding to the

25 foreground 'is a rigid body, and the foreground object is

]
i
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pi xel fromthe left in Fig. 13 corresponding to the second 15 portion of _
the shutter time/v fromwhen the shutter has opened. 1§ bePasbdeeeos descri bed
with reference to Figs. 11 through 13 that the nunber of virtual divided
portions is 4. The nunber of virtual divided portions corresponds to the

20 anount of novenent v. Generally, .the anount of novenent v corresponds

to.the . novi ng speed of the object corresponding to the foreground. For
exanple, if the object corresponding to the foreground is noving such that
it is displayed four pixels to the right with respect to a certain frane
when it 25 is positioned in the subseguent franme, the anount of 16 Decenber

2005 - 59 novenent v is set to 4. The nunber of virtual divided portions

is set to 4 in accordance with the anount of novenent v. Similarly, when

the obj gely 166 488ROREHEYAEP ba@oz‘:ge;ggeeﬂdthétﬁwi ng aygg%g?&ﬁ tdud S

di spl ayed six pixels to 5 the left"wth respect to a certaln frame when it

is pOSbﬁ&@mgdtbntheerigﬁﬁegﬁeﬁﬁefEéﬁ?eqﬁ@ﬁtangﬁé.Oanggfﬁﬁﬁglﬂﬂ is set to
6, and the nunber of virtual divided portions is set to 6. Figs. 14 and 15

illustr@be thempekat tRaShbpegioliie cdRpbHRELY PUH L, a6 £arns hen Dagkgr ound
area, and the m xed area which consists of a covered background or an

uncover pdxebackgnothd, 1ahitchnar egdi 52 ussete 8PON@ind Otd hend of Eggound
conponent s and the background conponents corresponding to
5 portion of the shutter time/v from when the shutter has
0pehed is equal to the foreground component of the fourth
pixel from the left in Fig. i2 correspopding to the second
- portion of the shutter time/v from when the shutter has
opened. Similarly, the fpreground component F06/v is equal
10 to the foregrouhd component of the fifth pixel from the left
in Fig. 12 corresponding to the third portion of the shutter
time/v from when the shutter has opened, and the foreground
component of the sixth pixel from the left in Fig. 12
- corresponding to the fourth portion of the shutter time?v‘
15 from when the shutter has opened.

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

20 for example, the foreground component F05/v of the second
pixel from the left in Fig. 12 corresponding to the first
portion of the shutter time/v from when the shutter has
opéned is equal to the foreground component of the third
pixel.from the left in Fig. 12 corresponding to the second

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



the divided periods of the shutter tine. 15 Fig. 14 illustrates an exanple
in which pixels in the foreground area, the backgrouq@Iﬁ%&ﬂbm@mgsthe m xed
area are extracted froman inmage containing 'a foreground corresponding to
an object noving in front of a stationary background. In the exanple shown
in Fig. 14, the object 20 corresponding to the foreground is horizontally
noving with respect to the screen. Frame #n+l is a frane subsequent to
frame #n, and frane .#n+2 is a frane subsequent to franme #n+l. Pixels in
the foreground area, the background area, and 25 the. m xed area are
extracted fromone of franes #n throdgh 16 Decenber 2005 - 6 0 - #n+2, and
t he anbunt of novenent v is set to 4. A nodel obtained by expanding the

pi xel values of the extracted pixels in the time direction is shown in Fig.

15. Si ncgpdrrn ObjAaet 16811KES RARAIERS he ol fc%n%%r QurdrbS /9 FBVERMa1the pixel
val ues ?ﬁ)the foregﬁbund&grea are Fg?ﬁed 10 t enbackground dur?na the - :

shutter td rhed @S RbuBlRGRpONBN ! BIFS t8RSEoulrt® Piixeh ¥abWesnkn the
background area do not of four different foreground conponents

corr espareitng it &ilghe 12skutrrespbndghy. thorhexamikg, pbleibaf bA0shepi xel of
the pixels in the foreground area shown in Fig. 15 consists of FQ/v,
FO2/ v, EﬂﬁﬁnxnandnEG¢/froﬁhahehsthéhehpkxekshhﬁ bbenetior agdotund cont ai n
nDtlgn %Jﬁgground component of the fifth pixel from the left in Fig.
12 corresponding to the fourth portion of.the shutter time/v
from when the shuttef has opened.
It can be assumed thét the object corresponding to tﬁe
foreground is a rigid body,.and the foreground‘object is
10 moving with constant velocity such that it is displaved four
pixels to the right in the subseqguent frame. Acéordingly,
for example, the foreground component F04/v of the left most
pixel in Fig. 12 corresponding to fhe first portion of the
shutter time/v from when the shutter has opened is equal to
15 the foreground component of the second pixel from the left
in Fig. 12 corresponding to the second portiﬁn of the
shutter time/v_from whenlthe'shutter has opened. Similarly,
the fofeground component F04/v is eqﬁal,to the foreground
component of the third pixel from the left in Fig. 12
20 éorreSponding to the third portion of the shutter time/ﬁ“
frqm when the shutter has-opened; and the foreground
component of the fourth pixel from the left in Fig. 12
coiiesponding to the fourth portion of the shutter time/v

from when the shutter has opened.

25 - Since the foreground area corresponding to the moving



Since-the object corresponding to the background is stationary, | i ght

input into the sensor 11 corresponding to 15 contain g@h&&ﬁgﬁ&@DOSThe pi xel
values in the m xed area consisting of a covered background area or an .

.uncover ed background area are formed of foreground conmponents and :

background conmponents. A description is given below of a nodel obtained b
20 expanding in the tine direction the pixel values of the pixels which
are-aligned side-by-side in a plurality of franes and which are | ocated at
t he sane positions when the franmes are overl apped when the inmage
corresponding to the object is noviRg. "For exanpl e, when the inage
corresponding 25 to the-object is noving horizontally with respect to the
16 Decenber 2005 - 61 screen, pixels aligned on the screen can be sel ected
as the opiisetscahighad mbdeohybsideas Rigsclbsédi| atséFa) est acamwadel s®bt ai ned
by expanding in the tinme direction the pixels which are aligned

si de- bybsi #efebred tbree &radestoftaoni avger obt ai ned by capturing an obj ect
corresponding to a stationary background and which are |ocated at the sane

 posi tions whéihg t hie3 f i Best mrtee o e majpe hbtahmane Hn axpanhid nfg dme subsequent

to frame #n-1, and frane #n+l is the franme subsequent to frane #n. The
same appheetimgodipechéont hee pisdksvalihes phKethe gbiresl B0In tdreough B12
shown in Fig. 16 are pixel values corresponding to the stationary
bacﬁbroh%ﬂe including an ugcovered background area when the object

corresponding to the foreground is moving to the right in

Fig. 13. 1In Fig; 13, the amount of movement v is 4. Since

cne frame is a short period, it can be assumed that the |

object corresponding to the foreground is a rigid body

10 moving wirh constant velocity. In Fig. 13, the object image
lcorresponding to the foregroﬁnd 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
frame.

15 In Fig. 13, the pixeis from the leftmost pixel to the
fourth pixel belong to the background area. In Fig. 13, the
pixels from the fifth pixel to the seventh pixels from the
left‘belong to the mixed area, Whicﬁ is an uncovered |
rbackground area. In Fig. 13, the rightmost pixel belongs to

20 the foreground area.

The object corresponding to the foreground which covers
the object cqrresponding to the background is moving such
that it is gradually removed from the obiject corresponding

to the background over time. Accordingly, the components

25 © contained in the pixel values of the pixels belonging to the



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

t he pixel values of the corresponding pixels in 15 fr =]t ugh frane
#n+1 do not change. For exanmple, the pixel in frane gﬁfgﬁﬂn%ﬁgbg?xel in
frame #n+l located at. the corresponding position of the pixel having the
pi xel value BO5 in franme #n-1 have the pixel value B05. Fig. 17
illustrates a nodel obtained by expanding in 20 the tinme direction the

pi xel s which are aligned side-by-side in three franes of an inage obtai ned
by capturing an object corresponding to a foreground that is noving to the
right in Fig. 17 together with an -olject corresponding to a stationary
background and which are |ocated at the same 25 positions when the franes
are overl apped. The nodel . shown - 62 = in Fig.. 17 contains a covered

baCkngHUKk6vé¥%dIHléﬂdlou%a!S%Ea?%ﬂaggfg?ggggghgh?Brgggaﬁ?.eCt

corresponding to the foregro is a y novin const ant

vel oci t Yooniitthdrtal ot the BRVKEGosHeh coidbnkhtkSat>adbaRkaygdLfAUr opi Xel's to
the right in the subsequent frame. Accordingly, the anount of novenent v-

is 4, anthd hedivbenbrrebpvndtivgl tdi thdednpekti-opsmks 4. For exanple, the
foreground conmponent of the |eftnost pixel of frame #n-1 in Fig. 17
correspondi ngotroeki@pié| Sthe 19ipol tvoanuefmt heushwiid®sd thyetwe fEipmamhen the
shutter has opened is F12/v, and the foreground conponent of the second

pi xeb fripramehdnl &fily.i A3Fiig. ekpreesedspondygngtiont he) second portion of the
shutter tinme/v fromwhen the shutter has

M' = F02/v+F01/v+B26/v+B26/v {2)

For example, the fifth pixel from the left contains
background components corresponding to three portions of the-
shutter time/v and a foreground component corresponding to

10 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
foreground components corresponding to two portions of the

15 shutter time/v, and thus, the mixture ratio o of the sixth
pixel from the left is 1/2. The seventh pixel from the left
contains a background component corresponding to one portion.
of the shutter time/v and foreground components
corresponding to three portions of the shutter time/v, and

20 thﬁs, 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):

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



opened is also F12/v. The foreground conponent of the third 15 pixel from
the left in Fig. 17 corresponding to the third porti tter
time/v fromwhen the shutter has opened and the foregggﬁ% @%%g@ﬁent of-
the fourth pixel from the left in Fig. 17 corresponding to the fourth
portion of the shutter tinme/v fromwhen the shutter has opened are 20
F12/v. The foreground conponent of the |eftnost pixel of franme #n-1 in
Fig. 17 corresponding to the second portion of the shutter tine/v from
when the shutter has opened is FlllLvg;The foreground conponent of the
second pixel fromthe left 25 in Fig. 17 corresponding to the third portion
of the shutter 16 Decenber 2005 -- 63 tinme/v fromwhen the shutter has
opened is also Fll/v. The foreground conponent of the third pixel fromthe
| ef-t inwﬁ?ﬁg %175 cohe SRPBRAFRGER B heB f %%35%$t?oﬂlﬁ?ltY%4%ﬁuﬂﬁer time/v
fromwhep the shutter has_ opened.is, F11/v. 5 The foreground conponent of

the | ef ERBSPAPFFEPURE - 172" L 4n-deF 1S 17 LOFEEpendi Ay R Me third

portion of the shutter tinme/v,.fromwhen.the shutter 'h opened.is Fl 0/ v.

The f or egr o ARG oS BERE IR o tBEg, 17
corresp I to.the fourth.portion.of the 10 shutter ti v, fr.om when the
ahut tor PEET SR & ot e BRI Nkt oFe ReTD TR et e | of t st

P PSR e 8 o SR 1Y Lo LSt portden o
example, the foreground component F01/v of the fifth pixel
‘ffom the left in Fig. 13 corresponding to the first portion

vbf the shutter time/v from when the shutter has opeﬁed is
equal to the foreground component of the sixth pixel from'
10 the left in Fig. 13 corresponding to the second pértion of
the shutter time/v from when the shutter has opened.
'Similarly, the foreground component FOl/v is equal to the
foreground component of the seventh pixel'from the left in.
Fig.‘13'corrésponding to the third portion of the shutter
i5 time/v from when the shuttér has opened, and the foreground
component of the eighth pixel from the left in Fig. 13
corresponding to the fourth portion of the shutter time/v
frém'when the shutter'haé oﬁened.
It can be assumed that the object corresponding to the
20 foreground is a rigid body, which is moving with constant
Veldcity, and:the_amount of movement v is 4. Accordingly,
for example, the foreground.combonent:FOZ/V of the sixth
pixel from the left in Fig..lS_corresponding to the first
portion of the shutter time/v.frcm when the shutter has

25 opened is equal to the feoreground component of the seventh



'Since the object corresponding to the background is 15 stationary, the

background conponent of the second pixel fromthe le ARBpgn-1 in
Fig. 17 corresponding to the first portion of the sh&%?géa@q Q?% from when

the shutter has .opened is B01l/v. The background conponents of the third.

pi xel fromthe left of frame #n-1 in Fig. 17 corresponding 20 to the first
and second portions of the shutter time/v from when the shutter has opened
are B02/v. The background conponents of the fourth pixel fromthe left of
frame #n-1 in 'Fig. 17 corresponding to the first through third portions
of the shutter tine/v fromwhen the sHutter has opened are 25 B03/v. 16
Decenber 2005 - 64 |In frame #n-1 in Fig. 17, the leftnost pixel fromthe

| eft belongs to the foreground area, and the second through fourth pixels

fromthegiefit MekORGe 9eldie il ¥8d ak8acoMibsPonlisng €9VELEAbacker ound
area. 5 The fifth through twelfth pixels fromthe Teft of frame #n-1 in

Fi g. 17 thetang: toF idhe bagkgeeurdnayoasrandwhBf Ph¥ebhuvedbasad hereof are
B04 t hrough Bl1l, respectively. The first through fifth pixels fromthe |eft

in framopetied.n Bigiih#1kel ang Fortheohinaegoapotdeint epo2 fheif asqeggound 10
conponent in the shutter tine/v in the foreground area of franme #n is any’
one of RGb/thet Hoaegirobhd/ vompbnean be ansuskdhthapitde ﬂhuecﬁh@orrespondlng
to the foreground is a rigid body noving with constant velocity,

left in Fig. 13 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
foreground is a-rigid body, which is moving with constant
velocity, and the amount of movement v is 4. Accordingly,

10 for example, the foreground component F03/v of the seventh
pixel from the left in Fig. 13 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is equél to the foreground component of the eighth
pixel from the left in Fig. 13 corresponding to the second

15 portion of the shutter time/v from when the shutter has
openead. |

It Has been described with reference to_Figs. i1
throﬁgh 13 that the numbér of virtual divided portions is 4.
rThé number of virtual divided poptions correspeonds to the

20  amount of movement v. Generally, the amount of movement ?
correspondé to.the moving speed of the object.corresponding
to the foreground. For exampla, if the object corresponding
to the foreground is moving such that it is_disblayed,four

pixels to the righf with respect to a certain frame when it

25 is positioned in the subsequent frame, the amount of -



and that it is noving such that the foreground inmage is 15 displayed four

pi xels to the right in the subsequent franme. Accordi egr ound
conponent of the fifth pixel fromthe left of frane gﬂb¥ﬁm%?526§§7 o
.corresponding to the first portion of the shutter tine/v fromwhen the
shutter has opened is F12/v, and the foreground conponent of the 20 sixth
pi xel fromthe left in Fig. 17 corresponding to the second portion of the
shutter tine/v fromwhen the shutter has opened is also F12/v. The
foreground conponent of the seventh_pixel fromthe left in Fig. 17
corresponding to the third portion 8f the shutter time/v from when the
shutter 25. has opened and the foreground conponent of the eighth pixel. 65
fromthe left in Fig. 17 corresponding to the fourth portion of the shutter
ti me/ v nevemenenvthe séiuttersd hasThopeanetbar e fh2intua IThil fioteyr ound

conponent of the fifth pixel fromthe 5 left of frame #n in Fig. 17

cor r espBRUt-hgns ol heesccontl iporedwrdaice hel ghutherandunsy/ vof r om when t he
shutter has opened is Fl11/v. The foreground conponent of the sixth pixel
from t HBOYRRED} v Fi gSimil&nky e sPoenli e tdPdewrt tdinnesysurdingh tof thife shutter
time/v fromwhen the shutter has 10 opened is also F11/v. The foreground
componehPreFreERA L2V H i SFh itk tHe Tefdisniamegl six ‘wigieldspéonding to
the_ fourth rtion of the shutter tinme/v fromwhen the shutter has opened
5 PLL VRS THEE T PGt dLARP SimpiohehtCH LA b 597 "BISel -t ridin t he |

positioned in the subseQuent frame, the amount of movement v

is set to 6, and the number of Virtual divided porfions is

set to 6. |
Figs. 14 and 15 illustrate the relationship of the

10 foregroupd area, the background area, and the mixed area
which consists of a covered background or an uncovered
background, which are discussed above, - to tﬁe fdreground
components and the background compbnents corresponding to
the divided periods of the shutter time.

15 Fig. 14 illustrates an example in which pixels in the
foreground area, the background area, and the mixed area are
extracted from an imaée containing’a'foreground_
cdrrésponding to an object moving in ffont of a stationafy
background. In the example shown in Fig. 14, the object

20 corresponding to the foreground is horizontally moving with
respect to the screen.

Frame #n+l is a frame subsequent to frame #n, and frame
#n+2 is a frame subsequent to frame #n+l.
lPixels in the foreground area, the background area, and

25 the mixed area are extracted from one of frames #n through . .



15 left of frame #n in Fig. 17 corresponding to the third portion of the
shutter tine/v fromwhen the shutter has opened is Flggﬁeu£mﬁmﬁg&ﬁground
component of the sixth pixel fromthe left in Fig. 17 corresponding to the
fourth portion of the shutter tine/v fromwhen the shutter has, 20 opened
is also F10/v. The foreground conponent of the fifth 25 pixel fromthe |eft
of frame #n in Fig. 17 corresponding to the fourth portion of the shutter
tinme/v fromwhen the shutter has opened is F09/v. Since the object _
corresponding to the background is stationary, the background conponent of
the sixth pixel from 16 Decenber 20090 66 the left of frame #n in Fig. 17
corresponding to the first portion of the shutter tinme/v fromwhen the
shutter has opened is B0O5/v. The background conponents of the seventh

pi xel frigmd herdeftheobinbhi@fe ofNmbRrelbdt 471§056€SPONGI Ndat Qo1 he first and
second portions of the shutter tinme/v fromwhen the shutter has opened are

BO6/ v. Trediaedybyuetpadiponents paketll heati1gbt Brpixel cktpartbe left of
frame #n in Fig. 17 corresponding to the first through third portion of
t he shutpisrelts e/ thier admehen rbkeishutiteshbas opened. are. 10 BO7/.v. In frane
#n in Fig. 17, the sixth through eighth pixels fromthe Ileft belong to the
m xed area, @hhch theackpeet edor baspgradimg @& ezhe foreground is '
5 moving, the pixel values in the foreground area are formed
of four different foreground components corresponding to the
shutter time/v. For example, the leftmost pixel of the.
pixels in the foreground area shown in Fig. 15 consists éf
FO0l/v, F02/v, F03/v, and F04/v. That is, the pixels in the
i0 foreground contain motion blur.
Since . the objectrcorresponding to the backgfound is
stationary, light inpﬁt into the sensor 11 corresponding to
the background during the shutter time does not change. 1In
this case, the pixel ﬁaiues in the background area do not
15 contain motion bipr.
The pixel values in the mixed area consisting of a
covered background area or an uncovered background area are
forméd of foréground components and background components.
A description is given below of a model obtained by
‘20 expanding in the time direction the pixel values of the
‘pixels which are aligned side-by-side in a plurality of
frames and which are located at the same positions when the
' frames are overlapped when the image corresponding to the

object is moving. For example, when the image corresponding

25 to the object is moving horizontally with respect to the



The ninth through twelfth pixels fromthe left of frame 15 #n in- Fig. 17
bel ong to the background area, and the pixel values igﬁ eof ar 08 _
through Bl I, respectively. The first through ninth pi left .in

frame #n+l in Fig. 17 belong to the foreground area. The foreground

conmponent in the shutter tinme/v in the foreground 20. area of frame #n+l is
any one of FOl/v through F12/v. It can be assuned that the object
corresponding to the foreground is a rigid body noving with constant
velocity, and that it is noving sucalthat the foreground image is

di.spl ayed four pixels to the right the subsequent frame 25 Accordingly,
t he foreground conponent of the ninth pixel 16 Decenber 2005 67 fromthe
|l eft of frame #n+1l in Fig. 17 corresponding to the first portion of the
shutt er streehy pinel shehidgihesd shuttler sdwaseopenedd sk ned anrd thiee

f oreground conponent of the tenth pixel fromthe left in Fig. 17

cor r esppihdéhy amgmedﬁmdnwmm on of the shutter time/v from when the
shutter has opened is also F12/v. The foreground conponent of the

el event h pi »&lg f rigm tlHastafatteisn aFimgdel7 obsriasdobdi rgprodihg inhird portion
of the shutter tinme/v fromwhen the shutter has opened and the foreground
conmponehie of ippedinerEion piblrire ks ohitdie dref t2liigrEdy sigp-byrsddgondi ng to
t he fourth portlon of the shutter time/v fromwhen the shutter has opened

are ® F13HvERESR FEHRRRFT Rin 1t ofissite Ot nask B MAPTHEI&Y pRorPIRET

corresponding to a stationary background and which are

located at the same positions when the frames are overlapped°

Frame #n is the frame subsequent to frame #n-1, and frame

#n+l is the frame subsequent to frame #n. The same appliea
10 to the other frames.

The pixel values B0l through B12 shown in Fig. 16 are
pixel values corresponding to the stationary background
object Slnce the object corresponding to the background is
statlonary, the pixel values of the correspondlng pixels in

15 frame #n-1 through frame #n+l do not change. For example,
the pixel in frame #n and the pixel in frame #n+1l located at
the corresponding position of the pixel having the pixel
valué BO5 in framé #n-1 have the pixel value BO5.

Fig. 17 illustrates a model obtained by expanding in

20 the time direction the pixels which are aligned side-by—side
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 to a
stationary background and which are iocated at thé same

25 positions when the frames are overlapped. The model shown |,



| eft of frame #n+l in Fig. 17 corresponding to the second 15 portion of
the shutter tine/v fromwhen the shutter -has opened i

foreground conponent of the tenth - pixel fromthe Ieff6fﬂ£é#%#£?¢5 _
corresponding to-the third portion of the shutter time/v fromwhen the
shutter has opened is also F11/v. The foreground conponent of. the 20

el eventh pixel fromthe left in Fig. 17 corresponding to the fourth
portion of the shutter tine/v fromwhen the shutter has opened is F11/v.
The foreground conponent of the ninth pixel fromthe Ileft of frame #n+l in
Fig. 17 corresponding to the third—- Z& portion of the shutter time/v from
when the shutter has 16 Decenber 2005 68 opened is F10/v. The foreground
conponent of the tenth pixel fromthe left in Fig. 17 corresponding to the

fourth igp@g?ﬁnqung%agggtgeeoggggﬁvbéggﬁgggﬁg %pgashutter has opened is

al so F10/v. e foreground conponent o ni nt pi xel fromthe |eft of

frame #n+1 i9nFrgy. 177 COLF eSPONGE NGs stRed NEnfOWHd Jprddon of the shutter
time/v from when ?he shutter has opened is F09/v. Si'nce the object

corr espengiregpbading kackaeogsdehgoufibial 50BAL Yaid NSoRCKEE o dy cgirponent  of
the tenth pixel from 10 the left of frane #n+? in Fig. 17 corresponding to

the firsbnspanti osletithe shat tRact igeiy hoomhyhench henshuit ers has opened
is B09/v. The background conponents of the eleventh pixel fromthe left of
fran® #dibpilayBdgfol? poredspbadihg right in the subsequent frame.
Accordingly, the amount of movement v is 4, and the number
of virtual divided portiéns is 4.
For example, the foreground component of the leftmos£
pixel of frame #n-1 in Fig. 17 corresponding to the first
10 portion of the shutter time/v from when the shutter has
opened is F12/v, and the foreground component of the second
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 Fl12/v. The foreground component of the third
.15 pixel from the left in Fig. 17 corresponding to the third
poftion of the shutter time/v from when the éhutter has
opened and the foreground component of the fourth pixel ﬁrom
the ieft.in.Fig._17 corresponding to the fourth portion of
the shutter time/v from when the shutter has opened are
20 Fl12/v.
The foreground component of the leftmost pixel of frame
#n-1 in Fig. 17 corresponding to the second portion of the
shutter time/v from when the shutter has opened is Fll/v.
The foreground component of the second pixel from the left

25 in Fig. 17 corresponding to the third portion of the shutter



to the first and second portions of the shutter tine/v from 15 when the

shutter has opened are B10/v. The background conponen f the I fth

pi xel fromthe left of frame #n+1l in Fig. 17 correspgﬁggﬁaﬁ&gzp e first
through third portion of the shutter tinme/v fromwhen the shutter has
opened are Bll/v. 20 In frame #n+l in Fig. 17, the. tenth through twelfth
pi xels fromthe | eft belong to the m xed area, which is a covered
background area. Fig. 18 is a nodel of an imge obtained by extracting the
f oreground conponents fromthe pixel values shown in Fig. 25 17.. - 69

Fig. 19 illustrates a nodel obtain§d65y‘expanding in the tinme direction

t he pixels which are aligned side-by-side in three frames of an inage
"obt ai ned by capturing an object corresponding to a foreground that is

novi ng tdamele Fightwhan Stie gshiltéodeihespandd B Hbieat1cos respending to a
stationary background and which are |ocated at the same positions when the
franes @peegvenhdppedporidet noflethshewhrdi pikey. fi9mcentaiastafinupggyer ed
background area. In Fig. 19, it can be assunmed that the object 10
correspbiAdengrespohdiioregr tumdiosrth rpgrtdi drodyt nmthe nighavittdyr  tdamstvant ‘
velocity, and that it is noving such that it is displayed four pixels to

t he rig%FOWnWbﬁ@ Sup sehjiicrer fragreoperet ordiBglAv - t he amount of novenent v

is 4. -For exanple, the foreground conponent of the | eftnopst
5 The foreground component of the leftmost pixel of frame

#n-1 in Fig. 17 corresponding to the third portion of the
shutter time/v from wﬁen the shutter haé opened is-FlO/v.‘
The foreground component of the second'pixel from the_leffr
in Fig. 17 corresponding to the fourth portion of the
10 shutter time/v from when the shutter has opened is also
F10/v. The foreground component of the ieftmost pigel of
- frame #in~1 in Fig. 17 corresponding td-the fourth portion of
the Shutter time/v from when the shutter has opened is F09/v.
Since the object corresponding to the background is
15 statibnary, the background component of the second pixel
from the left of frame #n-1 in Fig. 17 corresponding to the
first portion of the shutter time/v from when the shutter
has 6§ened is B01/v. The background components of the tﬁird
pixe; from the left of frame #n-1 in Fig. 17 corrésponding
20 to therfirst and second portions of the shutter time/v from
when the shutter has opened afe B02/v. The background
components of the fourth pixel from the left of ffame #n-1
in Fig. 17 cérresponding to the first through third portioﬁs
of the shutter time/v from when the shutter has opened are

25 B03/v.



- shutter has opened is also F14/v. The foreground conponent of t

15 pixel of frame #n--1 in Fig. 19 correéponding to the first portion of

the shutter time/v fromwhen the shutter has opened j ;fﬁ t he
foreground conponent of the second pixel fromthe Ie?éEF% fﬁ?aqg

- corresponding to the second portion of the shutter tinme/v from when the

shutter has 20 opened is also F13/v. The foreground conponent of the third
pi xel fromthe left in Fig. 19 corresponding to the third portion of the
shutter tine/v fromwhen the shutter has opened and-the foreground
conponent of the fourth pixel from the left in Fig. 19 corresponding to
the fourth portion of 25 the.” shutte®%ime/v fromwhen the shutter has
opened are 16 Decenber 2005 - 70 F13/v. The foreground conponent of the
second pixel fromthe |left of franme #n-1 in Fig. 19 corresponding to the
first portion phahbegshutigrrigmely, fegm woemdde sindt efrdigsrz opened is
F14/v. The foreground conponent of the third pi xel fromthe left in Fig.
19 corr asgantdcngnte tbetﬁ%CﬁﬂdegEGﬁhHOQréé,tﬁﬁdsﬁﬂétgécbhﬂeﬂvrcﬁtﬁ%m V\ﬂendt he
e thir
pi xel ffomrtheplieblsi irbingthé91e6tr Bapondi g thethex&dr sted) yaordh on of the
shutter tinme/v fromwhen the shutter has opened is F15/v. Since the. object
corr espdsdiangoveredebbaklgronddarsa. st ati onary, the. background conponents

"of the leftnost pixel of frame #n-1 in Fig. 19 corresponding to the second

thro@gh The fifth through twelfth pixels from the left of frame
#n-1 in Fig. 17 belong to the background area, and the pixel
values thereof are B04 through Bll, respectively.

The first through fifth pixels from the left in framé
#n in Fig. 17 belohg to the foreground area. The foreground

10 component in the shutter time/v in the foreground area of
frame #n is any one of F05/v through F12/v.

It can be assumed that the object'corréspoﬁding to the
foreground is a rigid body moving with constant velocity,
and that it is moving such that the foreground image is

15 displayed four pixels to the right in the subsequent frame.

' Accordinély, the foreground component of therfifth pizel
from the left of frame #n in Fig. 17 corresponding to the
first portion of the shutter time/v from when the'shuttef
has opened is F12/v, and the foreground component of the

20 sixth pixel frbm the left in Fig. 17 correspohdihg to thé
second portion of the shutter time/v from when the shutter
has opened is also-Flz/v. The foreground component of the
seventh pixel from the left in Fig. 17 corresponding to thé
third portion of the shutter time/v from when the shutter

25 has opened and the foreground compéneht of the eighth pixel



15 fourth portions of the shutter tinme/v fromwhen the shutter has opened
are B25/v. The background conponents of the second pj | eft of
frame #n-1 in Fig. 19 corresponding to the third andh?%hﬁ%ﬂﬁ%gpgfons of
‘the shutter tune/v fromwhen the shutter has opened are B26/v. 20 The
background conmponent of the third pixel fromthe left of frame #n-1 in
Fig. 19 corresponding to the fourth portion of the shutter tine/v from
‘when the shutter has opened is B27/v. In frame #n-1 in Fig. 19, the

| ef t rost pi xel through the third pixel belong to the m xed area, which is
an 25 uncovered background area. 18 ©®ecenber 2005 5 10 The fourth through
twelfth pixels fromthe left of frame #n-1 in Fig. 19 belong to the

foreground area. The foreground conponent of the frame is any one of F13/v

t hrougheFad/ vhe Theed efd Mot pi Xod i Qatn iy doWH Rivkeh poemibhe eft

of frame #n in Fig. 19 belong to the background area, and the pixel values

t her eofo ArehS2shdttetighinBlBs £r@spadd viely  sHdtcan ke apeueadat-kat the
obj ect corresponding to the foreground is a rigid body noving with
constargldg&locity, and that it is noving such that it is displayed four
pixels to the right in the subsequent frame. Accordingly, the foreground
conponent ofThieheé ofriefytrbbupidx ebmproentthe fl ehte dfifth pixel from the
5 left of frame #n in Fig. 17 corresponding to the second
portion of the shutter time/v from when the shutter has
opened is Fll/v. The foreground component of the sixth
pixelrfrom the left in-Fig. 17 corresponding to the third
portion of the shutter time/v from when the shutter has
10 opened is also Fll/v. The foreground component of the
seventh pixel from the left in Fig. 1?‘corresponding to the
fourth portion of the shutter time/v from when the shutter
has opeﬁed is Fll/v.
| . .The foreground cémponent of the fifth pixel from the
15 léft of frame #n in Fiq. 17 corresponding to the third
portion of the shutter time/v from when the shutter has
opened is F10/v. The foreg£bund component of the sixth
‘ pixeirfrom,the left in Fig. 17 correéponding.to the fourth
.portion of the shutter time/v from when the shutter has
20 opened is_also F10/v. fThe foreground component of the fifth
pixel from the left of frame #n in Fig. 17 corresponding to
the fourth portion of the shutter time/v from when the
shutter has opened 1s F09/v.

Since the objebt corresponding to the background is

25 stationary, the background component of the sixth pixel from



frame #n in Fig. 19 corresponding to the first portion of 15 the shutter
time/v fromwhen the shutter has opened is F13/v, ang bheenitRf 2@rsound.
component of the sixth pixel fromthe left in Fig. 19 corresponding to the
second portion of the shutter tinme/v fromwhen the shutter has opened is
al so F13/v. The foreground conponent of the seventh pixel from20 the left
in Fig. 19 corresponding to the third portion of the shutter tine/v from
when the shutter has opened and the foreground conponent of the eighth

pi xel fromthe left in Fig. 19 corresponding to the fourth portion of the
shutter time/v fromwhen the shuttefbhas opened are F13/v. 25 The

f oreground conponent of the sixth pixel fromthe 16 Decenber - 2005 - 72

|l eft of frame #n in-Fig. 19 corresponding to the first portion of the

shutter chienek¥f penevaga #heishpiyer 1hasor LPaNGH1:5g R4/ ¥re Therd©r eground
conponent of the seventh pixel fromthe left in Fig. 19 corresponding to

the secpo@tiopobfi theofhiibeeshtihervt EpBh Wwhdmiheshiteeshidd er .has |
opened is also Fl14/v.. The foreground conponent of the eighth pixel from
t he | ef bpenelli gs BOS5Lor r eShendaoggtouhdecodfipdsdnord £ orhofséhenighut t er
time/v fromwhen the shutter has opened is F15/v. 10 Since the object :
‘cor r espphdfhgfromt hiee bhekyrofinfrase #b atn dhiy y,1 % heo heekopodindg conponent s
of the fifth pixel fromthe left. of frame #n in Fig. 19 corresponding to
t he © sekbAdfiEEbughd f serend ppett bees of £ t thee sHuttitesr t ims Av ffrom
when the shutter has opened are B06/v. The background
components of'the‘eighth pixel f%om the left of frame #n in
Fig. 17 corfesponding to the first through third portion of
the shutter time/v from when the shutter has opened are
10 BO07/v.
In frame #n in Fig. 17, the sixth through eighth pixels
- from the left belong to the mixed area, which.is a éovered '
backgréund area. |
The ninth through twelfth pixels ffom the left of frame
15 #n in Fig. 17 belong to the background area, and the pixel
values thereof aré B08 through B1l, reépectively.
The first through ninth pixels from the left in frame
#ﬁ+1‘in Fig. 17 belong to the foregrdund area. The
foreground component in the shuttef'time/v in the foreground
20 . area of frame #n+l is any one of F0l/v through Fi2/v.
It can be assumed thatrthé abject corresponding.to‘the
foreground is a riéid body moving with constant wvelocity,
. and that it is moving such that the foreground image is

displayed four pixéls to the right in the subseqguent frame.

25 Accordingly, the foreground component of the ninth pixel



when the shutter has opened are B29/v. The background 15 conponents of the
sixth pixel fromthe left of frame #n in Fig. 19 coriepp&nsieng00% t he
third and fourth portions of the shutter tinme/v fromwhen the shutter has
.opened are B30/v. The background conmponent of the seventh pixel from the
left of frame #n in Fig. 19 corresponding to the fourth 20 portion of the
shutter time/v fromwhen the shutter has opened is B31/v_ In frame #n in
Fig. 19, the fifth pixel through the seventh pixel fromthe |eft belong to
the m xed area, which is an uncovgrgg background area. 25 The eighth
through twelfth pixels fromthe left”of - 73 frame #n in Fig. 19 belong to
the foreground area. The value in the foreground area of frame #n
corresponding to the period of the shutter tine/v is any one of F13/v

t hroughfre@0tke befheof eftamst #ptkeln tHweudgh? tdwer e ghimlipigelo fohem t he

left of frame 4n+l in Fig. 19 belong to the background area, and the pixel
val ues fhepbopont EoB25E t breughuB3er timsfeciiael|when ttlenrstha tagsunmed t hat

t he object corresponding to the 10 foreground is a rigid body noving with
const anbageppeney, is gftfnatand  the fersgrpuwnd canpangnt jof dibspl ayed four.
pixels to the right in the subsequent frame. Accordingly, the foreground
conponehenbl Pheehi Rrem pilel lefonin HElY ofk7 gtorrespandind G they. 19

correspondi ng to the first portion of .,
5 second portion of the shutter time/v from when the shutter

has opened is also F12/v. The foregroﬁnd component of the
eleventh pixel from the left in Fig; 17 corresponding to the
third portion of the shuttér time/v from when the shutter
has opened and the foreground component of the twelfth,pixél
10 from the left in Fig. 17 corresponding to the fourth peortion
of the shutter time/v from when the shutter has opened are
Fi2/v.’
The foreground component of the ninth pixel from the
left of frame #n+1 in Fig. 17 corresponding-to the second
15 portion of the shuttef time/v from when the shutter has
opened is F1ll/v. The foreground component'of the tentﬁ
pixel from the.left in Fig. 17'cdrresponding to the third
-portion of the shutter time/% from when the shutter has
opened is also Ell/v. The foreground component of the
20 eleventh pixel from the left in Fig. 17 corresponding to £ﬁe
fourth portion of the shutter time/v from when the shutter |
has opened is Fll/v.
The fdregtound component of the ninth pixel from the
left of frame #n+l in Fig. 17.corresponding to the third

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



15 the shutter time/v fromwhen the shutter has opened is F13/v, and the
foreground conponent of the tenth pixel fromthe |eft 16 Deldber 2005
corresponding to the second portion of the shutter tine/v fromwhen the
shutter has opened is also F13/v. The foreground conponent of the el eventh
pi xel from20 the left in Fig. 19 corresponding to the third portion of
the shutter tine/v fromwhen the shutter has opened and the foreground
conponent of the twelfth pixel fromthe left in Fig. 19 corresponding to
the fourth portion of the shutter tinme/v fromwhen the shutter has opened
are F13/v. 25 The foreground conponrer&g8 of the tenth pixel fromthe 16
Decenber 2005 - 74 left of frame #n+l in Fig. 19 corresponding to the
first portion of the shutter tine/v fromwhen the shutter has opened is

P47V, Baalr o0r 0ua).comigent, ol blRGeL BB PLECLpr pILLRe Left 1

Fig. 19 Corresponding to the Seco orti shatter tinme/v from

when thg iRyl kebnh2ne obeRedn! §i8l 97 L8k e IBRALARCALOLAD eoppppent of the

twelfth pixel fromthe left In Frg. 19 corresSpon gtot Irst portion

of the ghuttign birmens LhawcwbenihbeySRubhelmehasnhapengdtls £18/v. 10 Since
t he object corresponding to the background is stationary, the background-

conponedphenetl tBeankBt Ripyyel theombtBgrbahll ebmbbABBL#8#1thd iMen 19
corresponding to the second through fourthh portions of the shutter tinme/v
frons mbeﬂeﬂhfrshuthérlhﬁ& opepedmar ¢nBB3iM. FIge backgrpusdonding
| to the fourth portion of the shutter time/v from when the
shutter has opened iS‘FOB/Q.
Since the object corrésponding to the background is
stationary, the background component of the tenth pixel from
10 .the left of frame #n+l in'Fig. 17 corresponding to the first
portion of the shutter time/v from ﬁhen the shutter has
opened is B09/v. The background compdnents of the eleventh
pixel from the left of frame #n+l in Figp 17 corresponding
to the first and second portions of the shutter time/v from
15 when the shutter has opened are B10/v. The background
components of the twelfth pixel from the left of frame #n+i
in Fig.,l? corresﬁonding to the first through third portion
of the shutter time/v from when the shutter has opened are
Bll/v.
20.  In frame #n+l in Fig. 17, the tenth through twelfth
| pixels from the left belong to the mixed area, which is a
covered béckgfound area.
- Fig. 18 is a model of an image obtained by extracting
the foreground components fromfthe pixel values shown-in Fig.

25 17.



15 conponents of the tenth pixel fromthe left of franme #n+l in Fig. 19
corresponding to the third and fourth portions of thg BbednitRs 200572/ v from
when the shutter has opened are B34/v. The background conponent of the .
eleventh pixel from the left of frame #n+l in Fig. 19 corresponding to the
20 fourth portion of the shutter tinme/v fromwhen the shutter has opened
is B35/v. In franme #n+1l in Fig. 19, the ninth through el eventh pixels from
the left in Fig. 19 belong to the m xed area, which is an uncovered
background area. 25 The twelfth pixel fromthe left of frame #n+l in Fig.

16 Decenber 2005 - 75 19 bel ongs 0 %he foreground area. . The foreground
conponent in the shutter tine/v in the foreground area of frame #n+l 1is
any one of F13 through F16, respectively. Fig. 20 illustrates a nodel of an
i mge obtai nedgbyl® EXiuaetd tgs tdandds e giotichaD RO e diremitthe pi xel
values shown in Fig. 19. Referring back to Fig. 44 the area specifying
unit 108hespénefdésedthgs thdi phkeébhg ¥hiwvhi ghe 0d1 byried egideHish,asBde a
background area, a covered background area, or an uncovered 10 background
area thénihbteédﬁaﬁm@$xefsamfim@geiabuaihe@gby dapongitly arsiolgjddie pi xel
values of a plurality of frames, and supplies the flags to the

- m xt ur ecparegspeniitud atora 1:©<4re<an@tu1tl¢hetmm ba-mbuinadfasthagright 06 as the

area information.-
5 Fig. 19 together with an object corresponding to a

étatlonary background and which are located at the same
posiﬁions.when the frames are overlapped. The modél-shown
in Fig. 19 contains an uncovered background area.
In Fig. 19, it can be assumed fhat the object
i0 corresponding to the foregréund 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 subseduent-frame.
- Accordingly, the amount of movement v is 4. |
For example, thé:foreground component of the leftmost
15 .pixel of framé #nfl in Fig. 19 corresponding to the first
portion of the shutter time/v from when the shutter has
opene& is Fi3/v, énd the foreground component of the second
pixei from the left in Fig. 19 corresponding toc the second
portion of the shutter time/v froﬁ when the shutter has
20 opéned is also Fl1l3/v. fhe foreground compeonent of the third
pixel.f;om the left in Fig.719 corresponding to the third
portion of thé shutter time/v from when the shutter has
opéned and the foreground component of the fourth pixel from
the left in Fig. 19 corresponding to the fourth portion'of

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



15 The m xture-ratio calculator 104 calculates the m xture ratio a for
each pixel contained in the mxed area based on the {4 pgtepiphtgss of a
plurality of franmes and the area information, and supplies the calcul ated
mxture ratio a to the foreground/ background separator 105. 20 The

f oregr ound/ background separator 105 extracts the foreground conponent i nmage
consisting of only the foreground conponents based on the pixel val ues of
.a plurality of frames, the area information, and the m xture ratio a, and
supplies the foreground conponent image to the notion-blur 25 adjusting
unit 106. .. 1 6 Decenber 2005 - 76 Twe-notion-blur adjusting unit 106

adj usts the anount of notion blur contained in the foreground conponent

i mge based on the foreground conponent inage supplied fromthe
foregrogq /Qackground separator 105, the notion vector 5 supplied fromthe
not i on tector 102, and the area information supplled fromthe area

spect 1IN ki 4020 A0ha! DSRHLALALSE WA TALEAOUNLEPTAN L MRge i1

whi ch notion bl ur e processing justlng anount of

moti on blewh okﬂfegﬁ\é%ﬂﬁﬁi by Fhg. Swn@&rpé%gééﬂg?ep L Egefﬁféped bel ow

with reference to the flowhart of Fig. 21. In e area
speci f ypBgtuBht 0£0BhEXERUE LS AL Ble FPEELEN | MiSeRT OEESShRgrer DASEd ON an input

i mge, for generating area information indicating to which of a foreground
aredy aobankdr snHiayea, The foreground component of the third
pixel from the left in Fig. 19 corresponding to the second
portion of the shutter time/v from when the shutter has
opened is also Fl4/v. The foregroﬁnd component of the third
pixel from the left in Fig. 19 cofresponding to tﬁe first
10 poxrtion of the shutter time/v from when the shutter has
opened is F15/v.

Since the object corresponding to'tﬁe background is-
stationary, the background components of the leftmost pixel
of frame #n-1 in Fig. 19 corresponding to the sécond through

15 fourth portions of the shutter time/v from when the'shﬁtter
has opened are B25/v. The background components of the
second pixel from the left of frame #n-1 in Fig. 19
qorrespoﬁding to the third and fourth portions of the
shutter time/v from when the shutter has opened are B26/v.

20 Thé background component of the third pixel from the left of
frame #n-1 in Fig. 19 corresponding to the fourth portion of
tﬁe shutter time/v from when the shutter has opened is B27/v.

| In frame-#n;l'in Fig. 19, the leftmost pixel through
the third pixel bgiong to the mixed area, which is an

25 uncovered background area.



15 a covered background area, or an uncovered background area each pixel

of the input image belongs. Details. of the area specifyjn ro ing are
gi ven bel ow. The area specifying wunit 103 supplies tﬁébﬁgﬂgk gﬁgfarea
information to the mxture-ratio calculator 104. 20 In step 511, the area
specifying unit 103 may generate, based on the input image, area
information indicating to which of the foreground area, the background
area, or the mxed area (regardl ess of whether each pixel belongs to a
covered background area or an uncovered background area) 25 each pixel of
the input image belongs. In this casé} the 16 Decenber 2005 - 7 7 -

f or egr ound/ background separator 105 and the notion-blur adjusting unit 106
determ ne based on the direction of the notion vector whether the m xed

area is a caues etbhatkgimvnah amwed fith JEAHIcOVIEIRd thackgifaurd area. For
exanple, if the 5 input inmage is disposed in the order of the foreground
area, 1frdte axediariesy. an®l. béhend aick gtioe nfo esgeowmd tawe i r efHa on of the
notion vector, it is determned that the mxed area is a covered

backgr otmdegm@mdldompmemtpmfltm@efran@ls@os@d ome ¢heictMder of the
background area, the m xed area, and the foreground area in the di rection
of the WIrugh \B44r. it is deternmined that the mixed area is an uncovered

background area. In step S12, the m xture-ratio calculator 104
5 The leéftmost pixel through the fourth pizel from the

left of frame #n in Fig. 18 belong to the background area;
and the pixel ﬁalues thereof are B25 through B28,
respectively.
It can be assumed that the object corfesponding to the
10 foreground is a rigid body moving with cénstant velocity{
and that it is moving such that it is displayed four pixels
to the right in the subsequent frame. Accordingly, the -
foreground component of the fifth pixel from the left of
frame #n in Fig. 19 corresponding té the first portion of
15 the shutter time/v ffom when the shutter has openéd is Fl3/v,
and the foreground component of the sixth piiel from the
left in Fig. 19 correspbnding to the second portion of the
shutﬁef time/v from whén'the shutter has opened is also |
F13/v. The féreground component of the seventh pixel from
20 the left in Fig. 19 corresponding to the third pQrtiQﬁ of
the shutter time/v from when the shutter has opened and thé
fofeground component of the-eighth pixél from the left in
Fig. 19 correéponding to the fourth portion of the shutter
time/v from when the shutter has opened are F13/v.

25 . The foreground component of the sixth pixel from the



calculates the mixture ratio a for each pi xel contained in 15 the nixed

area based on the input inmage, the notion vector and e
i i i i léﬁﬁ?gﬁﬁﬁbh@Qture

informati on thereof, and the area infornmation. Detai

ratio calculating processing are given below. The m xture-ratio
calculator. 104 supplies the calculated mxture ratio a to the 20
f or egr ound/ background separator 105. In step S13, the foreground/ background

separator 105 extracts the foreground conponents. fromthe
based on the area information and the m xture ratio a, and

i nput i nage
supplies the

foreground conponents to the nmotion= ¥ ur* 25 adjusting unit 106 as the
f oreground conponent image. 16 Decenber- 2005 - 78 1In step S14, the
notion-blur adjusting unit 106 generates, based on the notion vector and

-the area e+ @ AL 4 G Wit 9k ew%ggbﬂalh akol pbcatesethe positions
of consecutive pixels dlspose ‘inthe noving 5 direction and bel ongi ng to

any of thertinao\Er athbabk@rewnd indy/earrohn@nbar eaE0yRdraeeanagnd the
covered background area, and adjusts the anount of notion blur contained

in the fayagound raarponenhs goi-tespand Bgmpenbhe YR thef sepeRERSSI Ng.
Details of the processing for adjusting the 10 anount of notion blur are’
gi ven beliowel |frcst eheSleftt Ha gignaloproeesspond2ngeter thaeseadwed her t he
processing is finished for the whole screen. If it is determ ned that the
procéssipytiimmatf fihei shedteer tile/whékem when the shutter has

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

_eighth pixel from the left in Fig. 19 corresponding to the

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

has opened is F15/v.

10 Since the object corresponding to the background is

stationary, the background components of the fifth pixel

from the left. of frame #n in Fig. 19 corresponding to the

second through fourth portions of the shutter time/v from

when the shutter has opened are B29/v. The background

15 components of the sixth pixel from the left of frame #n in

Fig. 19 corresponding to the third and fourth portions of

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

BBO/V.' The background component of the seventh pixel from

the left of frame #n in Fig. 19 corresponding to the fourth

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

~opened is B3l/v.

In frame #n in Fig. 19, the fifth pixel through the

seventh pixel from the left belong to the mixed area,

is an uncovered background area.

.which

25 . The eighth through twelfth pixels from the left of



screen,
adj usti

the process proceeds to step S14; and the processing 15 for

ng the anmount of notion blur .for the foregroun 0 n
corresponding to the unit of processing is repeated.quiFggggsgéser
in step S15 that the processing is finished for the whole screen, t
processing is conpleted. 20 In this manner, the signal processor 12 is

capabl e of adjusting the anount of notion blur contained in the
foreground by separating the foreground and the background. That is

si gnal

processor 12 is capable of adjusting the anount of notion bl

contained in sanpled data indicati rRg735~t he-pi xel values of the fore

pi xel s.

16 Decenber 2005 - 79 The configuration of each of the area

specifying unit 103, the m xture-ratio cal cul ator 104, the

; _ for 10 or - N
Ot egr O¥RghBagk o5 QUATl, SePar Bl 2End 0Py &R l%%fet%?%%r?@a DLl agdist i ng

106 is

exanpl ev@iuet 18 €08 FGHEGES QR O r£h€0 AT £Ra P OF T ¥d Pl 410 a A3

described below. 5 Fig. 22 1s a ing an

speci fying unit 103 shown in Fig. 22 does not use a notion Vector.

menory £04 &016S @ tRPUEhEEBSE timéWtss Ay fomuese Men, thedJpo

processed is frane #n, the 10 frame nenory 201 stores frame #n-2,” which is

m ned
he

, .the
ur
ground

unit

.tJhe ar ea

A franme

e to be

the frapreg0fwo franes before frame #n, frame #n-1, which is the frame one
frame before frane #n, frame #n, franme #n+1l, which is the franme one frane
afté&r frane the Hafame sintxaethidhrdgyH lthe eighth pixel from the

10

left of frame #n+l in Fig. 19 belong to the background area,
and the pixel values thereof are B25 through B32,
respectively.

It can be assumed that the object corresponding to the
foreground is a rigid body moving with constant velocity,

and that it is moving such that it is displayed four pixels

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

- foreground component of the ninth pixel from the left of

i5

25

frame #n+l in Fig. 19 corresponding to the fitSt portion of
the shutter time/v from when the shutter has opened is Fl3/v,
and the foreground component of the tenth pixel from the
left in Fig. 19 corresponding to the secqnd,portion‘df the
shutfer time/&rfrom when the shutter has opeﬁed is also
F13/v. The foreground component of the eleventh pixel_from
the left in Fig. 19 corresponding to the third portion of{
the shutter time/v from when the shutter has opéned and the
foreground component of the twelfth pixel from the left in
Fiq. 19 corresponding to the fourth portion of the shutter
time/v from when the shutter has opened are Fl13/v.

. The foreground component of the tenth pixel from the



frame two frames after frame #n. 15 A stationary/ noving determ ning portion

202-1 reads the pixel value of the.pixel of frame #n ocat e t he sane
position as a designated pixel of frame #n in which tﬁérg?gﬁﬁmg%ﬁéhich t he
pi xel belongs is determ ned, and reads the pixel value-of the pixel of
frame #n+l | ocated at the sane 20 position of the designated pixel of frane
#n. fromthe frame nenory 201, and cal cul ates the absol ute val ue of the

di fference between the read pixel values. The stationary/noving

determ ning portion 202-1 determ nes whether the absolute value of the

di fference between the 25 pixel value/®df-frame #n+2 and the pixel val ue of
frane #n+1l. 16 Decenber 2005 - 80 is greater than a preset threshold Th.

If it is determned that the difference is.greater than the threshold Th,

a statigpary, i r 10N qigndi i " i ng" | c lied to an
area determré%&?%éﬁ%f%ﬁf&g%P%agﬁf1PtgkggggggggggékggeBhghgﬁygﬁe absol ute
val ue ofpdihe s Iderane & aluBen e Bixel Wyahtenel shilerBLxglsof frame #n+2

and the pixel value of the pixel of_franew#n+! I's smaller than or equal to
the threshaleh Ty g st atiNFHERRVLAG 8kebReRiNg rPRREI 8Dev@Ren 1 supplies
a stationary/noving determ nation indicating 10 "stationary” to the area
det er mi niing=Ipardnoth20Ielet Anstratyi.onar yoeeispandehgr GbNtng HOELA@N 202- 2
reads the pixel value of a designated pixel of frame #n in which the area
t o whi chpdrteia ofl thel algstesr demeywr fiedm @Rdnr eAdSshii€ter has

opened is also Fl4/v. The foreground component of the
twelfth pixel from the left in Fig. 19 corresponding to the
first portion of the shutter time/v from when the shutter
has opened is F15/v.

10 | Since the object corresponding to the backgfound is
stationary, the background components of the ninth pixel
from the left of frame #n+l in Fig. 19 corresponding to the
second through fourth portions of the shutter time/v from
when the shﬁtter has opened are'533/v. The background

15 components of the tenth pixel from the léft of frame {#n+l in
Fig. 19 corresponding td the third and‘fourth'portions of
the shutter time/v from when the shutter has opened are
B34/§. The background ccomponent of the eléventh pixel from
the left of frame #n+l in Fig. 19 corresponding to the

20 _fourth portion éf fhe shutter time/v from when the shuttér
has. opened is B35/v.

In frame #n+l in Fig. 19, the ninth fhfough aleventh
pixels from the left in Fig. 19 belong to the mixed area,
which is an uncovered background area.

25 - The twelfth pixel from the left of frame #n+l in Fig.



pi xel value of the pixel of frame #n+l located at the same 15 position.as
the designated pixel of frame #n fromthe frame nemigpecmbaandoxal cul ates
t he absol ute value' of the difference between the pixel values. The

stationary/ nmoving determ ning portion 202-2 determ nes whet her .t he

absolute value of the difference between the pixel value of frane 20 #n+l
and the pixel value of frane #n is greater than a preset threshold Th.. If
it is determned that the absolute value of the difference. between 'the

pi xel values is greater than the threshold Th, a stationary/noving

determ nation indicating "nmoving" is pplied to the area determ ning 25
portion 203-1 and an area determ ning portion 203-2. If. it 16 Decenber
2005 - 81 is determned that the absolute value of the difference between
t he pi xél9 belloegef tbhehpi Rekegiofindnerédatl Bnd theegpbxel vahpenehtt he
pixel of frame #n is srmaller than or equal to the threshold Th, the

st ati ondiny tivevishgttetet hhaiwgis pbet fone@BBuid sapgh i @8 Arshat #oARry/ novi ng
determi nation indicating "stationary" to the area determ ning portion 203- -
1 and t Ré ar#¥acdet efn¥Fhd nghporngholl@03respecsiwelwnary/ novi ng det er mi ni ng
portion 202-3 reads the pixel value of a designated pixel of frame #n in’

“which the 19.%r et Witerm e pinelebaOmgs. imrgfetadrtdingtl and reads the

pix%g val ue of . the gixel of frame #n-1 |located at the same position as the
desi YnafEGTpriiPIoFier RECHPFROnTOHRORFRRE L ¥Rtk WixehriekeeTul ates the

absol ute, val ue of;Lheq.
| Referring back to Fig. 4, the area spécifying unit 103
specifies flags indicating to Whiéh of a foreground area; a
background area, a covered background area, or an unéovered
10 background area the individual bixels-of the input image
belong by using the pixel values of a plurality of frames,
and supplies the flags to the mixture-ratio calculator 104
and the motion-blur adjusting unit 106 as the area
information. |
15 The mixture-ratio calculator 104 calculates the mixtﬁre
ratio o for each pixel contained in the mixed area bésed on
the pixel values of a plurality of frames and the area
' infofmation, and supplies the calculated mixture ratio « to
the foreground/background separator 105.
20 ~ The foreground/baquround separator 105 extracts'thé
| ‘foreground component imége consisting of oniy the foregréundr
components based on the pixel values of a plurality of
‘lfrémes, the area information, and the mixture ratio o, and‘
supplieé the foregrouﬁd componént image to the motion~blur

25 adjusting unit 106.



di fference between the pixel values.. The stationary/ noving 15 determ ning
portion 202-3 deternines whether the absolute value pfptienklrD0@ ence

bet ween the pi xel value of frame #n and the pixel value of frame #n-1 is
greater than a preset threshold Th. If it is determned that the absol ute
value of the difference between the pixel values is greater than 20 the
threshold Th, a stationary/noving determnation indicating "nmoving" is
supplied to the area determning portion 203-2 and an area determ ni ng
portion 203-3. If it 1is determned that the absolute value of the

di fference between the pixel value- of6 the pixel of franme #n and the 25

pi xel value of the pixel of frame #n-1 is smaller than or 16 Decenber 2005
- 82 equal to the threshold Th, the stationary/ noving deternining portion

202-3 suppl i @Rean St /5L OBRY/ Qa;hgg‘%f!&t&m "806 O LOEL GAld Nhougtall onary”

to the area determning portio 2 and e ar ternlnlng portion

203=3. % AmoeIlal b@ﬁ%r y!om\éllagddghertma.nfagea%ﬁhencmao&eﬁ@a%aé@e pi xel
val ue~of the pixel of frame #n-1 located at "the sane position as a

desi gnateded xal tab foae@rbunkn cuh F@,hehhelﬁaea shBpeghetfe el belongs.
is determned, and reads the pixel value of the pixel of frame #n-2

| ocat ed f@trergimuslambaagﬁgm&hal eBpasatbe desi gpptedopidel vektdrame #n from
the frame nenory 201, and cal cul ates the absol ute value of the difference

bet ween stipplpexdelfroal the. mbhéoat deitenaoy/ bOY| ngnddekeratsd ng porti on 202- 4
determ nes whet her the absolute ‘
information supplied from the area specifying unit 103, and
then outputs the foreground component iﬁage in which motion
. blur is adjusted.
The preocessing for adjusting the amount_of motion blur

10 performed by the éignal proéessbr 12 is described below with
reference to the flowchart of Fig. 21. 1In step 811, the
area speCifying unit 103 executes area specifying processing,
based on an input image, for generating area information

' indicatiﬁg to which of a foreground area, a background area,

15 a cowvered backgrouhd area, or an uncovered background area
each pixel'of the input image belongs. Details of the area
specifying processing are given below. The area specifying '
unit 103 supplies the generated area information to the |
mixture-ratio calculator 104.

20 -‘In step S11, the area specifying unit 103 may geﬁerate,
based on the input image, area information indicating to
which of the foreground area, the background area, or the
miked area (fegardless of whether each pixel belongs to a -

covered background area or an uncovered background'area)

25 . each pixel of the input image belongs. 1In this case, the'



val ue of the difference between the pixel value of frame #n 151 and the
pi xel value of frame #n-2 is greater than a preset thseebahberPos!If it is
determ ned that the absolute value of the difference between the pixel .

'values is greater than -the threshold Th, a stationary/noving determ nation

i ndicating "nmoving" is supplied to the area determ ning 20 portion 203-3.

If it is determned that the absolute value of the difference between the
pi xel -value of the pixel of frame #n-1 and the pixel value of the pixel of
frame M2. is smaller than or e qual to the threshold Th, the

stati onary/ movi ng determ ning portioh’202-4 supplies a 25 stationary/ noving
determ nation indicating "stationary" to 16 Decenber 2005 - 83 the area
determ ning portion 203-3 When the stationary/ noving determ nation supplied
from tRersdadhiAbydrapyhigd ded vl du h o EPrdd PR 0 Zick ididiates
"stationary” and when the stationary/noving determ nation 5 supplied from
the st aid PRt yiGOvh g Oed eddt diimlich P Udde A he? Ai'TEBHIRE oFf thaen the

- stationary/ noving determ nation supplied fromthe stationary/ noving

det er mi monipporédion: ddretidet neic atiessd sirdd dnary covdiedabaakgpeaintlyi ng unit
203-1 the stationary/noving determ ning portion 202-1 indicates 2 indicates
"novi ngdred her arre autadwrredi e gordurgh 331 et exampds ,t A&t thee
desi gnat ed pi xel of franme #n belongs to
5 input image is disposed in the order of the foreground area,
the mixed area, and the background area in the direction of
the motion vector, it is determined that the mixed area is a
covered background area. If the input image is disposed in
the order of the background area, the mixed area, and the
10 foreground area in the direction of the motion vector, it is
determined that the mixed area is an uncovered background
area.
In step S12, the mixture-ratio calculator 104
calculates the mixture ratio « for each pixel contained in
-15  the ﬁixed area based on the input image, the motion vector
and the pgsitional-information thereof, and the area:
information. Details of the mixture ratio caléulating
processing are given below. The mixture-ratio calculator
104 supplies the calculated mixture ratio o to the
20 foréground/backg:cund separator'lOS;
In step 513, the fbreground/background separator 105
extracts the foreground components from the input image-
baéed on the area information and the mixture ratio «, and

supplies the foreground components to the motion-blur’

25 adjusting unit 106 as the foreground component image.



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

desi gnated pi xel belongs to an uncovered background @ Baeniber 2005
uncover ed- background-area determning flag associated with the designated
pi xel . When the stationary/ noving determ nation supplied from deternmn nes-
t hat the designated pixel of frame #n does not belong to an uncovered
background area, and sets "0", which indicates that the designated pixel
does not belong to an uncovered background area, in the

uncover ed- background-area determning flag associated with the deS|gnated
pi xel . The area determ ning portion 248-1 supplies the

uncover ed- background-area determning flag in which "1" or "0" is set as
di scussed above to a determning-flag-storing 25 franme nmenory 204. 16

Decenber 200 e stationary/noving determn n supplied from
t he statlonaiy/ﬁgépng gété$%1ﬂ? 9" po igﬁnaé |?NH%%EQQMQ stationary" and

when the, %@é%r ﬁfaré%‘é 9. ‘Eﬁ%efng‘t”%h' %Sté%p%aea@h&@%&he

st ati onary/ novi nd determ ning portion 371’ ndicat statlonary , the

area detﬁrf'sfmmo@prtcm%nua% bf g%eg%ﬂﬁa khat RH&:,%&*E& gnehed pixel of

frame #n belongs to the stationary area; and sets |nd|cates

that t hgodiiti@nPIORGsskeutRGeShakkPBaRY sphSad LR @hétﬁééﬁﬂ@ry area
determ ning flag associated with the designated pixel. 10 Wen the

st at § onaliyearviong adet eebRathgntsupali e¢ Eh@%n&b@eré&%é@l@fdﬁzﬁ@w ng
determ ning porti‘on 202-2 indicates
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. Details oflthe processing for.adjusting the
10 aﬁouﬁt of motion blur are‘given below.

In step S15, the signél processor 12 determines whether
tﬁe procéssing is finished for the whole screen. If it is
determined that the processing is not finished for the whole
screen, the process proceeds to step 514, and the processing

15 for adjusting the amount of ﬁotidn blur for the foreground
components corresponding to the unit of processing is
repeated. |

'If it is determined in step S15 that the processing is
finished for the whole screen, the processing is completed.

20 In this manner, the signal proéessor‘12 is-qapabie of
adjusting the amount of motion blur contained in the
foreground by‘separating the foreground and the'backgrouﬁd.'
Thét is, the signal processor 12 is capable of adjusting the
amount of motion blur contained in sampled data 1ndlcat1ng

25 the pixel values of the foreground pixels.



"nmovi ng"' or when the stationar y/moving determnation supplied fromthe

stationary/ moving deternining portion 202- 3 indicate;§ pRydnitbr 20451e ar ea
determ ning portion 203-2 15 determ nes that the designated pixel of frane

~#n does not belong to the stationary area, and sets "0", which indicates

that the pixel does not belong to the stationary area, in the
stationary-area. determning flag associated with the designated pixel. 20
The area determnmining portion 203-2 supplies the stationary-area
determining flag in which "1" or 110" is set as discussed above to the
determ ni ng-fl ag-storing frame rrer_m?? 204. When the stationary/ noving

-determ nation supplied from 25 the. stationary/noving determ ning portion

202-2 indicates 16 Decenber 2005 85 "noving" and when the

st ati onary/ mha ngrddioemmatiatn @t eaugiplafedhier amethepstatiyangr yAnbvi ng

determ ning portion 202- 3 indicate "noving", the area determ ning portion
203-2 UeBertuhemesitthatetiwet descyhatbatpr Xdl4 ofte ame #n belongs to 5 the
novi ng area, and sets "1", which indicates that the designated pixel

bel ongsfevegheumdibiarkaremd i separieng Hr e@ndettdranimetigrfdgrassoci at ed
with the designated pixel. \Wen the stationary/noving determn nation

suppl i eddi vakinhanitilMhaty/ I nPereteadfAhi ng portion 202-2 indicates 10
"stationary" or when the _stationary/noving determnation gp(l)jfed fromthe

. stath onary/ foNd -ng 2détSePnitdiosd pUAgeH Jganstrating an eRampll

the configuration of the area specifying unit 103. The area
ﬁspecifying unit 103 shown in Fig. 22 does not use a motion
vector. A frame memory 201 stores an input image in units
of frames. When the image to be processed is framé #n, the
10 frame mémory 201 stores frame #n-2, which is the frame two
frémes before frame #nf frame #n-1, which is the frame one
frame before frame #n, frame #n, frame #n+l, which is the
frame one frame after frame #n, frame #n+2, which is the
frame two frames after frame #n.
15 Arstationary/moving determining portion 202—1‘reads the
pixel value of the pixel of frame #n+2 located at the same
- position as a designated pixel of framé #n in which the area
to which the pixel belongs is determined, and reads the |
pixel value. of the pixel of frame #n+l located at thé same
20 position of the designated pi#el of frame #ﬁ.frOm the frame
~memory 201, and calculates the absolute value of the
difference between the read pixel values. The
stationary/moving determining portion 202-1 determines
whether therabéolute value of the difference between the

25 pixel'value of frame #n+2 and the pixel value of frame #n+l.



3.indicate "stationary", the area determ ning portion 203-2 determ nes
that the designated pixel of frame #n does not Dbel ong bheehiterd®s N9 area,
and sets "0", which indicates 15 that the pixel does not belong to the :
noving area, in the noving-area determning flag associated with the
designated pixel. The area determ ning portion 203--2 supplies the noving-
area determning flag in which "1" or "0" is set as 20. discussed above to
the determning--flag--storing frame nenory 204. Wien the stationary/ nmovi ng
determ nation supplied from the stationary/ noving determ ning portion
202-3 indicates "noving" and when-lg stationary/ noving determ nation .25
suppli-ed fromthe stationary/ noving determ ning portion 202 16 Decenber
2005 - 86 4 indicate "stationary", the area determ ning portion 203-3
determ nes that the.designated, pixel of .fr #0.bel ongs t a, covered .
backgr ound Zaréa’t fa a?e?spmfﬁﬁtwhﬁgﬁsgﬁégczggs FEFhé f%edﬁg%f%h%? d pi xel
bel ongs t C 7 kgro r i vereds ground- ar ea
deterni%%%& Eﬁgggxggggg?g%egsw#?%a?ﬁe gggpgﬁggeﬁgﬁgﬁgg}gsﬁgh he

stat | onargkiRYERG HBLILE BALLER: AUPRbRSYnki AL shhe-RbaLhgRal y/ movi ng

deternlnlng portion 202-3 indicates “stationary _ _
st at i onanpbTewingodaheaFeRalkeRrAPnsHEPLLed 1 bR0ah D St aki ppayy/ movi ng

determ ning porti.on 202- 4 indicate "noving", the area determ ning portion
203-8 determined that the absolute value of the difference between

the pixel valﬁe of the pixel of frame #n+2 and the pixel

value of the pixel of frame #n+l is smaller than or equal to

the threshold Th, the stationary/moving determining portion

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

A stationary/moving determining portion 202-2 reads the
pixel value of a designated pixel of frame #n in which the
area to which the pixel belongs is determined, and reads the
pixel value of the pixel of frame #n+l located at the same

15 position as the designated pixel of frame #nlfrom the frame
memory 201, and calculétes the absolute vadlue of the
difference between the pixel values. The stationary/moving
determining portion 202-2 determines whether the absalute
value of the difference betieen the pixel value of frameA

- 20 #n%l and the pixel value of frame #n isrgreater than a
preset threshold Th. If it is determined that the absolute
'valué of the difference‘between:the pixel_vaers is greater
thén the threshold Th, a stationary/moving determination
indicating "movingh is supplied to the area,determiniﬁg

25 portion 203-1 and an area determining portion 203-2. If it



determ nes that the designated. pixel of frame #n does not belong to a

- covered background area, and sets "0", which indicat Pépéélﬁlﬁbérhﬁoﬂ%' gnat ed
pi xel does not belong to a 15 covered background area, in the

cover ed- background-area deternining flag associated with the deS|gnated
pi xel . The area determ ning portion 203-3 supplies the _
covered- background-area determning flag in which "1" or is set as

di scussed above to the determ ning-flag-storing 11011 20 franme nenory 204.
" The determ ning-flag-storing frane nennry 204 thus .stores the

uncover ed- backgr ound- ar ea deterninin§frag supplied fromthe area

determ ning portion 203-1, the stationary-area determning flag supplied
fromthe area 25 determ ning portion 203-2, the noving-area deternmnning

“flag --i87desdppihed £rem the abealdes vl e gt fos tdoNF2lEnde and the

cover ed- background-area determning flag supplied fromthe area

det er m bengepnr thenp 2031 3vallhe det ernal piogt fdagisdms i gt rame tenory 204

supplies 5 the uncovered-background-area determ ning flag, the

st ati onpiyedrealdet ef nthe ngitethgoft heamovimgiarse loet ermmioyy fl ag, and

“the covered-background-area. deternining flag stored therein to a . ,
synt hestgerl206. thhethsgsihidi Zor 205 gereienasy mealinfdetrariigniiadi cati ng

to 10 which of the uncovered background area, the stationary area, the

movithg BPERLCBr20%he2 covrpbiedar k@'ﬁ%ﬁm%ﬁb@l@é@?ﬁ pletgrmination

1ndlcat1ng "stationary" to the area determining portion 203-
1 andrthe area detérmining portion 203—2. |
A stationary/moving determining portion 202-3 reads the
pixel wvalue of a designated pixel of framé #n in which the
10 area to which the pixel belongs is determined, and reads the
pixel value of the pixel of frame #n-1 located at the same
position - -as the designated pixel of frame #n from the frame
memory 201, and calculates theé absolute value of the
difference between the pixe; values. The stationary/moving
'157 determining portion 202-3 determines whether the absolute
value of the difference between the pixel vaiue of frame #n
and the pixel value of frame #n-1 is greater than a preset
threéhold Th. If it is determined that the absélute value
"of the difference between the pixel wvalues is greater than
20 the threshold Th, a stationarY/moviﬁg determination |
-indicating "moving" is supplied to the area determining
portion 203-2 and an area determining portion 203—3.A‘If it
is determined that the absolute value of the difference
between the pixel Value'of the pixel bf frame #n and the

25 pixel value of the pixel of frame #n—l is smaller than or



bel ongs based on the uncover ed-background-area determning flag, the
stationary-area determning flag, the noving-area dejepgidpyeg26dsag, and

t he covered-background-area 15 determning flag supplied fromthe
determining-flag-storing franme nenory 204, and supplies the area
information to a determning-flag-storing frame nenory 206. The
determ ni ng-fl ag-storing frame nmenory 206 stores the area information
supplied, fromthe synthesizer 205, and 20 al so outputs the area
information stored therein. An exanple of the processing perforned by the
area specifying unit 103 is . descridded- below with reference to Figs. 23
t hrough 27. \Wen the object corresponding to the foreground is 25 noving,
the position of the inage corresponding to the 16 Decenber 2005 - 88

obj ect QRpiaNe t3CHBEN tFRABABT 4 RnEVEhY tsrt%mioné% ?Jaewni{__,ndel?&&ai@%a t he
h | at t%e n

i mge corresponding to the object |ocate posi tion | I'cattd by

Yn. (X, ypdrit ibhamg2#n %apggiegiangqataanByl&évyhgiaeiéﬂﬂfngﬂf&n which is
subsequent to frame #n. A nodel obtained by expanding in the tine

directi andiketipgxektyaliyasr-of tbethexaksaakbgnedinifg-pyreige santhe
noving direction of the imge corresponding to the foreground object is
shown i 2 Eng. tR4. aFen axasphénihfy pbetisnvpog-direction of the inage
corresponding to the 10 foreground object is horizontal with respect to the
scre®en, the Aosiehtsdwmwany imoFigy Rt smbningeonhian ek by wxpindiheg
pixel value of the pixel of frame #n-1 located at the same
position as a designated pixel of frame #n in which the area
to whichrthe pixel belongs is determined, and reads the |
pixel value of ﬁhe pixel of fréme #n-2 located at the same
10 position as thé designated pixel of frame #n from the frame
memory 201, and calculates the absolute value of the
difference between the pixel valuesr The stationary/moving
determining portion 202-4 determines whether the absoclute
value of the difference between the pixel value of frame #n-—
15 1 and the pixel value of frame #n-2 is greater than a preset
threshold Th. If it is determined that the absolufe vaiue
of the differenée between the pixel values_is_greater'than
the fhreshold Th, a stationary/moving détermination
-indicating "moving" is supplied to the area determining
- 20 poftion 203-3. If it is determined that the absolute value‘
of the difference between the pixel value éf the pi%el of
frame #n~1 and the pixel value of the pixel of frame #n-2 is
sma;ler than or equal to the threshold Th, the |
stationary/moving determining portion 202-4 supplies a

© 25 stationary/moving determination indicating *“statiohary" to -



inthe tinme direction the pixel values of the pixels disposed on-a line
side-by-side. In Fig. 24, the line in frame #n is equ to the, lhhe in
‘franme #n+1l. The foreground conponents correspondi ng tngﬁgmB%?gbpg ]
contained in the second pixel to the thirteenth pixel from the left in
frame #n are contained in the sixth pixel through the seventeenth pixel
fromthe left in frame #n+l. In frame #n, the pixels belonging to the
covered background area are the eleventh through thirteenth pixels from
the left, and the pixels belonging to the uncovered background area are the
second through fourth pixels from -tB& Feft- In frame #n+l, the pixels

bel onging to the 25 covered background area are the fifteenth through 16
Decenber 2005 - 89 seventeenth pixels fromthe left, and the pixels

bel ongi pg, ggﬁéh?%?§98¥ﬁ£§ﬂ Backgrguaghagea are the sixth through eighth

pixels fromt e exanpl e shown in Fig. 24, since the foreground

S conponent syt @l et 4 ¢ &5 20F/ R HP Jvadn a0 Riplied Frofd ame #n+l,
the amount of novenent v is 4.” The nunber of .virtual "divided portions is -

4 in acehedansei ¥hi Py yhev aARUALLe £Hi APNE BEEt Yon A2 OISEr i ik ds$s now gi ven
of a-change in pixel value s 10 of ‘the pixels belonging to the m xed area
in the Feagesondeforendandenl tRe raesogney afbdiggedetermination
5 supplied from the stationary/moving determining portion 202- -
2 indicates "moving", the area determining portion 203-1
detefmines that tne‘designated pixel of frame #n belongs to
an uncovered background area, and sets "l“, which indicates
that the designated pixel belongs to an uncevered background
10 area, in an uncovered—background—area determining flag
associated with the deeignated‘pixel.

When the stationary/moving determination supplied from
the stationary/movingldetermining portion 202-1 indicates
"moving" or wnen the stationary/moving determination

15. supplied fiom the stationary/moving determining portion 202-
2 indicates "stationary", the area specifying unit 203-1
: aetermines that the designated pixel ofvframe #n does not
belong to an uncovered background area, and sets "0", whieh
indicates that the'designated pixel does not belong to an
20 undovered background area,_in the uncovered—background—area'
determining flag assoeciated with the designated pixel.

The area determining portion 203-1 supplies the
unCovered—background—area determining flag in wnich "1" or
"0" is set as discussed above to a determining-flag~storing

25 frame memory 204.



In Fig- 25, the pixels belonging to a covered background area in franme #n
in which the background is stationary and the amuntygfedditePeags v in the
foreground is 15 4 are the fifteenth through seventeenth pixels fromthe
left. Since the anount of novenent v is 4, the fifteenth through
seventeenth framnes fromthe left in the- previous frane #n-1 .contain only
background conponents and belong to the background area. The fifteenth
t hrough seventeenth pixels 20 fromthe left in frane #n-2, which is one
before frame #n-1, contain only background conponents and belong to the
~ background area. Slnce t he obj ect corgaesponding to the background is
stationary, the pixel value of the fifteenth pixel fromthe 25 left in
frame #n-1 does not change fromthe pixel value of., 16 Decenber 2005 - 90

the flfteentﬁhglxgke QQ%thﬁa%fymoYhné nFermln tf%ﬂnéﬁgéf%ﬁmfé¥% i xel

val'ue of the srxté&énth prxe rane s ‘not change

fromtheppi %%lat\i%}n oEEﬁg ﬁ%’é&%ﬁ%?g&' FSSEtE{aH”beez' ?Ifl(?l&?té ame #n- 2,

and t he pixel sevent eent xel  Tromthe rane #n- -

does not s%%%'lgﬁafr;rgmahﬂewﬂleﬁelth)éaE‘EQt@BnEQ?{ﬁSV*?H eqpt8mphelodr Om the
left in frame # Is, the pixels in"tranme #n-1" and franme #n-2

cor r espeRghipNd &ldo £irBf Rh¥eksabebangl Mot Inkhaceovai 8ngbaskaIonnghar ea in
frame. #n consi st of only background conponents, and the pixel val ues
therEOf3dQnﬂQba%BaﬂgQatlonary", the area determining portion 203-2
determines that the designated pixel of frame #n belongs to
the stationary area, and sets "1", which indicates that the
pixel belongs to the stationary area, in a stationary—area
determining flag associated with the designated pixel.

10 | When the stationary/moﬁing determination supplied from
the stationary/moving determining portion 202-2 indicates
"moving" or when the stationary/mqving determination
subplied from the stationary/moving determining portion 202-
3 indicate "moving", the area determining portidn 203-2

15 determines that the-designated pixel ofrframe #n does not
belong to the stationary area, and sets "0", which indicates
that the pixel does not belong to the'étationary area, in
the étationary—area_determining'flag associated with the
designated pixel. -

20 ' The area determining portion 2b3—2 sﬁpplies the
stationary;a;ea determining flég.in which "1" or “d" is set

~as discussed above to the detetmining—flag—storing frame
meﬁory 204 .
When the stationary/moving determination supplied from

25 the stationary/moving determining portion 202-2 indicates



Accor di ngly, the absolute value of the differ ence between the pi xel val ues
is alnmost 0. Thus, the stationary/noving determ natiggpagget 9005t he pixel s
in frame #n-1 and frame 15 #n-2 corresponding to the pixels belonging ta

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

202-4 is "stationary" Since the pixels belonging to the covered background
area in frane #n contain foreground conponents, the pixel 20 val ues
thereof are different fromthose of frane #n-1 consisting of only
background components. Accordingly, the stationary/noving determ nation
made for the pixels belonging to fh8%nixed area in frame #n and the
corresponding pixels in frame #n-1 by the stationary/ noving 25 determ ning
portion 202-3 is "noving". 16 Decenber 2005 - 91 Wen the

st at i ontmyy iyt ngndeliesn tiad | otat Bk iy /meeitRtdatge raidtigdn i S supplied
fromthe stationary/noving determning portion 202-3, and when the

st at i onsmyp hbed nfiromletles ns tat 1 @ma r &b i ion dd ectad driign 183 gdo woiagry 2025~ suppl i-ed
5 fromthe stationary/ noving determ ning portion 202-4, as discussed
above. , 3t hedieatke dover mal ngthheraren @OSBnindatemumsstt Hd3-t%he -
correspondi ng pi xel s belong to a covered background area. In Fig. 26, in
frane #etrerpineh that bdek dottanited . @ixehtdoriaramerdh thel anvgsurito of

novenent v in the foreground is 4, the pixels contained in an uncovered
backgr ot BeenGrarea, and sets "1", which indicates that the

designated pixel belongs to the moving area, in a moving—
area determining flag associated with the designated pixel.
When the stationary/moving deterﬁination'supplied from
?he stationary/moving detefmining portion 202-2 indicates
10 "stationary" or when fhe stationary/moving determination
‘supﬁiied from the statiénary/moving determining portion 202-
3 indicate "stationary", the area determining portion 203-2
determines that the designated pixel of frame #n does not
belong to the moving area, and sets "0", which indicates
15 that the pixel does nof belong to the moving area, in the
moving-area determining flag associated with the designated
pixel.
.The area determining portion 203~2_supplies the moving~-
area determining flag in which "1" or “0" is set as
'201 discussed aﬁove to the déterminingmflag~storing frame memﬁry
- 204.
When the stationary/moving determination supplied from
the stationary/moving determining portion éOZ%B_indicates
"moving" and when the stationary/moving determination |

25 supplied from the stationary/moving determining portion 202-



t he second through fourth pixels fromthe left. Since the anmount of

‘novenent v is 4, the second through fourth pixels fregpbigadhbod n the

subsequent frane #n+l contain only 15 background conponents and belong to

t he background area. In frame #n+2, which is subsequent to frame #n+l, the
second through fourth pixels fromthe left contain only background
conponents and belong to the background area. Since the object
correspondi ng to the background is 20 stationary, the pixel value of the
second pixel fromthe left in‘franme #n+2 does not change fromthe pixel
value of the second pixel fromthe |8t in franme #n+l.- Simlarly, the

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

fromthe pixel value of the third pixel . 25 fromthe left in franme #n+l,

and the 4“fﬁai65¥eue QEt&Bﬁalg"DeEﬁgb?EegOgﬁtérﬁgn?£§u$ggtg%é6%0§r§n1the

left in frame #n+2 oes not chan rom t he pixe ue o e fourth
pi xel fromdhe nleaf tnhe théaﬂgsﬁgﬁEteEhﬁlxeﬁ okherphXeks hoLbageed#n+1l and

frame #n+2 5 corresponding to the pixels belonging to the untovered

backgr ounddicaad BatbkamButin 6288 Shnaf sepky« backgropgndingpspesents, and the
pi xel val ues thereof do not change. Accordlngfy, t he absol ute val ue of ‘the

di f f er ertmtheheeaasiyhetpxplix¥al Be$oh§s at §06he OcodBHSd BHEkground
stationary/ noving 10 determ nation made for the pixels in frame #n+l and
frank #read,cdanr espondrad-backfeophdehsebelietgimigningt hkadgi xed area

| associated with the designated pixel.

When the stationary/moving determination supplied ffom
the stationary/moving determining ﬁortion 202-3 indicates
"stetionary" or when the stationary/moving determination

10 supplied from the stationarY/moving determining portion 202-
4 indicate “moving", the area determining portion 203-3
determines that the designated pixel of frame #n does not
belong to a covered background area, and sets "0", which .

. indicates that the designated pixel does not belong to a-
i5 covered background area, in the covered-background-area
determining flag associated with the'designated pixel.

The area determining portion 203-3 supplies the
covefed—backgroundwarea determining flag in which "1" or "0"
is set as discussed above to the determining-flag-storing

- 20 frame memory 204. | |
The determining-flag-storing frame memory 204 thus
- stores the uncovered-background-area determining flag
supplied from the area determining portion'203—l, the
stationary-area determining flag supplied from the area

25 determining portion 203-2, the moving-area determining flag



.in frame'#n by the stationary/ noving determ ning portion 202--1

"stationary".

i's
Since the pixels belonging to the uncovgy pecchitekgeosund 15

area in frame #n contain foreground conponents, the pixel values thereof

are different fromthose of frame #n+1
conponents. Accordingly, the. stationary/noving determ nation made for the

pi xel s belonging to the m xed area in franme #n and the 20
correspondi ng-pi xel s in frane #n+l by the stationary/noving determ ning

portion 202-2 is "noving".

consi sting of only background

When the stationary/ noving determi nation result

i-ndi cating "noving," is supplied froBVthe stationary/ noving determning

portion 202-2,

stat] OnacybIPNAng-dt £r81 919 BOELLADN 02 dorAfon hOTUTS S bONE.

deter
to an

deter
posi t

- #n- |

m ning portion 203- determ nes t hat e correspondi ng pi xel

and when the stationary/noving 25 determ nation result
indicating "stationary" is supplied 16 Decenber 2005 - 93 fromthe

t he area
s bel ong

eeeeyéaegaeﬁgkgﬁﬁaﬂgréa eqcPehhfnidd Fliysthpbesedet £l i on
conditions for frame #n nade by the area specifying unit 103. Wen the

nla@ghoaefgﬁﬁiﬁlﬁgrpbfglahxg¢3+y_frane #n-2 located at the same inmage

ion as a pixel in frame #n to be processed and for the pixel
| ocat edrigd  ddiee endih SafrFef RASidHcrinmf fidendginedlo iy FoanrRpH] ileS

stationary, and when the determ nation result for the pixel in fr

and 5

10

15

20

25

the uncovered-background-area determining flag, the ;
stationary-area detérmining flag, the moving-area
‘detgrmining flag, and the covered-background-area
determmining flag stored therein to a synthesizer 205. The

synthesizer 205 generates area information indicating to

in frane

ame #n

which of the uncovered background area, the stationary area,

the moving area, or the covered background area each pixel
belongs.based on’ the uncovered-background-area determining
flag, therstationary—area-determining flag, the moving—area
determining flag, and the covered-background-area
determining flag supplied from the determining—flag—storing
frame memory 204, and Supplies ﬁhe area information to a
dete;mining—fiag—storing frame memory 206.

.The determining-flag~storing frame memory 20675tore§
the area information supplied from the synthesizer'ZOS, and
aléo outputs the érea'information stored therein.

| An example of the processing'performéd by the area
specifying unit 103 is.described'below with reference to
Figs. 23 through 27.
When the objeét cdrresponding to the foreground ié

moving, the position of the image corresponding to the



the pixel in frame #n-1 |ocated at the sane inmage position as the pixel in
frame #n is noving, the area specifying unit 103 detpgypeaasharheds t he pi-xel
in frame #n belongs to a 15 covered background area. \Wen the determn nation
result for the pixel in frame #n. and the pixel in frame #n-1 | ocated at
the sane image position as the pixel in frame #n is stationary, and when"
the determnation result-for the pixel in frame #n and the 20 pixel in
frame #n+l |located at the sane inmge position as the pixel in frame #n is
stationary, the area specifying wunit 103 determines that the pixel in
frame #n belongs to the stationary a@asa Wen the determ nation result for
the pixel in frame #n 25. - and. the pixel in frame #n-1 |l ocated at the
sanme i mage 16 Decenber 2005 - 94 position as the pixel in frame #n is

moving, g oahe e Jdetebrinabion GasulL Log Lie pixel i frame #n and

t he pix rane #N+ e“dand i mage p05|t|on as'?he pi xe

Sin framggn i m ana Qecéﬂst% sﬁBﬁﬁhBé 24 Hﬂétﬁé”c{’hﬁ&}fﬂ{ 4 nat hat the

pIXG| in frame #n belongs to € novin ar ea t1on

result fi9fe theiRiixel ihAithamm #p Yares! Lhesni ffémé Ng.d 2418, 50! 5 4.pcat ed at

the sane inmage position as the pixel Tn frame #n I's noving, and when the’
10 det el natH1q® ,k8Sdht riamet BR+PI XghikR igagﬁbﬁf@qxheﬂ@q% efh-Ale #rhe same

i mge position as the pixel in frame #n. and the
5 A model obtained by expanding in the time dlrectlon the
pixel values of the pixels‘aligned side-by-side in the
moving direction of the image corresponding to the
foreground object is shown in Fig. 24. For.example, if the
moving direction of the image corresponding to the
10 foreground object is horizohtal with respect to the screen,
the model shown in Fig. 24 is a model obtained by expanding
in the time direction the pixel values of the pixels
disposed oﬁ a line side-by-side.
In Fig. 24, the line in frame #n is equal to the line
15 in frame #n+1.l
The foreground components corresponding to the cobject
contained in the second pixel to the thirteenth pixel from
the left in frame #n are contained in the sixth pixei
‘through the seventeenth pixel from the left in frame #n+l.
20 " In frame #n, the pixels belonging to the covered
background area are the eleventh through ihirteenth pixels
from the left, and the pixels belonging to the uncovered
baékground area are the second thrbugh fourth pixels from
the left. 1In framé #n+1, the pixels belonging to the |

25 covered background area are the fifteenth through



pi xel in frame #n+2 | ocated at the same inmage position as the pixel in

frame #n is stationary, the area specifying unit 103;¢lpk&iiBene0d hat the
pi xel in frame #n belongs to an 15 uncovered background area. Figs. 28A .
through 28D illustrate exanples of the area determ nation results obtained
by the area specifying unit 103. In Fig. 28A the pixels which are
determned to belong to a covered background area are vindicated in white.
In Fig. 20 28B, the pixels which are determned to belong to an uncovered
background area are indicated in white. In Fig. 28C, the pixels which are
determined to belong to a nmoving ar@8 are indicated in white. In Fig. 28D,
the pixels which are determned to belong to a stationary area 25
are.indicated in white.. 16 Decenber 2005 - 95 Fig. 29 illustrates the

area inteyERtEeRthNEi €&t 4 NErdhecHi Xesr @ and 1 thd i for Mid1 sy idpoe,
selected fromthe area information output fromthe

det er mi abnghé! agcstOFéddhd cladounte Eda 206 dHe Hikt2%hidhegpi xel s which
are determned to 5 belong to the covered background area or the uncovered

backgr oahghthepixél €. frddietpd xBdse whi ch are determined to belong to the
m xed area, are indicated in white. The area information indicating the
m xed area ot pute fexmmptllve shabetnerim Mikg- 24ag-sinoel nhef famegremxly 206
designates the 10 m xed area and the portions having a texture surrounded
by 5 - components contained in frame #n are moved by four pixels in
frame #n+1, the amount of movement v is 4. The number of
virtual divided portions is 4 in accordance with the amount
of movement v. |
A description is now given of a change in pixel values
10 of the pixels belonging to the mixed area in the frames
before and after a desigﬁated frame.
In Fig. 25, the pixels belonging to a covered
background area in frame #n in which the backgroundris
stationary and the amount of movement v in thé foreground is
15 4 are the fifteenfh through seventeenth pixels from the left.
Since the amount of movement v is 4, the fifteenth through
seventeenth frames fromrthe left in the previous frame #n-1
contéin only background compornents and belong'to #he
background area. The fifteenth through seventeen£hrpixels
20 from the left in frame #n~2; which is one before frame #n—l,
contain only'background components and belOng to the
background area.
Since the object correépoﬁding to the background is

stationary, the pixel value of the fifteenth pixel from the

25 left in frame #n-1 does nét change from the pixel value of °



the portions without a texture in the foreground area. The area specifying
processing performed by the area specifying unit 1034 Sedavef2d03d bel ow
with reference to the flowhart of Fig. 30. In step S201, the frane nmenory
201 15 obtains an inmage of franme #n-2 through frame #n+2 including frane.

#n. . In step S202, the stationary/noving determ ning portion 202-3

determ nes whether the determnation result for the pixel in frame #n-1
and the pixel in frame #n located at the 20 sane position is stationary. If
it is determned that the determnation result is stationary, the process
proceeds to step 5203 in which the-s®ati-onary/ noving determ ning portion
202-2 determ nes whether the determ nation result for the pixel in frame
#n and the pixel in frame #n+l |located at the 25 same position is

oot onasy o 9erbh buby Seigr gt LD phep SRRt i e vt on

result for t prxe pr xe r ane oddt ed at

Lhe SamenRoBikionvhus! BE! ONAr¥sLhenbt Asess) PEOSFEDR. LAl gy S204. 0 step

S204, the area determning 5 portion 2 2 sets i ndi cates that

the pi xelah@ PR-1PHOESSAEH BRLANESIOm ! D SEALLONA MullfR tiid) the
stationary area determning flag associated wth the pixel to be

processedxtEbatar gaxdet ergNtAg Porti oN 20302 HUPP) ifs thie t@li onary-area
determning flag to the determning-flag 10 storing-frame nenory 204, and
t he Pprocadscpoocerdssévest@pnt®20bxel from the left in frame #n-1
does not change from the pixel value of the seventeenth
pixel from the left in frame #n-2.
That is, the pixels in frame #n-1 and frame #n-2
corresponding to the pixels belonging to the covered
lQ background area in frame.#n.consist of only background
components, and the pixel values thereof do not change.
Accordingly, the absolute value of the difference between
the pixel values is élmost 0. Thus, the stationary/moving
determiqation made for the pixels in frame #n-1 and frame
15  #n-2 corresponding to the pixels belonging to the mixed area
in frame #n by the stationary/moving determining portion
'202—4 ié "stationary".
Since the pixels belonging to the covered background
area in frame #n contain foreground components, the pixel
20 ‘vaiues thereof are different from those of frame #n-1
consisting of only background components. Accoﬁdingly, the
stationary/moving determination made for the pixels
beionging to.the mixed area in frame #n and the
correspbnding pixels in frame #n-1 by the stationary/moving

25 determining portion 202-3 is. "moving".



If it is determned in step 5202 that the determnation result for the
pixel in frame #n-1 and the pixel in frame #n | ocat e BicediRr 3605 posi tion
is noving, or if it is 15 determined in step S203 that the determ nation
result for the pixel in frame #n and the pixel in frame #n+.1 |ocated at
the sane position is noving, the pixel to be processed does not belong to
a stationary area. Accordingly, the processing of step S204 is skipped,
and the process proceeds 20 to step S205. In step $205, the

stationary/ noving determ ning portion 202-3 determ nes whet her the

determ nation result for the pixek Ph —frane #n-1 and the pixel in frane
#n | ocated at the sane positionis noving. If it is determned that the 25
determ nation result i-s aning, t he process proceeds to step - 97 S206 in

whi ch t he Stigtd ﬁﬂgﬁg% é%?/ﬁdvl fHéE% q%ernlnes whet her

t he deternlnatlon re he p|x rame #n an the pixel in frame

#n+1 'l ogaligdadln hemé@ﬂﬁg" Posi & i@dnpﬁ/ f % he %tfaﬁlodas.rydﬁ&cﬁﬁrﬂdqed in step
S206 that the defermnation resu t for the pixe frarfe #n and the pi xel

in framBet8imini Q§ah&LL 8bn t NE2-SAMEL RPSIKAONHS S Nhathen qg;ess proceeds
to step S207. In step S207, the area determ ning portion 203 sets "1",°

~whi ch | adteahesat hadk fén@uptxmdi&atbﬁqglo'ﬁao@ﬁﬁs&@-bewrw@ﬂlqeai nmovi ng area,
in the noving-area determning flag associated with the pixel to be
processeédom e atreaickeseymovivgy adede 20 Phe ypptt asm A2 -mpyviay- ar ea
discussed above, the area determining portion 203-3
determines - that the Qorresponding pixels belong to a covered
background area. |
In Fig. 26, in frame #n in which the background is
10 stationary and the amount of movement v in the foreground is
4, the pixels contained in an uncovered backgrouﬁd-area are
‘the second through fourth pixels f:oﬁ the left. Since the
amount of movement v is 4, the second through fourth pixels
from the left in the subsequent frame #n+l contain only
15 background components and belong tb the background area. In
framé #n+2, which is_sﬁbsequent to frame #n+l1l, the second
through fourth pixels from the left coﬁtain only backgrbund
ccmpénents and belong to the backg:oun& area.
Since the object corresponding to the background is
20 'sta£ionary, the pixel value of the second pixel from the
left in frame #n+2 does not,chaﬁge from the pixel value of
the second pixel from the left in fréme #n+1. Similarly,
the.pixel value of the third pixel from the left in frame
#n+2 does not change from the pixel value of thé third pixel

.25 from the left in frame #n+l, and the pixel value of the



determining flag to the determ ning-flag--storing frame nenory 204, and
the process proceeds to step 5208. 15 If it is deterng®eenibet2®F 5205 t hat
the determination result for the pixel in frame #n-1 and the pixel in
frane #n |ocated at the sane position is stationary, or if it is'
determned in step S206 that the determ nation result for the pixel in
frame #n and the pixel in franme #n+l |ocated at 20 the sane position is
stationary, the pixel in frame #n does not belong to a noving area.
Accordi ngly, the processing of step S207 is skipped, and the process
proceeds to step 5208. In step S208, 9%he stationary/ noving determ ni ng _
portion 202-4 determ nes whether the determ nation result for the 25 pi xel
in frame #n-2 and the pixel in frame #n-1 |located at 16 Decenber 2005 98

the samgpesht Hb9Reh Srebat LRAAE Yre ! intﬁréﬁedﬁ@ mhed M@tché

~determination result is stationary, e process proceeds tep S209-in
whi ch t eoat @hibopakyl "ONiRg det ena f‘bﬁ‘ﬂth pﬁ{&épnf]?&@ él@ef@f{ﬂ 1S Whet her
the determination result for the pixel frame #n-1 and the pixel in

frame #grakecahed_ at the sane position |s noving. |f |t is determned in
step S209 that the determnation, result for the pixel in frame #n-1 and’

the pixel inrThg@anes #rchd geptets atn thernsa B f0Sind s m@Mi2ng, the process
proceeds 10 to step S210. In step S210, the area determ ning portion 203-3
set s5 " 1tprwhispbhndihdg cad eshé hpixéhe Ipé kehgimy beo prioe asseszdieddngs to a
.covered background area, in the
background area in frame #n consist of only background
components, and the plxel values thereof do not- change.
Accordingly, the absclute value of the'difference between
the pixel values is almost O. Thus, the stationary/moving
10 determination made for the pixels in frame #n+l and frame
- #n+2 corresponding to the pixels belgnging to the mixed area
"in frame #n by the stationary/moving détermining portion
'202*1 is "stafionary". |
Since the pixelsrbelonging to tne uncovered background
15 area in frame #n contain foreground components, the pixel
values thereof.are different from those of frame #n+l
consisting of only background components} Accordingly, the-
statiOnary/moving défermination made-fon the pixels
belonging to the mixed area in framé #n and the
20 ,nofresponding.pixels in frame #n+l by the stationary/moving
~determining portion 202-2 is "moving".
When the stationary/moving determination result
indicating "moving" is supplied from the stationary/moving
defermining portion 202~2, and wnen the stationary/moving

25 determination result indicating "stationary" is supplied



cover ed- background-area determning flag associated with the pixel to be
processed. The area determ ning portion 203-3" 15 supgy hesenthee2005

cover ed- background-area determning flag to the determ ning-flag-storing
frame nenory 204, and the process proceeds to step S211. The area :
determ ning portion 203-3 supplies the covered-background--area
determining flag to the determning-flag-storing franme nenory 204, and the
process proceeds to step S211. If it is determned in step 5208 that the
determ nation result for the pixel in frame #n-2 and the pixel in frane _
#n-1 located at the sane position Ts?doving, or if it is determned in step
S209 that the pixel in frame #n-1 and the 25 pixel in frane #n | ocated. at
the sane position is stationary, 16 Decenber 2005 - 99 the pixel in frane

#n doesrpgih BRE08Eat Doma FPXESEIhg RACKOMOUIh ARRA:t R F0H-Ng| ks the
processi ng of step 5210 1s skipped, and the process proceeds to step 5211.

I n stepddadidsséheaisdad | Ofias Y4 ey | dgr Stedielifdigly- 1@ i2pe-15 202-2 det ermi nes
whet her the determ nation result for the pixel in frame #n and the pixel in
frame #detebotntedcladit ttice Sareefosidimn dikddyibdlodd td ans determned in
step 5211 that the determ nation result is noving, the process proceeds
to stepus2dveraedvibachkgthendtateonary/ noving 10 determ ning portion 202-1
determ nes whether the determnation result for the pixel in frame #n+l
and Xt he pi 89 7 ridiw shreg dsodattedmanathens grpdpsdpnisofiok strame
#n made by the area specifying unit 103. When the
.determination result for the pixel in frame #n-2 located at
the samerimage position as a pixel in frame #n to be
processed and for the pixel in frame #n-1 located at the
10 same position as the pixel in frame #n is stationary, and
when the determination result for the pixel in ffame #n and
the piﬁel in frame #n-1 locéted at the same image position
as the pixel in frame #n is moving, the area specifying unit
143 determines that the pixel in frame #n bélongs to a
15 covered baékground area. |
When the_determination result for the pixel in frame #n.
and the pixel in frame #n-1 located at the same image
posifion as the pixel in frame #n is-stationary, and when
the determination result ‘for the pixel in frame #n and the
20 _ pixel in frame #n+1 located at the same image position as.
the pixel in frame #n is stationary, the area specifying
unit 103 determines that the pixel in frame #n belongs té
the stationary area.

When the determination result for the pixel in frame #n

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



stationary. If it is determned in step S212 that the determnation 15

result for the pixel in frame #n+1 and the pixel in f{gPecdied20@rat ed at

the sane position is. stationary, the process proceeds to step 5213. In

step S213, the area determining portion 203-1 sets "1", which indicates. |
that the pixel to be processed belongs to an uncovered background area, in |
the 20 uncovered-background-area determning flag associated with the . |
pi xel to be processed. The area determ ning portion 203-1 supplies the |
uncover ed- background--flag determning flag to the

determ ning-flag-storing frame menery®404, and the process proceeds to

step 5214. 25 If it is determned in step S211 that the determ nation 16

Decenber 2005 - 100 result for the pixel in frame #n and the pixel in
¢ 2 o q ; : M : ot Cifoit i
o, pBELCAORSL0 b BUSRTATE, PORL 9N, 13 FLOARLAM Bleh AL

. deter In step etermnationr e pixel in

frame #psleaRdnhRSoRi ¥8kuh g E5§H€B§n§§x5§ gn”?¥5881#£h§%&i%ﬁ% ﬁﬂﬁ%iane #n

does not belong to an uncovered ckground area. Accordingly, t

processiing rebmeSkRP1 S243at8aSkE PERE. saRE §R8GR" BEESE1 PR 0LLedset O step S214.
In step S214, the area specifying unit 103 determ nes whether the areas of

al | theppikxel sni Bréhampn#isanevifgspeabf heda bpebifysngebeieined that the
areas of all the pixels in frane #n are not yet specified, the process
r et Us nsdeaesingépe520Ratanlet pexal edn Speanéy#NghPLORES StNOLhE moving
| area. | |
When the determination result for the pixel in frame #n
and the pixel in frame #n+l located at the same image
position as the pixel in frame #n is moving, and when the
10 determination result for the pixel in frame #n+l located at
the same image position as the pixel in frame #n and the
pixel in frame #n+2 located at the same image position as
the pixel inrframe #n is stationary, the area specifying
unit 103 determines that the pixel in frame #n belongs to an
15 uncovered background area. _
Figs. 28A through 28D illustrate examples of the area
determination results obtained by the area specifying unit
103.. In Fig. ZSA, the pixelé which are determined to belong
to a covered background area are indicated in white. In‘Fig,
20 283, the pixels which are determined to belong to an
| uncovered background area are indicated in white.
In Fig. 28Q, the pixelé which are determined to belong
to‘a mOving érea are indicated in white. 1In Fig. 28D, the
pixels which are determined to belong to a stationéry.area

25 are. indicated in white.



the areas of all 15 the pixels in franme #n are specii&g% ]Q§286§cess
proceeds to step 5215. In step S215, the, synthesizer . generates area
information. indicating the m xed area based on the

uncover ed- background--area determ ning flag and the covered-
background-area determning flag stored in the determ ning 20 flag-storing
frame nenory 204, and al so generates area information indicating to which
of -t he uncovered background area, the stationary area, the noving area, or
the covered background area each pi 28l —bel ongs, and sets the generated
area information in the determ ning-flag-storing frame 25 nmenory 206. The
processing is then conpleted. - 101 As discussed above, the area

speci fying umrid 103 {8 sapahles afhdenerAtilih =03 JnnfioiebiraRd Rekcating to
which of the noving area, the stationary area, the uncovered background

area, Omikbe &p¥8! ednberkoroHidoar &R fadde Of sé et di @ WNtaaiaded in a
frame bel ongs. The area specifying unit 103 may apply logical ORto the

area i NLAFOBLADDoROSLESRONHLGE tive t detentDY R 1 hpadgroinyl @ and the
area information corresponding to the covered background area so as to
gener ateemoeq 1061 nforibdi 029 cothiespinell ngeliict heraridetemrigsed ard t hen may
generate area information consisting of flags indicating to which of the
noving bekangt be thatconargd dveckgorundeaneéxadr tEreautdwdretl vi dual pi xel s
contained in the frane bel ong. -
background area, i.e., the pixels which are determined to
belong to the mixed area, are indicated in white. The area
information indicating the mixed area output from the
determining-flag-storing frame memory 206 designates the
10 mixed area andAthe portions having a texture surrounded by
the portions without a texture in the foreground area.

- The area specifying processing performed by the area
specifying unit 103 is described below with reference to the
flowchart of Fig. 30. 1In step S201; the frame memory 201

15 obtains an image of frame #n-2 through frame #n+2 including
- frame #n.
In step S202, the stationary/moving detérmining portion
202-3 determines whether the determination result for the
pixel in frame #n-1 and the pixel in frame #n located at the
20 same position is stationary. If it is determined that the
determination result is stationary, the process proceeds to
step $203 in which the stationaxy/mqving determining portion
202-2 determines whether the determination result for the

pixel in frame #n and the pixel in frame #n+l located at the

25 same position is stationary.



When the object corresponding to the foreground has a 15 texturé, the area

specifying unit 103 is able to specify the noving ar j sely. The
area specifying unit 103 is able to output the area ?%P@&n%#gﬁﬁ ndi cating
the noving area as the area information indicating the foreground area,

and outputs the 20 area information indicating the stationary area as the

area information indicating the background. area. The enbodi nent has been
descri bed, assuming that the object corresponding to the background is
stationary- However, the above-described area specifying processing can 25
be applied even if the inmage, correspandi ng to the background 16 Decenber

. 2005 -- 102 area contains notion. For exanple, if the inmage corresponding

to the background area is uniformly noving, the area specifying unit 103
shifts the oyerall.i in. _accordapce t.his tion, and perforns
processing.ixgalknhﬁgggggFﬂ%Pﬁﬁ ts ¢ %Pc%%@?iFP%ﬁn eté&??ﬁﬂ%ﬂé%lon

corresp i t he backaround_. s stationar If.the Lnmage_corfespondi ng
Lo the' BackItoc8s MieBisHIatn riedl Fb' 813 Yperbibel be PafReksi e ™

P L182atak AL O BCLERLS phRS BLKC LS SEOLIGRARDS D! B-pRE L1 OTe, and,

executes the above escr processi ng. 3171's di agram

i 11 ustr gbipdetileroCoREL0Yball ONTRf Sthe 3562 SPREI L¥LNUaUpiln 08y The area
speci fying unit 103 shown in Fig. 31 does not use a notion
5 portion 203-2 sets "1", which indicates that the pixel to be
prbgessed béldngs to the stétionary area, in the stationary-
area determining flag associated with the pixel to be
processed. The area detetmining portion 203-2 supplies the
stationary-area determining flag to the determining-flag-
10 storingiframe memory 204, and the process proceeds to step
$205. |
If it is determined in step 5202 that the determination
resuit for the pixel in frame #n-1 and the pixel in frame #n
located at the same position is moving, or if_it is
15 determined in step S$203 that the determinatiqn result for
the piéel in frame #n and the pixel in frame #n+lllocated'atl
the same-bosition is moving, the pikel to be processed does
not 5elong to a stationaty area. Accordingly, the
processing of step S204 is skibped, and thé process proceeds
20 to step S205. |
In step S205, the stationary/moving determining portion
'202f3 determines ﬁhethér'the'determination resﬁlt for the
pixel-in frame #n-1 and‘the pixel in frame #n located at the
same position is moving. If it is determined that the

25  determination result is moving, the process proceeds to step



vector. A background inmage generator 301 generates a .15 background i mage
corresponding to an input image, and supplies the gepe iﬁ%5%¥ % §égr ound
image to a binary-object image extracting portion 302. ackground i mage
generator 301 extracts, for exanple, an inage object corresponding to a

‘background obj ect contained in the input 20 inmage, and generates the

background i mage. An exanple of a nodel obtained by expanding in the tinme
direction the pixel values of pixels aligned side-by-side in the noving
direction of an imge corresponding to a foreground object is shown in Fig.
32. For exanple, if the 25 noving-dPFection of the inmage corresponding to
the 16 Decenber 2005 - 103 foreground object is horizontal with respect to
the screen, the nodel shown in Fig. 32 is a nodel- obtained by expanding the

pixel vahyesigf wH!L?Sﬁl gndi §99§f&1§f3gﬁnoxpi’ng S AEr R A NS od idBR i N the

time domain. 5 1In Fig. 32, the line in frame #n 1s the sanme as the line in

frame #p- de88emihss! wngth@rfm@m@fw&mﬂ&ié@r@e&mt t fier frafegyiond
conponents corresponding to the object contained in the sixth through

sevent egnt brghxeks ahdophé heitel tirerapntiphMed ddutde secyd d-eough
thirteenth 10 pixels fromthe left in frame #n-1 and Are al so contained in

the tenphsihiongbhstmeniygfirst pixel fromthe left in frame 4n+l. In frane
#n-1, the pixels belonglng to the covered
5 If it is determined in step S206 that the determination
result for the pixel in frame #n and the pixel in frame #n+l
located at the same position is moving, the process proceeds
to step S207. In step S207, the area determining portion
203-2 sets "1", which indicates that the pixel to be
'10 processed belongs to a moving area, in the moving-area
determining flag associated with the pixel to be processed.
The area -determining area 203-2 supplies the moving-area
determining flag to the determining-flag-storing frame
memory 204, and the proééss proceeds to step S208.

15 . If it is determined in step S205 that the determination
result for the pixel in frame #n-1 and thé pixel in frame #n
locatéd at the same position is stationary, or if it is’
detefmined in step.SZOG that the determination result for
the pixel in frame #n and the pixel in frame #n+l located at

20 the same position is stationary, the.pixel in frame #n dOés
not belong to a moving area. Accordingly, the processiné of
step S207 is skipped, and the process proceeds to step S208.

In step S208, the stationary/moving determining poftion
202-4 determines whether the determinatioﬁiresult for the

25 pixel in frame #n-2 and the pixel in frame #n-1 located at



background area are the eleventh through thirteenth pixels 15 fromthe
| eft, and the pixels belonging to the uncovered backgrqund are re the
t hrough fourth pixels from the left. In fraaérﬁﬁmng aOﬂgxels

second.

bel onging to the covered background area are the fifteenth t hr ough
Seventeenth pixels fromthe left, and the pixels belonging to the
uncovered 20 background area are the sixth through eighth pixels fromthe

are the
pi xel s.
twel fth

left. In frame #nfl, the pixels. belonging to the covered background area

ni neteenth through twenty-first pixels fromthe left, and the
bel onging to the uncovered-bagkground area are the tenth through
25 pixels fromthe left. 16 Decenber 2005 - 104 In frame #n-1, the

pi xel s belonging to area are the first pixel fromthe left, and through

f
Lrens | S sl Bt 43 s

t hr ough

the left

|xels fr.om t.he | eft. plxelif?ﬁ#ggglEggggwigggbggggagnzg area

ﬂHé‘%}%ﬁ%ﬁ%ﬁgghg Eg%kfﬁ% st ti%%%@%% ehet e, Ragkoround jyrege from

to step 5209 in which the stationary/moving determining

~portion 202-3 determines whether the determination result-

10

15

- 20

25

for the‘pikel in frame #n-1 and the pixel in frame #n
located at the sane position is moving.

If it is determined in step 5209 that the determination,
result‘for the pixel in frame #n-1 and the pixel in frame #n
located at the same poeition is_moving, the process proceeds
to step S210. 1In step $210, the area determining portion
203-3 sets "1", which indicates that the pixel to be
processed belongs to a covered background area, in the
covered-background-area determining flag associated with the
pixel to be processed. Tne area determining pertion 203-3
supplies the covered-background-area determining flag to the
determining-flag-storing frame memory 204, and the process
proceeds to step Szil. The area determining portion 20343
sUppiies the covered—baekgroundwarea determining‘flag toftne
determining-flag-storing frame memory 204, and the process
prdceeds to step S211. |

' If it is determined in step S208 that the determination
result for the pixel in frame #n-2 and the pixel in frame
#n-1 located at the same position is moving, or.if it is

determined in step $209 that the pixel in frame #n-1 and the

‘pixel in frame #n located at the same position is stationary,



to the background area the background the fourteenth 1In frame #n, the the

first eighteenth frane #n+1l, are the first correspon 'ﬁg:%ﬂ] 0 exanpl e
shown in Fig. 32 generated by the background i mage gg%era of£2g%§is shown

in Fig. 33. The background i nage consists-of the pixels corresponding to

t he background .object, and does not contain i'mage conponents correspondi ng
to the foreground object. 15 The bi nary-object-inage extracting portion 302
generates a binary object inage based on the correlation between the
background i mage and the input imge, and supplies the generated binary
object image to a time change detectd ~303. 20 . Fig. 34 is a block
diagramillustrating the configuration of the binary-object-imge
extracting portion 302. A correlation-value calculator 321 cal cul ates the

correl athenphgeheen thembagkgnessdnbiogelsuppts edl &sesmrdéde background
| mage generator 301 and the input inage so as to 25 generate a-correl ation
val ue, hadkgupphdesréde groesatiefgld, Dekenpesc@9d9dbng -0 O0sep -5210
is-skipped, and the process proceeds to step S211.
In step S211, the stationary/moving determining portion
5 202-2 determiﬁes whether the determination result for the
pixel in frame #n and the pixel in frame #n+l located at the
same pdsition is moving. If it is determined in étep S21i1
that the determination result is moving, the process
proceeds to step 8212 in which the stationary/moving
10 determining portion 202-1 determines whether the
determination result for the pixel in frame #n+l and the
.pixel in.framé #n+2 located at the same position is
stationary.
If it is determined in step 5212 that thg determination
15 result for the pixel in frame #n+l and the pixel in frame
#nt+2 located at the same position is.statioﬁarf, the process
proceeds to step S$213. In step S213, the area determining-
portion 203—i sets "1", which indicates that the pixel to be
processed belongs to an uncovered background area, in the
20 uncovered-background-area determining flag associated with
the pixel to be processed._'The area determining portion
. 203-1 supplies the uncovered-background—-flag determining
flag to the determining—flag—storing.frame memory 204, and
the process proceéds to step S5214.

25 . - If it is determined in step S211 that the determination



correlation value to a threshol d-val ue processor 322. The correl ati on-val ue

cal cul ator 321 applies equation (4) to, for exanple, nd i mage
bl ocks havingX4 at the center, as shown in Fig. 35A 1§f§’$ﬁ§ %b@yexanple
5 3x3-background i mage bl ocks haV|ng Y4 at, the center which corresponds
to the background i mage bl ocks, as shown in Fig. 35B, thereby calculating
a correlation value corresponding to Y4: 8 - 8 I(Xi-X)..(Yi-Y) Correl ation
value =i i=(4) 82 2 /(Xi-X) EY -Y) 10 X =Y = The. :

correl ation---value cal cul ator 321 supplies the (5) (6) correlation val ue
cal cul ated for each pixel as discussé@0 above to the threshol d-val ue
processor 322. 15 Alternatively, the correl ation-value cal cul ator 321 may -
apply equation (7) to, for exanple, 3x3-background inmge blocks havi ng X4

at the Cfggﬁﬁt %HR%?BSEE FHera%@A#naggdtQhe ﬁ39rle&% gme

3x3- background 1 mage haV|n Y4 at the ter whic corresponds to

the backgiQund i40ged!Qelks, o@,sit%%nsagw@tbelghary?%r thegebyscal cul ating
t he sum of absolute 16 EEcenber 20

determined in step S212 that the determination result for
the pixel in frame #n+1l and the pixel:in frame #n+2 is
S moving,'the pixel in f:ame #n doés not belong to an
uncovered background area. Accordingly, the processing of
step $213 is skipped, and the process proceeds to step $214.
In step S214, the area specifying unit 103 determineé
whether the areas of all the pixelsrin frame #n are
10 specified. 1If it is determined that the areas of all the
pixels in frame #n are not yet specified, the pfdcesé
returns to step S202, and the area specifying processing is
repeated for the remaining pixels.
If it is determined in step $214 that the areas of all
15 the pixels in frame #n are specified, the process proceeds
to step 5215. In step S215, the synthesizer 215Agenerétes
area information.indicating the mixed area based oﬁ the
unCoﬁered—baékgroundearea determining flag and the covered-
- background-area determining flag.stored in the determining—
20 'flag—storing frame memory 204, and also generates area |
information indicating to which of the uncovered backgréund
area, the stationary area, the moving atea, or the covered
baékground area each pixel belongs, and sets the geﬂerated
area information in the determining—flag—storing-frame.

25 memory 206. The processing is then completed.



-.106 val ues of di fferences corresponding to Y4. s Sun1of absol ute val ues
of differences = J(Xi - Yi)J (7) i=0 The correlation- ? tor 321
supplies the sum of the absolute val ues of the dlfferences calcul ated as 5 -
‘descri bed above to the threshol d-val ue processor 322 as the «correlation
val ue. The threshol d-val ue processor 322 conpares the pixel value of the
correlation inmage with a threshold value thO If the correlation value is
smal l er than or equal to the 10 threshold value thQ 1 is set in the pixel
value of the binary object inmage. If the correlation value is greater
than the threshold value thO 0 is-setlin the pixel value of the binary
obj ect image. The threshol d-val ue processor 322 then outputs the binary
obj ect i mage whose pixel value is 15 set to O or 1. The threshol d-val ue

rocessor 3 hr. i vance, or may
: 5se t he thrngssh yéﬁ’{s\%ﬁ%ugtﬂbﬁygl r}gﬁétm%rom 1%qu{r%g%sourlé)é |g 37 ,
IIIustraaﬁébweoﬁl@@Iwr@@i@%afé@gfnf&ﬁaégfmnﬁw dosddedmdeicpf the

i nput inmage shown in Fig I nary object Tnage, Is set in
the pixef aﬁéuﬁ@vagt&apl xehs davi Nena-Pi ghes cond elatdan-mth the

background i mage 1g. 38 is a block diagramillustrating the
confi gusatk@rowid tdieed | Ner chen oo et &Et i cidPBoulerea each of the
5 pixels contained in a frame belongs. |
The area Specifying unit 103 may apply logical OR to
the area information ﬁorresponding to the uncovered
background area and the area information corresponding to
thé covered background area so as to generate area
10 “information corresponding to the mixed area, and then may
generate area information consisting of flags indicating to
which of the moving area, the stationary area, or the mixed
area the individual pixels contained in the frame belong.
When the object corresponding to the foreground has a
15 texture, the area specifying unit 103 is able to specify the
moving area more precisely.

" The érea specifying unit 103 is able to output the area
infofmation indicating the moving area as the area
information indiecating the foreground area, and outputs the

20 area information indicatiﬁg the stationary area as the area
information indicating the background area;

 The embodiment haé been described, assuming that the
objéét corresponding to the background is stationary.
However, the aboveQdescribed area specifyving processing can -

25 be applied even if the image corresponding to the background .



16 Decenber 2005 - 107 determining the area of a pixel in frame #n, a
frame nmenory 341 stores a binary object imge of fraﬂng smber DOGTE #N,
and frame #n+l supplied fromthe binary-object--inage extracting portion
302. 5 An 'area determining portion 342 determ nes the area of each pixel
of frame #n based on the binary object image of frane #n-1, frame #n, and
frame #n+l so as to generate area information, and outputs the generated
area information. Fig. 39 illustrates the determ nations made by the area
10 - determ ni ng portion 342. Wen the designated pixel of the binary object
image in frame #n is 0, the area detéP&ining portion 342 determ nes that
the designated pixel in frame #n belongs to the background area. \Wen the
desi gnat ed pi xel of the binary object image in 15 frane #n is 1, and when

the cor respondim iRisX@lot@bont.ne robi RE}pPB), €€F LABIEMEGefrane #n-1 is 1, and

when the corresponding pixel of the binary object inmage in frane #n+l 1is

1, the ar@ardgiciding mo pok barkk3d4dudat aEEhNES thatothey Mesiggated pixel
in frame #n belongs to the foreground area. 20 Wen the desi gnated pixel of
t he bi nathe ebjeectspienddying unhdne 148 shifrsatewsearabe casgespondi ng pi xel
of the binary object inage in frane #n-1 is 0, the area determ ning
porti on 34dweneenwies tthats tbeidesi gndt pdrpoxes pnofeasendgninbel ongs to a
covered background area. 25 Wen the designated pixel of the binary object
inagé i granner similar to the case in which the object corresponding
to the background is stationary. If the image corresponding
to the background area contains locally different motions,
the area specifying unit 103 selects the pixels
corresponding to the motions, and éxecutes the above-
10 described processing.
Fig. 31 is a block diagram illustrating the
configuration of the area specifying unit 103. The area
specifying unit 103 shown in Fig. 31 does not use a motion
véctqr. A background image generator 301 generates a
15 background image corresponding to an input image, and
supplies‘the generated béckground image to albinary—object—
image extracting portion 302. The background image
geﬁefatbr 301 extraéts; for example, an image object
corresponding to a background object contained in the input
20 Aimage, and generates the background image. |
An exampie pf d model obtained by expanding in the time
direction the'pixel values of pixels aligned side-by-side in
the moving direction of an image corresponding to a

foreground object is shown in Fig. 32. For example, if the

25 moving direction of the image corresponding to the



- 108 frane #n is 1, and when the correspondi ng pixel of the binary
object image in frame #n+l is 0, the area determ ning portign %ﬁﬁ '
determ nes that the designated pixel in frame #n beldﬁégmﬁﬁ'gﬁ covered
background area. 5 Fig. 40 illustrates an exanple of the determ nations
‘made by the tinme change detector 303 on the binary object inage
corresponding to the nodel of the input imge shown in Fig. 32. The tine
- change detector 303 determnes that the first through fifth pixels from
the left in frame #n belong 10 to the background area since the .
correspondi ng pi xels of the binary ey ect image in frane #n are 0. The
time change detector 303 determ nes that the sixth through ninth pixels
fromthe left belong to the uncovered background area since the pixels of

t he bi - 0bj i 15 in f # 1 d.t di i xel
(e, D1 ngbvegbh et DAPOS 120 MILAR I 6, Lo S0 e, SAIY Ssbendl n0 pl !
tenth hj ] xel.s, f. ft I to th . d
entn HERRL LSRN BLYELS, (L0 ey 10 b a0 0 e e g

cor r espeRdi 9501 XELfyd 0 S AR Tus Ay AL UNE I eapandinganl xel s T

frame #n+l are 1. The tinme change ( eterm nes that
fourteenihet iy ough sgyeiseni b, pi xels fromthe left belong to the covered

background area since the pixels of the .25 binary object image in frame #n
aresl, and tihe rGef.r espontiend ik DecerBre 380%s the same as the
line in frame #n-1 and the line in frame #n+1. -

In frame #n, the foreground cemponents corresponding to
the ebject contained in the sixth through seventeenth pixels
from the left are contaiﬁed in the second through thirteenth

10 pixels from the left in frame #n-1 and are also contained in
the tenth through twenty-first pixel from the left in frame
#n+1.
In frame #n-1, the pixels belonging to the cOvered
background area are the eleventh through thirteenth pixels
15 from the left, and the pixels beionging to the uncovered
background area are the second through fourth.pixels from
the left. 1In frame #n, the pixels belonging to the cdvered-
baekground area are the fifteenth through seventeenthlpixels
from the left, and the pixels belonging to the uncovered |
20 background area are the sixth through eighth pixels from the
left. In frame #n+l, the pixels belonging to the covered
background area are the nineteenthrthrough twenty-first |
pixels from the left, and the pixels belonging to the
uncovered backgroeﬁd area are the tenth through twelfth

25 pixels from the left.



-.109 pixels in frane #n--1 are 0. The tinme change detector 303 determ nes
that the eighteenth through twenty-first pixels from droBgsong to
t he background area since the correspondi ng pi xel s of e I nary obj ect
image in frame #n are 0. The area specifying processing perfornmed by the
area specifying unit 103 is described below with reference to the
flowhart of Fig. 41. In step S301, the background i mage generator 301 of
the area specifying unit 103 extracts, for 10 exanple, an inmge object
correspondi ng to a background object contained in .an input inage based on
the input image so as to generate-albackground i mage, and supplies the
gener at ed background image to the binary-object-inage extracting portion
302. Instep S302, the binary-object-imge extracting portion 302 -

cal cul at es aIg‘or g:g{n@t hgg%\églﬁﬂg g%g@gnbéfgn%_m t Oi{@%ib&g@g%%%ﬁ“{)ackgr ound

i mge supplie romthe gro I mage generator 1ng to, for

exanpl &.o.cal el atiron £idistonssed with kgkengtee LaaFils. r30Aa0fkSE I

step S303, 20 the binary-object-imge extracting portion 302 conputes a

“binary qui&m%ﬂ rRes thigmdshe peeun el at-bantual werand therrfheeghol ghyal ue tho
by, for exanple, conparing the correlation value with the threshold val ue

thO. I n siten SSHM orighegt itde tebapgekdebaatiobrdd@3aexeehtesitbhe 25 area
determ ni ng processing, and the processing is conpleted. - 110
5 through fifth pixels from the left, and the eighteenth
through twenty-first pixels from the left. In frame #n+l,
the pixels belonging to the background area are the first
through ninth pixels from the left.
An example of the background image corresponding to the

10 example shown in Fig. 32 generated bﬁ the background image
generator 301 is shown in Fig. 33. The background image
consists of the pixels corresponding to the background
object, and does not contain image components corresponding
to the fofeground object.

15 The binary-object-image extracting portion 302
generates a binarf object image based on the correlation
between the background image and the input image, and
suppiies‘the generated binary object image to a time change
detector 303.

20 . Fig. 34 is a block diagram illustrating the
configuration of the binary-object-image extracting portion
302. A correlation-value calculator 321 calculates the
cofrelation between the background image supplied from the
background image génerator 301 and the input image so as to

25 generate a correlation value, and supplies the generated



Details of the area determ ning processing in step 8304 are descri bed
below with reference to the flowhart of Fig. 42. €§ 56%2% §he ar ea
determ ning portion 342 of the tine change detector § det ef m nes whet her
‘the. designated 5 pixel in frame #n stored in the frame nennry 341 is 0. If
it is determned that the designated pixel in franme #n is 0,. the process
proceeds to step 5322. in step S322, it is determ ned that the designated
pi xel in frame #n belongs to the background area, and the processing is
conpleted. 10 If it is determned in step S321 that the designated pixe
inframe #n is 1, the process procedd® to step S323. In step S323, the
area determning portion 342 of the tinme change detector 303 determ nes
whet her the designated pixel in frame #n stored in the frane nmenory 341 is
1, and wbetdpitien thelsoriespathahqliceatalive Pravesterd 322.0. If it is
deternlned that the designated pixel in frame #n is | and the _
correspondi Mhepiccairelativaryatnel cad clatbe azmcappllpsoeqedslbn step 5324.
In step 5324, it is determned that the designated pixel in frame #n.

bel ongs (¢b tde Lovereth2G baidytarkg aned imadet bdopkscbssiing Kg conpl et ed.
I[f. it is determined in step S323 that the designated pixel in frame #n is
0, or taatthdhecaigasgonditypixelFig Frfan@mdintd,i Sor, exhapgeocess
proceeds to step 5325. In step S325, the area determning portion 342 of
the 3t i ¥ rhatjymndetigedsy b@skdeteviinges «WABt BBe ERRtEESYRRARed pi xel in

- 111 frane #n stored in_the frame nmenory 341 is 1, and whet her
corresponds to the background image blocks, as shown in Fig.

35B, thereby calculating a correlation value corresponding

8 _8 _
Z(Xi—X).Z(Yi—Y)

Correlation value = et = . (4)

B
Z(Xl—X) dYwi-n
i=0

8 .
DX
i=0

10 X = 5 (5)
8
> yi _ ,
— b o
=5 | | | ©
The.correlation-value calculator 321 supplies the
corrélétion’value calculgted for each pixei as discussed-
above to the threshold-value processor 322. |
15 o Altefnatively, the correlation-value calculator 321 may

apply equafioﬁ (7)'to, for example, 3x3—background image
blocks having X, at the center, asushown in Fig. 36A, and té;
for example, 3x3-background image blocks having 'Y, at the
center which corresponds to the background image blocks, as

.20 shown in Fig. 36B, thereby calcﬁlating the sum of absolute .



t he correspondi ng pixel in frame #n+l is 0. If it is determned that the

designated pixel in frame #n is | and the correspondi i bay frame
#n+l is 0, the process 5 proceeds to step S326. In st%%ﬂfgéggkgt IS

determined that the designated pixel in frame #n bel ongs to the uncovered
background area, and the processing is conpleted. If it is determned in
step 5325 that the designated pixel in franme #n is 0, or that the
corresponding pixel in frame #n+l is 1, the process proceeds to step S327.
In-step S327, the area determ ning portion 342 of the tinme change
detector-303 determ nes that the desilg@ated pixel in frame #n belongs to
the foreground area, and the processing is conpleted. As discussed above,
the area specifying unit 103 is able to specify, based on the correlation

value b ¥ﬁﬁﬂﬁ -'ﬂgqg i t he, . r.espondi ng background imge, to
_mhich'oﬁyt e é&ggthn 5?%%?Q%H%Q%%§€§P%'ng%agza, the covered background
area, or the uncovered background area each pixek 20 of the input inmage
bel ongs, Sum b Hetteschese ardladnfal rdtf fereneess’ esporiiing Y| the spewi fied
result. Fig. 43 is a block diagramillustratingianother configuration of
" the area specifying unit 103. The area specifying unit 103 uses a notion

vector and peskt cerak13®ibRFQanaki eAichneteef 35upphpsdifs opnd haoti on
detector 102.' 16 Decenmber 2005 -- 112 The sane el enments as those shown in
"Fig. 31 & edesibgahe®d values of the differences calculated as
5 described-abOVe to the threshold-value processor 322 as the
correlation value.
| The threshold-value processor 322 compares ﬁhe pixel
value of the correlation image with a threshold value tho.
If the correlation value is smaller than or equal to the
10  threshold value th0, 1 is set in the pixel value of the
binary object image. 1If the correlation value is greater
'than the threshold value th0, 0 is set in the pixel value of
the binary objéct image. The threshdid~value processor 322
rthen‘outputs the binary object image whose pixel value is
15 set to 0 or 1. The threshold-value processor 322 may store
the threshold vaiue thO therein in advance, or may use the
threéhold value th0 input from an external source.
Fig..37 illustrates the binary object image
corresponding to the mbdél of the input image shown in Fig.
20 32. 1In the binary object image, 0 is set in the pixel
values of the pixels having a higher correlation with the
rbackground image.
Fig. 38 is a block diagram iliustrating‘the

configuration of the time change detector 303. When



with like reference nunerals, and an explanation thereof is thus onmtted.
A robust-processing. portion 361 generates a robust ﬁsﬁ%&ﬁﬂ%195@§Ct i mage
the :

based on binary object inmages of N frames. supplied from

bi nary-obj ect-i mage extracting . portion 302, and outputs the robust ,
bi nary object image to the tinme change detector 303. Fig. 44. is a block
diagramillustrating the 10 configuration of the robust-processing portion

361. A notion conpensator 381 conpensates for the notion of the  binary
object imges of N frames based on the notion vector and the positional
information thereof supplied fromtRA&7 notion detector 102, and outputs a
noti on- conpensat ed binary 15 object imge to a switch 382. The notion
conpensati on perforned by the notion .conpensator 381 is discussed bel ow

¥vith re&@ﬁ@ﬂﬁf’nir{%{ ﬂﬁéfﬂ}!&é SR, i1 1F1 595 £ AR 48 £irhmkS mBRW-gSSUMEd,
or exanple, that the
i nput, the notion conpensator 381 conpensates for the notion of the binary
obj ect Am@OErafie #i-@Mmesifpliand AdRe ddina0R-0et ciceghagk frane #n+l, as
i ndi cated by the exanple shown in Fig. 46, based on the 25 notion vector
suppl i eslkfraneide gotdionh doect or 102, and. 16 December 2005 - 113
supplies the notion-conpensated binary object inmages to the
5 An area determining portion 342 determines the area of
each pixel of frame #n based on the binary object image of
framé #n-1, frame #n,rand frame #n+l so as to generate area
informatidn, and outputs the generated area information.
Fig. 39 illustrates the determinations made by the area
10 determining portion 342. VWhen the designated pixel of the
binary object image in frame #n is 0, the area determining
portion 342 determines that the designated pixel in frame #n
belongs to the background area. |
When the designated pixel of the binary object image in
15 frame #n is 1, and when the correspopding pixel of the
binary object image in frame #n-1 is 1, and when the
corresponding pixel of the binary object imagé in frame #n+l
is 1; the area determining portion 342 determines that the
designated pixel in frame #n belongs to the foreground area.
.20 ' When the designated pixel of the binary object image‘in
frame #fn is 1, and when the corresponding pixel of the
binary object image in frame #n-1 is 0, the area determining
poftion 342 determines that the designated pixel in frame‘#n

belongs to a covered background area.

25 . When the designated pixel of the binary object image in

_ _ area in frame #n is to be processed. \Wen 20 binary
obj ect 34RO ALs T4 A dWy loniffdAManiye 1 drzane #intl reBawnsa) Fig. 45 are



image of the first frane to a frame nenory 383-1, and Qut pu he
not i on- conpensat ed bi nary object image of the second E?gﬁ%mP@ﬁgﬁPéane
menory 383-2. Simlarly, the switch 382 outputs the notion-conpensated

bi nary object inmages of the third through (N1)-th frane to frame nmenories
383-3 through 383-(N-1), and outputs the notion-conpensated binary 10
object imge of the Nnth frane to a frane nenory 383-N. The frane nenory
383-1 stores the notion-conpensated binary object image of the first
frame, and outputs the stored binaryo0gbj-ect inmage to a wei ghting portion
384-1. The franme nenory 383-2 stores the notion-conpensated binary 15

obj ect ‘i mage of the second frane, and outputs the stored binary object

rrge R SEE AN 100 Pl bl de I Aldny A B ATRATEIR! | 00 9893

t hr ough ) stores the notion-conpensate nary obj e & i mages of the.

third t fdat hy t . irory
i o S A et S

383- N st £6i 441 &3 DA AN AN SR BNRHk i ARt pilRge ;of hgNghh frane,
and outputs the stored binary object imgeto a weighting portion 384--N.-

The wei ghdidyPaid IO 384verad Halipode dviesel value 25 of the
not i on- conpensat ed bi nary object imge of the first., 16 Decenber 2005 -
114 trame suplg.edof ionukheateamanmeraingp1383f1th¥ determinations '
- made by the time change detector 303 on the binary object
image corresponding to the model of the input image shown in
Fig. 32. The time change detector 303 determines that the
first through fifth pixels from the left in frame #n belong
10 to the background area since the corresponding pixels of the
binary object image in frame #n are 0.

The  time change detector 303 determines that the sixth
through ninth pixels from the left belong to the uncovered
background area since the pixels of the binary object image

15 in frame #n are 1, and the corresponding pixels in frame
#nt+tl are 0. |
The time change detector 3b3.determines that the tenth
, throﬁgh thirteenth pixels from the'left-belong to the
foreground area since the pixels of the binary object image :
20 in frame #n are 1, the,corresponding pixels in frame #n-1
are 1, and the correSponding pixels in frame #n+l are 1.

The time‘change detector 303 determines thet the
fourteenth through seventeenth pixels from the left belong
to the covered background area since the pixels of the

25 binary object image in frame #n are 1, and the corresponding



pr edet er m ned meight wl, and supplies a weighted binary object imge to an
accunul ator 385. The weighting portion 384-2 nultipli §$ﬁ i val ue of
t he notion-conpensated binary object image of the seggz) rgﬁgﬁgipplied
fromthe frame nenory 383-2 by a predeterm ned weight w2, and supplies

the wei ghted binary object inmage to the accunul ator 385. Likewise, the

wei ghting portions 384-3 through 384-(N 10 1) nmultiply the pixel values of
t he notion-conpensated binary object inmages of the third through (N-1)-th
franmes supplied fromthe franme nenories 383-3 through 383-(N-1) by

predet ermi ned wei ghts w3 through w{ NQ3 ,—and supplies the weighted binary
obj ect inmages to the accunul ator 385. The 15 wei ghting portion 384-N

mul tiplies the pixel value of the 20 notion-conpensated binary object inmge
of the NitBi1§r gfer-spPPEAEH fronythe frane menory 383-N by a. predeterm ned
wei ght WN, and supplies the weighted binary object inmage to the accunul at or
385. The acorqall @iy ARM@ACGHHAISES 30 Rdvd@initRlienhaaf thike. . .
mot i on- conpensat ed binary object images nmultiplied by the weights wl

t hroughetbhoéehtie £histgh htwaghyNeihst rgiesl s anebrs ofmar Bse i e 1asgunul at ed

.pixel value with the predeternmined threshold value thQ thereby generating

t he bi naoythé|kstkg2Zundegecd 6s Decenbies 0bespdiding pixels of the
5 binary object image in frame #n are 0.

The area spécifying processing performed by the area
specifying unit 103 is described below with reference to the
flowchart of Fig. 41. 1In step $301, the background image
generator 301 of the area specifying unit 103 extracts, for

10 example,ran image object corresponding to a background
cbject contained in an input image based on the input image
50 as to -generate a background image, and supplies the
generated background image to the binary-object-image
extracting portion 302.

15 In step 8302, the binary—objectwimage extracting
portion 302 calculates a correlation Qalue bétween the input
image and the background image supplied from the background
imagé generator 301 according to, fér example, calculation
discussed with reference to Eigs. 35A and 35B. In step S303,

20 the binary;obﬁect—image extracting portion 302 computes a‘
binary object image from the correlation value and the
threshold value th0 by, for example, comparing the
correlation value with the threshold value thO.

| In step 'S5304, the time change detector 303 executes the

25 area determining processing, and the processing is completed.A



As di scussed above, the robust-processing portion 361 génerates a robust

bi nary object image from N bi nary object i nages, and é abbs to the
ti me change detector 303. Accordingly, the area specityrng unit 103
configured as 5 shown in Fig. 43 is able to specify the area nore precisely
than that shown in Fig. 31 even if noise is contained in the input image.
The area specifying processing perfornmed by the area specifying unit 103
configured as shown in Fig. 43 is 10 described below with reference to the
flowchart of Fig. 47. The processings of step S341 through step S343 are
simlar to-those-of step 5301 threughOstep 5303 di scussed with reference
to the flowhart of Fig. 41, and an explanation thereof is thus omtted.
15 In step $344, the robust-processing portion 361 perforns the r obust

processi N0, pacataR §34Scl el HE EDAAR,Hch £GLAL 09 perfprmmaie  area

determ ni ng processing, and processi ng”is conp t he

Pr OCesSidg, QloskthahoBB4R R (il Lol Bne B0LALOGESSLAG A Seussad W th

reference to the flowhart of Fig. an explanation is thus

omi tted.42 Detmi st pf dava r%tar@%oa%%mgnea@r ggmghnmookhﬁeproceSSI ng
of step S344 in Fig. 47 are given below wth reference to the owchart of

Fig. 48time siemg33ektddter 323 mettemlﬁaarpaﬁé@heﬁs e84 @esighaeelhe notion
conpensati on of 16 Decenber 2005 -- 116
5 pixel in frame #n stored in the frame memory 341 is 0. If.
it is determined that the designated pixél in frame #n is 0,
the process proceeds to step S$322. In step-S322, it is
determined that the designated pixel in frame #n belongs to
the background area, and the processing is completed.
10 If it is determined in step $321 that the designated
pixel in frame #n is 1, the proccess proceéds to step 5323.
In step 5323, the area determining portion 342 of the time
change detector 303 determines whether the designated pixel
in frame #n stored in the frame memory 341 is 1, and whether
15 the corresponding pixel in frame #n-1 is b_ If it is
determined that the designated pixel in frame #n is 1 and
the corresponding pixel in frame #n-1 is 0, the process
procéeds to step $324. 1In step S324, it is determined that
the designated pixel in frame #n belongs to the covefed
20 baékground area, aﬁd the processing is completed.

If it is determined in step S$323 that the designated
pixel in frame #n is 0, or that the corréspdnding pixel in
frame #n-1 is 1, the process proceeds to.step S$325. In step
S325, the area determining portion 342 of the time change -

' 25 detector 303 determines whether the designated pixel in -



an input binary object imge based on the notion vector and the posi ti onal
i nformation thereof supplied fromthe notion detecto[ % £p S362,
one of the frame menories 383-1 through 383-N stores ? e correspondlng
_notion-conpensated 5 binary object imge supplied via the switch 382. In.
step 5363, the robust-processing portion 361 determ nes whether N binary
object images are stored. If it is determned that N binary object inmges-
are not stored, the process returns to step 5361, and the processing for
10- conpensating for the notion of the binary object imge and the
processing for storing the binary obj¥et~imge are repeated: If it is
determined in step 5363 that N binary object inages are stored, the
process proceeds to step S364 in 15 which weighting is perfornmed. In step

S364, theamei BhtéN@redoid i00S B8dnd hdiOBEB 884N Muldddlyhdtieer
corresponding N binary object inmges by the melghts w through wN. In step

5365, thkeagstiiedpddikd paeeLUMn afesnd hien N Meiqht erk bithaiy obj ect inmages.
.20 In step 5366, the accunul ator 385 generates a binary object inage from
t he accdeué atbded nelges e dasiexaingd api xebnparirged K aiccUmadrat ed val ue
with a predetermined threshold value thl, and the processing is conpleted
As di sctissedo abmsyndirg griece ks piati §yanng #tmﬂt 103, Zhae@hagaaed as shown in

Fig. 43 is able to generate area - 117 information based. on the robust
blnéry Em@@ggdsrﬁgﬁﬁtep $326. In step 5326, it is determined that

the designated pixel in frame #n belongs to the uncovered
background area, and the processing is‘completed.
If it is determined in step 5325 that the designated
pixel in frame #n is 0, or that the corresponding pixel in
10 frame #n+l1 is 1, the process proceeds to step $327. In step
5327; the area determining portion 342 of the time change
detector 303 determines that the designated pixel in frame
#n belongs to the foreground area, and the processing is
Completed. |
15 As discussed above, the area specifying unit 103 is
able to specify, based on the cOrrelatioﬁ vaiue between the
input image and the corresponding 5ackground image, to which
of tﬁé foreground area,  the béckground area, the covered
background area, or the -uncovered background area each pixél
20 of the input image belQngs, and generates area informati@ﬁ
corresponding to the specified result.
Fig. 43 is a block diagram illustrating another
configuration oflthe areé specifying unit 103. The area
specifying unit 103 uses a motion vector and positional

25 information thereof supplied from the motion detector 102.



As is seen. fromthe foregoing description, the area specifying unit 103
is able to generate area information indicating to Eﬂ&éﬁméﬁi V|ng
area, the stationary area, 5 -the uncovered background area t e covered
background area each pixel contained in a franme bel ongs. Flg. 49 is a.

bl ock diagramillustrating the configuration of the mxture-ratio

cal cul ator 104. An estimated-m xture-ratio processor 401 cal cul ates an 10

‘estimated mixture ratio for each pixel by calculating a nodel of a covered

background area based on the input inage, and supplies the cal cul ated
estimated m xture ratio to a m xtuorédRati o determ ning portion 403. An
estimated-m xture-rati o processor 402 calculates an 15. estinmated m xture
ratio for each pixel by calculating a nodel of an uncovered background

area bashif Wbl IdiiHy < A% ANUASUAPLLCE e 20 A8 ngRLyT™! od

m xture ratio to the mxture-ratio etermn| pOI’tIOI’l I'nce 1t can

~ be assurpthif hatkd he Qhjele SRIESAANILAG 420 erx%lta e dfioreqgraund i $movi ng

wi th constant velocity wthin the shutter tinme, e mxture ratio a of the
pi xel s taloHngiintddo a m xed area exhibits the follomnng characteristics.
That is, the mxture ratio a linearly changes according to the positional’

change in tha pokeks~p2bcebbihfepposibhopal §8ABYStER Lheowixel s is
one-di nensional, a 16 Decenber 2005 change in the m xture ratio a can be
repr Bseriathdyi pdgEcr- iageh®apesi bnobdhachabhs et tihagpisxelfsNi s
t wo- di nensi onal , a
frames supplled from the binary-object—image extracting’
portion 302, and outputs.the robust binary object image to
the time change detector 303.
Fig. 44 is a block diagramlillustrating the
10 configuration of the robust;processing portion 361. A
- motion compensator 381 compensates for the motioa of the
binary object images of N frames based on the motion vector
“and the positional information thereof supplied from the
motion detector 102, and outputs a motion-compensated binary
15 object image to a switch-382. |
The motion compensation performed by the motion
.compensator 381 is discussed below with reference to
exam@les shown in Figsr 45 and 46. It is.now assumed, for
example; that the area in frame #n is to be processed. When
20 binary object images of frame #n-1, frame #n, and fraﬁe-#h+l'
shown in Fig. 45 are input,_the motion compensator 381
compensates for the motion of the binary object image of
frame #n-1 and the binary object image of frame #n+l, as
indicated by the ekamplé shown ‘in Fig.'46} based on the

25 motion vector supplied from the motion detector 102, and



change in the mxture ratio a can be represented‘on a plane. Since the
period of one frame is short, it can be 5 assuned thafsplg e8b5

corresponding to the foreground is a rigid body noving wt constant'
velocity. The gradient of the mxture ratio a is inversely proportional to
the amount of noverment v within the shutter tine of the foreground. 10 An
exanple of the ideal mxture ratio a is shown in Fig. 50. The gradient 1
of the ideal mixture ratio ain the mxed area can be represented by the
reci procal of the amount of novement_v. As shown in Fig. 50, the idea
mxture ratio a has the 15 value of133i7 the background area, the val ue of
-0 in the foreground area, and the value of greater than O and smaller than
1 in the mxXed area. the exanple shown in Fig. 51, the pixel value Q06 of
the sevenpplpexelhbr agxiba-kehbehbateaneifiir¢gasbhect ndhegéede20cy equation
(8) by using the pixel value P06 of the seventh pixel fromthe left in :
frame #switcB0882.B06 / v + BO6 / v +F01 / v +F02 / v P06/v +P06 /v
+F01/v+F02/v z 2/vPO6+YFi/v (8) i-1 16 Decenber 2005 - 119
The switch 382 outputs the motion-compensated binary
~object image of the first frame to a frame memory 383-1, and
5 outputs the motion-compensated binary object image of the
second frame to a frame memory 383-2. Similarly, the switch
382 outputs the motion-compensated binary object images of
the third through (N-1)-th frame to frame memories 383-3
through 383-(N-1), and outputs the motion-compensated binary
10 object image of the N-th frame to a frame memory 383-N.
The frame memory 383-1 stores the motion-compensated
binary object image of the first frame, and outputs the
stored binary object image to a weighting portion 384-1.
The frame memory 383-~2 stores the motion-compensated binafy
15 object image of the second frame, and outputs the stored
binary object image to a weighting portion 384-2..
Similarly, the frame memories 383-3 through 383-(N-1)
storés the motion-compensated binary object images of the
third through (N-1)-th frames, aﬁd outputs the stored binary
20 ‘object images to weighting portions 384-3 through 384-(N-1).
The frame memory 383-N stores the motion-compensated binary
object image of the N—th frame, and outputs the stored
binary object image to a weighting portion 384-N.

The weighting:portion 384-1 multiplies the pixel wvalue

25 of the motion-compensated binary object image of the first .



In equation (8), the pixel value C06 is indicated by a pixel value M of
the pixel in the mxed area, while the pixel value PQ&6H.S.. .04 ed by a
pi xel value B of the pixel in the background area. nggkﬁgh ﬁ@a%ixe
value Mof the 5 pixel in the m xed area and the pixel value B of the pixel
in the background area can be represented by equations (9) and (10),
respectively. M= C06 (9) B = P06 (10) 10 In equation (8) , 2/v
corresponds to the mixture ratio a. Since the anobunt of novenent v is 4,
the m xture ratio a of the seventh pixel fromthe left in frame #n is 0.5.
As di scussed above, the pixel value Clén-the designated frame #n is
considered as the pixel value in the m xed area, 15 while the pixel val ue
P of frame #n-1 prior to frame #n is considered as the pixel value in the

backgroqﬂgn@;§3ﬁ¥g§§%p&g%ggkxe %?%%%i%%m§§§ 5B§%§a ing the mxture ratio a

can be represe y équation ( ¥) 20 where f in

equat | 0 (et di iR §%1 ghieuSUML0l e -19Le060YRToFREROREALS El Fi /v

contai ned in-the designated pixel. The “variabl es containe equati on
(11) ar eyjeetf aaheeStol a8 acchi@1FviUB@sr at rfea,aRgntReSyBLEigh the

f oregroun corponents. 25 . Simlarly, a nodel obtained”by expanding in
the tinsgh62Deserhpn i280%he $2R@el value of the motion-compensated
5 binary Objéct image of the second frame supplied from the
frame memory 383~2 by a predetermined weight w2, and
supplies the weighted binary object image to the accumulator
385. |
Likewise, the weighting portions 384-3 through 384- (N-
10 1) multiply‘thé pixel values of the motion—compensatea
binary object images of the third through (N—l)—ﬁh frames
supplied from the frame memories 383-3 through 383—(&—1) by
predetermined ﬁeights w3 through w(N-1), and supplies the
weighted binary object images to the accumulator 385. The
15 weighting portion 384-N multiplies the pixel value of the
motion—compensated binary object image of the N-th frame
supplied from thé frame memory 383-N by a.predetermined
weigﬁt wN, and supplies the weighted binarj object image to
the accumulator 385. o
20 The;accumulatOr 385 accumulates the pixel values of fhe.
motion~compensated binary object images multiplied by the
weights wl through wN_éf the first through N-th frames, and
‘compares the accumulatéd pixel value with the predetermined
threshold value th0, thereby generéting the binary object

25 image.



direction the pixel values in which the anbunt of novenent is 4 and the
nunber of virtual divided portions is 4 in an uncovegfg d area i s
shown in Fig. 52. As in the representation of the cov 8“@%0 ground ar ea,
5 in the uncovered background area, the pixel value C of the designated
frame #n is considered as the pixel value in the mxed area, while the

pi xel value N of frame #n+l1l subsequent to frane #n is considered as the
background area. Accordingly, equation (3) indicating the mxture ratio a
can 10 be represented by equation (12). C=aNtf (12) The enbodi ment has
been described, assum ng that the— kground object is stationary.
However, equations (8) through (12) can be applied to the case in which
the 15 background object is noving by using the pixel value of a pixel

| ocat ed cor s RERGRG 4D dHRR-AMHHYE RfbuBvereRicssily ghreikackgnound. It is
now assuned, for, exanple, in Flg 51 that the anpunt of novenment v of the

obj ect @@ném@@mch NEps t thendag ks Padid infacgd @Ardh hthebimumberofeat rt ual
di vided 20 portions is 2. In this case, when the object corresponding to

t he backgagemd drsd i ithetd ighd timdichardfs ddteeqioel30sl ue B of the
pi xel in the background area in equation (10) is represented by a pi xel
val ue PBdcoSiirElequats crsed ldkdye @ity {rif Jursiar H Contai i guwe®@®s vari abl es,
the m xture ratio a cannot be deternm ned wi thout 16 Decenber 2005 - 121
5> shown in Fig. 43 is able to specify the area more precisely
than that shown in Fig. 31 even if noise is contained in the
ihput image.
The aréa specifying processing performed by the area
specifying unit 103 configured as shown in Fig. 43 is
lQ described below with reference to the flowchart of Fig. 47.
The processings of step 5341 through step S343 are similar
to those of step S$301 through step S$303 discussed with
reference to the flowchart of Fig. 41, and an explanation
thereof is thus omitted.
15 In step S344, the robust-processing portion 361
performs the robust processing. |
In step 5345, the time change‘detéctor 303 performs the
areaidetermining processing, and the processing is cqmpieted.f
Details of the proce551ng of step 5345 are similar to the
20 . processing discussed w1th reference to the flowchart of Fig.
42, and an explanation thereof is thus omitted.
Details of the robust processing corresponding to the
1 processing of step $344 in Fig. 47 are éiven below with

reference to the flowchart of Fig. 48. 1In step S36l1, the

.25 motion compensator 381 performs the motion compensation of .



nmodi fying the equations. The m xture ratio a linearly changes in accordance

wth a change in the position of the pixels because &?ffgghﬁ&%mos

corresponding to the foreground is nmoving with constan elocity. By
utilizing this characteristic, an equation in which the mxture ratio a’
and the sumf of the foreground conponents are approximated in the spati al
direction can hold true. By utilizing a plurality of sets of the pixel

val ues of the pixels belonging to the m xed area and the 10 pi xel val ues of
t he pi xels belonging to the background area, the equations, in which the
m xture ratio a and the sumf of thalkoreground conponents are

approxi mated are solved by assuming that the mxture ratio a linearly

‘changes and that = the sum of the foreground conponents linearly changes, as

15 sh i i i.0_Fi g.,..53,; the.data that can,be utilized for
S O\Mhr{ ;hf]'gc bEfL‘?har.rA}ﬁ %\Qﬂ 'Jﬂm eg ased gn t&uﬁ g'lr?gtllr?él tvgcttoﬁeggévgfed

calculatin e mxture ratio a off the pixel's be

backgr ounge YA dRFIHAST AR fAHET Mibo LUL Y9 M, WG, contaln

t he pi xel value of a designated 20 pix esigna frame and

the pixelesealins IRBL B3%20f ohca®l #el £raklle mlmStyES égéi-g a

differs according to the spatial position, and is represented by a0
through #fpughh@ssum eftdike fhkeabewad peRRRARe ot idnf Lehpeasaprdi ng . 25 to

the spatial position, and is represented by fA through, 16 Decenber 2005 -
122 5  binary object image supplied via the switch 382.

In step S363, the robust-processing portion 361
determines whether N binary object images are stored. If if
isrdetermined that N binary object images are not stored;

“the procéss returns to step S361, and the processing for

10 rcompensating for the motion of the binary object image and
the processing for storing the binéry object imaje are
repeated. B

If it is determined in step S363 that N binary object

images are stored, the process proceeds to step 8364 in

15 which weighting is performed. 1In step S364, the weighting
portions 384-1 through 384-N multiply the corresponding N
binary object images by.the weights wl through wN.
o In step S$365, the accumulator 385 accumulates the N
weighted binary object images.

.20  In étep S366, the accumulator 385 generates a binary
object image from the accumulated images by, for example,
comparing the accumuléted value with a predetermined
thfeshold value thl, and the processing is completed.

As discussed above, the area specifying umit 103

25 configured as shown in Fig. 43 is éble to generate area



f05. When the m xture ratio a is approximated in the plane, the m xture

ratio a can be represented. by equation (13) by consid @&?ﬁ spgyenent v
corresponding to the two 5 directions, i.e., the horig%gha.‘%?rection and

.the vertical direction of the image. ax = jmkg+p (13) In equation (13), X

i ndi cates one of 01 through 05. equation (13), j is the index in the
horizontal direction, 10 and k is the index in the vertical direction when
the position of the designated pixel is 0. In equation (13), m designates
the horizontal gradient of the mxture ratio a in the plane, and q
indicates the vertical gradient of the mixture ratio a in the plane. In
equation (13), p indicates 15 the intercept of the mxture ratio a in the
pl ane. The sum of the foreground conponents can be expressed by equation

(14) . fxnEoimakidn l(uéééd_ldme@h@ti@méé%m&%%f@i@%ﬁ%&pf 01 through 05.
In 20 equation (14), j is the index in the horizontal direction, .and k

i's the indexad nid heaterfincpaltil riRtdgingheleddig pthesi,t ikee afrebhe desi gnated
pixel is 0. In equation (14), s designates the horizontal gradient of the
sum of $beci by gy onndt coihonendisl ¢ ntd hgepdeatss aruh tidfukincetiem t he .. 25
vertical gradient of the sumof the foreground conponents in 16 Decenber
2005 128ndicating to which of the moving area, the stationary area,
5 the uncovered background area, or thé covered background
area each pixel contained in a fraﬁe belongé.
Fig. 49 is a block diagram illustrating the
configuration of the mixture-ratio calculator 104. An
estimated—mixture~ratio processor 401 calculates an
10 s estimated mixture ratio for ‘each pixel by calcﬁlating a
model of a covered background area based on the input image,
and supplies the calculated estimated mixture ratio to a
mixture-ratio determining portion 403.
An estiméted—mixture—ratio proéessor 402 calculates an
15  estimated mixture ratio for each pixel by calculating a
model of an uncovered background area based on the input
image,-and supplies the calculated estimated mixture ratio
tO'tﬁe mixture-ratio determining portion 403.
Since it can be assumed that the object correspondiﬁg
20 to the foreground is moving with coﬁstaht velocity withinl
the shutter time, the mixtu:e,ratio o of the pixels
belonging to a mixed area exhibits the following
characteristics. That-is,,the mixture ratio allinearly
changes according to the positional change in the pixels.

25 If—the positional,change in the pixels is one-dimensional, a



the plane. In equation (14), u,-indicates the intercept of the sumof the

foreground conponents in the plane. For exanple, by apPb¥tdghersbopi xel
values that are spatially located in close proximty wth each other to the

5 equations containing the six variables, m q, p, s, t, and u, 25 :
equations can be obtained for the six variables. By solving the obtained
equations with the nethod of |east squares, the six variables can be

det erm ned. Wien the object corresponding to the foreground is 10 novi ng
fast in the shutter tinme, the mxture ratio a of the pixels that are
spatially located in close proximtylwth. each other is uniform and the
sum of - the foreground conponents of the pixels that are spatially |ocated
in close proximty with each other is uniformdue to the spatial

rhﬁchfe%fi&rt%@d 2Ri8Ch: A% g,tei ' lé-.@iregeh@' 8 fﬁtﬁ%g%i on,

correl atdphpf it ]
equations in which the mxture ratio a and t sum regr ound

| CONMPONEntss +Hef pRRAKA¥NARL %ﬂab?,et he csRabiak1di H8CEHLBNI¢ABNROLH T Ug. Mre

specifically, concerning the first termof the 20 right side of equation

(3), thehindaurie kaki RidRRFEXrEREES a tanb@eUREbOEREnR8d BHI §ahednby
equation (15), which is -described below, and also, concerning the second’
term of the sihghbtthédpepio@quatbnde fBamet he stwrof ihecdwrigground
conmponent s approximates to be uniform as indicated by .25 equation (21),
whi ch | sssdesed hdédtbehewobhiécbeceomtesp28ing td4the foreground is a
- rigid body moﬁing with constant velocity.
?he gradient of the mixture ratio a is inversely
proportional to the amount of movement v within the éhutﬁer
time of the foregrouﬁd.
10 '~ An example of the ideal mixture ratio o is shqwn in Fig.
50. The gradient 1 of the ideal mixture ratio a in the
mixed area can be represented by the reciprocal of the
amount of movement‘v.
As shown in Fig. 50, the ideal mixture ratio a has the
15 vaiue of 1 in the background area, the value of 0 in the
foreground area, and the value of greater than 0 and smaller
than 1 in thé mixed area.
 In the example shown in‘Fig..Sl, the pixel value C06 of
- the seventh pixel from the left in frame #n can be indicated

20 by equation (8) by using the pikel value P06 of the seventh

pixel from the left in frame #n-1.

£ C06 = BO6 /v + BO6 /v +F0L /v +F02 /v
= P06 /v +P06 /v +F0L/v +F02 /v (8)

. 2
2/v - -P06+ D Fi/v

i=1



By_ utilizing a plurality of sets of the pixel values of the pixels

‘bel onging to the m xed area and the .pi xel values of t i xel s onging to
t he background area, the equation in which the nixtuﬁglﬁﬁFP%aéﬂﬁkd the sum
f of the foreground 5 conponents are approximated is solved. By

approximating the mxture ratio a assumng that the mxture ratio a in the
pi xel s which are spatially in close proximty with each other is uniform
the m xture ratio a can be expressed by equation (15). 10 a = n (15) As
shown in Fig. 54, i indicates the spatial index when the position of the
designated pixel is set to 0. In Figt!®54, the white dot indicates the
designated pi xel, and the black dots indicate the pixels |located in close
proximty 15 with the designated pixel. In equation (15), nis the

appr oxi mat edry aldigatoford e )N e e iall A ’NEde @ sadikaitdd Yyuke ratio a

of the designated pixel corresponding to the index, which is 0. Although

the i ndpxxelisakiieown, ofl tise Upkia@IWNin 26h Sym Bupdd Oxdt-&8a) i wigi Idecitd Xture ratio
a, as indicated by equation (15), a plurality of different nixture ratios
a for pipelrehlty Bi6 pixelsdrantde lexps gsisedl byalne vasf afe .pilxel t he ,
exanpl e shown in Fig. 54, the five mxture ratios a for the five pixels can
be expr @ésstle byaoipgpraand abtes . | . Bhat nis, 260 Bypiappr oxa Ime iMpf Hehem xt ure
ratio a in the plane shown 16 Decenber 2005 - 125 =

5 pixel in the mixed area and the pixel value B of the pixel

in the background area can be represented by equations (9)

and (10), respectively.

M = CO06 (9)
B = P06 (10)
- 10 In eguation (8); 2/v corresponds to the mixture ratio a.

Since the amount of movement v is 4, the mixture ratio a of
the seventh pixel from the left in frame #n is 0.5.

As discﬁssed above, the pixel value C in the designated
frame #n is consideréd as the pixel value in the mixed area,

15 while the pixel value P of frame #n-1 pkior to frame #n is
considered as the pixgl value in.the background area.
‘Accordingly, équation (3) indicating the mixture ratio o can
be répresented by equation (11): |

C = o e P+f : {L1)

20 where f in equation (11) indicates the sum of the foregrouhd
components X;Fi/v contained in the designated pixel. The
variables contained in equation (11) are two factors, i.e.,
fhe‘mixtﬁre ratio o and the sum f of the'foregfound
Combonents;

. 25 - Similarly, a model obtained by expanding in the time



in Fig. 55, equation (15) is expanded into the plane, and the m xture
ratio a can be expressed by equation (16). a=n (16) §§DekGnber 2003 '

i ndi cates the horizontal index when the 5 position of the designated pixel
is set to O, and j indicates the vertical index when the position of the
designated pixel is set to 0. In Fig. 55 the white dot indicates the

desi gnated pixel. As shown in Fig. 56, the data that can be utilized for 10
calculating the mxture ratio a of the pixels belonging to 15 the covered
background area includes the pixel values MOl through M)5, which contain
t he pixel value of the designated —pi%8l —of the designated frane #n, and
the pixel values PO1 through PO5 of frame #n-1. Since the mxture ratio a

" dpproximates to be uniform regardl ess.of the spatial position, it is

represertighdbidmend Miwed kAllh@sainSkRGent RReSHMbahet Be hovegepund
conponents approximates to be uniformregardl ess of the spatial position,

it is 209 epresgenied nyber ber vextmpledividbiaperfnoaBows 4niki gn 51,

equations © (17) through (19) can hold true for CO5 through C07. CO5 =

a05eB05 /e rietl7 packgroand06Besa/ vsf Shoiwh8)in B gC0¥2+ a07BO7/ v+f O7 (19) 16

Decenber 2005 _ , '
"As in the representation of the covered background area,

5 in the uncovered background area, the pixel value C of the
designated frame f#in is considered as the pixel value in the
mixed afea, while the pixel value N of frame #n+1 subseqguent
to frame #n is considered as the background area. |
Accordingly, equation (3) indicating the mixture ratio « can

10 be represented by equation (12) .
C=aeN¢E (12)
The'émbodiment has been described, assuming that the
background object is stationary. However, equations (8)
through (12) éan be applied to the case in ﬁhich the
15 background object is moving by using the pixel value of a
pixel located corresponding to the amount of movement v of
the background. It is now assumed, for example, in Fig._Sl
that.the amount of movement v of the object corresponding to
the background is 2, and the number of virtual divided
20 poftions is 2. 1In this'case, when the object corfesponding
to the background is moving to the-right in Fig. 49, the
pixel.value B of the pixel in the backgrouﬁd area in’
equation (10} is represented by a pixel value P04.
Since equatioﬁs'(il) and {12} each contain two

25 . variables, the mixture ratio o cannot be determined without



-.126 Assum ng that the foreground conponents of the pixels positioned'in

close proximty with each other are-equal, 1i.e., tha FO3 are
equal , equation (20) holds true by replacing FO1l thryagﬁ&ﬁggg%y c. 5 fx

'Fc (20) In equation (20), x indicates the position in the spati al

direction. Wen i indicates the horizontal index, and j indicates the
vertical index, equation (20) can be expressed by 10 equation (21). fi, |
u (21) In equation (21), uis indicated by Fc, as expressed by equation
(22). u = Fc 15 That is, the approximtion in which the sum of the

f or eground conponents of the pixels Yotated in close proximty with each
other is uniformcan be expressed by equation (21). Assum ng that the

m xture ratio a of the pixels located 20 in close proximty with each

ot her apPaREY IRy eshd cedeatih&orm, and that the sum of the foreground
conponents of the pixels located in close proximty with each other

appr oxi nmat esTHe nhiextidtd aramicequatiosse (i Hharty( ) av@ rddtst ividhed into
equation (3), thereby obtaining equation 25 (23). 16 Decenber 2005
a change in thg position of the pixels because the object
corresponding to the foreground is moving with constant
5 ‘velocity. By utilizing this characteristic, an equation in
which the mixture ratio o and the sum £ of the foreéround
components are approximated in the spatiél direction can
‘hold true. By utilizing a plurality of sets of the pixél
values of the pixels belonging to the mixed area and the
10 pixel values of the pixels belonging to the background area,
the equations in which the mixture ratioc o and the sum f of
the foreground components are approximated are solved by
assuming that the mixﬁure ratio o linearly changes and that
the'sﬁm of the foreground components linearly changes, as
15 shown in Fig. 53.

As Shdwn in Fig. 53, the daté that can be utilized'for
calCulating the mixturé ratio o of the pixels belonging to
theldovered background area includes the pixel values MOi
through M05, which contain the pixel value of a designatéd

20 pixel of the-désignated frame #n, and the pixel values POi'
through P05 of frame #n-1.

The mixture ratio a‘differs according to the spatial
pdéition, and is represented by «0l thfough al5.

- The sum of‘thé'foreground components differs according

25 to the spatial position, and is represented by f£01 through .



127 M= nB+u (23) Equation (23) contains two variables, i.e., n and u.
For deternining the nixture ratio a, the nunber of e B&gﬁﬁxhgﬁinCreased
by setting the pixel values of the 5 pixels spatially Tocated in the close
proximty with each other in equation (23) while nmintaining the two
vari ables. More specifically, according to the pixels in close proximty
with the designated pixel, the pixel.value Mor the pixel value B is set
in the normal equation 1l0corresponding to equation (23). Then, a plurality
of -normal -equations in which the pixel value Mor the pixel value B is set
are solved by the method of |east sqbdfes, thereby cal culating the nixture
ratio a. For exanple, the horizontal index i of the designated pixel is set
to 0, and the vertical index j is set to 0. 15Then, the pixel value M or
t he pi xefoyalue B is set in equation (23) for 3x3 pixels located close to
the designated pixel, thereby obtaining equations (24) through (32).

M1, -1= B-1, when+ub34M12@NBe t=t B0, alhsuipbroMmiatdB+in - tharpl2y, M 1, 0-

B_1,0n+u(27) MO () = BO,a.n+u (28) M+l 0= B+1 O n+u(29) 25M.i, +1 =
B—l,+1n+@ﬁ§0¢h&ﬁnﬁb0§ﬂﬁﬁf02@@5.be represented by equation (13} by
considering the movement v corresponding to the two -
5 directions, i.e., the horizontal direction and the vertical
direction of the image.
= jm+kg+p _ (13)
In eguation (13), x indicates one of 01 through 05. In
equation (13); 7 is the index in'the horizontal direction,
10 and k is the index in the vértical direction when the
position of the designated pixel is 0. 1In equation (13), m
designates the horizontal gradient of ‘the mixture ratio a in
the plane, and g indicates the vertical gradient of-the
mixture ratio o in the plane. in eqnation (13), pAindicates
15 the intercept of the mixture ratlo o in the plane
The sum of the foreground components can be expressed
by equatlon {14).
fx = jstkttu ' (14)
Inrequation (14), x indicates one of 01 through 05. In
20 equation (14), j is the index in the horizontal direction,
-and k is the index in the vertical direction when the
position of the designated pixel is 0. 1In eqnation (14), e
designates the horizontal gradient of the sum of the
foreground components in the plane and t indicares'the

" 25 vertlcal gradlent of the sum of the foreground components in



-.128 M, +1 = Ba, +1n+tu M+Z, +1 B+l , +1n+u (31) (32) N ne equations (24)

through (32) are obtained for the two variables u an ecalilft; 36@5 sol ved by
the nethod of | east 5 squares, thereby determ ning thgspwo var?ggies u and

n. In this case, the mxture ratio a of the designated pixel corresponds

to the variable n in equation (23) Accordingly, between the two determ ned
variables u and n, the variable n is output as the mxture ratio a. 10 A
description has been given with reference to equations (24) through (32),
by -assuming that the pixel value of._the pixel contained in the m xed area
is M and the pixel value of the pi “contained in the background area is
B. Inthis case, it is necessary to set nornal equations 15 for each of the
cases where the designated pixel is contained.in the covered background
area, othehplaesi gnahesquapioel (14) cont bndidates t tiee uhtiovsregt batkgr ound
area. For exanple, when the mxture ratio a of the pixel contained in the
cover edthackgnouhdtlae eboragfoamd dompdmemts 20n | thée-iglandl i s determ ned,
Q04 through C08 of the pixels in frame #n and the pixel values P04 through
P08 of the Fowelsxanmi«r & applyiae Set-pixalhyadyesalthéquateons. For
determning the mxture ratio a of the pixel contained in the uncovered
backgroﬁﬂﬂt%ﬁbinh0¢¢%ﬁ% ¥n ekowm proximity with each other to the

5 equations containing the six variables, m, q, p, S, t,'and u,
25 equations can be obtained fprrthe six variables. By
solving the obtained eguations with the method of least
squares, the sixrvariables can be'deterﬁined.

When the object corresponding to the foreground is
10 moving fast in the shutter time, the mixture ratio a of the
pixels that are spatially located in close proximity with.
each other is-uniféfm, and the sum of the foreground
cdmﬁonents of the pixels that .are spatially located in close
proximity with each other is uniform due to the spatial
15 gorrelation of the fo;eground object. By utilizing this
. rassumption, equations in whiéh the mixture fatio a and the
sum £ of the-foreground components are approximated in the
spatial directieon can hold true. | | |
More specifically, concerning the first term of the
20 -right side of équation (3), the mixture ratio approximateé
fo be uniform, as indicated by equation (15), which is
described below, and also, coﬁcerning the second term of the
. right side of equation (3), the sum of the foreground
components approximates to be uniform, as indicated by

.25 _equation (21), which is described below.



25 in Fig. 52, the pixels C28 through C32 of franme #n and the 16 Decenber

2005 - 129 pixel values N28 through N32 of the pixelgsbguﬁﬁ ofn+l are
set in the normal equations. When the nodel corresponding to the covered.
background area is used, it is set that M= Cand B =P in equations 5.
(24) through (32). In contrast, when the nodel corresponding to the
uncover ed background area is used, it is set that M= Cand B=Nin

equations (24) through (32). More specifically, for exanple, for
calculating the mxture ratio a of the pixel contained in the covered 10
background area shown in Fig. 57, thé2fiotfl owi ng equations (33) through
(41) are established- The pixel value of the pixel whose mxture ratio a
is to be calculated is M5. In Fig. 57, the white dots indicate pixels to

be consi der e@yaﬁtilEBQnQaﬁkﬁ[ﬁﬂﬂﬂit?ngftQ@t@'@Ektﬁj@tﬁi:ié@ixpﬁ@éd)id(ﬁl s to.be
15 considered as the m xed area. Ml = Bcln+u (33) M2 = Bc2.n+u (34) M3
= Bc3n+uHBPixdid belBedintutb36he2@iMel arBabant £B8d)piMb vwaBebn+u (38)
M7 = Bc7n+u (39) M8 = Bc8n+u (40) M9 = Bc9+n+u (41) .
of the pixels belonging to the background area, the equation
in which the mixture ratio o and the sum f of the-foreground
5 componenté are approximated is solved. |
By approximating the mixture ratio a assuming that the
mixture ratio o in the pixels which are spatially in close
proximity with each other is uniform, the mixture ratio «
can be expressed by equation (15}.
10 o =n : ' : (15)
As shown in Fig. 54, 1 indicateé the spatial index when
"the position of the designated pixel is set to 0. In Fig.
54, the white dot indicates the designated pixel, and the
black dots indicéte the pixels located in close proximity
15 with the designated pixel. In equation (15), n is the
approximated value of the mixture ratio o and is also the
mixture ratio o of the dgsignatéd pixel correspohding to the
index, which is 0. o
Although the index i is known, n is unknown.
20 . By apﬁroximating the mixture ratio @, as indicated bf
| equation (15), a plurality of different mixture ratios a for
a plurality of pixels can 5e axpressed by one wvariable. In
the example shown in Fig. 54, the five mixture ratios o for

the five pixels can be expressed by one variable, i,e., n.

25 o By approximating the mixture ratio « in the plane shown



25 Wien cal cul ating the mxture ratio a of the pi xel 16 Decenber 2005 - 130
contained in the covered background area in franme #n, 16 D8cenitier 8b09/al ues Bl
t hrough Bc9 of the pixels in the background area in frame #n-1

.corresponding to the pixels in frame #n are used in equations (33) through

(41). Since nine 5 equations (33) through (41) are established for the two
variables u and n, they can be solved by the nethod of |east squares. \Wen
calculating the nmixture ratio a of the pixel contained in the uncovered
background area shown in Fig. 57, 10 the foll ow ng equations (42) through
(50) can hold true. .The pixel val ue 1&5 the pixel whose mixture ratio a is
to be calculated is Mu5. Mu.1 = Bul *n+u (42) Mi2 = Bu2on+u (43) 15 M3 =
Bu3en+u (44) .M4 = Bud*n+u (45) Mu5 = Bubon+u (46) M6 = Bub*n+u (47)

Bur enity. (%s 8)ec%9atl\i’<§n BuBen -+ (é&)and\é@ BuerHE (ne V\nyi‘Ici

calculatlng the mxture ratio a of the pixel contained in the uncovered
backgr ouné migeuid FA@I® dNeat hee dipedssal s Blatiyoughs)Bu9 of the

plxels of the background
a=n - {(16)
In Fig. 55, i indicates the horizontal index when the
5 position of the designated pixel is set to 0, aﬁd J

indicates the vertical index when the position of the
designated pixel is set to 0. 1In Eig. 55, the white dot
indicates the designated pixel.

As shown in Fig. 56, the data that can be utilized for-

10 caiculating the mixture ratio o of the pixels belonging to
the covered background area includes the pixel values MO1
through M05, which contain the pi#el value of the designated
pixel of the designated frame #n, and the pixel valueé P01
through P05 of frame #n-1.

_15 - Since the mixture ratio a approximates térbe_uniform,
regardless of the spatial position, it is represented by the
mixture ratio a. |

.Since the sum of the foreground componénts épproximates
to be uniform regardless of the spatial'position; it is |
- 20 repfeseﬁted by £. |
For example, in frame #n shown in Fig. 51, equations

{17) through (19} can hold true for CO05 through co7.

CO5 = a05eB05/v+E0S ‘ 17
C06 = a06eBO6/vE06 a (18)
25 Q07 = 07eBO7/v+EOT (19



25 area in franme 4n+l corresponding to the pixels of frane #n, 16 Decenber
2005 - 131 are used in equations (42) through (50). 8 xgﬁ 9200§quat| ons
(42) through (50) are established for the two varlabl Gand t hey ban
be sol ved by the nethod of |east squares. 5 A specific process for
calculating the mxture ratio a by applying the nethod of |east squares is
described below. For the sake of sinplicity, in equation (23), nis
indicated by w0, ‘and u is indicated by w. Simlarly, in equation (23),
the value Brelating to nis indicated by a0, 10 and the value 1 relating
to uis indicated by al. Al so, a cemiiZeati on of the horizontal index i and
the wvertical index j in equations (24) through (32) is indicated by a
single index k. Wen the index i and the index j are indicated by a 15

singl e index dos 16 f Gty CE'?L%h'fgr%g'e?gnﬁhgofn?gﬁ??'tg_l_%Peiﬂxé?;gl%%j[n and the

index k is expressed by equation

~consi derﬁéé?@l&{e&rﬁ.&h%fﬁe %oﬁmaé Qﬁsth( %%)ch dpheuoh L32hygan be nodi f i ed
into equation (52). | = ah-wh+e 52) I n equation ?5 k is any

one of thﬁelntﬁxﬁﬂsrdI<ﬂH£bdgh2%03 are equal, equation (20) holds

.true-by replacing F01 through F03 by fc.
5 fx = Fc (20)
"In equation (20), x indicates the-poéition in the spatial
direction. |
When i indicates the horizontal indéx, and j indicates
the vertical index, eguation (20) can be expressed by |
10 equation (21}.
fi, 3 = ﬁ C (21)
In eguation (21), u is indicated by Fc, as expressed by
'equation-(22).
| lu = Fc
15 : That is, the approximation in which the sum of the
foréground compeonents of the pixels lOQéted in close
proximity'with each other is uniform can be expressed by
equétion (21). | |
Assuming that the mixture ratio a of the pixels located
20 - in close proximity with each_otﬁer'appréximates to be |
uniform, and fhat_the'sum of the foreground componenté-of
the pixels located in close proximity with each other
approximates'to be ﬁniform, equations (15) and (21) are
substituted into équation {3}, theteby obtaining equation

25  (23).



Equation (53) can be found fromequation (52). ek = Mk - Y ah - wh (53) h=o
16 Decenber 2005 - 132 Since the nethod of |east Sq“%ﬁéc&ﬁ’of%@éﬂ ed, the
square sum E of the error is defined as follows, as expresse y equatiaon
(54). 8 5 E= >ek k=0 (54) In order to nmninize the error, the parti al
differential value of the variable W with respect to the square sum E of
the error should be 0. v is an integer either 0 or 1. Thus, w is
determ ned so that equation (55) is satisfied. dE - 2 Z ek aek aW x-0
dWw/ 8 =2Zek av=0 x-0 By substituti ngl equation equation (56) is obtained.
(55) : - 127 - |

- .M = neB+u (23)
Equation (23) contains two variables, i.e., m and u.
For determining the mixture ratio o, the number bf
equations is increased by setting the pixel values of the
5 pixels spatially located in the close prbximity with each
other in equation (23) while maintaining the two wariables.
More specifically, according to the pikels in close
proximity with the designated bixel, the pixel value M or
the pixel value B is set in the normal equation
10 correspoﬁding to equation (23). Then,.a plurality pf normal
equations in which the pixel value M or the pixel value B is
set are solved by the metﬁod of least squares, thereby
calculating the mixture ratio «. |
For example, the horizontal index i of the designated
15 pixel is set to 0, and the vertical index j is set to 0.
Then, the pixel.value M or the pixel value B is set in
~ equation (23) for 3x3 pixels located close to the désignated

pixel, thereby obtaining equations (24) through (32).

M, .1 = By _jentu (24)
20 Mo,;1 = By, en+u - | , (25)
Myy .1 = Byy, _gentu . - (26}
 M—L0 = B_j o*ntu : j (27)
My o = By gontu - (28)
Mi1,0 = Byg gentu : | . (29)

25 M 41 = By ,entu T (30)



(53) into equation (55), 8 1 8 > (av > ah wh) = 2Z av. M k=0 h=0 k=0 (56)
From the two equati ons obtai ned by substituting one Cq6I) Hepbger s 0 and
1l intov in equation (56), wh (h=0,1) is determ ned. As discussed above,
the determned result w0, i.e., n, is set in the mxture ratio a .
corresponding to the 20 designated pixel In this manner, the mxture-ratio
calculator 104 is 1 6 Decenber 2005 - 133 able to determ ne the m xture
ratio a with a relatively sinple calculation,.by assum ng that the m xture
ratio a of the pixels in close proximty with each other approximtes to
be uniformand that the sum of the~fdf8ground conponents 5 of the pixels in
close proximty wth each other approximates to be uniform Wen the
foreground object is noving fast in the shutter time, it can be assuned

that theqgnixtuBg ai+0 a of the pixels spatially (3gated in close
proximty with each 10 other is uniform and that the sum of the foreground

conponemts Qf=tikg piexelis spatially located in closg2)proxinmty with each
other linearly changes due to the spatial correlation of the foreground
- obj ect. BaseWioe equations (24) through (32) are obtained for the -
| two variables u and n, and are solved by the method of least
5 squares, thereby determining the two variables u and n. In
this case, the mixture ratio a of the designated pixel
corrgsponds to the variable n in equation (23). Accordingly,
between the two determined variables u and n, the variablé n
is output as the mixture ratio a;
10 A descfiption has been given with reference to
equations (24) through (32), by assuming that the pixel

value of. the pixel contained in the mixed_aréa is M, and the

_ pigel value of the pixel contained in the background area is

B. In this case, it is necessafy to set normal equations
15 for éach of the cases where the designated pixel is
contained in the covered background area, or the designated:
pixel is contained in the uncovered background érea.
'For'example, when the mixtufe fatio a of the pixel
contained in the covered background area in frame #n shown
20 in Fig..51 is'determingd, co4 through C08 of the pixels ih
| frame #n and tpe pixel wvalues P04 through P08 of the pixels
in fréme #n—-1 are set in the nofmal equations.
For deterﬁining the mixture ratio o of the pixel"
contained in the uncovered background area in frame #n shown

25 - in Fig. 52, the pixels C28 through C32. of frame #n and the .



t hese assunptions, equations in which the mxture ratio a 15 and the sum f
of the foreground conponents are approxi mated can be I As shown
in Fig. 58, the data that can be utilized for ca[culéﬁ?%%gé‘%aﬁgiture
ratio a of the pixels belonging to the covered background area includes

t he pi xel values M)1 20 through M5, which contain the pixel value of the
desi gnated pixel of the designated franme #n, and the pixel, values PO

t hrough P05 of frame #n--1. The m xture ratio a approximtes to be uniform
regardl ess of the spatial position, and. is thus represented 25 by the
mxture ratio a. 16 Decenber 2005 = 434 — The sum of the foreground
conponents is different according to the spatial position, and is thus
represented by fA through f05. The mixture ratio a in which a

appr oxi pakes +Qi1bes B28nthesayh SNeXesand Pxkeiatd ocddd na=Rb7) O
t hrough EO5 approximating to be linear is expressed by equation (58) fx
j stkt +useb8)ln dRelNopAiBté@RatbSng, X is one of 01 through 05_ Wth this
arrangenent, for exanple, by applying the pixel values of 5x5 pixels
spatial ly | otsdrecchen meldisie corresponding to the covered background '

area is used, it is set that M = C and B = P in equations
5 (24} through (32). In contrast, when the model
.-corresponding to the uncovered background area is used, it
is set that M.= C and B = N in equations (24) through (32).
More specifically, for example, for calculating the

mixture ratio oo of the pixel contained in the covered

10 background area shown in Fig. 57, the following equations
(33) through {41) are established. The pixel wvalue of the
pixel whose mixture ratio o is to be calculated is Mc5. In
Fig. 57, the white dots indicate pixels to be considered as
the background, and the black dots indicate pixels to be

15 considered as the mixed area.

Mcl = Bclen+u A (33)

Mc2 = Bc2entu | ' (34)

Mc3 = Be3entu o - (35)

Mc4 = Bcdentu : (36)

20 Mc5 = BcSentu S : (37
Mcé = Bcé6entu ' N ' (38)

. Mc7 = Bc7entu : ' (39)
Mc8 = Bc8entu | ' _ (40)

Mc9 = BcSent+u . (41)

25 . When calculating the mixture ratio o of the pixel



proxinmty with each other to the equations containing.the four variables, |
i.e., p, S t, and u, 25 equations can be 15 obtai ned for th@?zﬁ@i |
variabl es. The obt ai ned equations.are .solved by the st ' |
squares, thereby determ ning the four vari abl es. For exanple, it is now
assuned that the mxture ratio of the 5x5 pixels spatially located in

close proximty with 20 each other is uniform and that the sum of the
foreground conponents of the pixels spatially located in close proximty

wi th each other linearly changes. Then, the pixel values spatially |ocated

in close proximty with each other-~ aBe set in the equations by applying

four variables, that is, 25 one variable indicating the mxture ratio and

three 16 Decenber 2005 - 135 variables indicating t he gradient and the

interce e u pixel. Iues L are sol ved

" by the Q§ %yH%¢|4§a§?ﬂggh§%%§d QBU5QES5F5 S e?mM/% |ng an.

exanpl e i I €+RLO t ed pixel

are prg%ggﬁgg%nﬁﬁgn%?ﬁeQﬁ%?%?%nggﬁ P%deg a égggé %%r??%hﬁagﬁékgﬁﬁﬁ t he

desi gnatgdpikels afe '#adilcab%siegibohdaﬂ i;o( the pdgshgnahed-phxelnis 0),
ni ne equations are established f 10 3 pixels as expressed by equations

(99) Make LisedBibh eéﬁhﬁl%h%+ﬁ3@)ttﬁrwhbh_l4f)5p sihBeBiné--1) t+u

]
j

-5 eqUations'(33} through (41) are éstablished for the two
variables u and n, they can be solved by the method of least
squares. |

When calculating the mixture ratio o of the pixel
contained in the uncovered background area shown in Fig. 57,

10  the following equations ({(42) through (50) can hold true.

The pixel value of the pixel whose mixture ratio o is to be

" calculated is MﬁS.

Mul = Bulsn+u (42)
Mu2 = Bu2en+tu | : | (43)
15 Mu3 = Bu3en+tu - (44)
VMu4 = Eu4¢n+u (45)
Mu5 = BuSentu ‘V .:'V (46)
Mu6 = BuGen+u - | (47)
Mu7 = Bu7en+u ' : - (48)
20 Mu8 = BuSentu | (49)
Mu9 = BuYen+u | S (50)

When calculating the mixture ratio o of the pixel
contained in the uncovered background area in frame #n, the
pixel values Bul through Bu9 of the pixels of the background

25 area in frame #n+l corresponding to the pixels of frame #n .



M+, -1

BO O. n+Os+0t+u M-l ' u = B+1l, On+ (+1) s+0t+u M1, +11 Bpdeetnttd 7065 1) S+
(+1) t+u M. +1 = Bo, +1'n+Os+ (+1) t+u MH +1 B+1, +1 n+ ?+f§£

20 Nine equations (59) through (67) are through (67). (59) (60) (61)
63) (64) (65) (66) (67) obtained for the four variables u,

t

(62)  (

, and

= B+1 w1' n+ ( 1).s+ (-1) t+u M1,0 = B_1,0. n+( 1)s+0t+u 15 MO O =

n, and are, solved by the nethod of |east squares, thereby

determ ning the four variables u, s, t, and n. In this case, the

m xture-ratio a of the de5|gnated pi xe
.25 Accordingly, anong the four detek¥d med vari abl es,

136 -

-are used in equations (42) through (50). Since nine

equations {(42) through (50) are established for the two
variables u and n, they éan be solved by the method of least
squares.

A specific process for calculating the mixture ratio a
by applying the method of least squares is described below.

For the sake of simplicity, in equation (23), n is

indicated by w0, and u is indicated by wl. Similarly, in

10

15

20

equation (23}, the value B relating to n is indicated by a0,
and the value 1 relating to u is indicated by al;

Also, a combination of the horizontal index i and the
vertical ‘index j in equations (24) through (32) is indicated
by a single index k.

When the index i and the index j are indicated by a
single index k, the relationship among the index 1, the
index j, and the index k is expréssed by equation (51).

k = (i+l)e3+(j+1) | | ' (51)

in consideration of thé erfor ek, equations (24)

through (32) can be modified into equation (52).

- A
Mk =h2 ah -wh + e; | - ' (52)

~ In equation (52), k is any one of the integers from 0 to 8.

Equation (53) can be found from equation (52).

er=Mr - ah-wh | - (53)
h=0 o

S+ (+1) t+u

S,

corresponds to n in equation (23).
nis 16 Decenber

2005



output as the mxture ratio a. A description has been given with reference
to equations (59) through (67), by-assumng that the1 #n Pag of the
pi xel contained in the m xed area is-M and the 5 plxe ue of the pixel
contained in the background area is B. Inthis 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 pixel is
contained in the uncovered background area 10 For exanple, when the mxture
ratio a of the pixel contained in the covered background area in frame #n
shown in Fig. 51 is deternined, CO0418Rrough C08 of thenpixels in frame #n
and the pixel values P04 through PO8 of the pixels in frame #n-1 are set
in‘the normal equations. For determining the mxture ratio a of the pixel
contai ned. isgihBe dwneometRddbagckgeayddsqaseasi Dsfagpeida, shewn. in Fig.

52, the pixels C28 through C32 of frame #n and the pixel val ues N28 t hrough

. N32 of tdpmepiexetum En offf e #rtorare de€tined- biefoolork,eguations. 20 Wen

t he nodel corresponding to the covered background area is used, it is set .
that M =xpramsdcB dyPeguaddeat {643 . (59) through (67). In contrast, when the
nodel corresponding-to t he uncovered background area is used it is set’

that M = Nin equations (59) through (67) 54 ,
SpeCIflgng r exanple, for calculating the 16 EEcen£ 2005 -- 13 7

5 In order to minimize the error, the partial
differential valﬁe of the Vafiable Wv with respect to the
square sum E of the error should be 0. v is an integer |
either 0 or 1. Thus, wv is determined so that equation (55)

is satisfied.

io0
_dE de
Zek' £
aw x=40 awv
8 ,
=2-> e -av=0 . (55)
x=40 . )
By substituting equation (53) into equation (55),
equation (56) is obtained.
8 L ‘ 8 ,
lav-X,an -wh)=,av-Mk (56)
k=0 h=¢ k=0 ’
15 From the two equations obtained by substituting one of

the integeré 0 and 1 into v in equation (56), wh.(h=0,1)ris :
‘determined.:.
As discussed abhve, the determined result w0, i.e., n,
is set in the mixture ratio « corresponding to the
20 ~'designated pixel.

. In this manner, the mixture-ratio calculator 104 is



5. 10 mxture ratio a of the'pixel contained in the covered backgroUnd area

shown in Fig. 57, the follow ng equations (68) through_(76), ar
establ i shed. The pixel value of the pixel whose nixtu%£D¥§F@§I§8?% to be

calculated is M5. Ml = Beln+ (-1) +s+ (-1) t+u(68) M2 = _
Bc2n+0+s+(-1)t+u(69) M3- = Bc3-n+ (+1) +s+ (-1) t+u(70) M4 = Bc4n+ (-1)
. +s+0+t +u(71) M5 = BcS5n+0+s+0t +u(72) M6 = Bc6n+(+1) +s+0t +u(73) M7 = :
Bc7n+(-1) +s+(+1)t+u(74) M8 = Bc8n+0+s+(+1)t+u(75) M9 = '
BcOn+( +1) +s+(+1) t +u( 76) Wen calcqjg%%?g_the m xture ratio a of the pixel
15 contained in the covered backgro area in frame #n, the pixel values
Bcl through Bc9 of the pixels in the background ‘area in frane #n--1
"corresponding to the pixels in frame #n are used in equations (68) through
(76). Skihte hondeteguiné otise (BBYtute armhid 7@)witle ®staldtiishdd for the four
20 variables, they can be solved by the nethod of |east squares. when
cal cul asimpgleheahiniatron athp asvimite Pixel theoniwine fatiche wricover ed
background area shown in Fig. 57, the follow ng equations (77) through
(85) cabhhoPExelsein close proximity with each other approximates
to be uniform and that the sum of the foreground components
5 of the pixels in close proxiﬁity with each other
-approximates to be uniform.
When the foreground object is moving fast in the
shutter time, it can be assumed that the mixture ratio o of
the pixels spatially located in close proximity with each
10 other is uniform, and that the sum of the foreground
7 components of the pixels spatially located in close
proximity with each other linearly'changes due to the
" spatial correlation of the foregrouﬁd objectl Based on
- these assumptions, equations in which the mixture ratio o
15 and the Sum f of the foreground components are approximated
can be established.
As shown in Fig. 58, the data that can be utilized for
. caléﬁlating the mixture ratio a of the pixels belonging to
the covered background area ihcludes the pixel values MO1
20 through MOS, which contain the pixel value of the designated
pixel of the designated frame #n, and the pixel values POl
through P05 of frame #n-1.
* The mixture ratio o approximates to be uniform

regardless of the spatial position, and is thus :epresented

25 by the mixture ratio o.



The pi xel value of the pixel whose mxture ratio a is to be 25 cal cul ated
is Mi5. 16 Decenber 2005 - 138 - Ml = Bu1n+(-l)s+(-1k%§p&%é; y&&;: '
Bu2n+0s+(-1)t+u(78) Mu3 = Bu3n+ (+1) s+ (-1) t+u(79) u - .
+s+0t +u(80) Mu5 = Bu5*n+0s+0t +u(81) Mu6 = Bubn+(+1)*s+Qt +u(82) Mu7 = Bu7n+
(-1) +s+ (-+-1) t+u(83) Mu8 = Bu8n+0s+(+l)t+u(84) Mig = Bu9n+ (+1) s+ (+1)
t+u(85) 10 When calculating the mxture ratio a of the pixel contained in
t he uncovered background area in frane #n, the pixel values But through
‘Bug of the pixels of the background area in frame #n+1 corresponding to
the pixels of frame #n are used in &gfiati ons (77) through (85). Since nine
15 equations (77) through (85) are established for the four variables,

t hey can be solved by the nethod of |east squares A specific process for

cal cul ating the shnteF etﬁ@tf@r@?r@un@p@émp&geﬁ*&@ ietdodrofdeast squares is
descri bed bel ow. For the sake of sinplicity, the four variables, n,s, t,

20 and wcabedingi eat eﬂebypwalawpbsm@onananu&sre§@§C£éyEéyen{é& val ues B,
i, j, and 1 relating to the four varlables n, s, t, and u are indicated
by a0, &y, fa2, tandugB, £05. : '
The mixture ratio o in whichra approximates to be
5 uniform is expressed by equatioﬁ {(57).
o =p ‘ {57)
f01 through £05 approximating to be lihear is expressed
by equation (58). ” | |
fx = jstkt+u (58)
10  In eguation (58), x is one of 01 through 05.
| With this arrangement, for example, by applying the
pixel values of 5x5 pixels spatially located in close
proximity with each other to the equations containing the
four variables, i.e., p, s, t, and u, 25 equations can be
15 obtained for the four variables. The obtained equations are
:solved by the method of least squares, thereby‘determining
the four variables.
For example,‘it is now assumed that thejmixture ratio
of the 5x5 pixels spatially located in close proximity wifh
20 ~ each other'is uniform, aﬁd‘that the sﬁm of the‘foréground
components of the pixels spatially'locafed in close -
proximity with each other'iineariy changes. Then, the pixei
values spatially locatéd in close proximity‘with each other
are set in the equatioﬁs by applying four variables, that is,

25 - one variable indicating the mixture ratio and three



respectively- . Also, a conbination of the horizontal index i and the 25
vertical index j in equations (59) through (67) is ingj cenber
2005 - 13 9 - by a single index k. Wen the index i ﬂ%ﬁ%h%&rﬁé@%Pf are
indicated by a single index k, the relationship anong the index i, the
index j, and the index k is expressed by equation (86)- k = (i+l)3+(j+l)
(86) In consideration of the error ek; equations (59) through (67) can be
nodi fied into equation (87). 3 Mk=>ah-wh+ek h=0 (87) In equation (87), k
is-any one of the integers fromO 10 to 8. Equation (88) can be found from
equation (87). 3 ek = Mk -- E ah— M (88) h=0 Since the nethod of | east
squares is applied, the square sumE of the error is defined as follows,
as 15 expressed by equation (89). E= >ek (89) k=0 '

: variables indicating the gradient and the intercepts, and

the equations in which the pixel values are set are solved
by the method of least squares.

This is described below by taking an example in which.

5 323lpixels'in close proximity with the designated pixel are

processed.

When the horizOnﬁal index and the vertical index for
tﬂe designated pixel are indicated by i1 and j (the 7
designated pixel is 0), nine equations are established for

10 3x3 pixels as expressed by equations (59) through {67).

M_; 4 = By _jent(-1)es+(-1)ettu (59)
My 3 = Bok4-n+oos+(“1)ot+u : (60)
Miy 1 = By, gon+(-1)es+(=1)et+u , (si)
M_q ¢ = B_; gen+(-1)es+Ostiu (62)
15 M, 3 = By gen+Qes+Qst+u — (63)
Mypo = B+L0-n+(fl)os+00t+u (64)
M_j 41 = B_y spont(-1)es+(+1)et+u - (65)
Mg 41 = Bg sientOest (+1)et+u . (66)
My1 41 = Byp gient (+1)es+(+1) ettu | (67)
20 ' Nine equatiops (59) through (67) are obtained for thér

'foﬁr variables u, s, t, and_n, and are solved by the method
of least squares, tﬁereby determining the four variébles u,
s, t, and'h. In this case, the mixture ratio o of the
deéignated pixel cdrresponds to n in equétion,(23).

25 Accordingly, among the four determined variables, n is



In order to mnimze the error, the partial differential value of the
variable W with respect to the square sumE of the ?55@%&&&95 be 0. v
et erm ne

is any one of the 20 integers fromO to 4. Thus, w iS5

so t hat

equation (90) is satisfied. 16 Decenber 2005 - 140 dE 8 dek -, 2.ek . dw

k=0 dw s =2)ek av=o0. k=0 (90) By substituting equation (88)

(90),

equation ('91) is obtained. 8 3 8 Z (av Y ah wh) =av MKk

k=0 (91) 5 Fromthe four equations obtained by substituting one of
integers O through 4 into v in equation (91), wh (h=0, 1,. 2, 3) is

determ
in the
nmanner,

10

ned. As discussed above, the défernined result w0, i.e., n,
m xture ratio a corresponding to the 10 designated pixel. In

I nto equation

k=0 h=o0
t he

is set
this

_ the nixture-ratio calculator 104 is able to determ ne the m xture
rati o a Mtgutd dLldd Yaldture ratio a.

A description has been given with reference to
equations (59) through (67),7by assuming that the pixel
value of the pixel contained in the mixed area is M, and the
pixel value of the pixél contained in the background area is
B. 1In this case, it is necessary to set normal equatiohs
for each of the cases where the designated pixel is
contained in thelcovered background area, or the designafed
pixel is.contained in the uncovered background area.

For example, when the mixture ratioc a of the pixel
contained in the covered background area in framé #n shown!
in Fig. 51 is deterﬁined, C04 through CO08 of tﬁe;pixels in

frame #n and the pixel wvalues P04 through P08 of the pixels

_in frame #n-1 are set in the normal eguations.

15

20

For determining the mixture ratio a of the pixel

contained in the uncovered background area in frame #n shown

in Fig. 52,_the pixels €28 through €32 of frame #n.and'the
pixei values N28 ‘through N32 of the pixels in frame #n+i are
set in.the normal equations.

When the model éorresponding to the covered background

area is used, it is set that M = C and B = P in equations

" (59) through (67). In contrast, when the model

corresponding. to the uncovered background area is used, it

is set that M = C and B = N in equatiohé {59) through (67}).

25

. More specifically, for example, for calculating the



m xture ratio a of the pixels in close 15 proxi mty wWdpPeS&agierobher |
approximates to be uniformand that the sum of the foreground conponents |

of the pixels in close proximty with each-other approximtes to change
linearly. when the mxture ratio a of the pixels in close proximty with
each other approximates to be uniform and 20 when the sum of the

f oreground conponents of the pixels in close proximty wth each other
approximates to change linearly, with a gradation of the foreground
object, the -- 141 m xture-ratio cattllator 104 is able to deternine the
mxture ratio a with higher precision conpared to when'the mxture ratio.a
of .the pixels in close proximty with each other is uniformand when the
sum of mhetheeegadindaSototpenehksl i Sontkhined ifrithe 5 vsrad bl ock di agram
illustrating the configuration. of the estimated-m xture-rati o processor
401.  Aparhggeundpatea nslvovmeiestigat 2d; nik¢ uf@l Yatioy propcesisors 401 i s
supplied to a delay circuit 421 and an adder 422. 10 The delay circuit 421
del ays #h&) i hpuoughma§ecs crronestabhishend sTipplpieset healumget tidie he adder
422. VWen frame #n is supplied as the input inmge-to the adder 422, the
del ay cPi¥ailtwhogesuppties Fabie #nid to Paccabuekausd isTiéciadder 422 sets.
t he pixel _value of the pixel 15 adjacent .to the pixel for which the m xture
ratifo aMFy =cBfttated, *sna W s xel value of frdf8)#n-1 in the normal |

Mc2 = Bglent+(Q+s+(-1)et+u : (69)
Mc3 = Bq3bn+(¥l)+s+(;1)-t+u. - (70)
Mc4 = Bcédent (—1) +s+0et+u - (71)
MCS = Bc50n+0+s+00t+ﬁ ' - ({72)
10 Mc6é = Bebent+ (+1) +s+0et+u ’ . {73)
Mc7 = Bc7cn+(—i)+s+(+l)0t+u : {(74)
Mc8'=ch8-n+O+s+(+l)ft+u _ : (75)
- Mc9Y9 = BcYen+ (+1) +s+ (+1)ettu : (76)

When calculating the mixture ratio d of the pixel
15 contained in the covered background area in frame #n, the
pixel values Bcl through Bc9 of the pixels iﬁ the backgréund
area in frame #n-~1 corresponding to the pixelé in frame #n
‘are used in equations (68)_th£ou§h (76) . Since nine
equaﬁions (68) through (76) are established for the. four
20 variables, they can be solved by tﬁe.method of least squéres.
When calculating the mixture'ratio arof the pixel
_ éontained in the uncovered background area shown in Fig. 57,
the'followiﬁg equations (77) through (85} can hold true;
‘Theupixel value of the pixel whose mixture ratio a is to be

25 calculated is MﬁS.



F

equation. For exanple, the adder 422 sets the pixel values t hrough M9
and the pixel values Bcl through Bc9 in the normal egy %g%ﬂﬁn d on
equations (33) through (41), 20 respectively. The adder supplies the.
normal equations in which the pixel values are set to a calculator 423.
The cal cul ator 423 determ nes the estimated m xture ratio by solving the
normal equations supplied fromthe adder 422, and outputs the determ ned
estimated m xture 25 ratio. 16 Decenber 2005 142 |In this manner, the
estimated-m xture-ratio processor 401 is able to calcul ate the estinated

m xture ratio based on the input irfagé8 and supplies it to the

m xture-ratio determning portion 403. 5 The estimted-m xture-ratio
processor 402 is configured simlar to the estimated-m xture-ratio
processaui4@l gand+ani)expkanpit@an thereof is thus(pptted. Fig. 60 is a
bl ock diagramillustrating another configuration of the mxture-ratio

cal cul atrr2 HBuZbheosane-11&portions as those shopwgin Fig. 49 are

i ndicated by |like reference nunerals, and an expl anation thereof 'is thus
on tt ed- U8 selBeGwor (+4)14s 8¢pp) 4tz a pi xel bel ongi ngz2jo the covered .
background area and the corresponding pixel in, the 15 previous frane to’
an esti Rttded mudenté= lht$h0ﬂrbcessor 401 based on (8 area information
supplled fromthe area

Mu5 = BuS5en+0es+0et+u (81}
Mub = Buben+ (+1)es+0ettu {(82)
Mu?7 = Bu7-n+(—l)-s+(+1)-t;u (83}
Mu8 = BuBen+Qes+ (+1) et+u (84)
Mu9 = BuQen+ (+1)es+ (+1) et+u (85)
10 . When calculating the mixture ratioc o of the pixel

contained in the uncovered background area in frame #n, the
pixel values Bul throﬁgh Bu9 of the pixels of the background
area in frame #n+l corresponding to the pixels of frame #n
are used in equations (77) through (85). Since nine
15 equations (77) through (85) are established for the four
variables, they can be solved by the method‘of 1east squares.
A specific process for calculating the mixture ratio «
by abplying the method of.least squares is described below.
For tﬁe sake of simplicity, the four wvariables, n,.s, t,
20 and u are indicated by-wO, wl, w2, and w3, respectively.‘
The vaiues B, i, j, and 1 relating to the four variables, n,
s, t, and u are indicated by éO, al, az, and a3,
respectively.
" Also, a combiﬁation of the horizontal index 1 and the

25  wvertical index j in equations (59) through (67) is indicated



specifying unit 103. The sel ector 441 supplies a pixel belonging to the
uncover ed background area and the correspondi ng. pi xgéDiegérﬁ&gzﬁggasequent
frame to an estimated 20 mi xture-rati o processor 402 based on the area
dinformation supplied fromthe area specifying unit 103. Based on the area
information supplied fromthe area specifying unit 103, the selector 442
sets the mxture ratio a to O when the designated pixel belongs to -the
foreground 25 area, and sets the mxture ratio a to 1 when the designated -
143 pixel belongs to the backgr ound]eaj:z_;r ea. \Wien the designated pixel

bel ongs to the covered background area, The selector 442 selects the
estimated m xture ratio supplied fromthe estimted-m xture-ratio
processor 401 and sets it as the 5 m xture ratio a. Wen the designated

pi xel bb¥oagsihgléhéndanchbvered background area, the selector 442 selects
the estimated mixture ratio supplied fromthe estinmated-m xture- ratio
processor 40theandisetinddx ds dritb thetivrdey gt iare.inbieagededlyon 442 t hen
outputs the mixture ratio a which has 10 been sel ected and set based on

t he aredingleriedéewonk, Ashe selasiensibuyeamene phatindex at,i dheal cul ator 104
configured as shown in Fig. 60 is able to calculate the mxture ratio a
for eachi@eXkel . copd atRdindex he iveepprensed dor prAvatimn cel®ul ated m xture
rati o a. 15 The cal cul ati on_processing for the mxture ratio a perfornmed by
t he i xt ur e 4t i GddI@d1{deé? 104 configured as shd®R)in Fig. 49 is

di scussed beII ow with reference to the ) :
n consideration of the error ek; equations (39)

through (67) can be modified into'equation (87).

3
Mk =h2 ah«wh + e, (87)
=g )

In equation (87), k is any one of the integers from 0
10 to 8.

Equatioh {(88) can be found from equation {87}.
3 '
€=Mk ~ > ah -wh | - (88)
. h=0 :

Since the method of least squares is applied, the
square sum E of the error is defined as follows, as

15 expressed by equation (89).

E= el o | 39

k=0

- In order to minimize the erfor, the partial
differential value of thervariéble Wv with respect to the
square sum £ of the errér should be 0. v is any one of the

20 intégers from 0 to 4. Thus, wv is determined so that

equation (90) is satisfied.



flowchart of Fig. 61. In step S401, the m xture-ratio calculator 104
obtains area information supplied fromthe 20 area spgepb¥idusergpé 103. In
step S402, the estimted- mxture-ratio processor 401ﬁ§§%%utes%pﬁ% .
processing for estimating the mixture ratio by using a nodel corresponding
to a covered background area, and supplies the estimated mxture ratio to
the m xture-ratio determning portion 403. 25 Details of the processing
for estimating the mixture ratio' 16 Decenber 2005 - 14 4 are discussed
below with reference to the flowhart 8f Fig. 62. In step S403, the
estimated-m xture-ratio. processor“4é§ executes the processing for
estimating the mxture ratio by 5 using a.nodel corresponding to an
uuncoveredgggckgroumd ar eag o and supplies the estimated mi xture ratio to the
m xt ure 'o:Qe«tBeiknigg‘T&;rti on 403. In step S404, the mixture-ratio

cal cul at@W¥04 deéter mi ndW¥het her t he m xture rati os have been estimted"
10 for the whole fgame. If it is determned that the m xture rati os. have
not yet been sty ef f@v £ whole frame, the proced9Beturns to step
5402, and the progessing for estimating the m xture ratio for the ,
subsequent pixel is executed. 15 If it is determned in step S404 that the
m xture ratPYsSHRFELBBEANEsERWRE AN 688 ) hEnWhot@dtiate, (YMe process

proceeds to step $S405. In step $S405, the mxture-ratio
‘ equation (91) is obtalned.

8 3 8 : '
Qlav-Y.ak-wh)=> ay-Mk (91)
k=0 h=0 k=g
5 From the four equations obtained by substituting one of

the integers 0 through 4 into v in equation (91), wh (h=0, 1, 
2, 3) is determined.

As discussed above, tﬁe determined result wO, i.e., n,

is set in the mixture ratio o corresponding to the
10 designated pixel.

In this manner, the mixture-ratio calculator 104 is
able to determine the mixture ratio a with a relatively
simple calculation and a relatively high precision, by
aséuming'that the mixture ratio a of the pixels in close

15 proximity with each other approximates to be uniform and-
that the sum of the foreground components of the pixels.in
. close proximity with each_otherAapproximétes te change
linearly. When the mixfure ratio a of the pixels in close
proximity with each other approximates to be uniform,'and
20 ﬁheh the sum of the foreground components of the-pixels in
close proximity with each other approximates to change

linearly, with a Qradation of the foreground object, the



determ ning portion 403 sets the mxture ratio based on the. area

information supplied fromthe area specifying unit 103x# gﬂgﬂj ¢cating to
whi ch of the foreground area, the background area, t g%%gveregﬁg%ckground

.area, or the uncovered background area the pixel for which the m xture
ratio a is to be cal cul ated bel ongs. The m xture-ratio .determ ning portion
403 sets the mxture ratio a to 0 when 25 the. correspondi ng pi xel bel ongs
to the foreground area, and.. 16 Decenber 2005 - 145 sets the m xture :
ratio a to 1 when the correspondi ng ifel bel ongs to the background area.
When the correspondi ng pixel beldhgg o the covered background area, the

m xture- ratio determning portion 403 sets the estimated m xture 5 ratio
supplied fromthe estimated-m xture-ratio processor 401 as the m xture
rati o amivienethetitorcabpohdiog Pi4els deleongs detéheinacover ed background
area, the mixture-ratio determining portion 403 sets the estimated m xture.
rati o Bapphredrdtbim ¢helesthhelbed-pretisbon atdmpprodessovhd2tlas 10 t he

m xture ratio a. The processing is then conpleted. As discussed above, the
m xt ur ePLEEREE cRR el at P £ 104e i Rixehp| Entolese dorexmite wikh wachatio a,
which indicates a feature quantity corresponding to each pixel, based on
"the ar 8APPAT 5F el TS il i EeH e tHED 9 atls%e&war@lremi t 103, 15 and

t he d nput ingge The processing for calculating the mxture ratio a

per for nEABYPERE" Mk t¥eE9HRi o cal cul ator 104 configured as
Fig. 59 is a block diagram illustrating the

configuration of the estimated-mixture-ratio procéssor 401.
An image input into the estimated-mixture-ratio processof
401 is supplied to a delay circuit 421 and an adder 422.
i0 The delay circuit 421 delays the input image for one
frame, and supplies the image to the adder 422; When frame
#n is supplied as the input image .to the a&der 422, the
delay circuit 421 éupplies frame #n-1 to the adder 422.
The adder 422 sets. the pixel value of the pixel
15 adjacent to the pixel for which the mixture ratio a'is
calculated, and the pixel value of frame #n-1 in the normal
equation. For example, the adder 422 sets the pixel values
Mcl through Mc9 and the pixel values Bcl through Bc9 in the
normal equatiéns based on equations (33} through (41),
20 reépectively. The adder-422 supplies fhe normal equationS'
in which the pixel values aré set to a calculator 423.
The calculator 423 determines the estimated mixture
' ratio.by solving the normél‘equations supplied from the
adder 422, and outputs the determined estimated'mixturer

25 ratio.



shown in Fig. 60 is sinmilar to that discussed with reference to the
flowchart of Fig. 61, and an explanation thereof is ﬁkﬂ&ﬁb @bbged A
description is now given., with reference to the .flowchart Flg 2, of
the. mxture-ratio estimating processing by the estinated-m xture- ratio.
processor 401 having the configuration shown in Fig. 59 by using a nodel
.25 .. of the covered background area. 16 Decenber 2005 146 |In step S421,
t he adder 422 sets the pixel value contained in the input imge and the

pi xel value contained in the inage supplied fromthe delay circuit 421 in
a normal equation corresponding to &4dodel of the covered background - 5
area. In step S422, the estinmated-m xture-rati o processor 401 determ nes
whet her the setting of the target pixels is finished. If it is determ ned

that the settimgnafs Wa@near gok Ris¥xehstba-RoLkihikalsheds %P@c@ée&less returns
to step 10 5421, and the processing for setting the pixel values in the :

. normal etpmtiomble repeatndildie ithd & sAg9t@r@dned <l ret @a+$428a5bat the
setting for the target pixels is finished, the process proceeds to step

5423. | rostigpe 54881t aincajeculatdrsiddd ieal dul abeshehaikbuestirgaied m xture
rati o based on the norrmal equations in which the pixels values are set,
and out platenrhiaiged qaddtiedch 463xture ratio.

5 The estimated-mixture-ratio processar 402 is configured
similar to the estimated-mixture-ratio processor 401, and an
explanation thereof is thus omitted. |

Fig. 60 is a block diagram illustrating another
configuration of the mixture-ratio calculator 104. The same

10 portions as those shown in Fig. 49 are indicated by like
reference numerals, and an explanation thereof is thusr
omitted.-

2 selector 441 supplies a pixel belonging to the
-covered background area and the correséonding pixel in the
15 . previous frame to an estimated-mixture-ratio processor 401
~based on the area information supplied- from fhe area
specifying unit 103. The selector 441 supplies a plxel
belonglng to the uncovered background area and the
corresponding pixel in the subsequent frame to an estimated-

20 mixture-ratio processor 402 based on the area iﬁformation
supplied from the area specifying unit 103.

Based on the area information supplied from the area
specifying unit 103, .the selector 442 sets the mixture ratio
o to 0 when the deeignated pixel belongs to -the foreground

25 area, and sets the mixture ratio o to 1 when the designated



As di scussed above, the estimted-m xture-ratio processor 401 having the
configuration shown in Fig. 59 is 20 able to calcula PEH&H bhpat ed

m xture ratio based on the input image. The nixture-?g (o) é@%egg?ing .
processing by using a nodel corresponding to the uncovered background area
is simlar to the processing indicated by the flowhart of Fig. 25 62 by
using the normal equations corresponding to a nodel of 16 Decenber 2005.-
147 the uncovered background area, and an explanation thereof is thus
omtted. The enbodi nent has been described, assum ng that the object
corresponding to the background is—st4fionary. 5 However, the
above-descri bed m xture-rati o cal cul ati on processing can be applied even if
the i mage corresponding to the background area contains notion. For

exanpl epilkk1t BB10hHBIE0CORE CBRORGHENL0aL0S . Dagkan oudd &L LayhStdipi fornly
novi ng, the estimted-m xture-ratio processor 401 shifts the 10 overal

i mage i pigecobdaffigsWebhthdi So®LEQANHaRGrPLAH O Pda , FIRCESSI&WrdN a manner
simlar to the case in which the object corresponding to the background is
stationdng. skllecthethengertnitespangdtiiget pathe Haskoiaunt-oni egheont ai ns

locally different notions, the estimted-m xture-ratio 15 processor 401
sel ect seshemptrdisigburespanid ngrocessbe 40btamdssaiss tie g8 xgdles. bel ongi ng -
to the m xed area, and executes the above-described processing.
5 mixture ratio a. When the designated pixel belongs to the
- uncovered background area, the selector 442 selects the

estimated mixture iatio supplied from the éstimatéd—mixture—

ratic processor 402 and sefs.it as the mixture ratio «.

The selector 442 then outputs the mixture ratio o which has

10 been se;ected and set based on the area information.

As.diséuSsed above, the mixture-ratio calculator 104
.configured as shown in Fig. 60 is able to calculate the
mixture ratio a for éach pixei contained in the image, and
outputs the calculated ﬁixture ratiO'a;

15 | The calculation processingrfor the mixture ratio
performed by the mixture-ratio calculator 104 coﬁfigured as
shewn in Fig. 49 is discussed below with reference to the |
flowéﬁarﬁ of Fig. 61. In step 5401, the mixture-ratio
calculator 104 obtains area information supplied from the

20 area specifyihg unit 103. 1In step 5402, the estimated- |
mixture-ratio processor 401 executes the processing for
estimating the mixture ratio by using a model corresponding
to a covered backgfound area, and supplies the estimated

mixture ratioc to the mixture-ratio determining portion 403.

25 Details of the processing for estimating the mixture ratio™



As described above, the mixture-ratio calculator 102 is able to calculate
the mxture ratio a, which is a feature 20 quantity fope&aiRdoox to each
pi xel , based on the input inmage and the area information supplied to the

area specifying unit 101. By utilizing the mxture ratio a, it is possible

to separate the foreground conponents and the background 25 conponents

contained in the-pixel values while maintaining - 148 the information of
motion blur contained in the i mage corresponding to the noving object. By
conbi ning the i mages based on the gii%grg ratio a, "it is also possible to
create an image. which contains 5 co ct notion blur that coincides with

the speed of a noving object and which faithfully reflects the real world.

Fig. 63 is a block diagramillustrating another configuration of the
m Xt ur e-aT& idd scalsegldabed ow0# i tAnreéstemaeetionike uf bewabaot poHcessor 501
calculates an 10 estimated m xture ratio for each pixel by calculating a

nodel of®Z2a covered background area based on the input inmage and the notion

vector and-the positional information thereof supplied fromthe notion
det ector 102IMafRBeBUPHPS esthpeeseimip etk estsrated muaurssamatdidd to a
m xture-ratio 15 determ ning portion 503. An estinated-m xture-ratio
pr ocess&ro5H>€8atBG BFas SR 1ngstPratefinpkiny ethatnb ere eBthigikel by

calqylatin% a nngea of an uhcgvered background area based on the notion
using a model corresponding to an dncovered background area,

and supplies the estimated mixture ratio to the mixture—
ratio detéermining portion 403. |

In step 5404, the mixture-ratio calculator 104
determines whether the mixture ratios have been estimated

10 for the whole frame. If it is determined that the mixture
ratios have not yet been estimated for the whole frame, the
process returﬁs to step 5402, and the p:ocessing for
estimating the mixture ratioc for the:subsequent pixel is
executed.

15 'If.it.is determined in step 5404 that the mixture
ratios have been estimated for the whole frame, the process
proceeds to step S405. In step 8405, the mixture-ratio
detefmiﬁing portion 403 sets the mixture ratio.based on fhe
area information supplied from the-area specifying unit 103

20 and indicating to which of the foreground area, the
background area, the covered background area, er the
uncovered background area the pixei for which the mixture
ratiora is to be calculated belongs. fhe mixture-ratio
determining portion 403 sets the mixture ratio o te 0 when

25 the,cor;esponding‘pixel belongs to the foreground area, ahd.



vector and the positional information thereof supplied from.20 the notion
detector 102 and .the input inmage, and supplies the gabhestndicedomsst i mated
m xture ratio to the mxture-ratio determ ning portion 503. The m xture
-ratio a linearly changes in accordance with a change in the position of

t he pi xel s because the object 25 corresponding to the foreground is noving
with constant - 149 -- velocity. By utilizing this characteristic, an
equation in which the mxture ratio a and the sumf of the foreground
conponent's are approximated in the spatial direction can hold true. Also,
an equation in which a set of the pixel 5 value of a pixel belonging to the
m xed area and the pixel value of a pixel belonging to the background area
is established in accordance with the anount of novenent v of the

f or egr o¥MES Fhe thixtHse wraliatd e at chien dhel oo mraanegditge PagRii gur at i on
shown in Fig. 63, by utilizing a plurality 10 of sets of the-pixel values
of the PRPARRES et ditf MPHPFTHNHEA A5 arBflafder FOLFSFECP HdFes of "t he

pi xel s belog ing to the background area in accordance with the novenent of

the foPEyT onge U Y PRI R/ GPe FAF BLETHRE™ the sum f
f the f d con ts . B ' d ) l.,ved. W h
'n 1 he TG (0 I S Ok 6 oo T SPATGRES) PHECERe m xture

rat i5o rLéh b&p%%_re%s Sfer%rrp Yerd %@ﬂ 1%&%2—%1 x%u%e'—-lr-'ér% i(ag f))ro cessor

401 as the mixture ratio o. When the corresponding pixel

belongs to the uncovered background area, the mixture-ratio

determining portion 403 sets the estimated mixture ratio-

supplied from the estimated-mixture-ratio processor 402 as
10 the mixture ratio d. The processing is then completed.

As discussed above, the mixture-ratio calculator 104 is
able to calculate the mixture ratio o, :which indicates a
feature quantity corresponding to each pixel, based on the
area information supplied from the area specifying unit iOB,

15 and the input image. |

The processing for calculating the‘mixiufe ratio «o
performed by'the mixture-ratio calculator 104 configured as
Shoﬁﬁ in Fig. 60 is similar to that discussed with referénce
to the flowchart of Fig. 61, and an explanation thereof is

20  thus omitted.

A description is now given, with reference to the
flowchart of'Fig; 62,'of the mixture-ratio estimating
ﬁroCessing by the estimated—mixture4ratiojprocessor 401
having the configuration shown in Fig. 5% by using a model

25 . of the covered baékground area.



.20 I n equation (92), i indicates the .spatial index when the position of
the designated pixel is set to O, 1 designates the gigpeetibep2005e
straight line of the m xture ratio a, and p designates the intercept of
the straight Iine of the mxture ratio a and also indicates the mxture
ratio a of 25 the-designated pixel. In equation (92), the index i is 16
Decenmber 2005 - 150 known, and the gradient 1 and the intercept p are
unknown. The relationship among the index i, the gradient 1, and the
intercept pis shown in Fig. 64. By apprOX| rratlng the mxture ratio a as
equation (92), 5 a plurality of diffléfent nixture ratios a for a plurality
of pixels can be expressed by two variables. In the exanple shown in Fig.
64, the five mxture ratios for five-pixels are expressed by the two

vari abl es, i .I& stdpe sgradi enfe hdasd uhe seker ¢apt pPxelnvhige 64, the while
dot indicates the 10 designated pixel, and the black dots indicate the

pi xel s docEated nicldee jprpoxd nintagaMard the: dasiggnataacepicoalaiban t he

m xture ratio a is approxinmated in the plane shown in Fig. 65, equation
(92) is xpamdeidndgs cswﬁzellrﬂcbrfe:onbytlmommw idigddie @@ledent wormal

corresponding to the two 15 "directions, i.e., the horizontal direction and
 the ver t8@H Uiy eminssronding mmge mogded tofe tie tagve nest bachkgranne
expressed by equation (93). a = jmtkg+p (93) In equation (93), j. is the

i ndes | r2%9fe hori zontal ' direction

In step 5422, the estimated-mixture-ratio processor 401
determines whethér the setting of the target pixels is
finished. If it is determined that the setting df the
target pixels is not finished, the process returns to step

10 8421, and the processing for setting the pixel values in the
normal equation is repeated.

If it is determined in step S422 that the setting for
the target pixels is finished, the process proceeds to step
5423. Inrstep 5423, a calculator 423 calculates the

15  estimated mixture ratio based on the normal equations in
which the pixels values are set, and outputs the calculated
mixture ratio.

.As‘discussed above, the estimated-mixture-ratio
processor 401 having the configuration shown in Fig. 59 is

20 able to calculate the estimated mixture ratio based on tﬁe
input image.

The mixture—ratio estimating processing by using a
model corresponding to the uncovered background area is
similar to the processing indicated by the flowchart of Fig.

25 62 by using the normal equations corresponding to a model of



20 and k is the index in the vertical direction when the position of the
designated pixel is 0. In equation (93), m designate e h ta
?ﬁhﬂﬁ 4@5 verti-cal

gradient of the mxture ratio a in the plane, and q i
gradient of the mxture ratio a in the plane. In equation (93), p
I ndicates 25 the, intercept of. the mxture ratio cc .in the plane. In Fig.
- 151 - 65, the white dot indicates the designated pixel. For exanple, in
franme #n shown in Fig. 51, equations (94) through (96) can hold true for
CO5 t hrough Q07, respectlvely ng = a05eB05/v+f 05 C06 = a06B06/ v+f 06
Co7 = aO7BO7/v+f07 (94) (95) (96) As %n1ng that the foreground conponents
positioned in close proximty with each other are equal to-each other, 10
i.e., that FO1l through FO3 are equal, equation (97) holds true by
r epl aci hpeFotcoenedhb&FOBgbyuhd. afed x)and il-expdanfci(rO Bhdmeoduiat i on
(97),.x indicates the position in the spatial direction. 15 Wen a(x) is
replaceﬁhﬁy @Qﬂﬁt?@n (93) equatlon (97) can be expressed by equation
(98). 1 () o (1= (1 mrka+p) ) :
embodime has been descrlbed assuming that the
object corresponding to the background is stationary.
5 However, the above-described mixture-ratio calculation
processing can be applied even if the image eorresponding to
the background area contains motion. For example; if the
image corresponding to the background area is uniformly
moving, the estimated-mixture-ratio processor 401 shifts the
10 overall image in accordance with this motion, and performs
processing in a manner similar to the case in which the
object corresponding to the background,is stationary. If
the ‘image corresponding to the background area contains
locally different motions, the estimated-mixture-ratio
15 processor 401 selects the pixels corresponding to. the
motions as the pixels belonging to the mixed area, and
executes the above-described processing.
As described abofe,‘the mixture-ratio calculator 102 is
able to calculate the mixtﬁre ratio o, which is a feature
20 quantity'corresponding-to_each.pixel, based on the input
7image and the area information supplied to the area
specifying unit 101.
- By utilizing the mixture ratic a, it is possible to

separate the foreground components and the background

25 components contained in the pixel values while maintaining



j - (--nmFc) +k. (-gFc) + ( (1-p) Fc) =j s+kt+u (98) 20 In equation (98),
(-nmFc) , (-gFc) , and (1-p) Fc are "replaced, as expr¢§pReemer2gd®ti ons
(99) through (101), respectively, s =-mFc (99) t = -qgqFc. (100) 25 u =
(1-p)Fc (101) 16 Decenber 2005 - 152 1In equation (98), j is the index in
the horizontal direction and k is the index in the vertical direction when
the position of the designated pixel is 0_ As discussed above, since it can
be assuned that the 5 object corresponding to the foreground i s noving
with constant velocity within the shutter period, and that the foreground
conponents positioned in close profl%lﬁy“MAth each other are uniform the
sum of the foreground conponents can be approxi mated by equation (98). 10
When the mxture ratio-cc is approximated by a straight |ine, the sum of

the for egioutEaEmaReNicY atike epiressedaibydequathenifhd@2). f (x) = is+u
(102) By replacing the mxture ratio a and the sumof the 15 foreground

conponentsrtgs@githinortd e lmovusigwg;hg@mllons (93) and (98), the pixel
val ue M can be expressed by :

By combining the images based on the mixture ratio «,
it is also possible to create an image which contains

5 1cqrrect motion blur that coincides with the speed of a
moving object and which faithfully reflects the real world.

Fig. 63 is a block diégram illustrating another
configuration of the mixture-ratio calculator .104. An
estimated-mixture-ratio processor 501 calculates an

10 estimated mixture ratio for each pixel by calculating a
model of a covered background area based on the input image
and tﬁe motion vector and the positional information thereof
supplied from the mbtion detector 102, and supplies the |

. calculated estimated mixture ratio to a mixture—fatio

15 determining portion 503.

An estimated-mixture-ratio processor 502 calculates an
-estimatgd mixture ratio for each pixel'by‘calculating.a
'modei of an uncovered baékgfound area based on the motion
vector and the positional information thereof supplied from

.20 the motion detector 102 and the input image, and supplies

| Vthe calculated estiﬁated mixture ratio té the mixture—ratio
determining portion 503. |

The mixture ratio o linearly changes in accordance with
a chénge in the position of the pixels because the object |

25 corresponding to the foreground is moving with constant



equation (103)'. M (j mtkg+p) B+j s+kt +u j B+tm+rkBg+B+p+j s+kt+u (103) 20 In
equation (103)., unknown variables are six factors, §H§Rcashdrd@ofori zont al
gradient mof the mxture ratio a in the plane, the vertica? gradi ent g of
the mxture ratio a in the plane, and the intercepts of the m xture ratio
ainthe plane, p, s, t, and u. 25 It is now assuned for aplurality of
_frames that an 16 Decenber 2005 - 153 object corresponding to the
foreground is nmoving with constant velocity, and that the foreground
conponents are wuniform Then, the approximation in one frame shown in Fig.
65 can be expanded into the approxi 9 on over a plurality 5 of frames.' In
Fig. 66, A indicates planes of the mxture ratio and the foreground
conponents, in Fig. 66, the block dots designate pixels to belong to the

m xed ay@@ocityls BSUPEL:i i hEl €hi SCchiBlcLde; OF Adi et Se@faditp iR anes in
the individual frames are the sane, and the pixel 10 value can be

expresseHiby ehdahi2pufd03dchy & hen@pEioxd iRt £ 0 Ofnd heoFagddifl rati o and
t he foreground components. Accordingly, equation (103) can be nodified
into equ@apoRdntdOdye WshrdbEmarslexin neldespdtea dideedd®©iod Sah 15 MM = |
BTmtkBT+q+BTp+j s+kt+u (104) The pixel value B and the. pixel value Mare
set in hold true. Also, an equation in which a set of the pixel
5 ﬁalue of aApixel belong@ng to the mixed area and the pixel

‘value of a pixel belonging to the background area is

establishedlin accordance with the amount of movement v of

the foreground. In the mixture-ratio calculator 104 haviné

the configuration shown in Fig. 63; by utilizing a plurality

10 of sets of the-piiel values of the pixels belonging to the
mixed area and the pixel values of the pixels belonging to
the background area in accordance with the movement of the
foreground, the equations in which the mixture ratio o and
thé sum f of the foreground components are approximated are

15 - solved.

When a change in the mixture ratio o is*épbroximated as
a straight line, the mixture ratio a can be expressed by_
equaﬁion (92) .

o= iltp | (92)

20 In équation (92); i indicates the spatial index when the
position'of the designated pixel 'is set to 0, 1 desigﬁates
the'gradient of the straight line of the mixture rétio a,
and'p designates therintefcept of the straight line of.tﬁe'

mixture ratio o and also indicates the mixture ratio a of

25 the designated pixel. 1In equation (92), the index i is -



equation (104) in accordance with the anmpbunt of novenent of the object,
which is the designated pixel, and the pixels. close tgpédgniesomnat ed

pi xel in each frane, and then, a 20 plurality of equations in which the
pi xel value Mand the pixel. value B are set are solved by the nethod of

| east squares, thereby calculating the mxture ratio a. It is now assuned,
for exanple, that the horizontal index j of the .designated pixel is set to
0, the vertical 25 index k of the designated pixel is set to 0, and the
index T 16 Decenber 2005 - 154 in the tinme directionis set to 0. In this
case, when the pixel value Mor thelpPxel value Bis set in the equation

i ndicating the m xed pi xel and expressed by equation (104) for 3x3 pixels
| ocated in the proximty with the designated 5 pixel, equations (105)

through nbia), ang ehkagredilMar- 1, shd=the thteBept. p 18¥e (ndknown.
Bo,-1,-1.4+Bo,--1,-1" P+ (-1) .s+ (-1) +t+u (105? N%,a -1 (0) Bo,o,-1mt
(-1) Bo, 0, - 1THeBpeDatiofsh{P) avdnd - dhet Hidet 106)tHD udilentl F, (arld 'Bo +1
" -1*m+ (-1) Bo, +1,-1'g+Ba, +1,-1"P+ (+1) s+ (-1) t+u (107) Mo, -l,0 = (-1)
"Bo -1 @&het(i@keBeept, o qxBsholnOip+fidy). 6%#.(0) t+u (108) Mo 0,0 =
(0) . Bo, o, om#(0) Bo, o, 0+q+B0, 0, oop+(0)s+(0).t+u 15 (109) M, +1,0
By approximating the mixture ratio o as equation (92},
5 a pluraliﬁy of different mixture ratios a for a plurality of
pixels can be'expressed by two variables. 1In the example
shown in Fig. 64, the.five mixture ratiés for five pixels
are expressed. by the two variables, i.e., the gradient'l-and
the intercept p. . In Fig. 64, the while dot indicates the
10 designated pixel, and the biack dots indicate the pixels
located in close proximity with the designated pigel.
When the mixture ratio o is approximated in the plane
shown in Fig. 65, equation (92) is expanded into the plane
by considering the movement v corresponding to the tﬁo
15 :directiohs, i.e.; the horizontal direction and the vertical
direcﬁion of the image, and the mixture ratio o can be
expressed.by equation (93).
‘a = jm+kq+p‘ | . {93)
In equation (93), j is the index in the horizontal direction
20 and k is the index in the vertical direction when the
position‘of the designated pixel is 0. 1In equation (93); m
designates the horizontal gradient of the mixture ratio a-in
the pléne, and g indicates fhe vertical gradient of the

mixture ratio a in the plane. In equation (93), p indicates

25  the intercept of the mixture ratio a in the plane. In Fig.




(+1) 'Bo +1 0.mt (0O) Bo, +1, 0.9 Bo, +1, op+ (+1) s+ (0) t+u (110) Ma, -1, +
(111) (-1) Bo,-1,+1m+ (+1) Bo,-i, +1q+Bo, -1, +1 P+ (-1)16Debcidber2bos 20
Mo. 0. +1 = (-0) BO, O+1m+(+1). BO. 0. +1. g+B01lo, +1p+(0).s+(+1).t+u (112) (+1)

Bo, +1, +1m+ (+1). Bo, +1, +1' q+Bo, +1, +1' p+ (+1) s+ (+1) t+u (113) Since the .
hori zontal index j of the designated pixel is 25 0, and the vertical index
k of the designated pixel is 0, 16 Decenber 2005 -- 15 5 - '"the m xture

ratio a of the designated pixel is equal to the value whenj is 0 and k is
0 in equation (93), i.e., the nixgu%g ratio a is equal to the intercept p
in. equation (93). Accordingly, base bn~27 equations (9x3), i.e., 5

equations (105) through (113) considering when T is -1, 0, and 1, the

hori zontal gradient m the vertical gradient q, and the intercepts p, s,

t, and @35ar 8heawbiteat ddtbyntiheataet hbd désigastedqpaxes, and the intercept
pis output as the mxture ratio a. 10 A specific process for calculating -
the mi xture Foriexamble appt yfrgne hin nehtdiod of RienstSkquanesticnas fol | ows.

When. the index T, the index i, and the index k are expressed by a S|ngle
i ndex xf 6hethépaghoﬁ%ﬁ?pcannhgl@hbrue for €05 through €07,
respectively.
5 CO5 = a05eB05/v+E05 (94)
C06 = al6eB06/v+f06 _ (95)
C07 = C070BO7/V+E07  (96)

Assuming that the foreground components'positioned,in
E 7 ‘ close proximity with each’other are equal to each other,
10 i.e., that F01 through F03 are equal, equation (97) holds
true by replacing F01 through FO03 by fc.
£(x). = (1-0i(x))eFe - C(97)
In equation (97), x indicates the position in the spatial
direction. . |
15 When a(x) is replaced by equation (93), equation (97)

can be expressed by equation (98).

C£(x) = (1-(jm+kg+p))eFc
= Jje(-meFc) +ks (~qgeFc) + ( (1-p) oFc)
= js+kt+u‘ _ _ - {(98)
20_ - In equation (98), (fmch), (—q-Fc), and (l-p)eFc are

replaced, as expressed by equations (99) through (101),

reépectively.
s = —meFc _ . : {99)
t = —qgeFc J _ {100}
Y u = (1~p)ti. ' - ' (101)



index T, the index i, the index k, and the index x can be 15 expressed by
equation (114 . x = (T+1)3(j +1)3+(k+1) (114) It is noqﬁgﬁéagagzbbgt t he
hori zontal gradient m the vertical gradient g, and the intercepts p, s,.
t, and u are expressed by variables wO, W, w2, w3, w4, and ws, 20
respectively, and jB, kB, B, j, k and 1 are expressed by a al, a2, a3, a4,
and a5, respectively. In consideration of the error ex, equations (105)
t hrough (113) can be nodified into equation (115). 5 Y ay w + ex (115).
Y=0 16 Decenber 2005 - 156 In eqquH%& (115), x is any one of the integers
fromO to 27. Equation (116) can be found fromequation (115). s ex = M -
| ay y-0 (116) Since the method of |east squares is applied, the 5 square
sum E of the error is defined as follows, as expressed by equation (117). '
(117) In ordem teuatdion A& 8 he Jerisorthet hadear timalthei hberepnitall val ue of the
variable W with reifect_to t he . : .
direction and k is the index in the vertical direction when
the position of the designated pixel is 0.
As discussed aboVé, since it can be assumed that the
5 object corresponding to the foreground is moving with
‘constant velocity within the shutter period, and that the
foreground components positioned in close proximity with
-each other are ﬁniform, the sum of the foreground components
can be approximated by equation (98).
10 When the mixture ratio'a is approximated by a straight
- line, the sum of the foreground components can be expressed
by equation (102).
f(x) = is+u : (102)
By replacing the mixture ratio o and the sum of the
15 foreground components in equation (92) by using equations
{93) and (98), the pixel value M can be expressed by
equation {103). |

{jm+kg+p) eB+js+kt+u

M =
= jBem+kBeg+Bep+jes+ket+u g (103)
 20 ' Ih_eqqation‘(lOB), unknown variables are six factors}-

such as the horizontal gradient m of the mixture ratio e« in
the plane, the verfical gradient g of the mixture fatio o in
the plané, and the intercepts of the mi#ture ratio o in the
plane, p, s, t, and u.

25 - It is now assumed for a plurality of frames that an



10 square sum E of the error should be 0. v is any one of the integers
fromO to 5. Thus, wy is determ ned so that equation (gblehBerabssfied.
aE 8 aex =2.lex aw X=O aw a Yex av = 0 X=o0 (118) By substituting -
‘equation (116) into equation (118), 15 equation (119) is obtained. 8 5 a
Z(av - Jay . W) _jav Mk X=0 y=n X=a (119) - For exanple, the sweep-out
“method (Gauss-Jordan elimnation) is applied to the normal equations
consisting of six equations obtained by substituting one of the 20
~integers fromO to 5 into v in equatiegn (119), thereby - 157 obtaining wy.
As stated above, wOis the horizontal gradient m wW is the vertical
gradient q, w2 is the intercept p, W3 is s, wdist, and ws is u. As
di scussed_ above, by applying the nethod of |east 5 squares to the equations
i n whi cAPYRECPFREFSFRPIEINFakA the fpregrovafuésprarénde¥ithe hori zont al

gradienéoggtggg velocity, and that the foreground components are
uniform. Then, the approximation in one frame shown in Fig.
65 can be expanded into the épproximation over a plurality
5 of frames. In Fig. 66, A indicates planes of the mixture
ratio and.the foreground components. In Fig. 66, the block -
ldots designate pixelsrto belong to the mixed area.
Tt is assumed in Fig. 66 that the gradients of the
planes'in the individual frames are the same, and the pixel
10 wvalue can be expressed by equation (103) by the
approximation‘of the mixture ratio and the foreground
components. |
Accordingly, equation (103) can be modified into
equation (104) when the index in the time direétioﬁ;is T.
i5 - Mp = jBgyemtkBgt+gi+Boep+]jestket+u (104)
The.pikel value B and the pixel wvalue M are set in
eqﬁation (104) in accordance with the amount of movement of
' the:dbjegt, which is the designaﬁed pixel, and the pixelé
close to the designated pixel in each frame, and then, a
20 plurality of.equations'in which the pixel value M and the
pixel value B are set are solved by the method of least
'_squares, thereby caltulatiné the mixture ratio a.
It is now assumed, for example, that the horizontal
index j of the designated pixel is.Seﬁ to 0, the vertical

25 . index k of the designated pixel is .set to 0, and the index T



vertical gradient g, and the intercepts p, s, t, and u can be determ ned.
The intercept p is the mxture ratio a when indexes i 4 QeﬂQO@Ee 0,
i.e., the intercept pis located at the center position. Thus, the
intercept P is output. A description has been given with reference to
equations (105) through (113), by assumi ng that the pixel value of the
pi xel contained in the mxed area is M and the 15 pi xel 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 &P&a; or the designated pixel is -
contai ned in the uncovered background area. 20 For exanple, if the m xture
ratio a of the pixel contained in the covered background area in frame #n
shown iim Ritg: tihd slidetenionned, se@4 tbhooughnChBief chbe,piwkehsthe frame #n
and the pixel values P04 through P08 of the pixels in frame #n--1 are set
in the norrdl veduat Mops. tBE pikklt helmiexBute bati @nathk theapiseal s
contained in the 16 Decenber 2005 -- 15 8 uncovered background area in
frame #nmstioating Ehg mS2edspideflerminedpr€28etihbpughu&B2oof (Lhe)pixels in
frame #n and the pixel values N28 through N32 of the pixels in frame #n+l
are set fof Sré mérmkb éguoatednsn SNbrpoesinity, with tRanpeeigbatedi xture
ratig a of the pixel contained in the covered background area shown in Fig.
_ pixel, equations (105) through (113) are obtained.
Mg,-1,-1 = (~1)eBg _; _yemt (=1)eBy _; _10q+B; _; _yep+(—1)es+(-1)et+u
(105) ' |
Mgg,-1 = (O)OBO'O,_lom+(-?1)0B0'0r_10q+i30'0'_1op+(O)os-l- (—1)et+u
(106) |
10 My 41 o5 = (+1)oBOqu_1qn+(—1)oBoqu_luq+Bm+lf4-p+(+l)-s+(—1)0t+u
(107)
’ MO,""].,U = '(_'1).BO’_lfo.m'!“(O)hBO'_lfo.q+B0'_1;O.p+(—1).S+ (O).t'l‘u
{108)
Mg,0,0 = (0)eBy o, gom+{(0)®B; o, o0q+Bj o, ¢*Pt+(0) es+(0) et+u
15 {109)
C My 41,0 = (+l).B0ﬁi,0qn+‘0).BO,ELO.q+B0,£L0.p+(+1).S+(0).t+u
(110)
MO,-—.']_,'I'].. = (_1).Bot_lf+1.m+(+1).BO;_-1;+1..q+—BO,'-_l,+1.p+ (_1).S+(+1).t+u
(111)
20 MOJL+1 = (0)-Boﬁh+lqn+(+1)-Boroﬁ4-q+B0;oﬁiop+(0)-s+(+1)it+u
(112)
Mg,+1,41 = (+1)eBgy 1 ,qem+ (+1) .30'+1’+1oq+30‘+1'+1-p+ (+1) es+ (+1) et+u
(113)

Since the horizontal index j of the designated pixel is -

25 0, and the vertical index k of the designated pixel is 0,



67 is calculated, the follow ng equations (120)through (128)are set. The

pi xel value of the pixel for which the mixture ratio ;Di CAb& ed is
Mc5. In Fig_ 67, the white 10dots indicate pixels to Eg ong %lﬁ![()ﬁge .

-background, and the black dots indicate pixels to belong to the m xed area.
MT I (-1) Belm+ (-1) Bel g+Bclp+ (-1) s+ (-1) t+u(120) McT2(0) Bc2 m+ (---1) -
Bc2 g+Bc2p+ (0) s+ (--1) t+u(121)

McT3(+l ) Bc3mt(-1) Bc3g+Bc3p+(+1)s+(-1)'t+u(122) _
15McT4( - 1) Bc4mt( 0) Bc4q+Bc4p+(-1) s+( 5+u4123) MCTS(0) Bc5mt+ (0) Be5qg+Bch5p+
(0) s+ (0) t+u(124) McT6{+1) Bcobmt ( Bc6g+Bc6p+ (+1) s+ (0) t+u(125) MT7
=(-1) Bc7m+(+.1) Bc7q+Bc7p+(-1) s+ (+l) t+u(126) '
McT8( 0) Bc8m+( +1 ) Bc8g+Bc8p+(0) s+(+1)t +u(127) 20McT9 =(+1) BcOm+ (+l) :
‘Bc9qg+Bcope (miytene (nafiq 4 (al8theolesdraited i mixe hel o equae attle a of the
pi xel contained in the covered background area in frame #n, the pixel

val ues Belue ey Be® Gfandek pixel sinfeqyrt ekt Dundl - aredtien frame #n-1
in equatjons (120) through (128), 25 respectively, corresponding to the

pi xel s T F5FEr %r%‘_;slgqgal GSe8PRhdRTFTFEPY. PWABN edPBE18RakBPe; the |
m xture ratio a of the pixel  contained in the uncovered background area

shown in Fi §C¥FIng &al OFsee ™ e eﬁb‘lajté\ﬁrﬁ?g (é’d‘&épi on§-¢129) through

(158, B8 T e B St D Bl g e e et © @
and 1, the horizontal gradient m, the vertical gradienﬁ q,
and the inter¢ep£s p, s, t, and u are calculated by the
method of least squéres, and the intercept p is output a§
the mixture ratio a.

10 A specific process for calculating the mixture ratio o

bylapplying the method of least sguares is as follows.

When the index T,'the index'i, and the index k are
expressed by a single index x, the relationship aﬁong the
index T, the index i, the index k, and the index x can be

15 expressed by equation (114éf

X = (T+1)e3e(j+1)e3+ (k+1) S (114)

It is now assumed that the hofizontal gradient m, the
vertical gradient g, and the intercepts p, s, t, and u afe
expressed by variables w0, wl, w2, w3, w4, and w5,

20 respectively, and jB, kB, B, j, k and 1 are expressed by a0,
-al, a2, a3, a4, and'as; respectively. In consideration of |
the error'ex, equations_(iOS) through (ll3)lcan be modified

into equation {115).

: 5 ) -
CMx = E:ay'-wy + ex {115)

y=0



S MJT2 = (O)Bu2nw( 1) Bu2g+Bu2p+(0) s+(-1)t +u(130) MJT3 —(+1) Bu3m(-1) .

Bu3q+Bu3p+( +1) s+(-1)t+u(131) 10MuT4 =(- 1) Budmr
(0) Budq+Budp+(- 1) s+(0) t +u( 132) MIT5. =( 0) BuSm( 0) Bus. g BRSSHRR§E00°
(0)t+u(133) MuT6 =(+.1) Bubm+ (0) Bu6q+Bubp+ (+1) es+ (0) t+u(134) MuUT7

=(-1) Bu7mt(+1) Bu7g+Bu7p+(-1) s+(+l)et+u(135) MJIT8

=(0) Bu8mt+( +1 ) Bu8q+Bu8p+(0) s+(+l) t+u(136) 15MuT9 =(+l) Bu9m+ (+1)
Bu9g+Bu9p+ (+1) s+ (+1) t+u(137) For calculating the m xture ratio a of the
pi xel contained in the. uncovered background area in frame #n, the pixel

val ues But through Bu9 of the pixersl8f the background. area in frame #n+l
in equations (129) through (137), 20 respectively, corresponding to the

pixels in frame #n are wused when T is 0. Fig. 68 is a bl ock diagram

i I'l ustratd ngpddei orcopfigur at 100 Lfy tdies ast i 1 efhtBgd A erFR{ i @ RS OLeSSOr
501 for calculating the estlnategrnlxture rati o by using the 25 anount of

moverment v basedteana (q0del cear pespoendingrba tfeatdbobecerber 2005 - 160
covered background area. A frame nenmory 521 stores a plurality of franmes of
an input inmge a supplies the. stored frames to a mxture- ratio
cal cul at™f 5 Y af® nenory 521 stores, for 5 exarfpil®) six frames, in
units of franes éﬁd supplies the stored six franes to the mxture-ratio
cal culator 522. The mxture-ratio cal culator 522 stores a nornal
Since the method of least squares is applied, the
5 square sum E of the error is defined as follows, as

- expressed by equation (117).
8 i l - .
- Elexz' o (117)

In order to minimize the error, the partial
differential value of the variable Wv with respect to the’
10 square sum E of the error should be 0. v is any one of the
integers from 0 to 5. Thus, wy is determined so that

equation (118) is satisfied.

BE dex
: _ 5. Oex
6Wv ;;ex

8
=2. Ezex
x=0

By substituting egquation (116) into equation {118),

(118)

15 equation (119) is obtained.
8 - 5 8 7 -
Z(av . Zay - Wy) =z av -« Mx {119)
x= =0 x=0

For example, the sweep—out method {Gauss—Jordan
elimination) is applied to the normal equations consisting
of six equations obtained by substituting one of the

20 integers from 0 to 5 into v in equation (119), thereby



.equation for calculating the m xture ratio a and the sumf of the
foreground conponents in advance. The m xture-rati o Cgspeéephistr 2002 sets in
the normal equation a pixel value belonging to the mxed area and the .
correspondi ng pi xel value belonging to the background area contained in the
- frames supplied fromthe frane nenory 521. The m xture-ratio cal cul ator
522 solves the normal equation 15 in which the pixel value-belonging to the
m xed area and the correspondi ng pi xel val ue bel ongi ng-to the background
area are set according to a matrix solutjon ‘method so as to obtain the
estimated m xture ratio, and outputs 1%he calculated estimated m xture
ratio. 20 Fig. 69 is a block diagramillustrating the configuration of the
m xture-ratio cal cul ator 522. A nornal -equati on adder 541 stores a. normal
equat i onbthanicgl eyl at Aagsthee@ssibovt gdwli XEutke radi Dzdmt-@dvance The

nor mal - equati on adder 541 sets in the nornmal 25 equation a correspondi ng
val ue bekedjeng o wheisi Keed aeebicalbdradhdnt he, ca respandi ng val ue

bel onging to the background area contained in an inmage of Mfranes
suppl|eéntﬁéﬂephepfr@ﬁElSnenUwﬁ 21t , Taed meb nbs -equat i on adder 541 supplles
the normal equation in which the pixel value belonging to the 5 m xed area

and the cor riaspbirtfiufpesl xedlovel by Baidnging the medtdodacifglewsd area are set

to nor mal - equation cal cul ator  542. The nornul - equati on cal cul ator 542
SO| s FAB2R®F nkp the equations in which the pixel value M and the

pixel value B are set, the horizontal gradient m, the
vertical gradlent g, and the 1ntercepts P, s, t, and u can
be determined. | |

The intercept p is the mixture ratio o when indexes i

10 and k are 0, i.e., the intercept p is located at the center
pesition. Thus; the intercept P is output.

‘A description has been given with'refereﬁce to
equations (105) through (113), by assuming that the pixel
value of the pixel contained in the mixed area is M, and the

15 pixel value of the pixel contained in the background area is
B. 1In this case, it is necessary to set norﬁél equations
for each of the cases where the“designated pixel is
coptéined in the covered background,area,‘br the designated

'pixel is contained in the uncovered background area.

20 _' For example, if the mixture ratio a of the pixel‘
contained in the covered background area ih frame #n shown
in Fig. 51 is determined, co4 through C08 of the pixels in
frame #n and the pixel values P04 through P08 of the pixels
in frame #n-1 are set in the normal equations. |

25 - If the mixture ratio a of the pixels contained in the



equation in which the pixel values are set supplied fromthe 10"

nor mal - equati on adder 541 by applying, for exanple, & ¢pe&Ribepdboset hod
(Gauss-Jordan elimnation) so as to obtain the estimated mxture ratio,.
and outputs thé calculated m xture .ratio. As discussed above, the
estimated-m xture-ratio' 15 processor 501 cal culates the estinmated m xture
rati o by using the anmount of novenent v based on a nbdel corresponding to
the covered background area. The estimated-m xture-ratio processor 502 has
a configuration simlar to the est[_rr%gd-rrixture-rati 0 20 processor 501,
and an expl anation thereof is thus omtted. The m xture-ratio determ ning
portion 503 sets the mxture ratio based on the area information supplied
from the area specifying unit 101 and indicating to which of the

f'or egr ound-caragagd thae Kogaokgrdo wnekaariea friowe ¢ovehednbankgigund22bsarea, or

t he uncovered background area the pixel for which. 16 Decenber 2005 - 162

t he m xtdgtenmimest,i €280 therosmihc @32t of bokopgselFheénntxamee#nrand o

determ ni ng portion 503 sets the mxture ratio to O when the corresponding
pi xel béitehgained tvivd uesr dgiBoibdoagbaN32and thespikelai khufeamatfmttio 1 when
t he corresponding pi xel 5 belongs to the background area. Wen the _

. corresp@f@ §E gixéhepsrshgd eguerdopsver ed background area, the nixture-

n 503, sets_the mixture ratio to the estimated

rati o determnjnin ort| !
mixtUre rati °§ﬁ§}5gFedlf?r ohPF h8*BP1 Fat B Miiktliee ratio o of the
pixel contained in the covered background area shown in Fig.
67 is calculated, the following equations (120) through
(128) are set. The pixel value of the pixel-for which thé
mixture ratio a is calculated is Mc5. In Fig. 67, the white
10 rdots ipdicate pixels to belong to the background, and the

black dots indicate pixels to belong to the mixed area.

Mceol ='(fl)OBclqn+(—l)-Bé1-q+Bc1-p+(—1)-s+(—1)-t+u (120)

Mcgp2 = (0)eBc2em+ (~1) eBc2eg+Bc2ep+ (0) es+ {~1) et+u {121)
'McT3.= (+1) eBc3em+ (—1) eBc3eg+Bc3ep+ (+1) es+ (—1) et+u (122)

15 Mcq4 = (?l)OBc4-m+(O)-Bc4qq+Bc4-p+(—l)os+(0}-t+u {123)
Mcqa5 =_(O}ch5qm+(0)0B050q+805-p+(0)-s+{0)-t+ﬁr ‘ {124)

© Mcg6 = (+1)eBoGem+ (0) sBEeq+BCEept (+1) ss+ (0) sttu - - (125)
MCT71= (—1)eBc7em+ (+1) eBc7eqg+Bc7ep+ (-1} es+ (+1) et+u (1263

Mc,8 = (O)OBc8tm+(+1)-Bc8-q+Bc8-p+(O)-s+(+1);t+u . {127y

20 Mcqg9 = (+1)6B09;m+(+1)-BcQoq+Bc90p+(+1)-s+{+1)-t+u | (128)

For calculating the mixture ratio a-of the pixel
contained in the covered baCkground‘area in frame #n, the
piﬁel values Bel throﬁgh_Bc9 of the pixéls of the background
arearén frame #n-1 in equations (120) through (128),

‘25 respectively, corresponding to.the.pixels in frame #n are



rati o processor 501 _ When the correspondi ng pi xel belongs 10 to the
uncover ed background- area, the mixture-ratio determ pé Dgcddsiidr 2005 503 sets
the m xture ratio to the estinmated mxture ratio supplied fromthe
.estimated-m xture- ratio processor 502. The m xture-rati o determnning
portion 503 outputs the m xture ratio. which has been set based on 15 the
area information. The m xture-ratio cal cul ati on processi ng perforned by
the m xture-ratio cal culator 102 configured shown in Fig. 63 is discussed
befowwith reference to the flowhantsgof. Fig. 70. In step S501, the

m xture-ratio cal culator 102 obtains 20 area information supplied fromthe
area specifying unit 101. 1In step 5502, the estinmated-m xture-ratio
processor 501 executes the processing for estimating the m xture ratio by
usi ng auftdevhenr¥ espdhdi ng to a covered background area; and supplies the:
estimated m xture ratio to the mxture 25 rati o determ ning portion 503.
Details of tWﬂ?ﬂoré@§é§ﬁﬁ@@@@rDé@@nﬂéFt2685r9t183“=Oﬁthgngﬁﬁiing t he .

m xture ratio are, discussed belowwith reference to the flgwhart of Fig.
71, In SPRpAERDE iR h@’%s‘ﬂ%‘f%%‘ﬁ%%%ﬁ%‘_—%‘% &rp%aoééw& 1895 1%x&ut es t he.

[ f tiati i Xt ur tio b usi |
Do ek Ly PR NS L06 e LAUS D RGBT L g
m xture, ratio to fhe )f%#gxr?alrl%'o% dc%ee&ﬂlégln%‘}%}ﬂi% X2 xd_i&t%&%p S504,

t he "mi xE0Fe Fati o callcu
‘ ratio o is calculated is Mub.

Mugl = (~1)eBulem+ (~1)eBuleq+Bulep+(~1)es+(-1)et+u  (129)
Mug2 = (O)-Bu2-m+(—1)oBu2-q+Bu2-p+(Q)-s+{—1)-t+u (130)
Mug3 = (+1)eBu3em+ (1) eBu3eq+Bulept (+1)es+ (~1) et+u (131)
10 Mugp4 = (—1)eBudem+t (0) eBudeg+Budep+ (—1)es+(0)et+u (132)
Mug5 = (0)eBuSem+ (0) sBuSeq+BuSep+ (0) es+ (0) et+u (133)
Mug6 = (+1)eBuGem+ (0) sBubeq+Bubep+ (+1)es+ (0)st+u (134)
Mugp7 = (—1)eBu7em+ (+1)eBu7eqgq+Bu7ep+ (—1}es+(+1)et+u {135)
Mu.8 = (0)-Bu8ﬂn+(+1)0Bu8-q+Bu86p+(O)-s+(+i)-£+u (136)
i5 Mu,9 = (+1)-Bu9om+(+l)-Bu9-q+Bu9!p+(+1)-s§(+1)-t+h (137)

For calculating the mixture ratioc « of the pixel
contained in the uncovered background_area in frame #n, the
pixel values Bul through Bu9 of the pixels of the backgréund,
area in frame #n+l in equations (129) through (137),

20 fespectively, corresponding to the pixelé in fréme'#n are .
used when T is 0. _

Fig. 68 is a block diagram illustrating the
coﬁfiguration of the estimated—mixtﬁre~fatiorprocessor 501

- for calculating the estimated mixture.rétio by using the

25 amount of movement v based on a model corresponding to the



determ nes whether the m xture ratios have been estimated 10 for the whole
frame. If it is determned that the m xture ratios haygpa@imie@bobeen
estimated for the whole franme, the process returns to step S502, and the
processing for estimating the m xture ratio for the subsequent pixel is

- executed. 15 If it is determned in step S504 that the m xture ratios have
been estimated for the whole franme, the process - proceeds to step S505. In
step S505, the mixture-ratio determning portion 503 sets the m xture
rati o based on the area information supplied.fromthe area specifying unit
101 20 and indicating to which of -t hé0foreground area, .the background
area, the covered background area, or the uncovered background area the

pi xel for which the mxture ratio is to be cal cul ated bel ongs. The

M Xt Ur e-cdvalddd GRlGIJHJNRY Rt on 503 sets the mixture ratio to O when the
25 correspondi ng pi Xel belongs to the foreground area, and sets 16 Decenber -

2005 - 164 nherghst MeRokdt 521t 8tdriben D@r&?iff&ﬂ@%ﬂdﬂbéﬂd@impe|Ongs to
t he background area. Wen the correspondi ng pi xe bel ongs to the covered

backgr oumghiar @madehent Xuppe-iesdt ithe debekdl FirAflepOtbi 9MmbRBusets the
estimated m xture ratio 5 supplied fromthe estimated-m xture-ratio
processoratiol cad cullbeom Xar.e raki draifbemembeycortesponds pgfept xel bel ongs
to the uncovered background area, the m xture-ratio determ ning portion
503 Set sxahplest isimt ddamest,uie natits stipfiteedsfreml supplies the

stored six frames to the miﬁture—ratio calculator 522.

The mixture—ratio.calculator 522 stores a normal

equation for calculating the mixture ratic o and the sum f

of the foreground components in advance.

10 The mixture-ratio calculator 522 sets in the normal
equation a pixel value belonging to the mixed area and the
corresponding-pixel value belonging to the background area
contained in the frames supplied from the frame memory 521.
Thé mixture-ratio calculator 522 solves the normal eguation

15 in which the pixel value:belonging to the mixed area and the
corresponding pixel value belonging to the background area
are set according to a matrix solution method so as to
'obtain the estimated mixture ratio, and outputs the
calculated estimated mixture ratio. A

20 . Fig. 69 is a block diagram illustrating the
configuration of the mixturewratio calculator 522.

A normal-equation adder 541 stores a normal equation
fof calculating thé estimated mixture ratio in advance.

The normal-equation adder 541 sets in the normal

.25 equation a corresponding value belonging to the mixed area



the estimated-m xture-ratio processor 502 as the m xture 10 ratio. The
processing is then conpl eted. As discussed above, thegiDethBer 050
calculator 102 is able to calculate the m xture ratio a, which indicates a
feature quantity corresponding to each pixel, based on the area -
information supplied fromthe area specifying unit 101, 15 and the input
image. By utilizing the mxture ratio a, it is possible to separate the

f or egr ound- conponent s-and t he background conponents contained in the pixel
values while maintaining the information of notion blur contained in the

i mge 20 corresponding to the novinmgt@bject. A description is now given
with reference to the flowhart of Fig. 71, of the mxture-ratio
estimating. processing by using a nodel of the covered background area in
step S583doth&l Bord@sp@ding sl eP $ERIngihe PR HwaudjiAhadder, 541 sets
the - 165 pixel value contained in the input image in a normal equation
correspopdtagné@ inMdelnafcthe €oveimss baghkar & ro athe lfrasdeep S522, the
nor mal - equati on adder 541 determines 5 whether the setting of the target

pi xel s membini Shied. THe ifoima Ded@iat ned ddvddr t9d seiggInigesoftHee tar get

pi xels is not finished, the process returns to step 5521, and the

pr ocessnagmiibregeitiony imerlpictel thvalpiose i nvdhe mexrlrelgirenuat ithe i s

r epeat ed. :

5 mixed area'and the corresponding pixel value belonging to
the background area are set to a normal-equation calculator
542.
The normal-equation calculator 542 solves the normal
equation in whiqh the pixel values afe set supplied ffom the
10 normal-equation adder 541 by applying, for example, a sweep-
out method (Géuss—Jordan elimination) so as to obtain the

estimated mixture ratic, and outputs the calculated mixture

.ratio.

; As discussed above, the estimated-mixture-ratio”

15 processor 501 calculates the estimated mixture ratio by

using the amount. of movement v based on a model
corresponding to the cqvered‘backgréund'area.
fhe estimated-mixture-ratio processor 502 has a
configuration similar to the estimated-mixture-ratio
20 proéessor 501, and an explanation thereof is'thus_omitted:
The mixture-ratio determining portion 503 sets the
mixture ratio based anthe area information supplied from -
- the'area specifying unit 101 and indicating to whichlof‘the
foreground area, the background area, the‘covered background

25 area,.or the uncovered background area the pixel for which -



.10 If it is-determned in step 5522 that the setting for the target pixels
is finished, the process proceeds to step $523. |n sig@pciidgser 2008
normal - - equation cal cul ator 542 calculates the estimated m xture ratio .
based on the normal equations in which the pixels values are set, and
outputs 15 the calculated m xture ratio. As discussed above, the
estimated-m xture-ratio .processor 501 is able to calculate the estinmated
m xture ratio based on the input image. The mixture-ratio estimating
processi ng by using a 20 nodel cor[eiggnging to the uncovered background -
area in step S503 of Fig. 70 is sinml"ar to the processing indicated by

the flowhart of Fig. 71 by using the normal equations corresponding to a
nmodel of the uncovered background area, and an explanation thereof is thus
-omi tted. tigs mMhehwerdhadinentihaso eerwadewndnitkad bed®agi. ng Theatnikbere— 16 6

obj ect corresponding.to the background is stationary. However, the

above- desttidbatb i nining qduical GPikatiets tpeomdssumg canibetappl i ed even
if the imge corresponding to the background area contains notion. For
exanpl e, when tthe Zqnrereshines pardilnpelongshéobablkgfourdroandaarsa uni fornly
moving, the estimated-m xture-ratio processor 501 shifts the overall inmage
in accortPthc®i tihea Misctiglg gstigndopdr wbems ther 6e55esRENIANE PiREr
sini#ar tq the case in which the object corresponding to the background is
stat'cnuﬂ%ioqqsiﬁ?tQH?iQﬁﬁfSQQEQHe§ﬁGﬁdith?8 the BeEKgPBOREiIATea cont ai ns

‘pixel belongs to the covered background area, the mixture-
ratio determining portion 503 sets the mixture ratio to the
-eStimaﬁed mixture rafio supplied from the estimated-mixture—
ratio processor 501. When the corresponding pixel belongs
10 to the uncovered background area, the mixture-ratio
determining portion 503 sets the mixture ratio to the
- estimated mixture ratio supplied from'the_éstimatedAmixture—
ratio processor 502. The‘mixture—ratio determining portion
503 outputs the mixture ratio. which has been éét based on
15 the area information.
The mixture-ratio calculation processing performed by
.thé mixture-ratio calculator 102 configured shown in Fig. 63
is discussed below with reference to the flowchart of Fig.
70. 1In step S501, the mixture-ratio calculator 102 obtains
20 area information supplied from the aiea Specifying unit 101.
In step S502, the estimatedfmixtﬁre—ratio processor 501
executes the processing for estimating the mixture ratio by
using a model corresponding to a covered backgroqnd area,
. and éupplies the estimated mixture ratio to the ﬁixture—

25 ratio détermining portion 503. Details of the processing



| ocally different notions, the estimted-m xture-ratio processor 501

sel ects the pixels corresponding to the notions as thespex@her8bongi ng to
the m xed area, and executes the above-described processing. 15 The -
m xture-ratio calculator 104 nmay execute the mxture-ratio estinmating
processing on all the pixels only by using a-nodel corresponding to the
covered background area, and outputs the calcul ated estimated m xture
ratio as the mxture ratio.a. In this case, the mxture ratio a 20

i ndicates the ratio of the backgrou@ﬂ¥£onponents for the pixels bel onging

~to the covered background area, and dicates the ratio of the foreground

conponents for the pixels belonging to the uncovered background area.
Concerning the pixels belonging to the uncovered background .25 area, the
“absol ut éovakaeinttihg théfeiznces hedvwbemitdelisdbysed dedulvatwecdthm xt ur e
ratio a and 1 is determned, and the calcul ated absolute value is set as
t he m xrafereateota. thdhEhowehersignaligpr otlessor 12 is able to determ ne
the mxture ratio a indicating the ratio of the background 5 conponent-s
for the pixelns Py ttéa estimedestad xtyackgedded ParegssSicnbldr Iy, the
m xture-ratio processor 104 nmay execute the mxture-ratio estimating

pr ocessFHECBRCAl Fhe hRTprees sng oty 3t Hpd Hhlat L et i@ MY to t he
uncovered,. 10 background area, ,and outputs the cal cul ated esti mated
nixﬁhreuﬁé?goaaﬁo@ﬁ% PRFESROMENY &p an uncovered background area,

and supplies the estimated mixture ratio to the mixture-
ratio determining portion 503. |

In step 8504, the mixture-ratio calculator 102
determines whether the mixture ratios have been.estimated

10 for the whole_frame. If it 'is determined that the mixture
ratios have not yet been eétimated for the whole frame, the
process'returns to step 5502, and the processing for
estimaﬁing the mixture ratio for the subsequent pixelris
executed. | _

15 - If it is determined in step 5504 that the mixture
ratios have been estimated for the whole fraﬁe, the process
proceeds to step 5505. 1In stép 5505, the mixturé~ratio
'detefmining portioh 503 sets the mixture ratio based on the
aréa information supplied from the area specifying unit 101

20 and indicating to which of the fﬁreground area, the o
background area, the covered baékground area, or thé
uncovered background area the pixelrfor which the mixture
ratio is to be calculated belongs. The mixture-ratioc
determining portioh 503 sets the mixture ratio to 0 when the

25 corresponding pixel belongs to the foreground area, and sets



The foreground/ background separator 105 is di scussed bel ow. Fig 72 is a

bl ock diagramillustrating an exanpte of the configujgapeedn

foreground/ background separator 15 105. The input image suppli ed to the

f oreground/ background separator 105 is supplied to a separating portion .
601, a switch 602, and a switch 604. The area information supplied from
the area specifying unit 103 and indicating the information of the covered
background area and the uncovered 20 background area is supplied to the
separating portion 601. The area information indicating the foreground area
is supplied to the switch 602. The &fda-information indicating the
background area supplied to the switch 604. The m xture ratio a. supplied
fromthe mxture-ratio 25 calculator 104 is supplied to the separating

portion gl y;18RCenhsy, %90§ whéﬁgtheTE8r§%nggﬁkﬂg g?&%%oﬂeﬁgéggeparates

t he foreground conponents fromthe input inmag ase e area

lnforna&bo&Héﬂ%daygﬂaanhharggverﬁﬁeha%hgreeggegbeﬂdlﬁae arga information
i ndi cating the uncovered background area, and 5 the nlx?ure ratio a, and

suppl i ebellvmgsepd ahed cbokearoBAdkgeoNRANERES , teha SYRERSL£££1603. The
separating portion 601 also separates the background conponents fromthe"

i nput  ideagemiaicgspppltiea the separahedebackgtodndigoapenestsoto a
synt hesi zer 605. 10 The switch 602 is closed when a pixel corresponding to
the 3 or egpplied £rompihebasedimanetinriateaeiphoioBbiotessor 501 as
the mixture ratio. When the corresponding pixél belongs to
rthe uncovered background area, the mixture-ratio deﬁermining
portion 503 se€ts the estimated mixture ratio supplied froﬁ
the estimated-mixture-ratio processof 502 as the mixture
10  ratio. The proce551ng is then completed |
| As discussed above, the mixture-ratio calculator 102 is
able to calculate the mixture ratio o, which indicates é
feature quantity corresponding to each pixél,_based on the
érea information supplied from ﬁhe area specifying unit 101,
15 and the input image.-

By utilizing the mixture ratio a, it is possible to
separate the foreground -components - and the background
Compénents contained in the pixel values while maintaining
the information of motion blur contained in the image

20 cotresponding to the moving object.

A description is- now given, Withrreference to the
flowchart of Fig. 71, of the mixture—rafio eStimating‘
prdcessing by using a model of the covered background area
in step $502 of Fig. 70. |

25 - In step S$521, the normal-equation adder 541 sets the



i ndi cating the foreground aréa, and supplies only the pixels corresponding
to the foreground contained in the input inmage to th%ﬁ)ﬁﬁ@rﬁ\iﬁb@@f 603. 15
The switch 604 is closed when a pixel corresponding to the background is

.input based on the area information indicating the background area, and.

supplies only the pixels corresponding to the background contained in the

input image to the synthesizer 605. 20 The synthesizer 603 synthesizes a

foreground conponent inage based on the foreground conponents supplied
fromthe separating portion 601 and the-pixels corresponding to the
foreground supplied fromthe switch 1%02; and outputs the synthesized

f oreground conponent inage. Since the 25 foreground area and the m xed area
do not overlap, the 16 Decenber 2005 - 169 synthesizer 603 applies, for
exanpl epikedi cal uORdwtd heed f Dii egi®© UNEHEO MRRENt 5 andhdheaIf or egr ound

pi xel s, thereby " synthesizing the foreground conponent image. In the
initial eghagipn ocessesmordenytesd atmddel sdfrthofcobetdie mykdwesim ng
processing for the foreground conponent inage, the synthesizer 603 stores
an i magerehose pixel values are all O in a built-in frame nmenory. Then, in
the synthesizing processing for the foreground conponent image, the

synt hesi zer BOF €056 4. hd o megraldneaerrpone atddema§d 11 Oeterminest es t he
previ ous i mage by the foreground conmponent inmage). Accordingly, O is

st ored Vhe%@@;rﬁggﬂggtting of the target pixels is finished. If it

is determined that the setting of the target pixels is not
finished, the process returns to step 85521, and the
processing for sétting the pixel values in the normal
equatioﬁ is repeated. |

10 If it is determined in step 5522 that the setting for
the target pixels is finished, the process proceeds to step
5523. In step S$523, the normaimequafion calculator 542
calculates the estimated mixture ratio based on the normal
equations'in which the pixels values are set, and outputs

15 the calculated mixture ratio.

As discussed above, the estimafed—mixturé—ratio
processor 501 is able to calculate thé-éstimétéd'mixture
ratié based on the iﬁput image..

The mixture-ratio estimating processing by using a

20 model corresponding tolthe-unc0vered background area in step
5503 of Fig. 70 is similar to the processing indicated by
the flowchart of Fig. 71 by using the normal equations
COrresponding te a model of the'uncovered baékgrOund area,
and an explanation'thereof is thus omitted.

25 . The embodiment has been described, assuming that the



corresponding to the background area in the foreground conponent inmage
out put fromthe synthesizer .603. The synthesizer 605;gyaths5d2665 a
background conponent 15 inmage based on the backgrouné conmponent s supplied
fromthe separating portion 601 and the pixels corresponding to the
background supplied fromthe switch 604, and outputs the synthesized
background conponent inage. Since the background area and the m xed area
do not overlap, the 20 synthesizer 605 applies, for exanple, logical ORto
t he - background conmponents and the background pi xels, thereby synthesizing
t he background conponent image. In"tR&%i mitializing processing executed at
- the start of the synthesizing processing for the background conponent 25
image, the synthesizer 605 stores an i nage whose pi xel 16 Decenber 2005 -
170 valdiged &dddedhdriflindotid trhieN balcRifl oD Y. st onafyt he
synt hesi zi ng processing for the background. conponent inage, the
- synt hesifzarev@(h ey ebdvee deaekdibedn thicanpenenit iionegd cuflavebw i tes t he

- previous image by the background conponent 5 image). Accordingly, O is

st or ed .iprdadessiinelcan e pegdrdi Ry eho itthehkoiegueurd rareaondihfeto

~background conponent inage output fromthe synthesizer 605. Fig. 73A

i |1 ust r dihes batedkegnepund iamege dompatinsntmottibe.. ForegrempdEbadkgrbend

separator 105 and the foreground 10 conponent inage and the background .

conpénenfldgea e Espendindo o haef bpegosanadbackgr denadndéparndvor 105. Fig.

738 moving, the eStimated—mixture—rétio‘processor7501 shifts the‘ -

overall'image in achfdance.with-this motion, and performs

processing inra manner similar to the case in which the |
object corresponding to the background is stationary. If

10  the image corresponding to the background area contains
locally different motions, the estimated-mixture-ratio
processor 501 selecﬁs the pixels corresponding to the
motions as the pixels belonging to the mixed area, and 7
.executes the above-described processing. |

15 The mixture-ratio calculator 104 may execute the
mixture-ratio estimating processing oh'all the pixels only
by using a model corresponding to the_covered background
afea; and outputs the Calculated éstimated mixture ratio as-
the mixture ratio «. In this case, the mixture ratio «

20 indicates the ratio of_the background components for the‘
pixels belonging to the cbvered backgrouﬁd area, and
indicates the ratio of the foreground components for thg
pixels beloﬁging to the uncovered backgroﬁnd'area.

Concerning the pixéls belonging to the uncovered background

25 area, the absolute value of the difference between the



illlustrates a nodel corresponding to the input inmage input into the

f or eground/ background separator 105 and the foregroungmgggggggngsinage and
t he background conponent 15 inage output fromthe foreground/ background .

Sseparator 105. Fig. 73Ais a schematic diagramillustrating the imge to

be di splayed, and Fig. 73B is a nodel obtained by expanding in the tine
direction the pixels disposed in one line including the pixels bel onging .
to the foreground area, 20 the pixels belonging to the background area, and
the pixels belonging to the m xed ﬁﬁ?? corresponding to Fig. 73A. As shown
in Figs. 73A and 73B, the background conponent inmage output fromthe-

f oregr ound/ background separator 105 consists of the pixels belonging to the
background area and 25 the. background conponents contained.in the pixels
of the ¢t6lDetetrbérmPOObre AFflio nikxamdar ehs dstshwimedn &g@sthd3A and 73B,
the foreground conponent inage output fromthe foreground/ background

separ at erl¢0batednsihsobutd vhbupi kel sdel angimg mixkthe frorteigr cund area and
.5 the foreground conponents contained in the pixels of the m xed area.
The pi xéhepal tee siorak Pixedssin thelsialeke sreadereamigepditet ed into the

background conponents and the foreground conponents by the
f or egr CHHAFBER kiR B 2 sEpdt @t bkng obhe TRt 19 el pdratharkaadrdund conponent s
f(nrgthe'bachround 15 :

components for the pixels belonging to the uncovered
background area. | |

Similarly, the mixture-ratio procéssor 104 may execute
the mixture-ratio estimating processing on all the pixelé
only by using a model corresponding to the uncovered

.iO background area, and outputs the calculated estimated
mixture ratio as the mixture ratio a.

The foreground/background separator 105 is discussed
below. Fig. 72 is a block diagram illustrating an examplé
of the configuration of the foreground/background separator

15  105. The input image supplied to the foreground/background
separator 105 is supplied to a'éeparating portion 601, a
switch 602, and a switch 604; The area informatioh supplied
from.the area specifying unit 103-énd-indicating the o

.informétion of the covered background area and the uncovered

20 background area is éupplied to the separating portion 601;
The area information indicating the foreground area is
supplied to the switch 602. The area information indicating
the'background.érea supplied to the switch 604.

The mixture ratio « supplied from the mixture-ratio

25 calculator 104 is supplied to the separating portion 601.



conponent image together with the pixels belonging to the background area.
The separated foreground conponents form the foregroygpshecQapa?ens | mage
together with the pixels belonging to the foreground area. As di scussed
above, in the foreground conponent inage, the pixel values of the pixels
correspondi ng to the background area are set to 0, and significant-pixel
val ues are set in the pixels corresponding to the foreground area and the

- pi xel s corresponding to the mixed area. Simlarly, 20 in the background

conponent image, the pixel values of the pixels corresponding to the
foreground area are set to 0, and-sitfRificant pixel values are set in the
pi xel s corresponding to the background area and the pixels corresponding
to the m xed area. 25 .. A description is given bel ow of the processing
executed 16 BpeerbBphra09Rg-pd#RioRY6bNesEERALREE NEhPOFS ;O H@daf or
separating the foreground conponents and the background conponents. from
the pi xeld@npdeImngifmgnt @hkhenpixedmaheabakkd. oh4thkl Hgkpat es a nodel of an
image indicating 5 foreground conponents and background conmponents in two
franes iimdagiangoa fiaHegaeind ehpeebveeednpatkgiotiha hekh,t ehthareaght in
Fig. 74. In the nodel of the image shown in Fig. 74, the anount of
novenentinfarmat icandntiheanindyethef unvortual davkdedupdr akreas asd4. 10 In

~frame #n, the leftnost pixel and the fourteenth

5 the mixture ratio «, and supplies the separated foreground
components to a synthesizer 603. The separating portion 601
also separates the background compbnents from the input
image, and supplies the separated background components té a
synthesizer 605.

10 The switch 602 is closed when a pixel corresponding to
the foreground is input based on the area information
indicating the-foregréund area, and supplies only the pixels
Corresponding to the foreground contained in the input image
to the synthesizer 603.

15 The switch 604 is closed when a pixel corresponding to

- the background is input based on the area information
indicating the background area, and supplies only_the pixels
corrésponding to the background contained in the inﬁut:image
to the synthesizer 605.

20 " The syntheéizer 603 synthesizes. a foreground componeﬁt
image based on the foreground components supplied from the

. separating portion 601 and the pixels corresponding tq the
foreground sﬁpplied from the switéh 602, and outputs the
synthesized foregrbund component image. Since the

25 foreground area and the mixed area do not overlap, the



t hrough ei ghteenth pixels fromthe left consist of only the background
conponents and belong to the background area. In frajgpéemidieogecond
through fourth pixels fromthe left contain the background conmponents and
the foreground 15 conponents, and belong to the uncovered background area.
In frame #n, the eleventh through thirteenth pixels fromthe left contain
- background conponents and foreground conponents, and belong to the covered
background area. In frame.#n, the fifth through tenth pixels fromthe left
consi st of only the .20 foreground onents, and belong to the foreground
area. In frame #n+l, the first thr fifth pixels fromthe left and the
ei ghteenth pixel fromthe |left consist of only the background conponents,
and belong to the background area. frame #n+l, the sixth through eighth

pi xel s $yomhe¢hiezdrefd0P5amohies n Hac kgraopide ¢ dquoiresit DRarth fidreegr ound
conponents., and 16 Decenber 2005 - 17 3 -- belong to the uncovered

backgr ofreegreamd |gonipemnighdnd tte fafegenttd thrmigh dédvarbaent h pi xel s
fromthe left contain background conponents and foreground conponents, and
bel ong SYRB-heel e ridte DaukFout] raponant rigwe#n+1, the ninth 5 through
fourteenth pixels fromthe left consist of only the foreground conponents,
and bel ong & the feiddrddid g #xocepsdnar7sxprrtstr ate§behetprbeeSsing for
separatji.ng the foreground conponents fromthe pixels belonging to the

;
cov redtlb‘%ﬁ@fﬁlﬁ?o‘ PHIFH YT 5,00 Hoh AT RS U 6 T m xt ure

ratios J'pnﬁagt'eh,e éhrgadls\.lyln Lflaésipzlexreléoiio fsgorraérge aiz#ln ‘image whose pixel

values are all 0 in a built-in frame memory. Then, in the
synthesizing processing.for the foreground component imagé,
 the Synthesizer 603 stores the foreground component image
10 {overwrites the previous image by the foreground component
image). Accordingly, 0 is stored in the pixels
corresponding to thé background area ih the foreground
component image output from the synthesizer 603.
The synthesizer 605 sfnthesizes a background component
15 iﬁage based on the background components supplied from the
separating portion 601 and the pixels corresponding to the
background sﬁpplied from.the switch 604, and outputs the
syntﬁesized background component image. Since the - |
background area and the mixed area do nof overlap, the
20 synthesizer.GOS épplies, for example, logical OR to the
background components and the background pixels, thereby
synthesizing the background component image.
In the initialiéing processing executed at the start of .
the synthesizing processing for the backgrbund component

25 image, the Synthésizer 605 Stores‘aﬁ.image whose pixel



In Fig. 75, the fifteenth through seventeenth pixels fromthe |eft-bel ong
to the covered background area. The pixel value Cl5 ofgpb&nidbagnt h pi xe
fromthe Ileft in franme #n can be expressed by equation (138): 15 Cl15 =
B15/ v+F09/ v+F08/ v+FO07/v = al5B15+F09/ v+F08/ v+FO07/v = :

al 5Pl 5+F09/ v+F08/ v+F07/v (138) where al5 indicates the m xture ratio. of
the fifteenth pixel fromthe left in franme #n, and P15 desi gnates the

pi xel 20 value of the fifteenth pixel fromthe left in frane #n-1. The sum
f15 of the foreground conponents of the fifteenth pixel fromthe left in
frame #n can be expressed by equafi é9(139) based on equation (138.). 25

f15 = F09/v+F08/ v+F07/v = C15--al5. P15 (139) 16 Decenber 2005 - 174

Simlarly, the sumfl1l6 of the foreground conponents of the sixteenth pixel

from t hevdBids ided rAane o#ircanbhe 1 texpr essae hymeayat i eRen149), tagd the sum
f17 of the foreground conmponents of the seventeenth pixel fromthe left 5 .

i n franesyintessn dieeppoessed nay fequahieobackgtbuntilGompChénal 6RhGe(140) 17
= Cl7-al 7P17 (141) In this manner, the foreground conponents fc contained
in the pibelswelhesiCeof 6iliYe sioxels haékobgichkgrboantiheospuerstd image
(overwrites the previous image by the background component
5 image) . Accordingly, 0 is stored in the pixels
corresponding to the foreground area in the background
component image output from the synthesizer 605.
Fig. 73A illustrates the ilnput image input into the.
foreground/background separator 105 and the foreground
10 component image and the background component image output
from the foreground/background separator 105. Fig. 73B
illustrates a model corresponding to the input image input
into the foreground/background separator 105 and the
foreground component image and the background component
15 image output from the foreground/background separator 105.
Fig. 73A is a schematic diagram illustrating the image
to be displayed, and Eig. 73B is a model obtained by
ekpaﬁding in the time direction the pixels aisﬁosed in one
line including the pixels belonging to the foreground area,
20 the pixéls belonging to the background area, and the pixéls
bélonging to the mixed area‘corresponding to‘Fig. 73A.
As shown in Figs.  73A and 73B, the background component
image output from the foreground/background separator 105
consists of the pixels belonging to the background area and

25 the background components contained in the pixels of the




10 background area can be expressed by equation (142): fc = Ga.P (142)

where P designates the pixel value of the correspondiﬂgDegaég 2b85the
previous frame. Fig. 76 illustrates the processing for separating the 15

f oreground conponents fromthe pixels belonging to the uncovered _
background area. In Fig. 76, al'through al8 indicate mxture ratios of the
i ndi vidual pixels of frame #n. In Fig. 76, the second through fourth pixels
fromthe left belong to the uncovered background area. 20 The pi xel val ue
Q02 of the second pixel fromthe left _in frame #n can be expressed by
equation (143): 002 = B02/ v+B02/ viBO2/V+FOL/v a2B02+F01/v = a2NO2+F01/v
(143) 25 where a2 indicates the mxture ratio of the second pixel 16
Decenber 2005 - 17 5 fromthe left in frame #n, and NO2 designates the
pi xel mWmaked afedhe second pixel fromthe left in frame #n+l. The sum f02
of the foreground conponents of the second pixel fromthe left in frame #n.
can be expressahdwn dquatiasn Y 3R 44)d Yaded the dguragiromn@l43mponed2 = FO1%W
= (02-a2+N02 (144) Simlarly, the sumf03 of the foreground conponents of
image output from the foreground/background separator 105
consists of the pixel belonging to the foreground area and
5  the foreground components contained in the piXels-of the
mixed area.
The pixel values of the pixels in the mixed area are
separated into the background components and the foreground
components by the foreground/background separator 105. The
10 sepaiated background components form the background
component image together with the pixels belonging to the
background area. The separated foreground components form
the foreground component image together with the pixels
belonging to the foreground area.
15 As discussed above, in the foreground component image,
the pixel values of the pixels corresponding to the
background area are set to. 0, and significant- pixel wvalues
are set in the pixels corresponding te the foreground area
and the pixels corresponding to the mixed area. Similariy,
20 inrthé-background component image, the pixel values of the
pixels corresponding to the foreground 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.

257 . A description is given below of the processing executed



the third pixel fromthe left in frame #n can be expressed 10 by equation

(145), and the sum f04 of the foreground conponents ofg b %§?% Qgﬁ pi xel
fromthe left in frame #n can be expressed by equatlon I$¥ 03 = ‘
C03-a3+N03 (145) f04 C04-wa4N04 (146) 15 In this manner, the foreground.
conponents fu contained in the pixel value C of the pixel bel onging to the
uncovered background area can be expressed by equation (147): fu = C aN
(147) where N designates the pixel value of the corresponding 2.0 pixel
in the subsequent franme. As discussed above, the separating portion 601 is
able to separate the foreground conbbhents fromthe pixels belonging to
the m xed area and the background conponents fromthe pixels belonging to
the m xed area based on the 25 information indicating the covered

backgr oypd 1akeaepadat I8glBoPEEEHDEN 1 280 seddbatidy GFHRIFHEJ i@t i ng the
uncover ed background area contained in the area information, and the :

M Xt ur e doaodedtsf Bhacasl Bh¥Rhrofrhd. cgﬂpéﬁerﬂt@ﬁ%n%}?@r@méﬂé ustrating an
exanple of 5 the configuration of the separating portion 601 for

execut i bglbhgiabove- dracmiked presessing. An image input into the
separating portion 601 is supplied to a frane nenory 621, and the area
i nformati on Figli c24 i ngludierxioverediodel of an image indicating
5 rforeground components and background components in two

frames including a.foreground object moving frem the left to

the right in Fig. 74. In the model of the image shown in

Fig. 74, the amount of movement v is 4, and the number of

virtual divided portions is 4.

10 In frame #n, the leftmost pixel and the fourteenth
through eighteenth pixels from the left consist of only the
-backgrouhd components and belong to the background area. In
frame #n, the second through fourth pixels from the left
contain the background components and the foregrouﬁd

15 components, and belong to the uncovered background area. In
frame #n, the eleventh through thirteenth pi#els from the
left contain background components and foreground components,
and belong to the covered background area. In frame #n, the.
fifth through tenth pixels from the left consist of only the

20 .foreground components, and belong to the foreground area.
"In frame #n+l, the first through fifth pixels from the
left and the eighteenth pixel from the left consist of only
_thé background components, and belong to the background area.
In frame #n+1l, the sixth through eighth pixels from the left

25 contain background components and foreground components; and



background area and the uncovered background -area supplied 10 fromthe

m xture-ratio calculator 104 and the m xture ratio a StHR ot to a
separati on processing block 622. The franme nenory 6211§F%Fes tﬁg@?nput .
images in units of frames. Wien. a frane to be processed is frane #n, the
frame nmenory 621 stores frame #n-1, which is the frane one 15 frame before
frame #n, frame #n, and franme #n+l, which is the frane one frane after
frame #n. The frane nenory 621 supplies the corresponding pixels in frane
#n-1, frame #n, and frame #n+l to the separation processing block 622. 20
The separation processing bl ock 622 %5bries the cal cul ations: di scussed
with reference to Figs. 75 and 76 to the pixel values of the corresponding
pixels in frame #n-1, frame #n, and frame #n+l supplied fromthe frane
menory 62longasedtba theoaceadibiokdbiurad Ansh cat TROF#dee coHyEr et b
background area and the uncovered background area and the - 177 m xture
rati o afédtasntb sepanahesthentoceds qinklonponentise bafh tdendhaigkgr ound
conponents fromthe pixels belonging to the mxed area in frane #n, and
suppl i eBackenetnd acémporent seand yEGRSyrGutheccaparaiton puddesiimyg bl ock
622 is formed of an uncovered area processor 631, a covered area processor .
632, atSyhRbfespvercedIzackarownd yateiesi dar B3me Amiil +ipheé exigdl of the

uncaovered area processor. 631 nultiplies the pixel value of the pixel in
fra #FQFough' ourteenth pixels from the left consist of only the

foreground components, and belong to the foreground area.
Fig. 75 illustrates the processing for separating the
foreground components from the pixels belonging to the |
covered background area. In Fig. 75, al through ol8
10 indicate mixture ratios of the individual pixels of frame #n.
Iin Fig- 75, the fifteenth through seventeenth piﬁels from
the left-belong ﬁo the cdvered backgréund area.
The pixel value C1l5 of the fifteenth pixel from the
left in frame #n can be expressed by equation (138):

15 Cl5 = B15/v+F09/v+F08/v+F07/v

‘al5eB15+F09/v+F08/v+F07 /v
= 0l5eP15+F09/v+F08/v+F07/v : (138)
where al5 indicates thé mixture ratio. of the fifteenth pixel
from the left in frame #n, and P15 designates the pixel
20 value of the fifteenthrpixel'frpm_the left in frame #nul..
The sum £15 of the fofeground components of the
fifteenth pixel from the left in frame #n can be éxpreséed
by equation (139) based on equation (138).

£15

I

FO9/v+FO8/v+F07/v

25 C15-015eP15 ' (139)



10, supplied fromthe frame menory 621 by the m xture ratio a, and outputs
the resulting pixel value to a switch 642. The sw tcheg®&iethber@iosed when
the pi xel of frame #n (corresponding to the pixel in frame #n+l) suppli.ed
fromthe frame nenory 621 belongs to the uncovered background area, 15 and
supplies the pixel value nultiplied by the mxture ratio a supplied from
the multiplier 641 to a cal culator 643 and the synthesizer 634. The val ue
obtained by nultiplying the. pixel value of the pixel in frame #n+l by the
mxture ratio a output fromthe smﬁiﬁh 642 i s equivalent to the background
20 conponents of the pixel value of & correspondi ng pixel in frame #n.
The cal cul ator 643 subtracts the background conponents supplied fromthe
switch 642 fromthe pixel value of the pixel in franme #n supplied fromthe
frame nenorys@@ilselgs tB& bamobléi of t tiee f D6 LGy osNEH caimpanenits. ofhe .
cal cul ator 643 16 December 2005 - 17 8 - supplies the foreground conponents-
~of the pibeelsiixtefemdine pixelelfopgi thet befheinntoume edin bask gsound area to the
synt hesi zer 633. A nultiplier 651 of the covered area processor 632 5

mul ti pl iesPreissesh kel eqapgdonf (LA8) pi aefl thef samef¥#h-df swpplied fromthe
frame nmenory 621 by the mxture ratio a, and outputs the resulting pixel
val ue t FoFegikcrgd cszponRatswetchhesgersnepestl mgéﬁltfmpmﬂbhﬂ Isfftf rame #n
(corges%%n%jn t%-the pi xel in frame #n-1) supplied ;ron1the '

rame #n can be expressed by equation (141
£16 = Cl6-al6ePl6 ' (140)
£17 = C17-opl7epP1l7 (141)

In this manner, the foreground components fc contained
in the pixel value C of the pixel belonging to the covered
10 background area can be expressed by equation (142):
fc = C—qeP - (142)
where P designates the pixel value of the corresponding
pixel in the previous frame.
Fig. 76 illustrates the processing for separating the
15 foreground components from the pixels belonging to the
uncovered background area. In Fig. 76, ol through ol8
indicate mixture ratios of the individual pixels of frame #n.
In Fig. 76, the second through fourth pixels from the left
belong to the uncovered background area.
'20 ~ The ﬁixel value C02 of the second pixel from the left

in frame #n can be expressed by equation (143):

C02 = B02/v+B02/v+B02/v+F01/v

a2eBO2+F01l/v

li

i

a2eNO2+F01 /v ' (143)

25 where o2 indicates the mixture ratioc of the second pixel



10 frame nenory 621 belongs to the covered background area, and supplies
the pixel value multiplied by the mxture ratio a su %ggh he
multiplier 651 to a cal culator 653 and the synthesizfe)‘fb 34j&# gm%alue
obtained by nultiplying the pixel value of the pixel in franme #n-1 by the
m xture ratio .15 a output fromthe switch 652 is equivalent to the
background conponents of the pixel value of the corresponding pixel in
frame #n. The cal cul ator 653 subtracts the background conponents supplied
fromthe switch 652 fromthe pixel value of the 20 pixel in frame #n
supplied fromthe frane nenory 621 sb’As to obtain the f or egr ound
conponents. The cal cul ator 653 supplies the foreground conponents of the
pi xel in frame #n belonging to the covered background area to the '
synt hesifzem tB83le2b inTheasynkhpesazerNG33deoidniess ttres fpiagr ound
conponents. 16 Decenber 2005 - 179 of the pixels belonging to the

uncover vdlbackfr ohadsacend apixe’ uppdm ethd r baft hin cataud afrorl 643 with the
foreground conponents of the pixels belonging to the covered background -
area and supPhé ezinf righg tdfe Wed didreigro8EB, caammbrsups iods thiee sBcoyat hesi zed
f oreground conponents to the franme nenory 623. The synthesizer 634

conbi neB tfié BaeRgibanteEbnpontmee 1 ¢dre e xetrrdrdashdinEqua tivm
unc_ver?ﬂ background area and supplied fromthe switch 642 with the
bac%brou gt onpoRdntR egrat e pfidtk- bel onging to the covered background

area and 05 - ro1/v
= C02-a2eN02 : (144)
Similarly, the sum £03 of the foreground components éf
the third pixel from the left in frame #n can be expressed
10 by equation (145}, and the sum f04 of the foreground
components of the fourth pixel from the left in frame #n can

be expressed by equation (146).

f03 = CO3-a3eNO3 (145)
f04 = CO4--adeNQ4 (146)
15 In this manner}Athe foreground components fu contained

in-the pixel value C of the pixel belonging to the uncovered
background area can be expressed by equation (147):

fu = C—ceN | - (147)

where N designates the pixel value of the corresponding
20 pixel in the subsequent frame.

As discussed above, the separating portion 601 is able
to separate fhe 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

25 information indicating the covered background area and the




10 supplied fromthe switch 652, and supplies the synthesized background
conponents to the franme nenory 623. The frame nenory ﬁeﬁéﬂ&%ﬂ?ﬁ"e
foreground conponents and the background conponents of t pixels in the
m xed - area of franme #n supplied fromthe separation processing -15 bl ock
622. The frame nmenory 623 outputs the stored foreground conponents of the
pixels in the mxed area in frane #n and the stored background conponents
of the pixels in the mixed area in frame #n. 20 By utilizing the mxture
ratio a, which indicates the feature quantity, the foreground conponents
and.the background conponents contalhed-in the pixel val ues can be
conpletely separated. The synthesizer 603 conbi nes the foreground
conponents 25 of the pixels in the mxed area in frane #n output fromthe.

16 Decenbgh 2893 0n ;ﬁgicawagaxzhgguﬂe&g% 601 W £ d;weapége' s bel ongi ng to‘

the foreground area so as t0.gene rate a oregroun conponent inage- The

synt hesicefca68adCoRbLR8S B8 DAEKGHAHDEN COMRONENY Snfc e plxgl §,in the
mxed area in frame #n 5 output fromthe separating portion 601 with the

pi xel s rhel eaghngikeit he background area so as to generate a - background
conponent image. Fig. 78A illustrates an exanple of the foreground
conponent i NBg@. COT ries porisidigk ti o ame #LstiEitdng’4n Bi@mple of
5 the configﬁration of the separating portion 601 for
execuiting the'above—described processing. An image input
into the separating porfion 601 is supplied to a frame
memory 621; and the area information indicating the covered
background area and the uncovered background area supplied
10 from the mixture-ratio calculator 104 and the mixture ratio
o are supplied to 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

i5 frame before frame_#h, frame #n, and frame #n+1l, which is
the frame one fraﬁe after frame #n.

The frame memory 621 supplies the corresponding pixels
in ffame #n-1, frame #n, and frame #n+l to the separation
procéssing blqck 622.

| 20  The separation processing block 622 applies the
calculations discussed with reference to Figs. 75 and 76 to
the pixel values of the corresponding pixels in frame #n-1,
- frame #n, and frame #n+l supplied from the frame memory 621
based on the area information indicating the covered

25 background area and the uncovered background area and the



10 leftnost pixel and the fourteenth pixel fromthe | eft consist of only

t he background conponents before the foreground and ¥Egeg§@§g gynd are
. separated, and thus, the pixel values are set to O. e secon and fourth
pixels fromthe left belong to 15 the uncovered background area before the
foreground and the background are separated. Accordingly, the background
conponents are set to 0, and the foreground conponents are nmaintained. The
el eventh through thirteenth pixels fromthe |eft belong to the covered
background area before the 20 foreground and the background are separ at ed.
Accordi ngly, the background conpdhéH@%'hre set to 0, and the foreground
conponents are naintained- The fifth through tenth pixels fromthe left
consi st of only the foreground conponents, which are thus maintained. 25
Fig. 78Bikkhustratés ansexaspte eépiherdagkgr OsrsAdecaiimnezd@5 - 181
conponent image corresponding to franme #n in Fig. 74. The |eftnost pixel
and t heafidutheebsbkpiaehdf conpohent €ffroncortss shis0fl DMei drig npalegr ound
conponents before the foreground and the background are separated, and
t hus, thbesmbaedgrovemdicofpanentss, arred naipylaiewedcheihec s ec divdnishr ough fourth
plxels fromthe left belong to the uncovered background area before the
f or egr oBRACHYIO23 he background are separated. Accordingly, the foreground

conponents are set to 0, and the back%round conponents are
The separatlon processing block 622 is formed of an

uncovered area processor 631, a covered area processor 632,
a synthesizer 633, and a syntﬁesizer 634. |
A ﬁultiplier 641 of the uncovered area processor 631
" multiplies the pixel value of the pixel in frame #n+1
10 supplied from the frame memory 621 by the mixture ratio o,
and outputs the resulting pixel value to a'switch.642. The
switch 642 is closed when the pixel of frame #n
(corresponding to the pixel in frame #n+l) supplied from the
frame memory 621 belongs to the uncovered backgrbund area,
15 énd supplies the pixel value multiplied by the mixture ratio
o supplied from the multiplier 641 to a calculator 643 and
the synthesizer 634. The value obtained by multiplying the .
pixei value of the pixei in frame #n+l by tﬁe mixture ratio
o output from the switch 642 is equivalent to the. background
20 components of the pixel value of the corresponding pixel in
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

25 to obtain the foreground components. The calculator 643



10 mai ntai ned. The el eventh through thirteenth pixels fromthe |eft bel ong
to the covered background area before the foreground Eﬂo&ﬂ@ gﬁggground
are separated. Accordingly, the foreground conponents areSet 1 0, and

t he background conponents are maintained. The fifth through tenth prxels
15 fromthe left consist of only the foreground conponents, and thus, the
pi xel values are set to 0. The processing for separating the foreground and
t he background executed by the. foreground/ background separator 105 is
described below with reference to the_flowhart of 20 Fig. 79. in step
S601, the frame nenory 621 of the seﬁ%?afrng portion 601 obtains an input

i mge, and stores frane #n for which the foreground and the background are
separated together with the previous frame #n-1 and the subsequent frane
#n+l . 25upplsiteep t880Zpreheosafarainponept@CosStAg pieek 622fpfme-4#A82 the
separating portion 601 obtains area information supplied fromthe

m xt ur ehediong ical ¢ol aher uhBdvekndsbepk§66dndt heeasepatnki on processi ng

bl ock 622 of the separating portion 601 obtains the mxture ratio a

suppl i edyritdestizernbRBure- 5 ratio calcul ator 104. In step S604, the
uncovered area processor 631 extracts the background conponents fromthe’
pi xel val uesBPoruihéprlpexedsl ef ot neptoreten tgr averess e k@2ound ar ea

suppgle fronrthe frame nenorx 621 based on the area information and
multiplies the pixel value of the pixel in frame #n~1

supplled from the frame memory 621 by the mixture ratio «,
and oﬁtputs the resulting pixel value to a switch 652. The
switch 652 is closed when the pixel of frame #n |
(corresponding to the pixel in frame #n-1)} supplied from the
10 frame memory 621 belongs to the covered background area, and
supplies the pixel yalue 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
15 o output from the switch 652 is equivalent to the background
components of the pixel value of the corresponding pixel in
frame #n.
'The calculator-653 sobtracts the background components
supplied from the switch 652 froﬁ the pixel value of the
20 pixel in frame #n supplied from the frame meﬁory 621 so ae
-to obtain 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. | |

25 ~_ The synthesizer 633 combines. the foreground components.



10 the m xture ratio a. In step S605, the uncovered area processor 631

extracts the foreground conponents fromthe pixel val H?ﬁec%b&%ospi xel s
bel ongi ng to the uncovered background area supplied flromt e franme nenory
621 based on the area information and 15 the m xture ratio a. In step
S606, the covered area processor 632 extracts the background conponents
fromthe pixel values of the pixels belonging to the covered background
area supplied fromthe franme nenory 621 based on the area information and
20 the mxture ratio a. In step 86_07,79t he covered area processor 632
extracts the foreground conponents fromthe pixel values of the pixels
bel onging to the covered background area supplied fromthe frame nenory
621 based on the area information. and 25 the.m xture ratio a. 16 Decenber
2005 - @83thenpixeps 3808ng ey syt thes | wero B33 ¢ dazikmes unte arfear egdound
conponents of the pixels belonging to. the wuncovered background area

ext r act B¥PPhi¢hel Fpmocdesisl @ilataep Sb06 i tithe Hedegimegneund conponent s of
t he pi xel s 5 bel ongi to the covered background area extracted in the

pr ocess‘F‘i’f@P%‘Fe%‘E%ﬁ’fSG%‘F PR by MR Fia fior ddyco ay ereshpeskairsuade ,
supplied to the synthesizer 603. The synthesizer 603 further conbines the
pi xel s PEFOMYT gS‘%/HPJtlrf’éi Ty ridtthFar e aiffp 6% g sePdwiescih602 wit h

theS synthesized foreground components to the frame memory 623.

The synthesizer 634 combines the background components
~of fhe pixels belonging to the uncovered background area and
supplied from the switch €42 with the background componeﬁts
of the pixels belonging to the covered background area and

10 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
area of frame #in supplied from the separation processing

15 Dblock 622. |

The frame memory 623 outputs the stored‘foreground
componeﬁts of the pixels in the mixed area in frame #n andl
the stored.béckground components of the pixels in the miﬁed
area in frame #n.

20 - By utilizing the mixture ratio a, which indicates the
feature quantity, the foreground components and the
background components contained in‘the pixel values can be
completely separated. |

The synthesizer 603 combines the foreground components

25 of the pixels in the mixed area in frame #n output from the.



10 faoreground conponents supplied fromthe separating portion' 601 so as to

generate a foreground conponent inmage. In step S609, ri@ﬁeééiﬂﬁé?%?lier 634
conmbi nes the background conponents of the pixels belonging to t _
uncover ed background area extracted in the processing of 15 step S604 with
the background conponents of the pixels belonging to the covered
background area extracted in the processing of step 5606.. The

synt hesi zed. background conponents are supplied to the synthe5|zer 605.

The synthesizer 605 further conbines the pixels belonging to the 20
background area supplied via the swi tléf 604 with the background conponents
supplied fromthe separating portion 601 so as to generate a background
conponent image. In step 8610, the synthesizer 603 outputs the foreground

conponerde d’%nd rﬂ:o?ﬁﬁ;rﬁﬁijﬂli Witg e ?ﬁ%{'eégr beggn%gﬁlg ggt pHLs the

background conponent 1 nmage. The processing, 16 05 - 184 is then.

conpl et eftbrAfr AlirsC Useed RDAE td hfpdaieer qu @@&Qa%%eu edmpeRapator 105 is
able to separate the foreground conponents and background conponents

from t heinatput IMRISRAIRES iofe ! iR SARAD neBf Qh@abh@ﬁg@ednahe mxture ratio
a, and outputs the foreground conponent inmage consisting of only the '
f or egr ourhpar@emen@ift $:hang itkded haek gheund xeanpeaantni FegRAeCHASI St i ng of
only the background conponents. Adjustnents of the anount of notion blur
fronba output from the separating portion 601 with the pixels
' belonging to the béckground area so as to generate a
background component image.
Fig. 78A illustrates an example of the foreground
comﬁonent image corresponding to frame #n in Fig. 74. The
10 leftmost pixel and the fourteenth pixel from the left
consist of only the backdround components before the
foreground and the background are separated, and thus, the
pixel wvalues afe set to 0.
The second and fourth pixels ffom the left belong to
i5 ‘the uncovered background area before the foreground and the
background are separated. Accordingly, the background
components are set to 0, and the foreground components are
mainfained. The eleventh through thirteenth pixels from the
left belong to the covered background area before the
20 foreground and the background are separated. Accordihglj,
the background components are set to 0, and the foreground
cdmponents are maintained. The fifth through tenth pixels
from the léft consist of only the foreground components,

which are thus maintained.

25 . Fig. 78B illustrates an example of the baékground-



10 foreground conponent inmage are descri bed bel ow. Fig. 80 is a block

diagramillustrating an exanple of -the configuration t he nq&b n- bl ur
adjusting unit 106. The notion vector and the positio&gﬁkfﬁp ?ﬁat?on

thereof supplied fromthe notion detector 102 and the area 15 information
supplied fromthe area specifying unit 103 are supplied to a
unit--of --processing determ ning portion 801 and a nodel-form ng portion
802. The area information supplied fromthe foreground/ background
separator 105 is supplied to the gdg L 804. 20 The unit-of-processing
determ ning portion 801 supplies, t § ther with the notion vector, the
unit of processing that is generated based on the notion vector and the
positional information thereof and.the area information to the nodel -
f or mi ng ce@PPrnent8dRagFheounespofidpngcessingmdetar imniig. . 25. portié on 801
supplies the generated unit of processing to the 16 Decenber 2005 - 18 5
adder 88&ftmesinpizaledangythpnimigteguthf pixekafipbe, thbelafiit of
processi ng generated by the unit-of-processing determning portion 801
i ndi cat E8TEdftelfit PREYpLhe| Bagkgpeved ramphreBLADhEfgrelitketi on starting
fromth i xel corresponding to the covered background area of the
foregro%ﬂ egbRPbBHeAtd FhagRasherPuRf e bt xepPabr Fed porril nght®d. tHee uncover ed
ac&grpgggkarea or indicates consecutive ﬁixels di sposed in the noving

b
di recti BACSPAPPIGCPTBATERES prikel PRt FREp8hdi ng

The second through fourth pixels from the left belong
to the uncovered béckground area before the foreground and
the background-are separated. Accordingly, the forégrouﬂd
components are set to 0, and the background components are
10 maintained. The eleventh through thirteenth pixels from thé
left belong to the covered background area before the
foreground and the background are separated. Accordingly,
the foreground components are set to 0, and the background
components are maintained. The fifth through tenth pixels
15 from the left consist of only the foreground components, and
thus, the pixel values are set to 0.
The proceésing for separating the foreground and the
background executed by,the_foreground/background separatér
105 is described below with reference to the flowchart of
20 Fig; 79. 1In step S601, the frame memory 621 of the |
sepatating portion 601‘obtains an input image, and stores
frame #n for which the foreground and the background are
séparated together with the previous frame #n-1 and the
subsequent frame #n+1.

25 - In step 5602, the separation processing block 622 of



10 to the uncovered background area until the pixel corresponding to the
covered background area. The unit of processing is f@gidefbed?085pPi eces of
data which indicate, for exanple, the upper |eft point (which is the ‘
position of the leftnost or the topnost pixel in the inage designated by
15 the unit of processing) and the |lower right point. The nodel -formng
portion 8.02 forns a nodel based on the notion vector and the input unit
of processing. Mire specifically, for exanple, the nodel-formng portion:
802 may store in advance a plurality of nodels in accordance with 20 the
nunber of pixels contained in the aniif2o0f processing, the nunber of
virtual divided portions of the pixel value in the tinme direction, and the
nunber of foreground conponents for each pixel. The nodel -form ng portion

902 t henchgysersat-ating e rradel do1 wWhweh nlsharear nalrat-inaribat waspitbe pi xel
25 val ues and the foreground conponents is designated, such as, 16 Decenber
2005 - 1B6om thet dikdurg-r@idasadwrtdie 10ai.t oh ptegessony and the
nunber of virtual divided portions of the pixel value in the tine

di rect i greparats.arowrasssmEatg bdockx @l ef that separauwaher poktdoni xel s
corresponding to the unit of processing is 12, and that the anount of
nmovenent6QL oikrtsiimst Hdes itttare inmEios o5 suppIied, firba thdemikonmieng portion
802 sets the nunber of virtual divided portions to 5, and selects a nodel
fornmed dratig grlawlgésrofiOfdor eground conponents so that the |eftnost

In step S604, the uncovered area processor 631 extracts
the background components_from the pixel values of the
pixels.belonging to the uncovered background area supplied
from the frame memory 621 based on the area information and

10 the mixture ratio «. |

In step $605, the uncovered area pfocesSor 631 extracts
the foreground components from the pixel values of the
pixeis belonging to the uncovered background area supﬁlied
from the frame memory 621 based on thé‘area information and

.15 the mixture ratio «.

In step S606, the covered area processof 632 extracts
the background components from the pixel values of the
pixeis-beldnging to the covered background area supplied
from the frame memory 621 based on the area information and

20 the mixture ratio o. |

In step S607, the covered area processor 632, extracts
the foreground components from the pixel values of the
pixels belonging to the ﬁovered background area supplied
from the frame membry'62l based on the area informatiqn.aﬁd

25 the‘mixture ratio «.



10 pixel contains one foreground conponent, the second pixel fromthe |eft
contains two foreground conponents, -the third pixel 8?#%%@&&@965 cont ai ns
three foreground conponents, the fourth pixel fromthe left contains four
-pi xel conponents, the fifth pixel fromthe left contains five 15
foreground conponents, the sixth pixel fromthe left contains five
foreground conponents, the seventh pixel from the left contains five
foreground conponents, the eighth pixel fromthe left contains five
foreground conponents, the ninth pi fromthe left contains four
foreground 20 conponents, the tenth pixel fromthe left contains three
foreground conponents, the eleventh pixel fromthe left contains two

f oreground conponents, and the twelfth pixel fromthe left contains one

f or eground cehpEdmNtS60hsttded ufmtdessateam$3d moddlinfesomhehe prestored
nodel s, 25 the nodel-form ng portion 802 may generate a nodel based on 16
Decenbefopegsound gromprnemts ont videt d@ixeis thelanginmftprideessi ng when t he
motion vector and the unit of processing are supplied. The nodel -form ng
por t i onWRBIVeLRp| hackg | et Exhrdied dmtheyrrdassjeecdt or 803. S |
The equation erator 803_generates an equation based on the nodel

suppl i €4-FF oﬁ#é"meﬁhqo‘?%%%ﬁ}q i GREBBERE feddg Bixed S s gi ven bel ow,

wthr ence to t nodel of .the foreground conponent. image -shown in
M o2 ePELERERd Rd Yhe Tiierdd v Siar bl e i8o3hghen t he.

processing of step S607. The synthesized foreground

components are supplied to the synthesizer 603. The
synthesizer 603 further combines the pixels,ﬁelonging to £he
foreground area supplied via the switch 602 with the
1Q foreground components supplied from the separating portion
601 so as to generate a foreground component image.
In step SGOQ,-the synthesizer 634 combines the
7 backgroqnd components of the pixels belonging to the
uncovered background area extracted in the proceésing of
15 step 5604 with the background components of the pixels
beionging to the covered background area extracted in the
processing of step-éGOG.: The synthesized background
cdmpdnents are supplied to the synthesizer 605. The
synthesizer 605 further combines the pixels belonging to the
20 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 5610, the synthesizer 603 ocutputs the
foreground component image. In step S611, the synthesizer

25 605‘outputs the background component image. The processing.



10 nunber of foreground conponents is 8, the nunber of pixels

corresponding to the unit of processing is 12, and thq UAberlo gDvenent V.
is 5. Wien the foreground conmponents contained in the ?ﬂﬁegroun conmponent

image corresponding to the shutter 15 tinme/v are FA /v through FO08/v, the
rel ati onshi ps between FO1l/v through FO08/v and' the pixel values CO01 through
Cl2 can be expressed by equations .(148) through.(159). CO1 = FO01/v(148)
Q02 = F02/v+F.01/v(149) 20C03 = F03/v+F02/v+Fcnv(150) Co4 =

FO04/ v+F03/ v+F02/ v+FA y(151) Q05 = Fgg/v+F04/v+F03/v+F02/v+FC1y(152) Q06 =
FO6/ v+F05/ v+F04/ v+F03/ v+F02/ v( 153) P FO7/ v+F06/ v+F05/ v+F04/ v+F03/ v( 154)

25C08 = FO08/v+F07/v+F06/ v+F05/ v+F04/ v(155) 16 Decenber 2005 - 188 Q09 =
FO8/ v+F07/ v+F06/ v+F0O5/v (156) Cl10 = FO8/v+F07/v+F06/v (157) dI =
F08/ v+FO¥# vtifd®8yomllted FO8/ v (159) 5 The equation generator 803 generates
an equation by nodifying the generated equations. The equations gener ated
by the equat ifeh djerersatest a@0%ear ehendpcagedubyl/bgoatironsd( $6Parahough

(171). Q01 = 1*FO01/v+0F02/ v+0* FO3/ v+0* FO4/ v+0* FO5/ v
105 is able to separate the foreground components and the

background components from the input image based on the area
9 information and the mixture ratio a, and outputs the
foreground component image consisting of only the foreground
components and the background component image consisting of
only the background components. |
Adjustments of the amount of motion biur from a
10 foreground component image are described below.
Fig. 80 is a block diagram illustrating an eéample of
the confiquration of the motion-blur adjusting unit 166.
The motion vector and the pééitional information thereof
supplied from the-motion detector 102 and the area

15 information supplied from the area specifying unit 103 are
supplied to a unit-of-processing determining'portion 801 and
a model-forming portion 802. The area information‘éupplied
from the foreground/background separator 105 is supplied to‘
the adder 804.

20 " The unit-of-processing determining portion 801 supplies,
together with the motion vector( the unit of processing that
is generated based on the motion vecfor and the positional
informatioﬁ thereof and the area information to the model-
forming portion 802. The unit-of-processing determining

25 portion 801 supplies the generated unit of processing to the



10 +0*FO6/v-rOF07/v+0F08/v C02 = 1*FO1l/ v+l FQ2/ v+0* FG3/ v+0* FO4/ v+0* FO5/ v
+0F06/ v+0*FO7/ v+0*FO08/v Q03 = 1F01/v+1*F02/v+|*FO3/VE@§E@&%¥ 5/ v

+0* FO6/ v+0*FO7/ v+0*F08/v 15 . C04 = 1*F01/v+1F02/v+1* /'v+ 04/ v+0* FO5/ v
20 +0F06/ v+0* FO7/ v+0F08/v Q05 = 1*F01/v1F02/ v+l *F03/ v+l FO4/ v+1* FO5/ v
+0F06/ v+0F07/ v+0*F08/v - C0O6 = 0*F01/v+1*F02/ v+1*FO3/ v+l FO4/ v+l * FO5/ v

+1* FO6/ v+0F07/ v+0* FO8/ v CO7 0*F01/ v+0FQ2/ v+1FQ3/ v+1FO4/ v+1FO6/ v

+1F06/ v+1F07/ v+O*F0O8/v CO8 0* FO1/ v+0F02/ v+0* FO3/ v+l FO4/ v+l FCB/ v

+1F06/ v+1F07/ v+l *FO8/ v ( 160) (161)_(%&%)_(163) (164) (165) (166) (167) 25
C09. = OF01/v+0* FO2/ v+0* FO3/ v+0* FO4/ V4 F. 05/v' 16 December 2005 - 18 9

adder 804, _

As indicated by A in Fig. 81, for example, the unit of
processing generated by the unit—-of-processing determining
portion 801 indicates consecutive pixels disposed in the

5 moving direction starting from the pixel corresponding to
the covered background area of the foreground component
image until the pixel corresponding to the uncovered
background area, or indicates consecutive pixels disposed in
the moving direction starting from the pixel cofresponding

10 to the uncovered background area until the pixel
corresponding to the covered background area. The unit of
processing is formed of two pieces of data which indicate,
for example, the upper left point (which is the position of
the leftmos£ or the topmost pixel in the image designated by

15 .the unit of processing) and the lower right point.

The model—formingrportion 802,forﬁs a @odel based on
the motion vector and the inpﬁt unit of processing. More
specifically, for example, the modél—férmingrportion 802.may
store in advance a plurality of models in accordance with

20 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 then may
select the model in which the correlation between the pixel

25 values and the foreground components is designated, such as



5 +1* FO6/ v+1F07/ v+l FO8/ v (168) C10 = OSFO1/v+0F02/ v+0F03/ v+0F04/ v+0F05/ v

+1* FO6/ v+1FO7/ v+1F08/v (169) Cl1 = O FOL/ v+OFQ2/ v+OFQR/ Y.+ 05/ v
+O+F06/ v+1F07/ v+1F08/ v El?O) Cl2 = CFOl/v+0F02/v+C1Fogﬁﬁﬁéﬂi%%%ﬁgﬁc>5/v‘
+0. FO6/ v+O+F07/ v+1+F08/v (171) Equations (160) through (171) can be
expressed by equation (.172). 08 10 G = Eaij Fi/v i=0E (172) In equation
(172), j designates the position of the pixel. 1In this exanple, j has one
of the values from1l to 12. In -equation (172), i designates the _
position-of the foreground value. In this exanple, i has one of the values
from1l to 8. 15 In equation (172), —ailféhas the value 0 or 1 according to
the values of i and j. Equation (172) can be expressed by equation (173)
in consideration of the error. 48 § =aij Fi [/ v + e i=41 (173) 20 In

equat i oncKdd An wig.desi 9IRS e 19l @hi¢oBkapRedeklihhCand the
number of virtual divided portions of the pixel value in the
time direction.
It is now assumed, for example; that the number of
5 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 802 sets the number of
virtual divided bortions to 5, and selects a model formed of
eight types of foreground components so that the leftmost
10 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
components, the fifth pixel_from the left contains five
115 ‘foreground components, the sixth pixel from theAleft
contains five foreground components, the sevoﬁth pixel from
the left contains five foreground components, the eighth
pixei from the left contains five foreground components, thé
rninth pixel from the left contains four foreground
20 components, the tenth pixel from the left contains three.
foreground components, the‘eleventh pixel from the left
contains two foreground components, and -the twe;fth pixel
from the left contains one foreground component.
Instead of seleoting a model from the prestored models,

25 the model-forming portion 802 may generate a model based on



desi gnated pixel §. Equation (173) can be nodified into equation (174). 16

December 2005 - 190 5 1122 L~ ej2- J=01 In order to gy, ﬁ&zo&@e error
the partial In order to apply the nethod of |east squares square sum
E of the error is defined as equation.(175). 08 e =G - aij.Fi/v i=01 E 2
7 ej differential value using the variable FKk with respect to the square
sum E of the error should be O Fk is determ ned so that equation (176) is
satisfied. 0 E 12 4% 'k of k j=ol 12 02 1: ((G - Eaij .Fi / v) (- akj -/
v) = 0 j=o0l i=01 10 In equation (176%7 since the amount of movenent v is a

the motion vector and the unit of processing when the motion
vector and the unit df processing are supplied.

The model—forﬁing portion 802 supplies the selected
model to an équation generator 803.

5 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 foréground component image shown in Fig. 82,.of
equations génerated by the equation generator 803 when the

10 number of foreground components is 8, the number of pixels
corresponding to the unit of processing is 12, aﬁd the
amount of movement v is 5.

When the foreground components contained in the

foreground component image corresponding to the shutter
15 time/v are F01/v through F08/v, the relationships between
F01/v through F08/v and the pixel values COl.through Cil2 can

be expressed by equations (148) through (159).

Col = FO1/v | \ (148)
C02 = FO2/v+FO0Ll/v | | (149)
20 C03 = F03/v+F02/v+F0lv ‘ (150)
C04 = FO4/v+F03/v+FO02/v+FOLv (151)
co5 = FOS/V+F04/V+F03/V+F02/v+F01v '(152)7
CO6 = FO6/v+F05/v+F04/v+FO3/v+F02/v . (153)
Cc07 = F07/v+F06/v+F05/v+F04/v+F03/v, {154}

25 . C08 = FO8/v+F07/v+F06/v+F05/v+F04/v (155)



fixed value, equation (177) can be deduced. 12 08 'l akj (g - | aij F [/
v) =0 j)=011i=01 =2 (174) (175) (176) (177) To expan ' 77) and
transpose the terns, equation (178) can be obtai ned. ﬁ%ﬁggaﬁﬁg?gé%(a)v _

| a#Fi )=vJakj G =01 i=of j=01 (178) Equation (178) is.expanded into eight
equations by substituting the individual integers froml to 8 into k in
equation (178). The obtai ned ei ght equations can be expressed by one

matri x equation. This equation is.referred 16 Decenber 2005 - 191 to as a
"normal equation”. An exanple of the normal equation generated by the
equation generator 803 based on the #88hod of |east squares is indicated by
equation (179). 5 12 7 :

FO8/v+F07/v+F06/v+F05/v - {156)

C09 =
Cl0 = FO8/v+F07/v+F06/v ' (157)
C11 = FO8/v+FO7/v | (158)
Cl2 = F08/v ' _ (159)
5 The équation generator 803 generates an equation by

modifying the generated equations. The equations generated
by the equation generator 803 are indicated by equations
(160} though (171). |
CO01 = 1eFQ1l/v+0eF02/v+0eF03/v+0eF04/v+0eF05/v
10 +0eF06/v+0eF07/v+0eF08/v (160)
C02 = 1eF01/v+1eF02/v+0eF03/v+0eF04/v+0eF05/v
| +0eF06 /v+0eF07 /v+0eF08 /v (161)
.C03 = 1eF01/v+1eF02/v+1eF03/v+0eF04/v+0eF05/v
| +OeF06/v+0eE07 /v+0eE08 /v (162)
15  C04 = 1eF01l/v+1eF02/v+1eF03/v+1eF04/v+0eF05/v
+0eF06/v+0eF07 /v+0eF08/v ; {163)
COS = 10F01/v+10F02/V+10F03/v+10F04/v+1lF05/v
+0-F06/V+O-F07/v+0-F08/v _ (164)
c06 = 0-F01/v+ioF02/v+1-F03/v+i0F04/v+1-F05/v
20 o +1!F06/V+00F07/V+0‘F08/V {165)
CO7 = 0eF01/v+0eF02/v+1eF03/v+1eF04/v+1eF05/v |
+1eF06/v+1eF07/v+0eF08/v (166)
CO8 = 0eFO1/v+0eF02/v+0eF03/v+1eF04/v+1eF05/v
+1eF06/v+1eF07/v+1eF08/v (167)

25 C09 = 0eF01/v+QeF02/v+0eF03/v+0eF04/v+1eF05/v



X. G i=08 11 EC 54321000 FOLi =07 10 45432100 FO2E Ci i=06 34543210 FC309

23454321 FO4Y Ci i =05 V08(179) 12345432 FObY G 01234 = 7
00123454 FOrY G i 03 0.0012345 F08= 06 Y G i=02 géﬁfa%?kE?@%Q-J

— 189 -

+1eF06/v+1eFQ07/v+1eF08/v (168)

c10 GeF01/v+0eF02/v+0eF03/v+0eF04/v+0eF0S5/v

I

+1eF06/v+1eFQ7/v+1eF08/v . {169}
Cll = QeF0L/v+0eF02/v+0eF03/v+0eF04/v+0eF05/v
5 ‘ ' +0eF06/v+1eFQ7/v+1eF08/v {170)

" C12 0eF01/v+0eF02/v+0eF03/v+0eF04/v+0eF05/v

+0eF06/v+0eF07/v+1eF08/v _ (171)
Equations (160) through (171) can be expressed by -

equation (172).

138 .
10 Cj= D aij-Fi/v (172)

i=0l

:In equation (172), ] designates the position of the pixel.

In this example, j has one of the values from 1 to 12. In
equation (172), i designates the position-of the foregrouﬁd

value. 1In this example, i has one of the values from 1 to 8.
i5 In,equatidn {(172) , aij has the value 0 or 1 abcording to the
values of i and j.
-Equatibn (172) can.be expressed by equation (173) iﬁ

consideration of the error.

’ . 08 :
Ci= D,aij-Fi/v +ej. : (173)

i=01
20 In equation (173), ej designates the error contained in.the
designated pixel Cj.

Equation (173) can be modified into equation (174).



Wien equation (179) is expressed by AF=v+C, C, A, and v are known, and F
is unknown. A and v are known when the 10 nodel is fo il becones
known when the pixel value is input in the addition pﬁgﬁgﬁ%ﬁggz 9§ .
cal culating the foreground conponents according to the normal equati.on
based on the nethod of |east squares, the error contained in the pixel C
can be distributed. 15 The equation, generator 803 supplies the normnal
equation - 192 generated as di scussed above to the adder 804_ The adder
804 sets, based on the unit of processing  .supplied fromthe _
uni t - of - processi ng determining porti 840861, the pixel value C contained in
the foreground conponent 5 image in the matrix equation supplired fromthe
equation generator 803. The adder 804 supplies the matrix in which the

pi xel value Cis t to a calculator 805. The cal cul ator 805 cal cul ates the
f or egr oweitl T@dpongntaiiFH F¥ A vom whi ch notion blur is elimnatad) by the
processi ng 10 bage# on a solution, such as a sweep-out nethod (Gauss-
Jordan elimnation), so as to obtain Fi corresponding to i indicating one
of the integensotdem tot apBlywbhehméshéhieor plagst vadkterdd oranshi ch notion
blur is elimnated. The calculator 805 then outputs the foreground
conponeraquareg e ulb Ec orfs it egrofr tibedpifiekdvakueguktiwht hDDS) otion bl ur,
such as that in Fig'. 83, to a notion-blur adder 806 and a sel ector 807.
In the ngeg§?unﬁ conponent image w thout notion bl ur (175)

j=01

5 In order to minimize the error, the partial
differential value using the variable Fk with respect to the
square sum E of the error should be 0. Fk is determined so

that equation (176) is satisfied.

JE
- . ej -
LR |
o o8 . {176)
=2. Z{(Cj — > aij-Fi/v)-(-akj/v) =
j=01 i=01
10 In equation (176), since the amount of movement v is a

fixed value, equation (177) can be deduced.
1z
Zakj {Cj — Zalj Fi/wv) = (177)

j=e1 1=01

To expand equation (177) and transpose the terms,

equation (178) can be obtained.

12 08 12 . ’ :
15 D (akj-Y.aij-Fi)y=vY.akji-C - | (178)
J=0i i=01 ) j=0

Equation (178) is expanded into eight equations by
substituting the individual integers'from 1 to 8 into k in
equation (178). The obtained eight equations can be

expressed by one matrix equation. This equaticn'is,referred



‘conponent inage with respect to the screen. Fbmever

shown in Fig. 83, the reason for setting FQO through FO8 in .20 CD3 t hr ough

CIO respectively, is.not to change the position Eéﬁiforﬁgﬁﬁ
roug FO8 may

be set in any desired positions. The notion-bl ur adder 806 is able to ,
adj ust the anount of notion blur.by adding the anbunt v' by which notion
blur 25 is adjusted, which is different fromthe anmount of novenent. 16
Decenber 2005 - 193 v, for exanple, the anpbunt v' by which notion blur is
adjusted, which is one half the value of the amount of novenent v, or the
anount v' by which notion blur is “éHThSTed, which is irrelevant to the
amount of novenent v. 5 For exanple, as shown in Fig. 84, the notion-blur
adder 806 divides the foreground pixel value-Fi w thout notion blur by

t he anount ay' abynwhineh egtéenohtur is adjusted so as to obtain the

f oreground conponent Fi/v'. The notion-blur adder 806 then cal cul ates the
sum of the fimegtaunce ¥ cdnparemi=l quaticoherakyagedebst ichg t he pi xel
value in which the anobunt of notion blur is adjusted. For exanple, when
t he anpegtaviohygeheéchtont 3Qh i sed | on adjeistesthdd <3, lddwr pigualresal ue C02
is set to (FOL)/v', the pixel value C3 is set to (FO1+F02)/v', the pixe
val ue Ob3 iBdiepted B ¢@arui@R+EDBIYv', and the pixel value CO5 is set to
(FO2+FQ3+FOQ4)/v' . The notion-blur adder 806 supplies the foreground
conﬁbnent i mge in which the amount. of notion qur IS

(54 3 2 1.0 0 OfFO1] 1=07
4543210 0|F02 1> ci
3 4543 2 1 0|F03 "5
2 345 43 2 1]Fo4 'ESC-’L .
123 45 43 2frosf 7 |& (179)
{0 1 2 3 4 5 4 3[F06 iz%Cl
0 012345 4fFo7 S i
o oo 12 3 4 5{Fo8 1-03

I
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I

|

%
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When equation (179) is expressed by AeF=ve(C, C, A, and v
are known, and F is unknown. A and v are known when the
10 model is formed, whilg C becémes known when the pixel value
is input in the addition processiﬁg-
By calculating the foreground compconents according to
thg normal equation based on the method of least squares,
the error contained in fhe pixel C can be distributed. |

15 The equation generator 803 supplies the normal equation



“adjusted to a selector 807. 20 The sel ector 807 selects one of the

foreground conponent image w thout .notion bl ur suppl i fro
cal cul at or .805 and the foreground conponent inage in &ﬁg) ﬁ%gﬁgaount of

nmotion blur is adjusted supplied fromthe notion-blur adder 806 based on a
selection signal-reflecting 25 a user's selection, and outputs the sel ected
foreground - 19 4 conponent inmage. As di scussed above, the notion-blur
adjusting unit 106 is able to adjust the anount of notion blur based on
the selection signal and the anobunt v' by which notion blur is 5
adj usted. Al'so, for exanple, when thé&%Aumber of pixels corresponding to
the unit of processing is 8 and the anount of novenent v is 4, as shown
in Fig. 85 the notion-blur adjusting unit 106 generates a nmatrix equation
expr esseferyrak@eqatiieruskdQ) abbv@8td ¥nbl abale 8444 3 2 1 OF01>C 3 4 3 2
1F02i =04 06 2 3 4 3 2F03= vl Ci(180) i=03

The adder 804 sets, based on the unit of processing

supplied from the unit-of-processing determining portion 801,
the pixel value C contained in the foreground component
5 image in the matrix equation supplied from the equation
generator 803. The adder 804 supplies the matrix in which
: thé'pixel vaiue C is set to a calculator 805.
ihe calculator 805 calculates the foreground componeﬁt
Fi/v from which motion blur is eliminated by the processing
10 based on a solution, such aé a sweep-out method {Gauss-
Jordan elimination), so as o obtain Fi correspoﬁding to i
‘indicating one of the integers from 1 to 8, which is the
pixel value from which motion blur is eliminated. The
‘calculator 805 then outputs the foreground component image
15 consistihg of the pixel values.Fi without motion blur, such
as that in Fig. 83, to a motion-blur adder 806 and a
selector 807.
In the foreground component image without motion blﬁr
shown in Fig. 83, the reason for seﬁting F01 through F08 in
20 co03 tﬁrough c1io0, respectively; is not to change the pééitidn
| of the foreground componenﬁ image with respect to the screen.
However, FO0l1 through F08 may be set in any desired positions.
The motion-blur adder 806 is able to adjust the amount
of motion blur by adding the amount v' by which motion blur

25 is adjusted, which is different from the amount of movement.



123 4 3F0405 0 1 2 3 4FO 5ECi 1=02 04 EGi~ i=0i this manner, the
notion-blur adjusting unit 106 cal cul ates Fi, which i e i X alue in
16 DRt 200

whi ch t-he-anmount 15 of notion blur is adjusted, by s e equation
in accordance with the length of the unit of processing. Simlarly, for
exanpl e, when the nunber of pixels contained -in the unit of processing is
100, the equation corresponding to 100 pixels.is generated so as to
calculate Fi. 16 Decenber 2005 - 195 Fig. 86 illustrates an exanpl e of
anot her configuration of the nDtlon éé 4r adjusting unit 106. The sane

el ements as those shown in Fig, e designated with like reference -
nunmeral s, and an expl anation thereof is thus omtted. 5 Based on a

sel ection signal, a selector 821 directly supplies an input notion vector
and a py¥si fronakampgaal thehaneuiitto' tie winit¢h ofiepiardskimg.sdet er mi ni ng
portion 801 and the nodel-formng portion 802. Alternatively, the

sel ect ord3R3tady EUthl%&t@n@hbahﬁghheLmﬁiwﬁ e hetmptarot) afect or by t he
amount v' by which notion blur is adjusted, and then supplies the notion
vect or @ﬁﬂe%‘ﬁ’étp‘éy T oRae ameynhl v Her edtichy mdfelamillwf -i5r ocessi ng

deternlnlng ortion
sted, which is irrelevant to the amount of movement v.

5 For example, as shown in Fig. 84, the motion-blur adder 806
divides the foreground pixel value Fi without motion blur by
the amount ¥' by which motion blur is adjﬁsted 50 as to
obtain the.foreground component Fi/v'. The motion-blur
adder 806 then calculates the sum of the foreground

10 components Fi/v', thereby generating the pixel value in
which the amount of motion bluf is adﬁusted. ‘For'example,
when the amount v' by which motion blur is adjusted is-3,
the pixel wvalue C02 is set to (FO1)/v', the pixel falue C3
is set to (FO1+F02)/v', the pixel value C04 is set to

15  (FO1+F02+F03)/v', and the pixel value C05 is set to
(F02+F03fE04)/v'

The motion-blur adder 806 supplies the foreground
component image. in which the amount of motion blur is
adjusted to a selector 807.

20 '~ The selector 807 selects one of the foreground
'cohponent image withouﬁ motion blur supplied from the
calculator 805 and the foreground component image in which
the amount of motion blur is adjusted supplied-ffom the
motion—biur adder 806 based on a selectipn signal. reflecting

25 a user's selection, and outputs the selected foreground



801 and the nodel -forming unit 802. Wth this arrangenent, the
unit-of-processing 15 determ ning portion 801 through e cal cul.ator 805 of
the notion-blur adjusting unit 106 shown in Fig. 86 5$Ekaﬁﬁ%a§@3 adj ust
t he amount of notion blur in-accordance with the amount of nobvenent v and

the amount v' by which notion blur is adjusted. For exanple, when the

anount of novenent is 5, 20 and the anount v' by which notion blur is
adjusted is 3, the wunit-of-processing determning portion 801 through the
calcul ator 805 of the notion-blur adjusting unit 106 shown in Fig. 86
execute conputation on the foregrounti9¢onaponent inmage in which the anount

of nmovenment v is 5 shown in Fig. 25 82 according to the nodel shown in

Fig. 84 in which the 16 Decenber 2005 196 anount v' by which notion blur
i's adj“%b%@oh%n%-iéﬁgé result, the inmage containing notion blur having the
anount of novenent of (ampbunt of novenent v)/(anount v' by which notion

blur is adj ugked) sau=tda éb@%e,a@@@tm&tﬂbﬁfﬁfﬁgEaéyﬁ%tf% 0ol § ggase, the

cal cul ated i nage does not contain notion correspondi ng to the anount

of NDVeRBNhbY eOko3adiAGEOLHENGhYunkt o8hAUE dohen N0t ath ddidtod g d el ationship
bet ween t he anount o? novenent v and the anmount v' Dby which notion blur s

adj ust edellecdibheseghalr afut BRer 888lih 06+ t B¢ wADcHGhd©:D I8y Adder 806. As.
di scussed above, the notion-blur adjusting unit 106 generates the equation
i n d&&conddneeedi.t h the anmount of
Also, for example, when the number of pixels
corresponding to the unit of processing is 8, and the amount
of movement v is 4, as shown in Fig. 85, the motion-blur

adjusting unit 106 generates a matrix equation expressed by

10 equation (180).

Y. Ci
- - N
43 -

2 1 0fro1 Y ci

3.4 3 2 1jFo2 1=04
2 343 2(F03|=v.|Y cCi | (180) .
1 2 3 4 3|Fo4 iy
0 1 2 3 4]F05 2. ci
- - - i=02

04

> ci

| i=02 "

In this manner, the motion-blur adjustingruniﬁ 106
calculates Fi, which is the pixel value in which thé'amouﬁt3
15 of motion blur is adjusted, by setting up the.eduation in
-accordance with the length of the unit of processing.
Similarly, for example, when the number of pixels contained
in the unit of proéessing is 100, the equétion corfesponding

to 100 pixels is generated so as to calculate Fi.



novenent v and the unit of procéssing, and sets the pixel values of the

f oreground conponent inmage in the generated 15 equatiﬂﬁDe&Qﬁ&EEﬁOS
cal cul ating the foreground conponent inage in which the anount of notion

blur is adjusted. The processing for adjusting the amount of notion blur .
contained in.the foreground conponent inage executed by the notion-blur
adjusting unit 106 is described belowwith 20 reference to the flowhart of
Fig. 87. In step S801, the unit-of-processing determ ning portion 801 of
the notion-blur adjusting unit 106 generates the unit of processing based
on the notion vector and the area information, and supplies the generated
unit of 25 processing to the nodel-formng portion 802. 16 Decenber 2005
197 In step S802, the nodel -form ng portion 802 of the notion-blur

adj usting umilg.1@6 d4llectsatesgenckateplither aRdeheirncancogdanceomi th the
amount of novenment v and the wunit of processing. In step S803, the

equat i onf gelre rmed toiror6-1808: gethpratiesy thetthdoéal ageatsizore kdsednos hhe

sel ected nodel. Instep 5804, the adder 804 sets the pixel values of the

f or egr ol oFtporrenitn ifieme 8t ardve dysvigratted wortimll i kequatfiearncknst ep 5805,
the adder 804 determ nes whether 10 the pixel values of all the pixels
cor r esgYHMR TRL T 0 arkte aghiaxplanadricee dhiargodr d ss&hus| puiittied . det er mi ned t hat

t he_pi xel values of all the pixels corresponding to the unit of
5 Based on a selection signal, a selector 821 directly

supplies an input motion vector and a positional signal
thereof to the unit-of-processing determining portion 801
and the model-forming portion 802. Alternatively, the |
selector 821 may substituﬁe the magnitude of the motion

10 vector by the amount v' by which motion blur is adjusted,
aﬁd then sﬁpplies the motion vector and the positional
signal thereof to the uﬁit—of—processing determining portion
801 and the model—forming unit 802.

With this arrangement, the unit-of-processing

15 determining portion 801 through the calculator 805 of the

| motion~blur adjusting unit 106 shown in Fig; 86 are able to
adjust the amouﬁt of motion blurrinraccordance with the
amount of movement v and the amount v' by which motion blur
is adjusted. For example, when the amount of movement is 5,

20  and the amdunt v' by which motion blur is adjusted is 3, ﬁhe
unit-of-processing determining portion 801 through the
calculator 805 of the motion-blur adjusting unit 106 shown
in Fig.‘86 execute computatioﬁ on the foreground component
image in which the amount of movement Q-is 5.shown in Fig.

25 82 accordiﬁg to the model shown in Fig. 84 inﬂwhich.the'



processing are not yet set, the process returns to step 5804, and the
processing for setting the pixel values in the 15 nor pg é&&ﬂ&&l '
repeated If it is determined in step S805 that the pixel values of aII t he
pi xel s corresponding to the unit of processing are set, the process
proceeds to step 5806. In step 5806, the calculator 805 cal cul ates the

pi xel values of the 20 foreground in which the amunt of notion blur is

adj usted based on the normal equation in which the pixel values are set
supplied fromthe adder 804. The processing is then conpleted. As

di scussed above, the notion-blur. adj&Sfing unit 106 25 is able to adjust

t he amount of notion blur. of the 16 Decenber 2005 - 198 foreground inmge
contai ning notion blur based on the nmotion -vector and the area information
That i s,amdunts Wossi e dIo ndjivst Hihe drowEl uekeaptison . bldr acont ai ned in

t he pixel values, that is, contained in 5 sanpled data. As is seen from

t he for egeduig: daser iiptagen cdrta isiigiaimotpoec @dser hhziskhowhel BmbLAL 4 1S able
to adjust the anount of notion blur contained in the input inage. The
signal Qf seesgsently odnflaguned as showment Fig.(adoustabl ebyowhfchal cul ate
the mxture ratio' a, which is enbedded i nformati on, and outputs the
calcula@&ﬂﬂﬁﬂkﬁdmg'ﬂ@tﬁ@ﬂ&stﬁﬁg =88/Bs a. BIochbduagﬂaﬁ1ublubtaanedg anot her

exangleln this case, the calculated image does not contain motion
blur corresponding to the amount of movement v of 3.
Accordingly, it should be noted that the relationship
between the amount of movement v and the amount v by which
motion blur is adjusted is different from the result of the
10 motion-blur adder 806.

As discussed above, the motion-blur adjusting unit 106
generétes the equation in-accOrdance with the amount of
movement v and the unit of processing, and sets the pixel
values of the foreground component image in the generated

15 equation, thereby calculating £he foreground component image
in which the amount of motion blur is adjusted. |

The processing for adjusting the amount of motion biur
contained in the foreground component image exeéuted by fhe
motion-blur adjusting unit 106 is described below with

20 reference to the flowchart of Fig. 87.

In step S801, the unit-of-processing determining
po;tion 801 of the motion-blur adjusting unit 106 generates
thé unit of processing based on the motion vector and the
area information, and supplies the generated unit of

25 processing to the model-forming portion 802.



of the configuration of the notion-blur adjusting unit 106. The notion
vector and the positional information thereof 15 suppk}) m:;{] noti on
detector 102 are supplied to a wunit-of-processing detlgrm nlﬁ%pjggﬁti on 901
and an adjusting portion 905. The area information supplied fromthe area
specifying unit 103 is supplied to the unit-of-processing determning.
portion 901. The foreground. conponent inage 20 supplied fromthe

f or eground/ background separator 105-is supplied to a cal culator 904. The
uni't-of -processing determning port ilcgn] 901 supplies, together with the
notion vector, the unit of processing ' generated based on the notion vector
and the positional 25 information thereof and the area information to a
nodel 16 Decenber 2005 - 199 form ng portion 902. The nodel -form ng
portion 902 ¥morsker Skl s adsd —fdreimgt iperbieat ¢02and the i nput unit of
processing. An equation generator 903 generates an equation based 5 on the
nmodel . BoppPieller oadinet mdainioriiheoraetiormnaEneRigssdbiepti on is now

~given, with reference to the nodels of foreground conponent inages shown in

Fi gs. 89cdehr blighcoardapcant ianpgie atodHe Tquravyseiyeves@ded sy t he
equation generator 903 when the nunber of foreground 10 conponents is 8,
the numbBrtoft pPRRFLSTHIY esphdiiiRP 1 the UM tSBIR PV SEHRGHE. 12, and t he

tagle)%nt Q(f)ﬂ n&e\a/r?ggg egl 1I:I§e 5riorma ene'q;l[a eignorbeaggeoci]nodn Ct rfraposrt]ee.l.r(]atc%:e(c:iont ained in

model.
| In step S804, the adder 804 sets the pixel values of
the foreground component image in the generated normal
equation. 1In step $805, the adder 804 determines whether
10 ﬁhe pixel values of all the pixels corresponding to the unit
of processing are set. If it is determined that the pixel
values of all the pixels corresponding to the unit of
processing are not yet set, the process returns to step 8804,
 and the processing for setting the pixel values in the
15 normal equation is repeated.
If it is determined in step S805 that the pixel values
of all the pixelé corréspondingrto the unit of processing
are set, the process proceeds ﬁo step 5806. In step 8806,
-the calculator 805 calculates the pixel values of the
20 foreground-in which the amount of motion blur is adjusted‘
"based on the normal equation in which the pixel values are
set supplied ffom the adder‘804.-‘Tﬁe processing is then
completed. | |
As discussed above, the motion-blur adjusting unit 106

25 is able to adjust the amount of motion blur of the



f oreground conponent image corresponding to the shutter time-/v are FO1/'v

t hrough FO8/v, the relationships between 15 FOl/v th @g@%mﬁﬁgbﬁmﬁnd pi xe
values CA through Cl2 can be expressed by equations E rough (159),

as . stated-above. By considering the pixel values Cl2 and Cl1, the pixel
val ue Cl12 contains only the foreground conponent F08/v, as expressed by
equation (181), and the pixel value C]. 20 consists of the product sum of
t he foreground conponent FO8/v and the foreground conponent FO7/v. ‘
Accordingly, the .foreground conponent FO7/v can be found by equation
(182). FO 8/v = C12(181) F07/v =.Cr1l@%2t182) 25 Similarly, by considering
the foreground conponents 16 Decenber 2005 - 200 - 10 15 20 contained in

t he pixel values ClO through CO01, the foreground conponents F06/v through

FO /v cambhgyrieurd ihkgeeavaltiaansngl§3) ibhr pugk £188), onespechbyeby. FO6/v =
C O C11(183) FO5/v = (Q09-C10(184) F04/v = C08-C09(185) FO3/v =
CD?--CD&%E&&&i&&h_EBE/MréaCQﬁ{GQ%ﬁGl&nCI2(187) FOL/v = C05- C06+C10-C11(188)

That is, it is possible_to adjust the amount of motion
blur contained in the-pixel values, that is, contained in

5 sampled data.

As is seen from the foregoing descfiption, the signal
processor 12 shown in Fig. 4 is able to adjust the amount of
motion blur contained in the input image. The signal |
‘processor 12 configured as shown in Fig. 4 israble to

10 calculate the mixture ratio o, which_is embedded information,
and outputs the calculated mixture ratio .

Fig. 88 is a block diagram i1llustrating another example
of the configuration of the motion-blur adjusting-unit 106.
The motion vectbr and the positional information thereof

15 supplied from ﬁhe motion detector 102 are suppliéd to a
unit-of-processing detérmining portion 901 aﬁd an adjusting
;portion 905. The area information supplied from the area
specifying unit 103 is supplied to the unit—of—processing
‘détermining“portion 901. The foreground component -image

20 supplied from the foreground/backgréund'separator 105.is'
.Supplied to a calculator 904.

The unit-of-processing determining portion 901 supplies,
together with the motion vector, the unit of processing
generated based on the motion vector and the positional

25 information thereof and the area information to a model-



The equation generator' 903 generates the equations for -calculating the
foreground conponents by the difference between the pi %h(¥a&#g&ﬁ as
i ndi cated by the exanples of equations (181) through i‘ g e equation
- generator 903 supplies the generated equations to the cal cul ator 904. The
cal cul ator 904 sets. the pixel values of the foreground conponent inmage in
the equations supplied-fromthe equation generator 903 so as to obtain the
foreground = conponents based on the equations in which the pixel val ues
are set. For exanple, -when equationsg4181) through ' (188) are supplied
fromthe equation generator 903, thé“cal culator 904 sets the pixel val ues
CO5 through C12 in equations (181) through (188). The cal cul ator 904

cal cul ates the foreground conponents based on the equations in which the
pi xel VE¢retn@rromtgion 903 For. exanpl e, the cal cul ator 904 cal cul ates the
foreground 16 Decenber 2005 - 201 conponents FA /v through FO8/v, as shown
in Fig. 90, &s&wdednfommiagl paradicand08r feguat roredeighbpserdr engh (188) in
whi ch the pixel values C05 through Cl2 are set. The calculator 904
suppl i €52¢ FPH R GrsitF At dteh g1 /M- o QIGIFSFSE9/ME -t o t he adj usti ng.
portion 905. The adLusting ortion 305 mul tiplies the foreground
conponent s $TpFRPEE-PPoRFPRESE]FcdP3t SPR66ALET PReSdHBLAPPoP2SRBvenment v
contai ned ,i,n the, noti on ,vec{ supplied fromthe unit-aqf-praogessing

det Eeir m%ﬁ'll ntghep g}cﬁe% Wl&&c&?ﬁogl g:gxteain}?c{el—rpormlng portion 9%% .

A description is now given, with reference to the

models of foreground component images éhown in Figs. 89
through 91, of an example of the equation generated by tﬁe
‘equation generator‘903 when the number of foregroqnd
10 components is 8, the number of pixels corresponding td 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 the shutter
time/v are F0l/v through F08/v, the relationships between
15 FO0l/v throuéh FO08/v and pixel values C01 through Cl2 can be
expressed by equations (148) through (159), as stated above.
By considering the pixel wvalues Cl12 and Cl1, the pixel
- value C12 contains only the foreground component F08/v, és
-expressed by equation (181), and the.pixel value_Cii
20 consists of the product sum of the foreground component
F08/v and the foreground component-F07/v. Acqordingly, the
. foreground component F07/v can be found by eduation (182) .

F08/v = Cl12 | (181)

I

FO7/v cli-Cl2 (182)

25 . 8S8imilarly, by cohsidering the foreground componenis



10 the foreground pixel values fromwhich notion blur is elimnated. For
exanpl e, when the foreground conponents FO1/v throug P@&F&%xggﬁgsupplied
fromthe cal culator 904, the adjusting portion 905 nultiples each of the
foreground conponents FO1l/v through FO8/v by the anount of novenent v, 15
i.e., 5 so as to obtain the foreground pi xel values FO through FO8 from
whi ch notion blur is elimnated, as shown in Fig. 91. The adjusting
portion 905 supplies the foreground. conponent inage consisting of the
foreground pi xel values 20 w thout notion blur calcul ated as descri bed
above to a notion-blur adder 906 and280sel ector 907. The notion-blur adder
906 is able to adjust the amount of notion blur by using the anmount v' by
whi ch notion blur is adjusted, which is different fromthe anmount of
novementcordb hed G SRATRi&elt %mawenovthbbsupﬁi ebinotign blur is 16
Decenber 2005 - 202 adjusted, which is one half the value of the anmount of.
- novementforedtounde cafpidilent's By 6wk ehraaghonoblur chs badrgsh@dey Whi ch is
irrelevant to the amount of novenent v. For exanple, as shown in Fig. 84,
t he not isndilivnsaddss)9@brobgt 1des ,t bespecegreund pixel value Fi w t hout
nmotion blur by the amount v' by which notion blur is adjusted so as to '
obtain the f&Pédgroandl@e@pdbnent Fi/v'; The notion-blur (18388er 906 t hen
cal cul ates the sum of the foreground conponents Fi/v', thereby generating

the Pixel vaF@&/¥n= C09-C10 (184)
F04/v = C08-C09 (185)
FO3/v = C07-C08+C12 (186)
F02/v = C06-C07+Cl1-C12 {187)
FOl/v = C05-C06+C10-Cl1 ' (188)
10 ‘ 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
équations (181) through (188). The equation generator 903
supplies the generated equations to the calculator 904.

15 The calculator 8904 sets the pixel values of the
foreground component image in the equations éupplied-from
the equation generator 903 so as to obtain the foreground
compbnents based on the equations in which the pikel values
are set. For example, when equations (181) through (188)

20 are supplied from the equatibn generator 903, fhe calculator
904 sets the pixel values CO0S5 through C12 in equations (181)
through (188).

The calculator 964 calculates the foreground components
based on the eqUations in which the pixel values are set.

25 For example, the calculator 904 calculates the foreground



10 which the amount of notion blur is adjusted- For exanple, when the
anount v' by which notion blur is adjusted is 3, the g?&&%mﬁgbggscoz i's
b vi, the p :

set to (FA)/v', the pixel value C3 is set to (FOl+F i xe
.value C04 is set to (FOI+F02+F03)/v', and the pixel value C05 is set to 15
(FO2+FG8+FOX4)/v'. . The notion-blur adder 906 supplies the foreground
conponent inmage in which the anmount of notion blur is adjusted to the
sel ector 907. The sel ector 907 selects either the foreground 20 conponent
i mage W thout notion blur supplied fromthe adjusting portion 905 or the
f oreground conponent inmage in whicE4he amount of notion blur is adj ust ed
supplied from..the notion-blur adder 906 based on a sel ection signal
reflecting a user's selection, and outputs the selected 25 foreground
conponeatmpomerets 150 Dee ertiwsu@D ) 8 /203as Ashslis clis Seidy alsove bddwi
nmotion-blur. adjusting unit 106 is able to adjust the anount of notion
bl ur basedtivd tdkiulselact ioh stumE@locmnd(1hk) aroumtgly' (188 whirch noti on bl ur
is adjusted. 5 The processing for adjusting the amount of motion blur of
t he foregkcunthexeioumled diuehaHottitorewdurChdljarst i sef unithe 106 confi gured.
as shown in Fig. 88 is described belowwith reference to the flowchart of
Fig. 9xaienkitepr SYU sumielifdg tthef -frrereing gemrganiing 01/v
5 through F08/v to the adjusting portion 905.
The adjusting portion 205 multiplies the foreground
components supplied from the calculator %04 by the amount of
movement v contained in the motion vector supplied from the
unit-of-processing determining portion 901 so as to obtain
10 the foreground pixel wvalues from which motion blur is
eliminated. For example, when the foreground components
FOl/v through F08/v are supplied from the calculator 904,
the adjusting portion 905 multiples each of the foreground
components F0l/v through F08/v by the amount of movement v,
15 i.e., 5, so as to obtain the foreground pixel values F01
through F08 from which motion blur is eliminated, as shown
in Fig. 91.
The adjusting portion 905 supplies the,foregroﬁnd
component image consisting of the foreground pixel values
20 without motion blur calcﬁlatéd as described above to a
motion-blur adder 906 and a selector 907.
The motion-blur adder 906 is able to‘adjust the amount -
of 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



10 portion 901 of the notion-blur adjusting unit 106 generates the unit of
processi ng based on the notion vector and the . area iﬂfﬁ ]&QQ nd
supplies the generated unit of processing to the nodel-Tormng portion 902
and the adjusting portion 905. 15 In step S902, the nodel -form ng portion
902 of the notion-blur adjusting unit 106 selects or generates the nodel
according to the anount of novenent v and the unit of processing. In step
S903, the.equation generator 903 generates, based on the selected or
generated nodel, the 20 equations for calculating the foreground
conponents by the difference between?®he pi xel values of the foreground
.conponent inmage. In step 5904, the cal cul ator 904 sets the pixel val ues
of the foreground conponent inmage in the generated equations, 25 and
ext r act sadjhestfeal e@ihquhd icoBpeneal s BiieUshnget be die Deseriero2005 -- 204
di fference between the pixel values based on the equations in which the
pi xel valavesnearte vsSeor khestapubd08, bhewhtahcubbion ©B04r det er m nes whet her
all the foreground conponents corresponding to the unit of processing have
been 5 exijrexdteeld. whficht iss ideképmrnédtohbbe adhotive 6D rregyenst wonponent s
corresponding to the unit of processing have not been extracted, the
pr ocess Foat gxegtle . seepsBo@n, tanlighe84prboessihipidrlextaddey P& he
foreground'conponents is repeated. ,
' divides the foreground pixel value Fi without motien blur by
the amount v' by which motion blur is adjusted so as to
obtain the foreground component Fi/v'. The motion-blur
addér 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 wvalue €02 is set to (F01)/v', the pixel value C3
is set to (FO1+F02)/v', the pixel value C04 is set to
(FO1+F02+F03) /v', and the pixel value 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
adjuéted to the selector 907.
The selector 907 selects either the foreground
20 component image without motion blur supplied from the
adjusting portion 905 or 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 user's selection, and outputs the selected

- 25 foreground component image.



10 If it is determned in-step S905 that all the foreground conponents
corresponding to the unit of processing have been exj é 8&&8 b process
proceeds to step S906. In step S906, the adjusting portron %% adj ust s each
-of the foreground conponents FO /v through FO8/v supplied 15 fromthe

cal cul ator 904 based on the anount of novenent v-so as to obtain the
foreground pi xel values FA /v through FO8/v fromwhich notion blur is
elimnated.. In step S907, the notion-blur adder 906 cal cul ates the
foreground pi xel values in which thegmunt of notion blur .20 is adjusted,
and the selector 907 selects the inmage w thout notion blur or the inage in
whi ch the anmpunt of motion blur is adjusted, and outputs the sel ected

i mage. The pyocessing is.then conpleted. As described above, the

noti on- bl ur 'éiﬁqqﬁfQﬂnqpcfﬁﬁ ‘%@*GEHFF@uPé&raédéﬁéﬁﬁnﬂhuPﬁ& 1f6s able to

di 1 nber.. 2005 - 205 st on blur of the foreground
Pﬁggesggﬁt%%%?ﬁg) éf%ﬁF Eﬂ?ﬂa@ﬁﬁﬁﬁcﬁ%dm{u E&I 5 Rasgsuel itds. A kgowﬁ

techni g rtiall nlnatln nDtlo su h as ener filter,
is effeg%l%(g]g\/\ﬁ? ° na]y us%d B4 %“IH Yd é’i i—‘tlﬁhe Qﬁih °n %’qﬁbﬁ Suffi CI ent .
for an i nage quantlzed and contalnlng noi se. In contrast, it. i
proved that The notion-bl ur adjusting unit 106 configured as shomn in

Fig.s 88 is syfd 'pﬁ:'o%@slsﬁn%f feRGt iy \Sﬁgug%rln?]ntﬁ%t Ugbuhege ng¥aah f}?grand

cont ai ni ng noi se. is tthus po
of the foreground executed by the motion-blur adjusting unit

106 configured as shown in Fig. 88 is described below with
t reference to the flowchart of Fig. 92.

In step -S901, the unit—of—processing determining

10 portion 501 of the motion-blur adjusting unit 106 generates
the unit of processing based on the mQtion vector and the
area infqrmation, and supplies the generatéd unit of
processing to the model-forming portion 902 and the
adjusting portion 905.

15 In step S302, the model-forming portion 902 of the
motion-blur adjusting unit 106 selects orjgenérates the
model according to the amount of movement v and the unit of
processing. In step S903, the equation generatér 903
generates, based on the selected or generated model# the

. 20 equations for calculating the foreground components by the
.difference between the-pixel vélues of the foreground
.component image.

In step 5904, the calculator‘904 sets the pixel values
of the foreground component image in the generated equations;

25 and extracts the foreground components by using the



10 elimnate notion blur with high precision. Fig. 93 is a block di agram
illustrating another ~configuration of the function o h I processor
12 when the mixture-ratio calculator 104 has the conﬁ?%ﬁ%@@%%gadéhomm in
Fig. 63. 15 The elenments simlar to those showmn in Fig. 4 are designated
with like reference nunerals, and an explanation thereof is thus omtted.
the area specifying unit 103 supplies area information to the

m xture-ratio cal culator 104 and a synthesizer 1001. 20 The m xture-ratio
calcul ator 104 supplies the mxture ratio a to the foreground/ background
separator 105 and the synthesizer“lé@ﬁ._The f or egr ound/ backgr ound
separator 105 supplies the foreground conponent inage to the synthesizer
1001. 25 The synthesi zer 1001 conbines a certain background 16 Decenber
2005 - 2Efarmmge Wdtwede ther edxelndataspobasidi BAgehsupghaethis om t he

f or egr ound/ background separator 105 based on the m xture ratio a supplied
from t helmmiwhtinhe tihat ird xed| callaesr at@4sand Thesaepasbobornmei on supplied
fromthe. area specifying unit 5 103, and outputs the synthesized inage in
whi ch t @ learladior 94c Kgiteund niesagbeshert hélf thegfoundroongonent i mage are
conbined. Fig. 94 illustrates the configuration of the synthesizer 1001. A
backgrodﬁﬁmﬁﬁﬁﬁﬁﬁeﬁprgéﬁ@P&ﬂéP91G21the unit of processing have been

5 extracted. If it is determined that all the foreground
cdmponents corresponding to the unit of processing have not
been extracted, the process returns to step S904, and the
proceséing for extrécting the foreground components is
repeated.

10 If it is determined in step $905 that all the -
foreground components corresponding to the unit of
processing have been extracted, the process proceeds to step
$5906. 1In step 5906, the adjusting portion 905 adjusts each
of the foreground components F0l/v thrbugh F08/v éupplied

15 from thercalculator 904 based on the amount of movement v so
as to obtain the foreground pixel values FO1/v through F08/v
from which motion blur is eliminated. |

‘In step $907, the motion-blur adder 906 calculates the
foreground piXel values in which the amount of motion blur
.20 is adjusted, énd the selector 907 selects the image wifhoﬁt
motion blur or the image in which the amount of motion blur
is adjusted, and outputs thé selected image. fhe processing
is ‘then completed.
As desCribéd above, the motion-blur adjusting uﬁit 106

25 configured as Shown in Fig. 88 is able to more speedily



10 generates a background conponent inmage based on the mxture ratio a and
a certain background i mage, and supplies the backgroigg)congggﬁﬁg imge to
a m xed-area-inage synthesizing portion 1022. The m &t “ifrage .
-synt hesi zi ng portion 1022 conbines 15 the background conponent i nmage ‘
supplied fromthe background conponent generator 1021 with the foreground
conponent inmage so as to generate a m xed-area synthesized i mage, and
supplies the generated m xture-area synthesized inage to an inage
synt hesi zing portion 1023 20 The Lng synt hesi zer 1023 conbi nes the
foreground conponent inage, the m Xed-area synthesized i nage supplied
.fromthe m xed-area-i mage synthesi zing portion 1022, and the certain
background i nage- based on the area information so as to generate a
synt hesa@bds § megfel oraridl wutqiutthe ttoPamindi doagsedoabeisingheosynthesi zer
1001 is able to - 207 conbine the foreground conponent image with a
cert ai PPlHAARFOIHNY ey itfHeY wgwuditdionsd by combi ning a foreground
conmponent _image with a certain background i mage based on the m xture-. 5
ratio a, wHi dR9& tIREAEGR £ Guarry tial p gl ity id h U an dokpar ed to an
i mge obtq%ned b _siQPIy,conbinLng pixels. Fig, 95.is a block diagram
i|lustrdts d“%ﬁbéﬁé?lIb&ﬁﬂﬁ&ﬁhaﬂ@oﬁﬁ§EQQ%¥efHﬁ@?iBﬁlﬁg PR&dsitgnkkepr ocessor
12 aahepuLbe AT a0 G AR B 4130 g ceonl ! ghigtion 10 shown
quantized and containing noise. In contrast, it is proved
that the motion-blur adjusting unit 106 configured as shown
in Fig. 88 is sufficiently effective for an actual image
quantized and containing noise. It is thus possible to
10 eliminate motion blur with high precision.
Fig. 93 is a block diagram illustrating another
configuration of the function of the signal processor 12
when the mixture-ratio calculator 104 has the configuration
shown in Fig. 63.
15 The elements similar to those shown in Fig. 4 are
designated with like reference numerals, and an explanation
thereof is thus omitted.
‘The area specifying unit 103 supplies area informatibn
to the mixture-ratio calculator 104 and a synthesizer 1001.
20 The mixture-ratio calculator 104 supplies the mixture
ratio o to the foreground/background separator 105 and the
synthesizer 1001.
The foreground/background separator 105 supplies the

foreground cdmponent_image to the synthesizer 1001.

25 . The synthesizer 1001 combines a certain background



The elenents simlar to those shown in Fig 4 are designated wth |ike
reference numerals, and an explanation thereof is thyspouiidedegsThe area
specifying unit 103 supplies area information 15 to the mxture-ratio
cal cul ator- 104 and a synthesizer 1001. The m xture-ratio cal culator 104.
supplies the mxture ratio a to the foreground/ background separator 105 and
the synthesizer 1001. The foreground/ background separator 105 supplies the
20 foreground conponent image to the synthesizer 1001. The synthesizer 1001
conbi nes a certain background inmage with the foreground conponent i nmage
supplied fromthe foreground/ backgré¥hd separator 105 based on the m xture
ratio a supplied fromthe m xture-ratio calculator 104 and 25 the. area

i nformation supplied fromthe area specifying unit. - 208 103, and outputs

t he syntihesgjezed thmege FBruheehiniiheckgohand iRAGX 0L QYHDi i@ Nchd he
foreground conponent inmage are conbined. Fig_ 96 is a block diagram
i Il ustr doregrstindl/banegbeand sephigusat 105 Bisédeod unigd ik frd he signa
"processor 12 for adjusting the anmount of notion blur. The signal processor
12 showraitioFingsuppdéqdentoal tiepoikouns-theiareatcspestdyi N Operati on and
the calculation for the mxture ratio a. In contrast, the signal processor
12 showthenakeg. 196ct0ationl supebisd yfpenfonasatde aueat Spae] fuditg
operation and the calculation for the mxture ratio a_
5 3, and outputs the synthesized image in which the certain
background image and the foregfound compohent image are
combined.
Fig. 94 illustrates the configuration of the
synthesizer 1001. A background component generator 1021
10 generates a background component image based on the mixture
. ratic o and a certain background image, and supplies the
~background component image to a mixed-area—image
synthesizing portion 1022.
The mixed-area—image synthesizing portion 1022 combines
15 the background component image supplied from the background
component generator 1021 with the foreground component image
so as to generate a mixed—area synthesized image, and
rlsupplies the generated mixture-area synthesized image to an
image synthesizing portion 1023.
200 The image synthesizer 1023 combines the foreground
~component image, the mixed-area synthesized image supplied
from the mixed-area~image synthesizing portion 1022, and the
certain background image based on the area information so ‘as

to generate a synthesized image, and outputs it.

25 . As discussed above, the synthesizer 1001 is able to




The. functional elenents simlar to those in the block diagramof Fig. 4
are designated with |ike reference nunerals, and an gxplLapdid: 9605 hereof is
thus omtted 15 An input image is supplied to a m xture-ratio cal cul ator
1101, a foreground/ background separator 1102, the area specifying unit
103, and the object extracting unit 101. The m xture-ratio cal cul ator 1101
cal cul ates, based on the input inmage, the estimted mxture ratio when it
is 20 assuned that each pixel contained.in the input imge belongs to the
covered background area, and the estjpmted mxture ratio when it is
assuned that each pixel contained in the input inmge belongs to the
uncover ed background area, and supplies the estinmated m xture ratios

cal cul ated as 25 descri bed above to.the foreground/ background separator
1102_ 16°Tetestidie 2005:9rQyl @npogdht sirady ocikiidiagreamadid ustrating an
exanpl e of the configuration of the mixture-ratio cal culator 1101 shown :
in Fi g.PookIrerktinaded- mi xture-rati o processor 501 shown in Fig. 5 97 is
t he: same asri{éﬁ .estimated-m xture-ratio processor 501 shown in Fig. 63. An
esti mat ed- mXEurdepg PHteieces byr copPindrewa FRrEOgound comphaestine as t he

estimatged-m xtyre-ratio processor 402 shown in Fig. 63. The
est i mat BEHT ﬂ’:i—r}b-ar ;ﬁ%%’—%%@ﬁiﬂr%@ d&IEAR Heed p e adixitvgeed ni xture

ratio Lol £A6], Rineln 6 W% AORHSALGYY SSRpdl0 Lo 8 et of the

compared to an image obtéined by simply combining pixels.

Fig; 95 is a block diagram illustrating another
configuration of the function of the signal processor 12
when the mixture-ratio calculator 104 has the configuration

10 shown in Fig. 49.

The elements similar to those shown in Fig. 4 are
designated with like reference numerals, and an explanation
thereof is thus omitted.

The area specifying unit 103 supplies area information

15 +to the mixture-ratio calculator 104 and a synthesizer 1001.

The mixture~ratio calculator 104 supplieé the mixture

“ratio « to the foregrouﬁd/background separator 105 and the
© synthesizer 1001. | | |
| The foreground/background separator 105 supplies the
20 fOrégrouhd component‘image to the synthesizer 1001.

The 3ynthésizer 1001 combines a certaiﬁ background

image with the fb;egxound component image supplied. from the
_foreground/béckground separator 105 based on the mixture
ratio a supplied from the mixture-ratio calculator 104 and

- 25 .the_area information supplied from the area specifying unit. -



background area based on the input inmge, and outputs the cal cul ated
estimated m xture ratio. The estimated-m xture-ratio Fggﬁ%?

calculates 15 the estinmated m xture ratio for each plxe %5&?

conput ati-on corresponding to a nodel of the uncovered background area
based on the input inmage, and outputs the calculated estinmated m xture
rati o. The foreground/ background separator 1102 generates the 20
foreground conponent image fromthe input inage based on the estinmated
m xture ratio calculated when it is assuned that the pixel belongs to the
covered background area supplied fréffthe nixture-ratio cal cul ator 1101,
the estimated m xture ratio calculated when it is assuned that the pixe
25 bel ongs to the uncovered background area supplied fromthe 16 Decenber

2005 -- P49, -amd Xduiputatine canthleatioedlifigeand WhRechr €Bei BESEABEI ON
supplied fromthe area speci fying unit 103, and supplies the generated

f or egr oumaklcpnponenindgegad atlich&orphirenntl ¢ompadptist inggenite 106 and t he
selector 107. 5 Fig. 98 is a block diagramillustrating an exanple of the
confi guregnmlwimest. t he foreground/ background separator 1102. The el ements -
simlar to those of the foreground/ background separator 105 shown in Fig.
72 are 10 indiigat 8¢ By ki kéorkfeiegramnihbnatsatim sini BExpirentdtdon  t her eof

is thus omtted.
configuration of the function of the 31gnal processor 12 for

adjusting the amount of motion blur. The signal processor
12 shown in Fig. 4 seguentially performs the area-specifying
operation aﬁd the calculation for the mixture ratio «o. Iﬁ
contrast, the signal processor 12 shown in Fig. 96

10 simultaneously performs the area-specifying operation and
the calculation for the mixture ratio o.

The functional elements similar to those in the blo;k
diagram of Fig. 4 are designated with like reference
numerals, and an explanation thereof is thus omitted.

- 15 An input image is supplied to a mixture-ratio
calculator 1101, a foreground/background sepérator 1102, the
area spebifying unit 103, and the object extracting unit 101.

‘The mixture—ratio calculator 1101:calcﬁlates, based-on
the input image, the estimated mixture ratio when it is
20 assumed that each pixel cdntained.in the input image beldngs
rto the covered background area, and the estimated mixture
ratio when it'is assumed thai each pixel contained in the
input image belongs to the uncovered background area, and
éupplieS'the estimated mixture ratios calculated as

25 described above to the foreground/background separator 1102.



A .sel ector 1121 selects, based on the area information supplied fromthe
area specifying unit 103, either the estimted mxture _ratip cal cul ated
when it is assumed that 15 the pixel belongs to the cégéFﬁﬁngﬂéﬁggound area
supplied fromthe m xture-ratio calculator 1101 or the estimted mxture
rati o cal cul ated when it is assuned that the pixel belongs to the
uncover ed background area supplied fromthe mxture-ratio calculator 1101,
and supplies the selected 20 estimated m xture ratio to the separating
portion 601 as the mxture ratio a._The separating portion 601 extracts
the foreground conponents and thé‘dﬁgkgTound conponents fromthe pixel
val-ues of the pixels belonging to the m xed area based on 25 the m xture
ratio a supplied fromthe selector 1121 and the 16 Decenber 2005 - 211
area i nf or meion,97anids suppldcds dilweyrext ridched fariegr aunedxaapreorents to the
synt hesi zer 603 and al so supplies the foreground conponents to the

synt hesther ce0bigihet separat ting mpoxtwos-604i € ar lbeleanfd guread sigwd arly 5
to the counterpart shown in Fig. 77. The synthesizer 603 synthesizes the

f or egr obdF2@onPponent i mage and outputs it. The synthesizer 605 synthesizes

the background conponent image and outputs it. The notion-blur adjusting
unit 106 shdtth 85t imag-edodicdn reo Hed igo progessd rs BRIl ahbynt dnt Régcount er part

shogp ig Fig. 4, The notion-blur adjusting unit 106 adjusts the anmount of
7 18 the same as the estimated-mixture-ratio processor 501

shown in Fig. 63. An estimated—mixture—ratio‘processor 502
shown in Fig. 97 is the same as ‘the estimated—-mixture-ratio
processor 402 shown in Fig. 63. |
The estimated-mixture-ratio processor 501 calculates
10 the estimated mixture ratio for each pixel by the
computation corresponding to a model of the covered
background area based on the input image, and outputs the
calculated estimated mixture ratio. '
The estimated-mixture-ratio processor 502 calculates
15 the estimated mixture ratio for each pixel by the
computation corresponding to a model of the uncdvered
background area based on the input image, and outputs the
calculated estimated mixture ratio.
The foreground/baékground separator 1102 génerates the
'207 foreground component image from the input image based on the
estimated mixture ratid calculated Qhen it-is assumed that
fhe pixel belongs to the covered background area supplied
from the mixtufe—ratio calculator 1101, the estimated
mixture ratio calculated when it is assumed that the pixel

25 belongs to the uncovered background area supplied from the




nmotion blur contained in the foreground conponent image supplied fromthe
f oreground/ background separator 1102 based on the areg; hplsg@eo®n and the
noti on vector, and outputs 15 the foreground conponent inege in which the
anount of nDtlon blur is adjusted. The selector 107 shown in Fig. 96
selects the foreground conponent image supplied fromthe

f or egr ound/ background separator 1102 or the foreground 20 conponent i mge
in which the anount of notion blur is adjusted supplied fromthe

mot i on- bl ur adjustlng unit 106 based on, for exanple, a selection signal
reflecting a user's selection, and %h@puts t he sel ected foreground
conponent i mage 25 As discussed above, the signal processor 12 shown in 16
Decenber 2005 - 212 Fig. 96 is able to adjust the amount of notion bl ur

cont ai negh st ran raage caehesreRding 1t 0aadf PREVL PAd; RBb aRiti®f the input
i mge, and outputs the resulting foreground object inmage. The signal -

pr ocessarupk?.idanvireg the éré@nfsbgdﬁ_ﬁgﬁﬁ@ ShOYWNL 0B, Figd SppBiadliend O
calculate the mxture ratio a, which is enbedded information, and outputs
the cal gdmtreded Xoutegrbahtio canpbhgnt99mbge atdl tick mbaps@dldt ustrating
still another configuration of the function of the signal processor 12 for
10 adj ustding ttimg amdanf06f andt tba bElleetdhel®¥ gnal processor 12 shown in
Fig. 4 sequentially performs the area-specifying
5 Fig. 98 1s a block diagram illustrating an example of
the configuration of the foreground/background separator -
1102.
The elements similar to those of the
foreground/background Separator 105 shown in Fig. 72 are
10 indicated by like reférence'numerals, and an explanation
thereof is_thus omitted.
A seléctor 1121 selects, based on the area information
supplied from the area specifying unit 103, either the
estimated mixturé ratio calculated when it is assumed that
15 the pixel belongs to the covered background area supplied
from the mixture~ratio calculator 1101 or the estimated
mixture ratio calculated when it is assumed that the pixel
beloﬁgs to the uncovered baékground area supplied from the
mixture-ratio calculator 1101, and supplies the selected
20 estimated mixture ratio to the separating portion 601 as the
mixture ratio a.
The separating portion 601 extracts the foreground
components and the background components from the pixelr

values of the pixels belonging to the mixed arearbased on

25 the mixture ratio « supplied from the selector 1121 and the




operation and the calculation for the mxture ratio a. In contrast, the

signal processor 12 shown in Fig.. 99 sinultaneously rEQE
ar ea- speci fyi ng operation and 15 the cal cul ation for Pﬁ@ nligﬁggﬁfatio a_

The functional elements simlar to those in the block diagramof Fig. 4
are designated with |ike reference nunerals, and an explanation thereof is
thus omtted. An input image is supplied to a mxture-ratio 20 cal cul at or
1101, a foreground/ background separator 1102, the area specifying unit

103, and the object extracting unit 101. The mi xture-ratio cal culator 1101
cal cul ates, based on the input imadgel the estimated nmixture ratio when it
is assuned that each pixel contained in the input inage belongs 25 to the
covered background area, and the estimated m xture - 213 ratio when it is

assumedatbat i Ra6HnPt X6h , CORE AL MEEL i &k iR dNHHcidmae Relangs to the
uncover ed background area, and supplies the estimated m xture rati os

cal cul atetlpasenesctd beltke abpvenéoiide 00 egidund/bhaakgiound weparator 1102.
5 Fig. 100 is a block diagramillustrating an exanple of the configuration
of the APxegreundtconpahentatios dlswehhwsidar k. 99. An

estimated-m xture-rati o processor 401 shown in Fig. 100 is the sane as the
est i mat ed- mteursepeatdtdny geedson 401 ci@ bkownnifnghirgd 49miAarly
estimated-m xture-rati o processor 402 shown in Fig. 100 is the sane as the
est itrat B8- Wikt eewntexpart shown in Fig. 77.

The synthesizer 603 synthesizes the foreground
'component image and outputs it. The synthesizer 605
synthesizes the background éomponent image and ocutputs if.

The motion-blur adjusting unit 106 shown in Fig. 96 can

10 be configured similarly to the counterpart shown in Fig. 4.
The motion-blur adjusting unit 106 adjusts the amount of |
motion blur contained in theAforeground component image
supplied from the foreground/background separator 1102 based
on the area information and the motion vector, and outputs

15 the foreground component image in which the amount of motion
blur is adjusted.

Thé selector 107 shown in Fig. 96 selects the
foreground component image supplied from the
foreground/background separator 1102 or the foreground

20 component image in whigh the amount of motion blur is
adjusted supplied from the mﬁtion~blur adjusting unit 106
based on, for example, a selection signal‘reflecting.a
user's selection, and outputs the selected foreground
component image.

25 . As discussed above, the signal processor 12 shown in



processor 402 shown in Fig. 49. The estimted-m xture-rati o processor 401

calculates the estimated mxture ratio for each pixe &Eﬁx 8
) . 6 Dec 05
conput ati on corresponding to a nodel of the covered ackground. area based

on the input inmage, and outputs the calculated estinmated mixture ratio. .
The estimated-m xture-rati o processor 402 calculates the estimted m xture
ratio for each pixel by the .20 conputation corresponding to a nodel of the
uncovered background area based on the input inmage, and outputs the
calculated estimated m xture ratio. The foreground/ background separat or
1102 generates the foreground conpoR&ft—-i mage fromthe input inmge based
on the 25 estimated m xture ratio calculated when it is assuned that - 214
t he pi xel belongs to the covered background area supplied fromthe

X Ur it ] 0l LUALOR oL s NerESLBRLETo ekt ubg FaLl 0 cal cul ated vhen

it is assuned that the pixe el ongs to the uncovere ackground area

- suppl i eGdrit@dle 1% AnX b HEger %E)ir?egﬁbﬁlﬂhggoEolgto%or%?goﬁm SH&4 nformation

supplied fromthe area speCifying unit 103, and-supplies the ™ generated

- foregrowH tgeueneR! imdgee badt batpRtkoRnBl YEsudd) HSt EHBe¢biind 06 and the
. sel ector 107 The notion-blur adjusting unit 106 shown in Fig. 99 can 10 be

conf i gurod esitmimakgley t ¢hktheigadNt pppaeksshown havbhg.t¥e The notion- bl ur
adj usting unit 106 adjusts the anmount of . notion blur contained in the
f or egr oo foompratént shaga in Fig. 96 is able to calculate the
mixture ratio @, which is émsedded information, and outputs
the calculated mixture ratio a.
Fig. 99 is a block diagram illustrating still anothef
configuration of the function of the signal processor 12 for
10  adjusting the amount of motion blur. The signal processor
12 shown in Fig. 4 sequentially performs the area-specifying
operation and the calculation for the mixture ratio‘a. in
contrast, ﬁhe signal processor 12 shown in Fig. 99
simultaneously performs the area-specifying operation and
15 the calculation for the mixture ratio a.
The functional elements similar to thosé in the block
‘diagram of Eig. 4 are designated with like reference
numefals, and an explanafion thereof is thus omitted.
An input image is supplied to a mixture—ratio
20  calculator 1101, a foreground/background separatorllioz, fhe
| area specifying unit 103, and the object extracting unit 101.
The mixture-ratio calculétor 1101 calculates, based on
thé input image, the estimatéd mixture ratio when it is
assumed that each‘ﬁixel contained in the input image belodngs

25 to the covered background area, and the estimated mixture

¢



supplied fromthe foreground/ background separator 1102 based on the area
informati on and the notion vector, and outputs 15 the r onponent
i mage in which the amunt of notion blur is adjusted?éﬁﬁgggg#gg?%r 107 .
shown in Fig. 99 selects the foreground conponent image supplied fromthe
f or egr ound/ background separator 1102 or the foreground 20 conponent i nage
in which the anount -of notion blur is adjusted supplied fromthe :
notion-blur adjusting unit 106 based on, for exanple, a selection signal
reflecting a .user's selection, and puts the sel ected foreground
conponent image. 25 As discussed above, the signal processor 12 shown in 16
:Decenber 2005 - 215 Fig. 99 is able to adjust the anmount of notion blur
contained in an inmage corresponding to a foreground object of the input

i mage, ZA8ieuvpensithasrassimedgthat equounpizebj@oitd iege. imMhehesi gnal
processor 12 having the 5 configuration shown in Fig. 99 is able to

cal cul afBPuReimagxt Debonras | B0 ciire it edv ¢ se@ et und arrest i amd and out put s

the calculated m xture ratio a. Fig. 101 is a block diagramillustrating.
anot her SUEBhiPguFati BptbrateRd Rimeeronratieheaiqratest ceessor 12 for 10

conbi ni a foreground conponent image with a certain background image. The
si gnal ag88§§§%? ﬁ%ogﬁoﬁﬁhg

Ope%gtiOh aT%éi“ioo ig a block diagram illustrating an example of
the configuration of the mixture-ratio calculator 1101 shown
in Fig. 99.
An estimated-mixture-ratio processor 401 shown in Fig.
100 is the séme as the estimated-mixture-ratio processor 401
10 shown in Fig. 49. BAn estimated-mixture-ratio processor 402
shown in Fig. 100 is the same as the estimated-mixture-ratio
processor 402 shown in Fig. 49.
The estimated—mixture¥ratio processor 401 calculates
the estimated mixture ratio for each pixel by the
15 computation corresponding to a model of the covered
backgﬁound_area based on the input image, and outputs the
calculated estimated mixture ratio. |
The estimated-mixture-ratio processor 402 calculates
the estimated mixture ratio for each pixel by the
20 . computation corresponding to a model of the uncovered
background area based on the input image, and outputs the
calculated estimated mixture ratio.
| The foreground/background separator 1102 generates the
foreground component image from the input image based on the

25 estimated mixture ratio calculated when it is_aSsumed that .

Be Frereomoundibaghqragurd siaranateand®Zspeci f yi ng




calculation for the mxture ratio a. In contrast, the signal processor 12

shown in Fig. 101 perforns the area 15 specifying op i e
calculation for the mxture ratio a in a parallel nggﬁéfﬁ iﬁ%gq%ﬂctional

el enents simlar to those indicated by the block of Fig. 96 are indicated
by like reference nunerals, and an expl anation thereof is thus omtted. 20
The m xture-ratio cal cul ator 1101 shown in Fig- 101 calculates, based on '
the input image, the estimated m xture. ratio when it is assunmed that each
pi xel contained in the input inage belongs to the covered background area,
and the estimated mixture ratio wheht¥t~is assumed that each pixel 25
contained -in the input inmage belongs to the uncovered 16 Decenber 2005 -
216 background area, and supplies the estinmated mixture ratios calcul ated
as descritkegiaxkaoveelontbetbotagr oundt backgceghsing epasat Hipdiliy and a

synt hesi zer 1201. The m xture-ratio cal culator 1101 shown in Fig. 101 can

5 be corffuogurthe asxsheenranibi gal8dlaibe 1D0Egrowndébatkgteatind separ at or
1102 shown in Fig. 101 generates the foreground conponent image fromthe

i nput  viegereasetioncaheudatiduvbken mikt Us easatied cellatul @tedintean it is
assuned that the pixel belongs to the covered 10 background area supplied

f rom t h&@edorggr &or Bhiourapraratobackaodund herest $uppletedn futaw ehreat | 0

calculated when it is assuned that the pixel belongs to the uncovered
: bacﬁbrogﬁ&turerratlo calculator 1101, and the area information

supplied from the area specifying unit 103, and supplies the
generated foreground component image to the mofionﬂblur
adjusting unit 106 and the selector 107.
The motion-blur adjusting unit 106 shown in Fig. 99 can
10" be configured similarly to the counterpart shown in Fig. 4.
The motion-blur adjusting unit 106 adjusts the amount of
motion blur contained in the foreground component image
supplied from the foreground/background separator 1102 based
on the area information and the motion vector, and outputs
15 the foreground component image in which the amount of motion
blur is adjusted. |
The selector 107 shown in Fig. 99 Seleets the
'foreground component image supplied from the
foreground/background separator 1102 or the fofeground
20 rcomponeht'image in which the amount of motionlbluf is
adjusted supplied from the motion-blur adjusting unit 106’
based on, for example, a selection signal reflecting a
‘ﬁser's selection, and outputs the selected foreground
component image.

25 . As discussed above, the signal processor 12 shown in




area supplled fromthe. mixture-ratio cal cul ator 1101, and the area
information supplied fromthe area specifying unit 1 %fllg%o?uppl ies

t he generated foreground conponent inmage to the synt eS| zer .
.synt hesi zer 1201 conbines a certain background inage with the foreground
conponent inage supplied fromthe, foreground/ background separator 1102
based on the estinmated 20 m xture ratio calcul ated when it is assunmed that
the pixel belongs to the covered background area supplied fromthe

m xture-ratio calculator 1101, the estjmated m xture ratio cal cul ated when
it is assuned that the pixel bel ongs?]t%'the uncover ed background area
supplied fromthe m xture-ratio 25 calculator 11011 and the area .

i nformation supplied fromthe 16 Decenber 2005 -- 217 area specifying unit
103, anBigut pait $stalelsyndhedized thagenoumt Whi aibt fren kstakgr ound | mage and

t he foreground conponent image are conbined. Fig. 102 illustrates the :
~confi gurertanned theas syaghesdzeespd@dinghieo fantdionalurel eigrics sinmilar to
those of the block diagramof Fig. 94 are designated with |ike reference
nuner al 8% &l Explananeon. t ded coftpets huse orssulkding\ Sefeaptoondl 221 sel ect s,
based on the area information supplied fromthe area specifying unit 103,
ei ther PRECAD Baagemt eBhei xignal rREeer st el Aty wertie i s assuned t hat

t he |er el ongs, to the covered background area supplied fromthe

mi xtur eS7% Jr?i“&%l‘%?f? 2t RPWR 1B Bt h eist idkdtedio calculate the

mixture ratio o, which is embedded information, and outputs
the calculated mixture ratio a. |

Fig. 101 is a block diagram illustrating another
éonfighration of the function of the siénal processor 12 for.

10 combining a foreground component image with a certain
background image. The signal processor 12 shown in Fig. 93
éerially,performs the area-specifying operation and the
calculation for the_mixture ratio «. In contrast, the
signal processor 12 shown in Fig. 101 performs the area-

15 specifying operation and the calculation for the mixture
ratio o in a parallel manner.

The functional eleménts similar to those indicated by
the block of Fig. 96 are indicated by like reference |
numerals, and an explanation thereof is thus'omitted-

20 ~ The mixture-ratio calculator 1101 shown in Fig. 101
calcul;tes, based on the input image, the esfimated mixture-
ratio when it is assuméd that each pixel contained in the
input image belqﬁgs to the covered backéround area, and the
estimated mixture ratio when it is assumed that each pixel

25  contained 'in the input image bélongs to the uncovered




m xture ratio calculated when it is assuned that the pixel belongs to the
uncover ed background area supplied fromthe 15 nlxturﬁ?%ath{ | at or
1101, and supplies the selected estinated mxture ra TNE ackgr ound
conponent generator 1021 as the mixture ratio a. The background conponent
generator 1021 shown in Fig. 102 generates a background conponent i nmage
based on the 20 mixture ratio a supplied fromthe selector 1221 and a
certain background i mage, and supplies the background conponent inmage to
t he m xed-area-i mage synt hesi zing portion 1022. The m xed-area-i nage

synt hesi zi ng portion 1022 shown i n~281&ig, 102 conbi nes the background
conponent inmage supplied 16 Decenber 2005 - 218 fromthe background
conponent generator 1021 with the foreground conponent inmage so as to

gener at a2 kfireeduaneda, SMHH“§§?§Qer”EH@ eée@m§999'm§§tﬁ9§ gepesat ed
m xed-area synthesized inmage

i mage s»auﬁaahteaga@oabs@ﬂlﬁea3aﬁavala@Stheefoieggguﬁ&VEbéﬁ@p@ﬁﬁmt i mage,
t he m xed-area synthesi zed i nage supplied fromthe m xed-area-inage

synt hesiszpagapett 1@q02183d, a apdthBeibaekgpound i nage based on the area
information so as to generate a synthesized image and outputs it. 10 In
thi s manner, Thhemsynthesizero 120lcukatadt €l 101 csdamein tehiey f avagroewnd
conponent image with a certain background i mage.
5 be configured as shown in Fig. 97.
The foreground/baékground separator 1102 shown in Fig.
101 generates the foregifound componentiimage from the inpﬁt
image based on the estimated mixture ratio calculéted whén
it is assumed that the pixel belongs to the covered
10 background area supplied from thé mixture-ratio calculator
1101, the estimated mixture ratio calculated when it is
assumed that the pixel belongs to the uncovered background
afea supplied from the mixture-~ratio calculator 1101, and
the area information supplied from the area specifying unit
15 103, and Suppliés the génerated foreground component image
to the synthesizer 1201. |
The synthesizer 1201 combines a certain background
imagé with the foreground component image supplied from fhe
foréground/background separator 1102 based on the estimated
20 mixture ratio calculated when it is assumed that the pixel
belongs to the covered background area supplied frém the
mixture-ratio calculator 1101, the estimafed mixture ratio
calculated when it is assuﬁed that the pixel belongs to the

uncovered background area supplied from the mixture-ratio

25 cadlculator 1101, and the area information supplied from the

o0 the image synthesizing portion 1023.. 5 The




Fig. 103 is a block diagramillustrating another configuration of the
function of the signal processor 12 for 15 conblnlng ﬁd&
a

conponent image with a certain background i mage. The S|gn prgcessor 12

shown in Fig. 95 serially perforns the area-specifying operation and the

calculation for the mxture ratio a. In contrast, the signal processor 12
shown in Fig. 103 perforns the area- 20 specifying operation and the
calculation for the mxture ratio a in a parallel manner. The functional

"elenments simlar to those indicated by the block of Fig. 99 are indicated

by like reference numerals, and arm &dpl anation thereof is thus onitted. 25
. The mxture-ratio calculator 1101 shown in Fig. 103 16 Decenber 2005 -
219 cal cul ates, based on the input image, the estinated m xture ratio
when i tatea asseetly irptuenic @8 xelnd anttigduied the tH@tHdyauled Ma@gebel ongs to
t he covered background area, and the estimated m xture ratio when it is
assunedit helticacthgiatkdr@ornd aiegk iand hethd Martegrragel helpagento t he
uncovered background area, and supplies the estinmated m xture ratios

cal cul atrealyesa g seonithigdedhbove to the foreground/ background separator 1102
and a synthesizer 1201. The m xture-ratio cal culator 1101 shown in Fig. 103
can 10 be ébﬂlld@ﬂedlé§S§W@WﬁS|ﬁhﬁlgonﬁ@guriheOhopégtband/background

separator 1102 shown in FH%I 103 generates the foreground conponent.image
froﬁ]trﬁnghﬁﬁlzer 1201. e functional elements simillar to those ~

of the block diagram of Fig. 94 are designated with like
reference numerals, and explanation thereof is thus omitted.
A selector 1221-Selécts, based on the area informatiéﬁ
supplied from the area specifying unit 103, either the
10 estimated mixture ratio calculated when it is assumed that
‘the pixel bélongs to the covered backgrouﬁd area supplied
from the mixture-ratio calculator 1101 or the estimated
mixture ratio calculated when it is assumed that the pixel
belongs. to the uncovered background'area supplied from the
15 mixture-ratio calculator 1101, and supplies the selected
estimated mixture ratio to the background component
generator 1021 as the mixture ratio a.
The backgrouhd pomponentlgenerator 1021 shown in Fid.
102 generates a background component image Eased on the
20 mixture ratio o supplied from the selector 1221 and a
ceftain background image, and supplies the background
3 component image to the mixedwareaﬂimage synthesizing portion
1022, |
The mixed—areafimaée synthesizing portion 1022 shown in

25 Fig. 102 combines the background component image supplied




i mage based on the estimated m xture ratio cal culated when it is assumed

that the pixel belongs to the covered 15 background a suggli fromthe
m xture-ratio calculator 1101, the estinated.nixtureﬁggFFo égggﬁqated when

it is assuned that the pixel belongs to the uncovered background area
supplied fromthe m xture-ratio calculator 1101, and the area infornation
supplied fromthe area specifying unit 20 -103, and supplies the generated
foreground conponent image to the synthesizer 1201. The synthesizer 1201
conmbi nes a certain background inmage with the foreground conponent i nmage
supplied fromthe foreground/ backgrodh8 separator 1102 based on the
estimated 25 m xture ratio cal cul ated when it is assuned that the pixel |,
16 Decenber 2005 - 220 belongs to the covered background area supplied -

from t herdi X Sakabir8undl egkn?wengcﬁg,én_eﬁfaﬁogzﬁb%t Gl Efégf e ratio

cal cul ated when it 1S assune hat pi xe ongs to't uncover ed

baCkgfOﬁ@Qe@&QﬁnﬁuEBhF%ﬁeBEOHhEG% BoXhYr 8ol 8bh@racEakChl gLQLa1d01, and the
area information supplied fromthe area spécifying unit 103, and outputs

the syntsesihzedzefRgfRage) wWhdCRubpeiBackaroyederARgs Andetihgr&or eground
conponent inmage are conbined. As described above, according to the present

i nventi synthe@itbd miniGer €or @hkoinAdecayhibBebheiAXxpureishater9of a
plurality of objects, such as a background object and a noving object
i mg®, can bBhdeimmgedsynthesizing portion 1023 combines the
foreground component image, the mixed-area synthesized image
supplied'from the mixed—area—iﬁage synthésizing portion 1022,
“and the background image based on the area information 56 as
to generaté a. synthesized image and outputs it.
10 In this manner, the synthesizer 1201 is able to combine
- the foreground component image with a certain background
image.
Fig. 103 is a block diagram iliustrating another
configuration of the function of the signal processor 12 for
15 combihing a foreground component image with a certain
background image. The signal processor 12 shown in Fig. 95
serially performs the area—Specifying operation and thé
calcﬁlation for the mixtureée ratic a. In contrast, the
signal prooesSér 12 shown in Fig. 103 performs the area-— -
20 specifying operation and the célculation for the mixture
ratio a in a parallel manner.
The functicnal elements similar to those indicated by
the block of Fig. 99 are indicated by like reference
numerals, and an explanation thereof is thus omitted.

25 . The mixture-ratio calculator 1101 shown in Fig. 103



The enbodi nent has been di scussed above by setti ng the mxture ratio ato

the ratio of the background conponents 15 contained i he pi X al ues.
However, the mixture ratio a mnay be set to the rati oT%beF‘ﬂﬁﬂ’?rgbg%round.

conponents contained in the pixel values. The enbodi nent has been
di scussed above by setting the noving direction of the foreground object
to the direction 20 fromthe left to the right. However, the noving
direction is not restricted to the above-described direction. In the above
description, a real-space inage ha_vij;&[ a three-dinensional space and tine
axis information is projected onto i me space having a two-di nensi onal
space 25 and. tine axis information by using a video canera. However, 16
Decenber 2005 - 2 21 -- the present invention is not restricted to this
-exanpl ecadndlatesn, beasappl dedthe idmuf olhayd Ngrloases t Mreired ginaatrer anount
of first information in one-dinensional space is projected onto a smaller
amount thtseceheni hf ok sredsowned thaweedchliprensi oreat taiyestk, inditdteor ti on
generated by the projection <can be corrected, significant information can -
be extratPel, 1mage epprIfaturdie igapredrbaekayannbsiasl. afte tdensor 11 j s
not restricted to a CCD, and nmy be ' another type of sensor, such as a
- sol i d- sERERhed ot et IR TR A det Forassungst hat EEON Buctedt Bri gade
Device) a CD (Charge Injection Device), or a CPD (Charge Primng Device)
. orsca %J(%‘ﬁrp}% i at 5P Wet 2 Tk 7 dohdidig gincovered

background area, and supplies the-estimated mixture ratios
‘calculated as described above to the foreground/background
separator 1102 and a synthesizer 1201. |
The mixture-ratio calculator 1101 shown in Fig. 103 can
10 be configured as shown in Fig. 100.
The foreground/background separator 1102 shown in Fig.
103 generates the foreground component_image from the input
image based on the estimated mixture ratio calculated when
it is assumed that the pixel belongs to the covered
15 background area supplied from the mixture-ratio calculator
1101, the estimated mixture rétio calculated'when it is
assumed that the pixel belongs to the uncovered background
‘area supplied from the mixture-ratio calculator 1101, and
the area information suppliea from the area specifying unit
20 IGB, and supplies the generated foreground component image
torthe synthesizef 1201.
The synthesizer 1201 cémbines a certain backgroﬁnd
_,image with the foregroundrcomponent image supﬁlied from the
foreground/background Separator 1102 based on the estimated

25 mixture ratio calculated when it is assumed that the pixel




Al so, the sensor does not have to be a sensor in which detection devices
are arranged in a matrix, and may be a 15 sensor in mﬁ% £6hhon devi ces
are arranged in one line. A recording mediumin which a"programfor
performng the signal processing of the present invention is recorded may .
be fornmed of a package nmediumin which the programis recorded, which is
distributed for providing the programto 20 a user separately fromthe
conputer, as shown in Fig. 3, such as the magnetic disk 51 (including a
floppy (registered trade nane) disk), the optical disc 52 (CD-RONI(Conpact
Di sc-Read Only Menory) and a DVD (Ex@?@af Versatile Disc)), the

magnet o-optical disk 53 (including MD (Mni-Disc) 25 (registered trade
nane)), or the sem conductor nenory 54. 16 Decenber 2005 -- 222 The

recor di g 1RdisURo MY caks0ebedfl BaR 8hntihg -BOVs22p PLed £ sk cont ai ned
in the storagg uni t 38 |nemh|c gr p?ogr§n1|sg§%co?§ed sucﬁérecording

nmedi um lﬂﬂlﬁt@rlél’—%iltﬂadchﬂ?culaﬁoﬂsQ'.’LOW'“ tRebebRonPEESIRI £Eu 1D theigomputer. 5
The steps form ng the progran1recorded in a recording nmedi um nay be |

execut edathfionekdgiviahl yraceoadsagctiothhe tRedgisclassrdhed 6 the.
speci fication. However, they do not have to be executed in a tine-series

manner , vaagdvelhey haykbeourdeanbadsapptiedentby olie i miktibchratdtyio 10
I ndustrial Applicability According to the first invention, the m xture
rati® calculator 1101, and the area information supplied from the
area specifying unit 103, and butputs the synthesized image
in which the background image and the fOreground_componeﬁt
imagé are combined. |
As described above, accotding to the present inventioh,
10 the mixture ratio indicating the mixture state of a
plurality of objects, such as a background object and a
moving object image, can be detected.
The embodiment has been discussed above by setting the
mixture ratio o to the ratio of the background-components
15 contained in the pixel valuesf Howevet, the mixture ratio o
may be set to the ratio of the foreground coﬁponents
contained in the pixel values.
.The embodiment has been discussed above by setting the
moving direction of the foreground cobject to the direction
20 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 having a
'thtee—dimenSional space and time axis information is
projected onto a time space having a two-dimensional space

25 and. time axis information by using a video camera. However,



indicating the mxture state of a plurality of objects, such as a
background i mage and a novi.ng obj ect image, can be 15¢gptegirsd20@xording to
“the second invention, the mxture ratio indicating the mxture state of a
plurality of objects, such as a background i nage and a novi ng obj ect
i mage, can be detected. 16 Decenber 2005 - 223 CLAIMS ~. An inmage
processi ng apparatus for processing inmage data which is fornmed of a
predet er mi ned nunber of pixel data obtained by an image-capturing device
including a 5 predeterm ned nunber_aof,pixels, the pixels having a tine
integrating function, said i mage procCé&ssi ng apparatus conpri sing: '
rel ati onal - expressi on generating neans for extracting, in correspondence
with a designated pixel of a designated 10 franme of the image data, m xed
pi xel dBRQ, PHRFeRt| Envertpixels darta, rémtnhitedd atoplthrid iaxamgfleabjaect s
contained in the inage data are m xed, fromthe designated frame and a
peri phefal ¢ a7l htRnke t Hee deal ket ¢asere iWhercorakenter Wdwnd not i on
of a forgg ound object which forns a' 15 foreground of the plurality of :
obj ect s9F ahti* aF stRFOFRAElRR akR i PRS- ARt s poriRaRe Wi trairctsded pi xel |
dat a, backgrounql i xel data, ﬁhich ig the pixel data, corresponding to a

- information in a

backgrdﬂﬁaod%jﬂﬁﬁ = Y Y Ry Secon two-

5 dimensional space, distortion generated by the projection
can be corrected, significant information can be extracted,
or a more natural imége can be syhthesized.

The sensor 11 is not restricted to a CCD, and may be
another type of sensor, such as a solid-state image-

10 - capturing device, for example, a BBD (Bucket Brigade Device),
a CID (Charge Injection'Device), or a CPD (Charge Priming
Device), .or a CMOS (Complementary Metal Oxide Semiconductof).
Also, the sensor does not have to be a sensor in which |
defection devices are arranged in a matrix, and may be a

15 sensor in which detection devices are arranged in one line.

A recording medium in which a program fof performing
" the éignal-proceésing of the present invention is recorded
may be formed of a package medium-in which‘ﬁhe program ié
recorded, which is distfibuted for providing the program to

‘20 a user separately from the computer, as shown in Fig. 3, |
"such as the magnetic disk 51 (including a floppy {registered
trade name) disk), the optical disc 52 (CD-ROM (Compact
‘Disc-Read Only Memory) and a DVD (Digital Versatile Disc)),
the magneto-optical disk 53 (including MD (Mini-Disc)

25 (registered trade name)), or the semiconductor memory 54.



background of the plurality of objects, the background pixel 20 data being
associated with the correspondi ng m xed pi xel data, 16 Dsrembeardd@ different -
fromthe frames fromwhich the mxed , pixel. data are extracted in
accordance with a. notion of the background object so as to generate a
plurality of relational expressions indicating relationships between the
25 m xed pi xel data and the background pi xel data concerning 16 Decenber
2005 - 224 - the designated pixel; and m xture-ratio detection nmeans for
detecting a mxture ratio indicathgz? m xture state of the plurality of
objects in the real world concerning the designated pixel based on 5 the
rel ati onal expressions, wherein said rel ational -expressi on generati ng neans
generates the, plurality of relational expressions based on a first

appr oxi g dirdardificc regddmpoment ¢ lsb ble fhomedr ofinttheoBP¥cR2contai ned in
the m xed pixel data change 10 substantially linearly with respect to the
posi ti ot Gifd copkaliacdada AheessaaaapprdkindBi én Whighi thethe mi xture
ratio of -the m xed pixel data extracted fromthe designated frame changes
‘subst antBHIPY ifedFCPERcth Peshececrsding mpdiimi bringf pragigedetrs. 15 2.,
An i mag rocessigg apgatatus according to claim1l further conprising
foregro BRSEGFEINE SEFAFaPrERthEEAs 10f bResEPEPEFRRY t he | mage data into

R B g OUNCrRE) €LoL "BYEn1 5§ BhE" by Alm O ot 0 O 99" S80S RIS
medium may be executed chronologically according to the
orders described in thevspecification. However, they do not
have to be executed in a time-series manner, and tﬁey maf be
executed concurrently or individually.

10
Industrial Applicability
According to the ﬁirst inﬁention,'the mixture ratio
indicating the mixture state of a plurality of objects, such
as a backgroqnd image and a moving object image, can be
15 detected. |
According to the second invention, the ﬁixture-ratio
indicating the mixture stete of a plurality of objects, such
as e.background image‘and'a'moving object image, can be

detected.



formthe foreground object in the imge data and a 20 background object

i mge consisting. of only background object. conponefgpedbiteh200y m t he
background object in the image data based on the mixture ratio :
corresponding to the designated pixel. 3. An inage processing apparatus .
according to claim1l1, 25 wherein said mxture-ratio detection neans
detects the 16 Decenber 2005 - 225 mxture ratio by solving the plurality
of relational expressions according to a nethod of |east squares. 4. An
i mage processing method for processing image data which is forned of a
predet er mi ned nunber of pixel dat a 5 %obtai ned by an i mage-capturing device
including a predeterm ned nunber of pixels, the pixels having a tine
integrating function, said inmage processing apparatus conprising: a |
rel ati onal - expressi on generating sCepImb extracting, 10 in correspondence
with a designated pixel of a designated frane of the inage data, m xed :
pi xel dat a, Amhinhge sptheesping| apldgtin M chracessiimy i timagd dadjeect s |
contained in the inmge data are m xed, fromthe designated frane and a
‘peri phevhichr asefarneddof he pesderetmindd amenber aet @denkcalai® with a notion '
of a foreground object which forms a foreground of the plurality of

obj ect sChEaERaf sy odn EREgecEIRigiring chrvieepoieheding th the mi xed pi xel

dat a}) background pi xel data, whjch is the pixel data,

predetermined number of pixels, the pixels having a time
integrating function, said image processihg apparatus
comprising:
relational-expression generating means for extracting,

in corfespondence with a designated pixel of a designated

10 frame of the image data, mixed pixel data, which is the
pixel data, in which a plurality of objects contained in the
image data are mixed, from the designated frame and a
peripheral frame around the designated frame in accordance
with a motion of a foreground object which forms a

15 foreground of the plurality of objects, and also for
extracting, in correspondence with the mixed.pixel data,
background pixel data,»which is the pixel data,
_corrésponding to a background object which forms a
background of the plurality of objects, the background pixel

20 data being associated with the corresponding mixed pixel |
data, from a frame different from thé frames from whichrthe
'mixedﬂpiXel_data are extracted in accordance with a motion
of the background object so as to generate a plurality of
relational expressions indicating relationships between the

25 mixed pixel data and the background pixel data concerning



correspondi ng to a background object which fornms a 20 background of the
plurality of objects, the background pixel data bei ngigpsQmtrtegosv th the
correspondi ng m xed pi xel data, froma frane different fromthe franes
fromwhich the mxed pixel data are extracted in accordance with a notion
‘of the background object, so as to generate a plurality of 25. relational
expressions indicating rel ati onshi ps between the 16 Decenber 2005 - 226

m xed pi xel data and the background pi xel data concerning the designated
pi xel ; and a m xture-ratio detection _step of detecting a mxture ratio
indicating a nixture state of the plaf8lity of objects 5 in the real world
concerning the designated pixel based on the relational expressions,
wherein in said rel ational -expression generating step, the plurality of

rel ati oniathe edqyiepsdtens rdxelgenedat ed based .on a first approximation in
whi ch conponents of the 10 foreground object contained in the m xed pixel
dat a change mdulistrantrralibydetaecaiby mebhsréspedétéotime pasitiwns of the

pi xel s, and a second approximation in which the mxture ratio of the m xed
pi xel datatiextimgbtced ifdom Mhetdesi ghatted off threpthaadiesy sabsthinecas |y '
linear with respect to the 15 positions of the pixels. 5. An inmage

pr ocessi¥fy et Hed lacosidi rgnceraiaomthe flastierted pixel based on
conpgisi g- a- f or egr ound/ background separation step of separating the inmage
dat a°i nt'd'% FedPddP8Rd CFBreEE LPREge

wherein said relational-expression generating means

generates the plurality of relational expressions based on a
first approximation in which components of the foreground
object contained in the mixed pixel data change
+ 10 substantially linearly with respect to fhe positions éf the
pixels, and a second approximation in which the mixture
ratio ofﬂﬁhe mixed pixel data extractea from the designated
frame changes substantially linearly with respect to the
positions of the pixels.
15 2. BAn image processing apparatus according to claim 1,
further comprising foreground/background sepération means
- for separating the image data into a foreground object image
consistiné of only the foreground object components which
form the foreground object in the image data and a
20 -baCkground object image consisting. of only background objéct.
components which form the background objeét in the image
data based on the mixture ratioc corresponding to the
designated pixel. |
3. An image processing apparatus according to claim 1,

25 wherein said mixture-ratio detection means detects the




consisting of only the foreground object conponents which .20 formthe
foreground object in the inage data and a background j HefPEB
consi sting of only background object conponents which formthe background

object in the inmage data based on the mixture ratio corresponding to the

desi gnated pi xel 25 6. An inmage processing nethod according to claim4,
wherein - 227 in said mxture-ratio detection step, the mxture ratio is
detected by solving the plurality of relational expressions according to a
met hod of |east squares. 7. A recording mediumin which a conputer-readable
program 5 is recorded, said progr’al%zﬁei"ng used for processing imge 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 thbxtwge ardt it ntegraiddeHa i redl, i tsaick predgrtamereanpri sing: 10 a
rel ati onal - expression generating step of extracting, in correspondence with
a desi grspesspixed afcardiesy gnatsedhe fircahe Dflddsr istageredat a, m xed pi xel
data, which is the pixel data, in which a plurality of objects contained
in the 4inefye detge aarsddy redach & e gsimgratsed nig dmsgendlagal5 peri pher al
frame around the designated frane in accordance with a notion of a
f or egr ofihECIbi eciommak P T G mar edle Yesmdgresu madfent |9 Wiged] idakaof object s,
and al sg of extracting, in correspondence with the m xed pixel data,
bacRgr RIeR sk IPyt &k, IMagcir Rt WH@ ghided i ceatigcluding a
predetermined number of pixels, the pixels having a time
integrating function, said image processing apparatus
comprising:
a relational-expression generating step of extracting,
10 in correspondence with a designated pixel of a designated
frame of the image data, mixed pixel data, which is the
pixel data, in which a plurality of objects contained in the
image data are mixed, from the designated frame and a
peripheral frame around the designated frame in accordance
15 with a motion of a foreground object which forms a
foreground of the plurality of objects, and -also of
extracting, in torrespondence with the mixed pixel data,
background pixel data, which is the pixel data,
corresponding to a background object which forms a
20 background of the plurality of objects, the background pixel
data being associated with the corresponding mixed pixel
data, from a frame different from the.frames from which the
mixed pixel data are extracted in accordance with a motion

of the background object, so as to generate a plurality of

25. relational expressions indicating relationships between the




20 corresponding to a background object which forms a background of the

plurality of objects, the background pixel data bein SSoCj a with the
correspondi ng m xed pixel data, froma frame di ffereﬂ?ﬁe%ﬁf?efhg&‘f rames .
from which the m xed pi xel data are extracted in accordance with a notion
25 of the background object, so as to generate a plurality of 16 Decenber
2005 - 228 relational expressions indicating relationships between the

m xed pi xel data and the background pi xel data concerning the designated
pi xel’; and a m xture-ratio detection step of detecting a m xture 5 ratio
indicating a mxture state of the pl4#&@lity of objects in the real world
concerning the designated pixel based on the relational expressions,
wherein in said rel ational -expression generating step, the plurality of

rel ati ordlxe@xpiessi AASaahadgener BheRgbased pilke Pridcd i dSicanfmexi mation in
whi ch conmponents of the foreground object contained in the m xed pixel data

change thebskanyhakky biirear!yndith respect to the positions of the
pi xel s, and a second approxi mation in which the mxture ratio of the m xed

pi xel data extmixtedefranid hiedsst gnatsactp B fdearetdhangesisuhstantial ly
linear with respect to the positions of the pixels. 8 A recording nmedi um
accor di mgtie d¢hdipn¥ingherwsintsaedstprogantiemheralionprdsedjrcts
f or eground/ background separation step of separating the inmage data into a
forégrogﬁdtbgjgggl world concerning the designated pixel based on
the relational expressions,
| wherein in said relaticnal-expression generating step,
the plurality of relational expressiohs are generated based
-on a first approximation in which components of the
10 foreground object contained in the mixed pixel data change
substantially linearly with respect to the positions of the
pixels, and a second approximation in which the mixture
ratio of the mixed pixel data extracted from the designated
frame changes substantially linear with respect to the
15 positions of the pixels.
5. An image processing method according to claim 4,-further
comprising'a-foreground/background separation step of
sepafating the image data into a foreground cbject imagei
consisting of only the foreground object components ﬁhiéh
20 form the foreground object in the image data and a
background object image consisting of only background object'
components which form the béckground object in the image
data based on the-mixture ratio corresponding to the
designatedrpixel-

25 6. An image processing method according.to claim 4, wheiein




20 image consisting of only the foreground object conponents which
formthe foreground object in the image data and a bgryeédpiyed 2086 ect i nage
consi sting of only background object conponents which formthe background

object in the image data based.on the m xture ratio corresponding to the

25 designated pixel.. 16 Decenber 2005 - 229 9. A recording nmedium
according to claim7, wherein in said mxture-ratio detection step, the

m xture ratio is detected by solving the plurality of relational
expressions according to a nethod of |east squares. 5 10. A programfor -

‘al l owi ng a conputer for processing izr?’e?ge‘ data which is forned of a

predeterm ned nunber of pixel data obtained by an i nage-capturing device

i ncluding a predeterm ned nunber of pixels, the pixels having a tine

i nt egr atn nga fdineixion;etn teixecldtesctlibn Jedmt o icsgures Fa@icgarer at i ng
step of extracting, in correspondence with a designated pixel of a

desi gnadetectediney ofolhieng nege pdatmag LimixedE piedelt idaiad, owpirelssiisnishe pi xel

~data, in which a plurality of objects contained in the inmge data are

m xed, d¢emwrdirg desiymetEed rdivd eaat sdiBqesy. pheral franme around the ,
designated frane in accordance wth a notion of a foreground object which
forms a’- f ok egperuting maiys dramitirhofa sisirastter-aeadabde progermr act i ng,
in correspondence with the m xed pixel data, background pixel data, which
i s the kﬁx%ﬁCQEﬁ%g' said 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, said program comprising:
- 190 a relational-expression generating step of extracting,
in correspondence with a designated pixel of a deéignated
frame of the image data, mixed pixel data, which is the
pixel data, in which a plurality of objects contained in tﬁe
image data are mixed, from the designéted frame and a
15 peripheral frame around the designated frame in accordance
with a motion of a foreground object which fdrms a
fdregrbund of the plurality of objects, and also of
exfrécting, in cbrrespondence with the mixed pixel data,
backgroundrpixel data, which is the pixei data,
20 corresponding to a background object which forms a _
background of the;plurality of objects, the background pixel
data being associated with the éorresponding ﬁixed ﬁiXel ;
data,_from a frame different from the frames from which the

mixed pixel data are extracted in accordance with a motion

25  of the background object, so as to generate a plurality of .




20 corresponding to a background object which forns a.. background of the
plurality of objects, the background pixel data bei nggﬁmégg@g with the
correspondi ng m-xed pi xel data, froma frane different fromthe franes
fromwhich the mxed pixel data are extracted in accordance with a notion
- 25 of the background object so as to generate a plurality of 16 Decenber
2005 - 230 relational expressions indicating relationships between the

m xed pi xel data and the background pi xel data concerning - the designated
pi xel ; and a m xture-ratio detection step of detecting a mxture 5 ratio
indicating a m xture state of the plppal+ty of objects in the real world
concerning the. designated pi xel based on the relational expressions,
wherein in said rel ational -expression generating step, the plurality of

| at i i . o d. . 10. .first i mat i [
T b

€ foregroun € mxed pixel data

change ugig%ﬁa%%eﬁ' 'g)ét&i HRar ltlﬁe%*a@kﬁ%\cj\sﬁﬁﬁtp{t%ei h&a?&’%&k@%‘?nf’ﬁ the

pi xel s, second approxi nmation | I'ch & mxture ratio of the m xed

pi xel data edidshkeddl pewetheadasi gnated 15 frame changes substantially
linear with respect to the. positions of the pixels. 11. A program

accordi ng t OaChikfuiO-rdtidN@ELEOPDEL Ss#\E & F YRIF QUMY RAGKGHQYRD
separation step of separating the inage data into a foreground object
i mage camrwist iiddiekt@Abya mixture state of the plurality of objects
in the real world cqngerning the designated pixel based on
the relational expressionsf
wherein in said relational-expression generating step,
the plurality of relational expressions are generated based
10 on a first approximation in-which components of the
foreground object contained in the mixed pixel data change
substantially linearly with respect to the posifions of the
pixels, and a second approximation in which the mixture
ratio of the mixed pixel data extracted from the designéted
15 frame changes substantially linear with respect to the
positions of the pixels.
8. A recording medium according to claim 7, wherein saidr
pregram further comprises a foreground/background separation
step of separating the image data into a foreground cbject
20 imége consisting of only the.foreground object components 
which form the foreground object -in the image data and a
background object image consisting cf only baékground object
coﬁponents which form the backgrouﬁd object in fhe'image
data based . on the.mixture ratio corresponding to the

25 designated pixel.



20 the foreground object conponents which formthe foreground object in
the i nage data and a background object inmage consi st { pe&mieb¥opackgr ound
obj ect conponents which form the background object in the I mage data based
on the mxture ratio corresponding to the designated pixel. 25 12. A
program according to claim 10, wherein in said 16 Decenber 2005 - 231

m xture-ratio detection step, the mxture ratio is detected by solving the
plurality of relational expressions according to a nmethod of |east squares
13. An image-capturing apparatus conprising: 5 inage-capturing nmeans for
out putting-a subject inmage captured?% -an i mage-capturing device including
a predeterm ned nunber of pixels having a tine integrating function as

i mge data consisting of a predeterm ned nunber of pixel data; 10

rel ati opal - xps&sEd Oy HRAET @ | NLIRANRy fiQY @HRAGH %erell% @’LBF cgsgondence
with a designated pixel of a designated frame of ‘the 1 mage data, mi xed

pi xel daigtundiedris ddigectioelstad A i el Rltybaliist e@bcoblect s
contained in the imge data are m xed, fromthe designated frame and a 15

peri phebal séanmy aﬂmrpnammsnmaieﬁ@ﬁlr@m lekp@GRLdaRC accviciing Mot i on
of a foreground object which forns a foreground of the plurality of

obj ect sto andnatiswl faoff .1emxt raaptdmeg. i N correspondence with the m xed pi xel
data, background pi xel data, which is the pixel data,

5 10. A program for allowing a computer for processing image
data which is formed of a predetermined number of pixel data
obtained by an image-capturing device including a
predetermined number of pixels, the pixels having a time
integrating function, to execute:

i0 a relational-expression generating step of extracting,
in correspondence with a designated pixel of a designated
frame of the image data, mixed pixel data, which is the
pixel data, in which a plurality of objects contained in the
image data are mixed, from the designated framé-and a

15 peripheral frame around the designated frame in accordance
with a motion of a foreground object'which'forms a
foreground of the plurality of objects, and also of
extr&cting, in correspondence with the mixed pixel data,
background pixel data, which is thé pixel data,

20 corresponding to a background object which fofms a .
backgréund of the plurality of objects, the_background pixel

 'data being associated with the corresponding mixed pixel

dété, from a frame different from the fraﬁes from wﬁich-the

mixed pixel data are extracted in accordance with a motion

25 of the background object so as to generaté a plurality of




20 corresponding to a background object which forns a background of the
plurality of objects, the. background pixel data beifgp J with the
correspondi ng m xed pixel "data,.froma frane different fromthe franes
fromwhich the m xed pixel data are extracted in accordance with a notion
25 of the background object so as to generate a plurality of - 232

rel ati onal expressions indicating relationships between the m xed pi xel
data and t he background pi xel data concerning the designated pixel; and

m xture-ratio detection nmeans for detecting a mxture 5 ratio indicating a
m xture state of the plurality of ebpgéts in the real world concerning the
desi gnat ed pi xel based on the relational expressions, wherein said
rel ati onal - expressi on generating neans generates the plurality of

relati onal AXRIESS AT A3 0081 LR b 361 8RPORXLTBLT BB Doty 6]

conponents 0 egground . obj ect "Conft arne xéd pi xel data

change rsubst antdal ﬁtﬁi%%@fEﬁe“%%ﬁﬁﬁ@éﬁﬁﬁtp%ﬁe&hSaEQSEBLQQ§n9S t he

pi xel s, and a second appr oxi mati on I ch & mxturé Fatio of the nixed

pi xel dadya @é@&@gg%@dqugbgbeaQQsignated 15 frane changes substantially
linearly with respect to the positions of the pixels. 14. An.

i mage- capt ur Angi x8ppar b tsc a8EOEEE Nn t St &h 3 M dSsect 1d NE MG Si ng
foreground/ background separati on nmeans for separating the inmage data into
a fobegmaid dbdeehtimgge mixture state of the plurality of objects
in the real wérld concerning the designated pixel based on
_ fhe relational expressions,
wherein in said relational-expression generating step,
the plurality of relational expréssionsrare genérated based
10 on a first apprdximation in which components of the
foreground object contained in the mixed pixel data change
substantially linearly wiﬁh'respect fd the positions of the
pixels, and a second approximation in which the mixture
ratio of the mixed pixel data extracted from the designated
15 frame changes substantially linear with respect to the
positions of the pixels.
ll1. A program according to claim iO, further;comprisingra
'fore§round/background‘separation step of separating the
image data into a foreground object image consisting of only
20  the foreground object_components which fofm the foreground
object in the image data and a background object image
consisting of only background object components which form
thé backgréuhd object in the image data based on the mixture
ratio corresponding to the designated pixel..

25 12. A program according to claim 10, wherein in said




20 consisting of only the foreground. object conponents mhich forn1the
foreground object in the inage data and a background% i

consisting of only backgr ound obj ect conponents whic orn1the backgr ound
‘object in the inmage data based on the mixture ratio corresponding to the.
25 designated pixel. - 233 15. An inmage-capturing apparatus according to
claim13, wherein said mxture-ratio detection neans detects the mxture
ratio by solving the plurality of relational expressions according to a
met hod of | east squares. 5 16. An .image processing apparatus for '
processing imge data which is for@@d of a predeterm ned nunber of pixe
data obtained by an i mage-capturing device including a predeterm ned
nunber of pixels, the pixels having a tine integrating function, said

i mage pﬂmasﬁé%@npad@&e&ﬁ& ey | i mideiat irfarab- expyesekeaggener ati ng
means for extracting, in correspondence with a designated-pixel of a

desi gnabedsofwiane tofe tdiadamhigs, det ase Ipivi@Inadateapek sa ipaki phebalihgane
around the designated frane as background pi xel data 15 corresponding to a
backgr otmaz ol tduid off dgdatr alquaresf. objects of the inage data, and al so
for extracting designated pixel data of the designated pixel and proxim'ty
pi xel deia din dmggesicapdtovdired dppaciadses moowindistipygwi t h t he desi gnat ed

pi xel in the designated frame so as to generate a 20 plurality of

rel ational éNgPessPpRsring Beenagipsl autbnshipg a subject image

captured by an image-capturing device including a
predetermined nnmber of pixeis having a time integrating
function as image data consisting of a predetermined number
of pixel data;

10 ~ relational-expression generating means for extracting,
in correspondence with a designated pixel of a designated
frame of the image data, mixed pixel data, which is the
pixel data, in which a plurality of objects contained in the
imege data are mixed, from the designated frame and a

15 peripheral frame around the designated frame in accordance
with a motion of a foreground object which forms a
foreground of the plurality of objects, and also for
extrecting, in correspondence with the mixed pixel data,
background pixel data, which is the pixel data,

20 corresponding to a background object which forms a
background of the plurelity‘of cbjects, the background pixel
data being associated with the correSponding mixed pixel
data, from a frame different from the frames from which the"

‘mixed pixel data are extracted in accordanee_with a motion

25 of the background object so as to generate a plurality of




-of the designated pixel data, the proximty pixel data, and the backgr ound

pixel data corresponding to the designated pixel dat g PhcddirPb@xi Mty
pi xel data concerning the designated pixel; and 25 m xture-ratio detection

means for detecting a mixture 16 Decenber 2005 - 234 ratio indicating a.

m xture state of the plurality of objects in the.real world concerning the
desi gnat ed pi xel based on the relational expressions,. wherein said.

rel ati onal - expressi on generating neans 5 generates the plurality of

ret'ati onal expressions based on an ag roxi mation in which the m xture
rati o corresponding to the designafea giiel and the proximty pixel is
uniform 17. An inmage processing apparatus according to claim16, wherein
sai d rel ational -expression generating neans 10 generates the plurality of
rel ati onadlabipnads ieaps clbad et son nddkadppgoxkeMAtioAshipwhbehveonpement s of a
foreground object of the plurality of objects contained in the designated
pi xel datizeghgitded pladxi antly thiex kcitgtrauadepiiril odata 18ondarn hwge
processi ng apparatus according to claim16, 15 wherein said

rel ati otdle gesignsited pgémedat eng neans generates the plurality of

rel ati onal expressions based on an approximation in which conponents of &
foreground oBjskereptathe feteariey meand| ket dembined imixtheredesi gnat ed
pi xel data .and the proximty pixel data change substantially 20 linearly"
Wit h°reSpéde tHIERatHBYi B BAktEret REapexefsthie plurality of "objects

'in the real world concerning the designated pixel based on
the relational expressions,
wherein said relaﬁional~expression generating means
generates the plurality of relational expressions based on a
10 first approximation in which components of the foreground
object contained in the mixed pixel data change
substantially linearly with respect to the positions éf the
pixels, and a second approximation in which the mixture |
~ratio of the mixed pixel data extracted from the designated
'715 frame changes substantially linearly with respect to the
positions of the pixels. |
14. . An.image;capturing'apﬁaratus according to claim 13,
further cOmprisiqg foreground/background separation means
for separating the image data into a foreground object image
.20 consisting of only thé_foregroundAdbjéct compeonents which
:form the foreground object in the image data and a
-background object image consisting of only background object
components which form the background object in the image
Qata based on the mixture ratio corresponding to the

25 -designated pixel.




19. An image pfocessing apparetus according to claim 16, further
conpri sing foreground/ background separation nmeans foljg$RBankdri200s5t he i nage
data into a foreground object image consisting of only the foreground

obj ect conponents which 25 formthe foreground object in the i nage data and

a 16 Decenber 2005 235 background object inage consisting of only
background object conponents which formthe background object in the i mge
data based on the mixture ratio corresponding to the designated pixel.. 5
20. An inmage processing apparatus gcggéding to claim16, wherein said

m xture-rati o detecti on neans detect he m xture ratio by solving the
plurality of relational expressions according to a nethod of |east

squares. 21. An image processing nmethod for processing inmage data 10 which
is fornmd@-of Aa pmedeterpinednguabparatupi aetoddiag tbtaiabd by, an

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

pi xel s Wagiragnaseidemikhticgrasihg flehectdon maadsi dahecps odessi ng nmet hod
conprising:. 15 a rel ational -expression generating step of extracting, in
correspBAdEHEE WRThOabHesPHaREdthe xelubtlitiesfghatatiénahe of the inmage
data, pixel data of a peripheral frane around the designated frane as
backgr ofKBTBFREPREaRGCOE L PEspBNYi RYtEedachatRyF busduabsect of a plurality

of %9 o?kecti. of the inage data, and al so_of extracting designated
. n-image proc&ssing 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 ofrpixels; the bixels having s timel
integrating function, said image processing apparatus
10 comprising:.
relational-expression generating means for extracting,
in correspondence with a designated pixel of a designated
frame of the image data, pixel data of a peripheral frame
around the designated frame as background pixel data
15 correspcnding to a background object of a plurality of
~objects of the image data, and also_for extrecting
designated pixel.data of the designated pixel and proximity
pixei data of a pixel located in close proximity with the
designated pixel in the designated frame so as to generate a
20 plurality of relatiosal expressions indicating relationships
of the designated pixel date, the proximity pixel data, and
the background pixel data corresponding to the designated
pixel data or the proximity pixel data concerning the
~designated pixel;. and

25 . mixture-ratio detection means for detecting a mixture



.pt xel data of the designated pixel and proximty pixel data of a pixel

| ocated in close proximty with the designated pixeljépetdished@sdpnat ed
frame so as to generate a plurality of relational expressions indicating
rel ationshi ps of the 25 designated pixel data, the proximty pixel data, ,
and the 16 Decenber 2005 -- 236 background pi xel data corresponding to the
desi gnated pixel data or the proximty pixel data concerning the
designated pixel; and a m xture-ratio detection step of detecting a

m xture 5 ratio indicating a mxture state of the plurality of objects in
the real. world concerning the desigddfed pi xel based on the relational
expressions, wherein in said relational -expression generating step, the
plurality of relational expressions are generated based 10 on an

appr oxi nettiian iindiwaitdhgt Be mikotutee statieo 0g0hes pendhngtl 0o khepslest gnat ed

pi xel and the proximty pixel is uniform 22. An inage processing nethod
accor di ng tiwheclraamh Fbridweenekerning shieddeelghhesadl pexelessken generating
step, the plurality of relational expressions are generated based on 15 an
appr oxi sl areliak iwhiadh egpmpesénns ,of a foreground object of the plurality
of objects contained in the designated pixel data and the proximty pixel
data are uni VFBerein3sajp@ rebgelpratessipngs sethogermecoridiggndansc| ai m 21,
wherein in said relational -expression generating step, the 20 plurality of
rel ati oFSPeEREEEs$henpluralithept selphdedadnexpressions based on

an approximation in which the mixture ratio corresponding to
the designated pixel and the proximity pixel is uniform.
17. An image processing apparatus aCcérding to claim 16;
‘wherein said relational-expression generating means

10 generates the plurality of relafional expressions based on
an approximation in which components of a foreground object
of thé plurality of objects contained in the designated
pixel data and the proximity pixel défa afe uniform.

18. An image processing apparatus adcording to claim 16,

15 wherein said relational-expression generating meané
generates the plurality of relational éxpressions based on
an approximation in which components of‘a foreground abject
of.tﬁe plurality of objects contained in the designated
pixel data and the proximity pixel data change substantially

20 linearly with respect to the.positions of the pixels.

19. An image processing apparatus according to claim 186,
further comp:ising.foreground/background separation means
for separating the image data into a foreground object image
consisting of only the foreground object components which

25 form the foreground object in the image data and a




an approxi mation in which conponents of a foregfound object of the
plurality of objects. contained in the designated pixg p&ahibeptigbst he
proximty pixel data change substantially. linearly with respect to the

_positions of the pixels. 25 24.. An image processing nethod according to-

claim 21, 16 Decenber 2005 - 237 further conprising a

f or egr ound/ background separation step of. separating the inage data into a
f oreground object imge consisting of only the foreground object
conponents which formthe foreground object in the image data and a 5
background obj.ect inmage consistin@‘é?“bﬁ1y background object conponents
whi ch formthe background object in the image data based on the m xture
rati o corresponding to the designated pixel. 25. ‘An i nage processi ng net hod
accor di bgck@rehad mizie ctl Oindgs etdhd istSaig off Xrilhe Yaaikdgr cdeie eijeatst ep, the
m xture ratio is detected by solving the plurality of relational

expr esscamsoraTos drinigett of crnret o baofkdwmastd sdifjarcss . in2GheA Mg di ng nmedi um
in which a conputer-readabl e program is recorded, said program being used
for protebsibrsedrage tioateiwhich rat foramdradpeandimed edoertiiened nunber  of

pi xel data obtained by an inmage--capturing device including a

pr edet e}9§ R k< - pi xel s, the pixels having a time integrating
function, said programconprising: a relational-expression generating step

of extrétti Ml 1T ANCPTHIChGPRAAT WP Reofiskingd ti ¥ei218f 14 desi gnat ed

wherein said mixture-ratio detection means detects the
mixture ratio by solving the plurality of relational
expressions according to a method of least squares.
21. An image processing method for processing image data
10 which is formed of a predetérminéd number of pixei data
oﬁtained by an image-capturing device including a
predetermined number of pixels, the pixels having a time
integrating function, said imagé processing method
comprising:
15 a ;elational—expression generating step of extracting;
in correspondence with a designated pixel of a designated
frame of the imagé data, pixel dataVOf_a peripheral fkame
'arouﬁd the designated frame as backgfound pixel data
corresponding to a background object of a plurality of
20 objects of the image daté, and also of extracting designaﬁed
pixel data of the designated pixel and proximity pixel data
of a pixel located in close proximity with the designated
pixel in the_designated frame so as to generate a plurality
of relational expréssions indicating relationships of the

25 designated pixel data, the proximity pixel data, and the




frame of the inmage data, pixel data of a peripheral frame around the
desi gnated frane as background pixel data correspondjgpedentir Pagskgr ound
object of a plurality of objects of the inmage data, and al so of extracting
designated 25 pixel data of the designated pixel and proximty pixel data.
16 Decenber 2005 - 238 of -a pixel located in close proximty wth the
designated pixel in the designated franme so as to generate a plurality of
rel ati onal expressions indicating relationships of the designated pixel
data, the proximty pixel data, and the 5 background pi xel data
correspondi ng to the designated pixel36data or the proximity pixel data
concerning the designated pixel; and a m xture-ratio detection step of
detecting a mixture ratio indicating a m xture state of the plurality of

obj ect spalRgiBuhhepigal URLLA-6PPESHHIAthd NG €RS| 8081 S5 PiXGhi-hased on
the rel ational expressions, wherein in said relational-expression

~gener at da@asbePrhet PRoRIMIBY T YOI AStAtEONSL @XM €ERE OASs Afa @& er at ed
based on an approxinmation in which the m xture ratio corresponding 15 to

t he despgratledapiixel and the proximity pixel is uniform 27. A recording
medi um according to claim26, wherein in said rel ational -expression '
generating sd epixtie:-ptaniad idetadtiarelsatdporad dtqy@EsisignRs rdix@ugener at ed
based on an approximtion in which conponents of a foreground object of 20
t he Pl urakiioyindiohfbeysa consbinedstate hef dase gmhterll pixebf objects
in the real world conéerning the designated pizel based on
the relaticnal expressions, |
wherein in said relational-expression generating step,
the plurality of relational expressions are generated based
10 on an approximation in which the mixture ratio cdrresponding
to the designated pixel and the proximity pixel is uniform.
22. An image processing mefhod according to claim 21,
wherein in said relational-expression geﬁerating step, the
‘plurality of relational expressions are Qenerated based on
15 an approximation in which compenents of a foreground object
of the plurality of objects contained in the designated
pixel data and the proximiﬁy pixel daté are uniform.
23. .Ah image'processing.mefhod accordiﬁg to claim 21,
wherein in séid relational-expression generating step, the
20 plurality of relationél eﬁpressions are generated-based oﬂ
Aan approximatioﬁ in which components of a foreground object
of the plurality of objects contained in the designated
pixel data and the proximity pixel data change substantially .

linearly with respect to the positions of the pixels.

25 24.. An image processing method according to claim 21,




data and the proximty pixel data are uniform 28. A recording nedi um
according to claim26, wherein in said relational-ex é?%g rating
step, the plurality off relational expressions are geﬁ%@a ecﬂ%gggg on an 25
approxi.mation, in which conponents of a foreground object of 16 Decenber .
2005 - 239 10 the plurality of objects contained in the designated pixel
data and the proximty pixel data change substantially Ilinearly with

. respect to the positions of the pixels. 29. A recording nmedium according to
claim 26, wherein said program conprises a foreground/ background
separation step of separating the i4%ge data into a foreground object
image consisting of only the foreground object conponents which formthe
foreground object in the imge data and a background object inage

consi st f\ngtinér ObdipPREIEE Qi Neb 2R sind asaPRReNisd Wiy d©ofdh theeppackground.
object inthe image data based on the m xture ratio corresponding to the
desi gnab £dsgpbaceh £ i8P_tHe r Bofdl i g areith ton AcEOr s fguid shpddn Zmageherein in
said mxture-ratio detection step, the mxture ratio is 15 detected by

sol vi ngedhei ptinal o f yoroly rteatfionsireaxpt essj @ans cagsoratityg woicta met hod of

| east squares. .31. A programfor allow ng a conputer for processing inmagé
dat a ‘whieinm ithd ofemeyofured priedstterin ndde number dftpiael adata obtai ned by

an i mage-capturing device including a ‘
5 ackground object image consisting of only background object g

components which form the background object in the image

data based on the mixture ratio correéponding to the
designated pikel.
25. An image processing method according to claim 21,

. 10 wherein in said mixture-ratio detecﬁion step, the mixture
ratio is detected by solving the plurality of relational
expressions according to a method of least squares.

26. A recordiné medium in which a c6mputér—readable program
is recorded, said program béing'used for processing iﬁage
15 data'which is formed of a predeterﬁined number of pixel data
obtained by an'imagemcapturing;devicé including a
predetermined number of pixels; the pixels having a time
intégrating‘function, said progrém Comprising:
a relationai—expression generating step of extracting,
20 in Corréspondence ﬁithra designated pixel of a designated
frame of the image data, pixel data of a peripheral frame
around the designatéd frame as background pixel data.
corresponding to a béckground object of a plurality of
objects of the image data, and also of extracting designated

25 pixel data of the designated pixel and proximity pixel data



20 predeterm ned nunber of pixels, the pixels having a tinme integrating

function, to execute: a relational-expression generattp?aﬁkggx 8605
extracting, in correspondence with a designated pixel esl gnat ed

frame of the image data, pixel data of a peripheral frame 25 around the.
designated franme as background pi xel data 16 Decenber 2005 - 240
correspondi ng to a background object of a plurality of objects of the

i mge data, and al so of extracting designated pixel data of the designated
pi xel and proximty pixel data of a pixel located in close proximty wth
the designated 5 pixel in the designa@d-frame so as to generate a
plurality of relational expressions indicating relationships of the

desi gnated pixel data, the proximty pixel data, and the. background pixel

dat a COE&Q%P%EQbﬂgleaEQQ ﬁﬁsb98§EeHer¥ﬁ£tyd@i@hOEhéh&e@l ifedy pixel
data concerning the designated 10 pixel; and a m xture-raiio detection

step of pdelgctinngna Hbé&gﬁsteaaktgméngbcéélBS @eﬂéﬁé@éeaséfﬁﬁblﬁt he
plurality of objects inthe real world concerning the designated pixe

based onf theatebakloBapre¥piessi 9A8icdbingWhel £t Noh#h Bk dof the
rel ati onal - expression generating step, the plurality of relational
expr essidersd ganecgepekat edabasetdheoprafiappy oxival i ddata n add cthd he m xture
rati o corresponding to the designated pixel and the proximty pixel is
uni for mbacB@roAngr pgrain detar dongespontiangn 84, thvedes hgnatsdimixel
data or the proximity pixel data concerning the designated
pixel; and
a mixture-ratio detection step of detecting a mixture
-ratio indicating a mixture state of the plurality of objects
10 in the real world concerning the designated pixel based on
the relational expressions,
_whereinrin said relational-expression generating step,
the plurality of relatiomnal expressions are generated based
on an approximation in which the mixture ratio corresponding
15 to the designated pixel and the proximity pixel is uniform.
27. A recording medium according to claim‘26, wherein in
'Said relational~expression generating step, the plurality of
reléfional expressions are generated based on an
approximation in Wthh components of a foreground ObjeCt of
20  the plurality of objects contalned in the designated plxel

data and the proximity pixel data are uniform.

28. A recording medium according to claim 26, wherein in

said relational-expression generating step, the plurality of
'relatlonal expressrons are generated based on an

25 approximation in whlch components of a foreground object of




20 rel ational -expression generating step, the plurality of relational
expressions are generated based on an approxi mati on {gpikinter sgusponent s of
a foreground object of the plurality of objects contained in the designated
pi xel data and the proximty pixel data are uniform 25 33.. A program
according to claim 31, wherein in said 16 Decenber 2005 - 241

rel ati onal - expressi on generating step, the plurality of relational
expressi ons are generated based on an approxi mation in which conponents of
a foreground object- of the plurality of objects contained in the

desi gnated pixel 5 data and the pro Pfﬁt_y pi xel data-change substantially
linearly with respect to the positions of the pixels. 34. A program
according to claim 31, further conprising a foreground/ background

separ attba siwempbitsepdret]ages heontahyed dad athat de i doitegt quinckIobj ect

i mge consisting of only 10 the foreground object conponents which formthe
f or egr od&ta odpjacithe prdreinitagep et i danick aclvaoke r sulrsk i) sk 1y mage _
consi sting of only background object conponents which form the background
obj ect irredely reige deaspes et orhe eosi kiene of athe wiorelssponding to the,
desi gnat ed pixel 35. A programaccording to claim 31, wherein in said .
m xt ur 29 at id TRIGGingh medEigm tdreqiding et giain 2 detvdrarin Baishl ving t he
plurality of relational expressions agcording to a method of | east

squar esPTRF AN FIHRIGS G FITRIEIRA AR FoHpd sppration step of

separating the image data into a foreground object image
consisting of only the foregroﬁnd object combonents which
form the foreground object in the image daﬁa and a |
background object image consisting of only background object

10 components which form the bdckground object in the image |
data based on the mixture ratio corresponding to the
designated pixel.
30. A recording medium according to claim 26, wherein in
said mixture-ratio detection step, the mixture ratio is

15 detected by solving the plurality of relational expressions
according to a method éf least squares. |
31. A program for allowing a computer for processing image
;data.which is formed of a predetermined number of pixel data
obtained by an image-capturing device including a

20 predetermined number of pixels, the pixels having a time
integrating funétion; to executer

a relational-expression generating step of extraéting,

in COrrespopdence with a designated pixel of a designated
frame of the image data, pixel data of a peripheral frame

25 around the designated frame as background pixel data




i mage-capturing neans for outputting a .subject image captured by an

i mage- capturing device including a predeternlned nunber of p|x§¢§1having a
time integrating function as inmage data consisting of6 R ned
nunber  of pixel data; relational-expression generating neans for
extracting,, 16 Decenmber 2005 -- 242 in correspondence with a designated
pi xel of a designated franme of the inage data, pixel data of a periphera
frame around the designated frame as background pi xel data correspondi ng
to.a background object of a plurality of 5 objects. of the inage data, and
al so for extracting designated pixet4@ata of the designated pixel and
proximty pixel data of a pixel located in close proximty wth the

desi gnated pi xel in the designated frame so as to. generate a plurality of

re|at'0%%rf%ﬁﬁaﬂ8§h%”%o'de%%kbgguﬁ&|@Eﬁ@@ﬁthSalﬁlﬁiai q%§|gnated pi xe
data, the proximty pixel data, and the background. pixel data

correspeiictd st @t k@ cdembh g@atﬁ@a . Bhyeh1 88t 8r ektihec Di@xddd ighieel data
concerning the designated pixel; and mixture-ratio detection neans for

det ecti pg x@1Mastar @f ther abis@ghhde@abiR@l aand Xpubeisli ey pofel Ratd ural ity
of objects in the real world concerning the designated pi xel based on the

relati one aepﬁme&suanaxewh&nebmosaiﬂr@ﬁiﬂitpn@ithxpmes@éaﬁg@mmmiating means
generates the plurality of relational expressions based on :

5 pixel in the designated frame so as to generate a plurality
of relational expressions indicating relationships of the
designated pixel data, the proximity plxel data, and the
background pixel data corresponding to the designated plxel
data or the proximity pixel data concerning the designated

10 pixel; and |

a 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
the relational expressions,

15 =~ wherein in said relationaljexpressionrgenerating step,
the plurality of relational expressions are generated'baéed
on an approximation in whiéh the mixture-ratio c6i£éép0nding
to the designated pixel and the proximity pizel is uniform.
32. A program acéording to claim 31, wherein in said

20 relational-expression generating step, the plurality of _
relational expressions are generated based on an
approximation in which compbnents of a foregfound object of
the plurality of objects contained in the designated pixel
data and the proximity pikel data ére uniform.

25 33. A program according to claim 31, wherein in said




20 an approximation in which the mxture ratio corresponding to the

desi gnated pixel and the proximty pixel is uniform éﬁecdﬁfbeﬂOOS

i mage- capturing apparatus according to claim 36, vvherel n said

rel ational - -expressi on generating nmeans generates the plurality of .
rel ati onal expressions based on 25 an approximation in which conponents of
a foreground object 16 Decenber 2005 -- 2 43 of the plurality of objects
contained in the designated pixel data and the proxinity pixel data are
uniform 38. An inmage-capturing app% almt;s according to claim36, wherein
said rel ati onal - expressi on generati é ans 5 generates the plurality of

rel ati onal expressions based on an approxi mation in which conponents of a
foreground object of the plurality of objects contained in the designated
pi xel de¢baahondheeypoxdsidy groestadatyn dimngeisulpsuaatliidl ypf | inearly with
respect to the positions of the pixels. 10 39. An inage-capturing apparatus
accor di pelabienal e esFigmsherre amrasitayl fhersegr swndbbackgr ound separ at i on
means for separating the |nage data into a foreground object image

consi st3PRIF AT ion Hen MKty siamPaidet %fowﬁpmm%qmdcl@bsfe&tmqfhe

foreground object, |n the i e data-and a 15 background object i nmage
consi sty RFUGH mﬁ?gt%m%&aldtﬁsﬂpdﬁbrﬁ ﬂ@iSéﬁnﬁ&ﬁﬁi Pr&edackgr ound

.Obj es\ct n thel}én%g rdoat,a based on the mxture ra |o corrc.‘aL ponding to the

esPgnfEF ft ey KH_“PrFé’gé’-ld%?gt Yy 5 to claim 36,
linearly with respect to the positions of the pixels.

34. A program according to claim 31, further comprising a
foreground/background separation step of separating the
- image data into a foreground object image consisting of only

10 the foreground object components:which form the foreground
object in the image data and a background object image
consisting of only background object components which form
the background object in the imageldata based on the mixture
ratio corresponding to the designated pixel.

15 35. A program according to claim 31, wherein in said
mixture-ratio detection step, the mixture ratio is detected
by solving the plﬁfality of relational expressions according
to a method of least squares. |

- 36. An image-capturing apparatus comprising:.

20 " image-capturing means for outputting a subject image.
captured by an image-capturing device iﬁcluding a
predetérmined number of pixels ﬁaving a time integrating
.function as image data consisting of a predetermined number
of pixel data;

25 . relational-expression generating means for extracting, .-




20 wherein said mxture-ratio detection neans detects the m xture ratio by
solving the plurality of relational. expressions accogghgg t,0 2 t hod of

| east squares.. - 244 ABSTRACT An object of the pre SmRFE onis to
enabl e the detection of a mxture ratio. indicating the m xture state of a
plurality of objects, such as a background image and a novi ng object

I mge- A nornal -equation adder 541 extracts m xed pixel data according to
a notion, and al so extracts background pixel data corresponding to the

m xed pixel data so as to generate relational expressions for a designated
pi xel .. A normal -equation cal cul ator2$42-detects the mixture ratio
indicating the mixture state of the objects based on the rel ational
expressi ons- The normal -equati on adder 541 generates the plurality of

-rel ati onal tpeepsnanncbagednon agsi};hateapgméi nMaEi angkBiYha€daf or egr ound
obj ect components change substantially linearly, and a second approxi mation
i N whi draidee offi Xher @mhgki dachangesesubstanbrakl yekiprarhy- riffge present
invention is. applicable to a signal processing apparatus for processing
i mges. around the designated frame as background pixel data
cofresponding to a background object of a‘plurality of
5 objects of the iﬁage data, and also for extracting
designated pixel data of the designated pixel and proximity
pixel data of a pixel located in close proximity with the
designated pixel in the designated frame so as to generafe a
plurality of relational expressions indicating relationships
10 of the designated pixel data, the proximity pixel data, and
the background pixel data corresponding to the designated
pixel data or the proximity pixel data concerning the
designated pixel; and |
mixture-ratio detection means for detecting a mixture
15 ratio indicating a mixture state of the plurality of objects
in the real‘ﬁorld concerning the designated pixel based on
the relational expressions,
'wherein.said relatioﬁal—expressioﬂ'generating means
generates the plurality of relational expressions based on
20 an'approiimation in which the mixture ratio corresponding to
the designated pixel aﬁd the proximity pixel is uniform.
37. An_image—captu;ing appéfatus according torclaim 36,
wherein séid_relationélwéxpressién genéréting means
generates thé plurality of relationai expressions based on

25 an approximation in which components of a foreground object
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0of the plurality of objects contained in the designated

pixel data and the proximity pixel data are uniform.

'38. 'An image-capturing apparatus according to claim 36,

wherein said relatioﬁal—expression generating means
generates the plurality of relational expressions based on
an approximation in which components éf a foregroundlobject
of the plurality of objects contained in the designated’
pixel data and the proximity pixel data change substantially
lineafly with'respect to the positions of the pixels.

39. An image-capturing apparatus according to élaim 36,
further comprising foreground/background separation means
for sépa:ating the image data into a foreground object image
consisting of only the foreground object components which
form the fbreground object in the imége data. and a
background_object image consisting of only background object
components which form the bacﬁgfound object-in the image
data based on the mixture'ratio corresponding fo the
designated pixel.

40. An image—capturingAapparatus according to claim 36,
wherein»séid_mi#ture—ratio detection means detects the
mixture ratio by sclving the p;urality of relational

expressions according to a method of least squares.
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'ABSTRACT

An object of the present invention is to enable the
.detection of a mixture ratio indicating the mixture state of
a plurality of objects, such as a background image and a
moving Objéct image. A normal-equation adder 541 extracts
mixed pixel data according to a motion, and also extracts
background pixel data corresponding to the mixed pixel data
'80 as to generate relational expressions for a designatea
pixel. A normal-egquation calculator 542 detects the mixture
ratio indicating the mixture state of the objects based on
the relational expressions. The normal-equation adder 541
generates the plurality of relational expressions baséd on a
first approximation iﬁ which foreground aobject components
change substantially liﬁearly, and a second approximation in
~which the mixture ratio chaﬁges substantially linearly. The
present invention is applicable to a signal processing

apparatus for processing images.




