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Technical Field

The present invention relates to an image processing
apparatus and, in particular, to an image processing
apparatus that accounts for a difference between a signal

detected by a sensor and the real world.

Background Art

Techniques for detecting an event in the real world
and for processing sampled data output from an image sensor
are in widespread use.

For example, the image of an object moving in front of
a stationary predetermined background, taken by a video
camera, suffers from a motion blur when the motion speed of
the object is relatively fast.

When an object is moving in front of a stationary
background, motion blur occurs due to not only the mixture
of the image of the moving object itself but also due to
the mixture of the background image and the image of the
moving object. The detection of the mixed state of the
background image and the image of the moving object has

been conventionally unthinkable.



Di scl osure of the Invention In view of this situation, the present

i nvention has been developed, and it is an object of the present :
invention to detect a mxture ratio representing the degree of m xture of
a plurality of objects such as the inmge of background and the imge of a
novi ng obj ect. An image processing apparatus for processing inmage data of
the present invention includes background pixel extractor neans for
extracting pixel data of a frame prior, to or subsequent to a target frane,
corresponding to a target pixel of the target frame in the imge data, as
background pi xel data of an object, which serves as a background, from
anong a plurality of objects of the inage data, target frane pixel
extractor neans for extracting pixel data of the target pixel in the
target frane and pixel data of a pixel in the vicinity of the target pixe
in the tisgtlosurerefrthat Inwehtaqonati on generator neans for generating a
plurality of equations representing, in connection with the target pixel,
t he rel ati onsh priew wefnthisesitinatopny hheapges gutkanvent ide kel in the
vicinity of the target pixel and the background pixel data correspondi ng
to the(ﬁﬁ%ﬂcﬁeY¢kPE%¢ge@néix§IlﬁnéntﬁbjﬁpgepfiﬁhquFQﬁQn%ity of the
target pixel, and mxture ratio, detector neans for detecting a mxture
rati o i nEE@RT RN ot dekeat sfaldXsiren& AFAgr ASPRESAN o} B ctRe i feIFRer ea

ri i
worl d of mixture of a plurality of objects such as the image of

background and the image of a moving object.

An image processing apparatus for processing image
data of the present invention includes background pixel
extractor means for extracting pixel data of a frame prior
to or subsequent to a target frame, corresponding to a
target pixel of the target frame in the image data, as
background pixel data of an object, which serves as a
background, from among a plurality of objects of the image
data, target frame pixel extractor means for extracting
pixel data of the target pixel in the target frame and
pixel data of a pixel in the vicinity of the target pixel
in the target frame, relational equation generator means
for generating a plurality of equations representing, in
connection with the target pixel, the relationship between
the data of the target pixel and the pixel in the vicinity
of the target pixel and the background pixel data
corresponding to the data of the target pixel and the pixel
in the vicinity of the target pixel, and mixture ratio

detector means for detecting a mixture ratio indicating a



i n connection with the target pixel based on the relational equations. The
rel ati onal equation generator neans nay generate the plurality of
equations based on a first approximation which regards, as identical,
conponents of an object which serves as a foreground, from anong the
plurality of objects of the inage data contained in the pixel data of the
target pixel and the pixel in the vicinity of the target pixel, and based
on a second approxi mati on which assunges that a variation in the m xture
ratio is linear with respect to thép§%§1tion of pixels within a m xed area
where the plurality of objects is mxed. The relational equation generator
nmeans nay generate the plurality of equations based on a first

appr oxi neitxeah stdtiehof eghe dsluaslidgnbifcab,jecaspdneritise afeah wiybdt whi ch
serves as a foreground, fromanong the plurality of objects of the inage
dat a contmicmthect idwe pikkel that havfethpixedgbiasen xal tdral tdkatpicmdlin t he
vicinity of the target pixel, and based on a second approxi mati on which
assunes gchmwmttionyariation in the mxture ratio is planar with respect to
the position of pixels within a m xed area where the plurality of objects
is mxed. Th&he xtekaticnad eawation 9@3ﬁ§aﬁQF deans mak Jensxake rati o by

solving the plurality of relational guatlons through the | east squares
met hod. the plurality of equations base on a first approximation

which regards, as identical, components of an object which
serves as a foreground, from among the plurality of objects
of the image data contained in the pixel data of the target
pixel and the pixel in the vicinity of the target pixel,
and based on a second approximation which assumes that a
variation in the mixture ratio is linear with respect to
the position of pixels within a mixed area where the
plurality of objects is mixed.

The relational equation generator means may denerate
the plurality of equations based on a first approximation
which regards, as identical, components of an object which
serves as a foreground, from among the plurality of objects
of the image data contained in the pixel data of the target
pixel and the pixel in the vicinity of the target pixel,
and based on a second approximation which assumes that a
variation in the mixture ratio is planar with respect to
the position of pixels within a mixed area where the
plurality of objects is mixed.

The mixture ratio detector means may detect the

mixture ratio by solving the plurality of relational



The background pi xel extractor nmeans may extract, as the background pi xel
data, the pixel data in the frane prior to the target frane when the
target pixel, in the mxed area where the plurality of objects is m xed,
bel ongs to a covered background area forned at the forward end side of a
foreground object in the direction of notion thereof, while the background
pi xel extractor neans nmay extract, as the background pi xel data, the pixel
data in the frame subsequent to t he arget frame when the target pixel, in
the nixed area where the plurality of objects is nixed, belongs to an
uncover ed background area forned at the backward end S|de of the
foreground object in the direction of notion thereof. The inmge processing
appar at esjuani.ans [thdmwgleathe niea st sgnageaematbodneans for generating area
information identifying, in the inmage data, a foreground area, a
background afMd® bawmkgraundd ixeh exbrachdongmeansyanyd extaeicdrowsd area and
an uncovered background area, wherein the foreground area is formed of an
obj ect, tiiei dacigrmemapixel dﬂ@g&louhhe pismladeng time thleurfalams of objects
in the image data, the background area is fornmed of an object, which
serves Mwlbé@(g?rhﬁjrfeﬂrgfﬂb EamagWheB phar AREEEtoP iXgdjedis Hhe t he i mage
data, and the m xed area is forned_of the cqvered background area and the
uncoveréﬂ-ﬂ%’cl@@fﬁiﬂﬂ‘@%r% plurality of objects is mixed, belongs

to a covered background area formed at the forward end side
of a foreground object in the direction of motion thereof,
while the background pixel extractor means may extract, as
the background pixel data, the pixel data in the frame
subsequent to the target frame when the target pixel, in
the mixed area where the plurality of objects is mixed,
belongs to an uncovered background area formed at the
backward end side of the foreground object in the direction
of motion thereof.

The image processing apparatus may include area
information generator means for generating area information
identifying, in the image data, a foreground area, a
background area, and a mixed area containing a covered
background area and an uncovered background area, wherein
the foreground area is formed of an object, which serves as
a foreground, from among the plurality of objects in the
image data, the background area is formed of an object,
which serves as a background, from among the plurality of
objects in the image data, and the mixed area is formed of

the covered background area and the uncovered background



An i mage processing nethod of the present invention includes a background
pi xel extracting step for extracting pixel data of a frame prior to or
subsequent to a target frame, corresponding to a target pixel of a target
frame in the imge data, as background pi xel data of an object, which
serves as a background, fromanong a plurality of objects of the inmage
data, a target franme pixel extracting step for extracting pixel data of
the target pixel in the target frane_and pixel data of a pixel in the
vicinity of the target pixel in the Pafget frame, a relational equation
generating step for generating a plurality of equations representing, in
connection with the target pixel, the relationship between the data of the
target prea. and the pixel in the vicinity of the target pixel and the
background pi xel data corresponding to the data of the target pixel and

t he pi xel inZArmemage procedsing nmethed ofi kbe, paegeatmiovendiani o
detecting step for detecting a mxture ratio indicating a m xed state of

t he plurdaldindes a digadogsoumdt hexebakxwsarding sepedoroeitinactingt ar get

pi xel based on the relational equations. The rel ational equation generating
step mapigelerdatea ahe pframei pyiof tquati sShbseguedtorton & itagget

approxi mati on which regards, as identical, conponents of an object which
serves #Famd oranprrarbndinem baovagtakaepl pizeilt plop draats frame the i mage

data contained in the pixel data of the target )
the image data, as background pixel data of an object,

which serves as a background, from among a plurality of
objects of the image data, a target frame pixel extracting
step for extracting pixel data of the target pixel in the
target frame and pixel data of a pixel in the vicinity of
the target pixel in the target frame, a relational equation
generating step for generating a plurality of equations
representing, in connection with the target pixel, the
relationship between the data of the target pixel and the
pixel in the vicinity of the target pixel and the
background pixel data corresponding to the data of the
target pixel and the pixel in the vicinity of the target
pixel, and a mixture ratio detecting step for detecting a
mixture ratio indicating a mixed state of the plurality of
objects in the real world in connection with the target
pixel based on the relational equations.

The relational equation generating step may generate
the plurality of equations based on a first approximation
which regards, as identical, components of an object which

serves as a foreground, from among the plurality of objects



pi xel and the pixel in the vicinity of the target pixel, and based on a
second approxi mati on which assunes that a variation in the mxture ratio.
is linear with respect to the position of pixels within a m xed area where
the plurality of objects is mxed. The relational equation generating step
may generate the plurality of equations based on a first approximtion

whi ch regards, as identical, conponents of an object which serves as a
foreground, fromanong the plurality %f _Objects of the imge data
contained in the pixel data of the target pixel and the pixel in the
vicinity of the target pixel, and based on a second approxi mati on which
assunes that a variation in the mxture ratio is planar wwth respect to

t he posidfi arheofingigee| datva tdvmt ainedednathe piaeed dthdea plfurtde thamwfetobj ects
is mxed. The mxture ratio detecting step may detect the mxture ratio by
sol vi ng pilxelplandlthe wixek| tmni thal viednatiyons theodgiradte giseslt, squares
nmet hod. The background pi xel extracting step nay extract, as the
backgro@id passd dmt @@ s¢ropd xeppuaximahipoRewhighe asgumes ttdhathe t ar get
frame when the target pixel, in the mxed area where the plurality of

obj ect s Va¥ 1@tdan HelEmwygnistereovekid backaPEandWaltda HeSDRT: &0 t he
forward end side , of a foreground object in the direction of notion

t her eof the BOSIE N HaddprdlhdvpiRen axRizedi agest vherg tdharact, as

plurality of objects is mixed.

The relational equation generating step may generate
the plurality of equations based on a first approximation
which regards, as identical, components of an object which
serves as a foreground, from among the plurality of objects
of the image data contained in the pixel data of the target
pixel and the pixel in the vicinity of the target pixel,
and based on a second approximation which assumes that a
variation in the mixture ratio is planar with respect to
the position of pixels within a mixed area where the
plurality of objects is mixed.

The mixture ratio detecting step may detect the
mixture ratio by solving the plurality of relational
equations through the least squares method.

The background pixel extracting step may extract, as
the background pixel data, the pixel data in the frame
prior to the target frame when the target pixel, in the
mixed area where the plurality of objects is mixed, belongs
to a covered background area formed at the forward end side

of a foreground object in the direction of motion thereof,
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backward end side of the foreground object in the direction
of motion thereof.

The image processing method may include an area
information generating step for generating area information
identifying, in the image data, a foreground area, a
background area, and a mixed area containing a covered
background area and an uncovered background area, wherein
the foreground area is formed of an object, which serves as
a foreground, from among the plurality of objects in the
image data, the background area is formed of an object,
which serves as a background, from among the plurality of
objects in the image data, and the mixed area is formed of
the covered background area and the uncovered background
area.

A storage medium of the present invention stores a
computer readable software program. The software program
includes a background pixel extracting step for extracting
pixel data of a frame prior to or subsequent to a target
frame, corresponding to a target pixel of the target frame

in the image data, as background pixel data of an object,

oFYt RE PRIGSESt 1%&fl¢ he i mage



objects of the inmage data, a target franme pixel extracting step for
extracting pixel data of the target pixel in the target frame and pixe
data of a pixel in the vicinity of the target pixel in the target franme, a
rel ati onal equation generating step for generating a plurality of
equations representing, in connection with the target pixel, the

rel ati onship between the data of the target pixel and the pixel in the
vicinity of the target pixel and the ackground pi xel data correspondi ng
to the data of the target pixel and the pixel in the vicinity of the
target pixel, and a mxture ratio detecting step for detecting a m xture
ratio indicating a m xed state of the plurality of objects in the real
wor | d i nwieheineséioes Was hat backgirgand ,pibrem @asady an phera®iayi ofial
equations. The rel ati onal equation generating step may generate the

pl uralitgbddéceguafi the bhmagd data,f iar $argeyr diame imixellhéxbraegands, as

I dentical, conponents of an object which serves as a foreground, from
among t hetep ufar i eytoacbbpgcpdxedf data iofafhaldtaraemtpixel in the pi xel
data of the target pixel and the pixel in the vicinity of the target

pi xel , tawgebstrame andepinelagptexiofat eiAli dn ddwinekcimbty aCfvari ation
in the mxture ratio is_ linear with respect to the position of pixels

wi t hi n &he xeairgeeap ket einhgheptargeit: framerbjaedial atlonakdedwvathen

rel ati onal equation generating step .nmay generate, )
generating step for generating a plurality of equations

representing, in connection with the target pixel, the
relationship between the data of the target pixel and the
pixel in the vicinity of the target pixel and the
background pixel data corresponding to the data of the
target pixel and the pixel in the vicinity of the target
pixel, and a mixture ratio detecting step for detecting a
mixture ratio indicating a mixed state of the plurality of
objects in the real world in connection with the target
pixel based on the relational equations.

The relational equation generating step may generate
the plurality of equations based on a first approximation
which regards, as identical, components of an object which
serves as a foreground, from among the plurality of objects
of the image data contained in the pixel data of the target
pixel and the pixel in the vicinity of the target pixel,
and based on a second approximation which assumes that a
variation in the mixture ratio is linear with respect to
the position of pixels within a mixed area where the

plurality of objects is mixed.



the plurality of equations based on a first approxinmation which regards,
as identical, conponents of an object which serves as a foreground, from.
anong the plurality of objects of the inage data contained in the pixel
data of the target pixel and the pixel in the vicinity of the target

pi xel , and based on a second approxi mati on whi ch assunes that a variation
in the mxture ratio is planar with respect to the position of pixels
within a mxed area where the plurality of objects is mxed. The m xture
ratio detecting step may detect the”™ M xture ratio by solving the plurality
of relational equations through the |east squares nethod. The background
pi xel extracting step nmay extract, as the background pi xel data, the pixel

data in the fimMreldii¥ndD éf€at dogeyeheaae inges tiehe niadr gingxiated, in the
m xed area where the plurality of objects is mxed, belongs to a covered
backgr owhk grlemrdithed ftedhat ionsabdseddosi de £ iofsta dppmgrimatiab) ect in
the direction of notion thereof, while the background pixel extracting may
st ep extwhaicth msyarde, beskidenhilcplxetonpbaentise ofi eal adxject rwhiehfrane
subsequent to the target frame when the target pixel, in the m xed area
wher e t lsemtes dd ty Idrepreend, i §ranxanongb&hen @ ura bk yurich v ects
background area forned at the backward end side of the foreground object
in the ¢iff ddie omageiglatd eertainedeidothe pixel data of the target

pixel and the pixel in the vicinity of the target pixel,
and based on a second approximation which assumes that a
variation in the mixture ratio is planar with respect to
the position of pixels within a mixed area where the
plurality of objects is mixed.

The mixture ratio detecting step may detect the
mixture ratio by solving the plurality of relational
equations through the least squares method.

The background pixel extracting step may extract, as
the background pixel data, the pixel data in the frame
prior to the target frame when the target pixel, in the
mixed area where the plurality of objects is mixed, belongs
to a covered background area formed at the forward end side
of a foreground object in the direction of motion thereof,
while the background pixel extracting may step extract, as
the background pixel data, the pixel data in the frame
subsequent to the target frame when the target pixel, in
the mixed area where the plurality of objects is mixed,
belongs to an uncovered background area formed at the

backward end side of the foreground object in the direction




The software program stored in the recording nedium may further include an
area infornmation generating step for generating area information
identifying, in the imge data, a foreground area, a background area, and
a m xed area containing a covered background area and an uncovered
background area, wherein the foreground area is forned of an object, which
serves as a foreground, fromanong the plurality of objects in the inmage
data, the background area is forned fé an object, which serves as a
background, from anong the pluraliTy bf objects in the i nage data, and the
m xed area is formed of the covered background area and the wuncovered
background area. An inmage pickup device of the present invention includes
i mge pickupteanstiere®flf putting, as imge data containing a plurality of
pi eces of pixel data, an inmage of an object picked up by an i nage pickup
el enent havi mhea st erprogrdamugberedf ipi xtles reeaaid imgxaelediaam ng a tine
integration effect, background pixel extractor neans for extracting pixel
dat a of mayf rfametlper ain¢bude snbaegqaennfbomad ibar genenadnmng crepspondi ng to
a target pixel of the target frame in the i mage data, as background pixe
dat a of gemensljiogwy ,awdd cinfermatias adeatidydmgd, ifiy drheaniovage datarality
of objects of the inmage data, target frame pixel extractor neans for

ext ract infqiegroutsd saxga he baekground]argaxelanidn a Meixed gated rame and

pi xel data of a pixel in the
containing a covered background area and an uncovered

background area, wherein the foreground area is formed of
an object, which serves as a foreground, from among the
plurality of objects in the image data, the background area
is formed of an object, which serves as a background, from
among the plurality of objects in the image data, and the
mixed area is formed of the covered background area and the
uncovered background area.

An image pickup device of the present invention
includes image pickup means for outputting, as image data
containing a plurality of pieces of pixel data, an image of
an object picked up by an image pickup element having a
predetermined number of pixels, each pixel having a time
integration effect, background pixel extractor means for
extracting pixel data of a frame prior to or subsequent to
a target frame, corresponding to a target pixel of the
target frame in the image data, as background pixel data of
an object, which serves as a background, from among a
plurality of objects of the image data, target frame pixel

extractor means for extracting pixel data of the target



vicinity of the target pixel in the target frame, relational equation
generator neans for generating a plurality of equations representing, in.
connection with the target pixel, the relationship between the data of the
target pixel and the pixel in the vicinity of the target pixel and the
background pi xel data corresponding to the data of the target pixel and
the pixel in the vicinity of the target pixel, and m xture ratio detector
means for detecting a mxture ratio 'Tdicating a mxed state of the

plurality of objects in the real world~in connection with the target pixel

based on the relational equations. The rel ational equation generator neans
may generate the plurality of equations based on a first approxinmation
whi ch r ggiatels, imsthélepatr§at , feanpoaadt piakladatla et aMpictel sk vielseas a
foreground, fromanong the plurality of objects of the imge data
cont ai nediaimithe qf xighe dadnget plireflaigethepitaglgeand ames pi xel in the
vicinity of the target pixel, and based on a second approxi mati on which
assunes st ionakbreq@iabhonngeheratrrumeanst ifori gdnemdring tdh respect to
the position of pixels within a mxed area where the plurality of objects
i s m xedlumdd ¥y of ceaatyensi SAPGERENALOM  nEddn SORNE ekt afkth t e
plurality of equations based on a first approximtion which regards, as
i dent i cdlarassnivkesit s Blhe arebpréenshiipchetvwern She datgs of fidheground, from
anong the pluraljty of objects, ) L

target pixél and the pixel in the vicinity of the target

pixel and the background pixel data corresponding to the

data of the target pixel and the pixel in the vicinity of

the target pixel, and mixture ratio detector means for

detecting a mixture ratio indicating a mixed state of the

plurality of objects in the real world in connection with

the target pixel based on the relational equations.

The relational equation generator means may generate

the plurality of equations based on a first approximation

which regards, as identical, components of an object which

serves as a foreground, from among the plurality of objects

of the image data contained in the pixel data of the target

pixel and the pixel in the vicinity of the target pixel,

and based on a second approximation which assumes that a

variation in the mixture ratio is linear with respect to

the position of pixels within a mixed area where the

plurality of objects is mixed.

The relational equation generator means may generate

the plurality of equations based on a first approximation

which regards, as identical, components of an object which



of the imge data contained in the pixel data of the target pixel and the
pi xel in the vicinity of the target pixel, and based on a second
approxi mati on which assunmes that a variation in the mxture ratio is
planar with respect to the position of pixels within a m xed area where
the plurality of objects is m xed. The mxture ratio detector nmeans may
detect the mxture ratio by solving the plurality of relational equations
through the | east squares nethod. The Pagkground pi xel extractor neans nay
extract, as the background pi xel datﬁ, the pixel data in the frame prior
to the target frane when the target pixel, in the mxed area where the
plurality of objects is m xed, belongs to a covered background area forned
at the fowmesgl anda sfsleegpbundf ofegmoamdnagbjthet plurtdisi i reftolwjeots not i on
thereof, while the background pixel extractor means extracts, as the
backgr owfd thexeimatpt adatecpnkalinddt dni thiehe ikedmela taulsfe ilentt d1gethe
target frame when the target pixel, in the mxed area where the plurality
of obj eqtixels andethe pikehgsnt bhenviadoieyeo thahegrtaurgetarmiaxéby ned at t he
backward end side of the foreground object in the direction of notion
t her eof .anthdasadyeopi ckepcadrdi apphayimnatipar whichudesames thatramti on
generator neans for generating area information - 13 identifying, in the
i mage dateriat ¥t ek oblpel misvhurg ratio is planar with respect to

the position of pixels within a mixed area where the

plurality of objects is mixed.

The mixture ratio detector means may detect the
mixture ratio by solving the plurality of relational
equations through the least squares method.
The background pixel extractor means may extract, as

the background pixel data, the pixel data in the frame

prior to the target frame when the target pixel, in the

mixed area where the plurality of objects is mixed, belongs

to a covered background area formed at the forward end side

of a foreground object in the direction of motion thereof,

while the background pixel extractor means extracts, as the

background pixel data, the pixel data in the frame

subsequent to the target frame when the target pixel, in

the mixed area where the plurality of objects is mixed,

belongs to an uncovered background area formed at the

backward end side of the foreground object in the direction

of motion thereof.

The image pickup device may further include area

information generator means for generating area information



background area, and a m xed area containing a covered background area and
an uncovered background area, wherein the foreground area is forned of an
obj ect, which serves as a foreground, fromanong the plurality of objects
in the inmage data, the background area is formed of an object, which
serves as a background, from anong the plurality of objects in the inage
data, and the m xed area is forned of the covered background area and the
uncover ed background area. Brief Desgription of the Drawings FIG 1
illustrates the principle of the prés At~ invention. FIG 2 is a block
diagramillustrating the construction of a systemin which the present
invention is inplenented. FIG 3 is a block diagramillustrating the
construcident bfyihg, signaheprimagesdatel, fd Gorkegfdhd4areaa bl ock di agram
illustrating the signal processor 12. FIG 5 illustrates the imaging
oper at i dmadkgrospdsarea, Fhed @ mixedisamgamdintabningi agconeradr angenent of
pixels. FIG 7 illustrates the operation of a detector elenent. - 14 FIG
8A il | ushackgsoundi ange tahdt ains upcoaierst hackdorwed apheéag whesvpjiact
corresponding to a novi ng

the foreground area is formed of an object, which serves as

a foreground, from among the plurality of objects in the

image data, the background area is formed of an object,

which serves as a background, from among the plurality of

objects in the image data, and the mixed area is formed of

the covered background area and the uncovered background

area.

Brief Description of the Drawings

FIG. 1 illustrates the principle of the present
invention.

FIG. 2 is a block diagram illustrating the
construction of a system in which the present invention is
implemented.

FIG. 3 is a block diagram illustrating the
construction of the signal processor of FIG. 2.

FIG. 4 is a block diagram illustrating the signal
processor 12.

FIG. 5 illustrates the imaging operation by a sensor.

FIG. 6 is a diagram illustrating the arrangement of
pixels.

FIG. 7 illustrates the operation of a detector element.



foreground and an object corresponding to a stationary background. FIG 8B
illustrates a nodel of an image that is obtained by photographing an :
obj ect corresponding to a noving foreground and an object corresponding to

a stationary background. FIG 9 illustrates a background area, a
foreground area, a mxed area, a covered background area, and an
uncover ed background area. FIG 10 is a nodel diagramillustrating pixel

values of a line of adjacent pixels gﬁveloped intine axis in an imge of
the object corresponding to the stafioOhary foreground and the object
corresponding to the stationary background. FIG 11 is a nodel diagram
illustrating the pixel values developed in tine axis for a duration of
time, which FIG.disa digd weitrsoes eapoinageothhtt ier obitadndd Gy 12 i s a nodel
diagramillustrating the pixel values developed in the tinme axis for the
dur at i opleftdgmaphindiah okjecti dedresgondingsponds maying shutter tine.

FIG 13 is a nodel diagramillustrating the pixel values developed in the
ti me axifodegradrel canditamnobject neprrelpondifadity ded t@tdlataresponds to
the shutter tinme. - 15 FIG 14 illustrates extracted pixels of the

f or egr olrakanaamnd ¢ he background area, and the mixed area.

FIG. 8B illustrates a model of an image that is
obtained by photographing an object corresponding to a
moving foreground and an object corresponding to a
stationary background.

FIG. 9 illustrates a background area, a foreground
area, a mixed area, a covered background area, and an
uncovered. background area.

FIG. 10 is a model diagram illustrating pixel values
of a line of adjacent pixels developed in time axis in an
image of the object corresponding to the stationary
foreground and the object corresponding to the stationary
background.

FIG. 11 is a model diagram illustrating the pixel
values developed in time axis for a duration of time, which
is divided and corresponds to shutter time.

FIG. 12 is a model diagram illustrating the pixel
values developed in the time axis for the duration of time,
which is divided and corresponds to the shutter time.

FIG. 13 is a model diagram illustrating the pixel
values developed in the time axis for the duration of time,

which is divided and corresponds to the shutter time.




FIG 15 illustrates the relationship between the pixels and the nodel in
whi ch the pixel values are developed in the tinme axis. FIG 16 is a nodel.
diagramillustrating the pixel values developed in tine axis for a
duration of time, which is divided and corresponds to shutter tine. FIG
17 is a nodel diagramillustrating the pixel values developed in the tine
axis for the duration of tinme, which is divided and corresponds to the
shutter tine. FIG 18 is a nodel diagtamillustrating the pixel values
developed in the tine axis for the auﬁStron of time, which is divided and
corresponds to the shutter tine. FIG 19 is a nodel diagramillustrating
the pixel values developed in the tinme axis for the duration of tineg,
which is divires. adl tbhlusspabtds eatrheteduptiorells et tHeG fRegsowndodel
diagramillustrating the pixel values developed in the tinme axis for the
durati oraxéa itiee badkghounddavededaadd ther masgahdsrdan. t he shutter tine.

FIG 21 is a flowdiagramillustrating the process of adjusting the anount
of notion bl BRIGFII® PPlustmabesckhéi aglamionsisitp dtdtwedarmetheonst ructi on
of an area determner 103. FIG 23 illustrates an i mage of a novi ng object

as the -pield camdriohednodel Gin2whiicha thed@lixtilagiadmes lagerating t he pi xel
developed in the time axis.

FIG. 16 is a model diagram illustrating the pixel
values developed in time axis for a duration of time, which
is divided and corresponds to sﬁutter time.

FIG. 17 is a model diagram illustrating the pixel
values developed in the time axis for the duration of time,
which is divided and corresponds to the shutter time.

FIG. 18 is a model diagram illustrating the pixel
values developed in the time axis for the duration of time,
which is divided and corresponds to the shutter time.

FIG. 19 is a model diagram illustrating the pixel
values developed in the time axis for the duration of time,
which is divided and corresponds to the shutter time.

FIG. 20 is a model diagram illustrating the pixel
values developed in the time axis for the duration of time,
which is divided and corresponds to the shutter time.

FIG. 21 is a flow diagram illustrating the process of
adjusting the amount of motion blur.

FIG. 22 is a block diagram illustrating the
construction of an area determiner 103.

FIG. 23 illustrates an image of a moving object as the



val ues devel oped for a duration of time, which is divided and corresponds
to shutter tinme intime axis. FIG 25 is a nodel diagramillustrating the .
pi xel val ues developed in the tine axis for the duration of time, which
is divided and corresponds to the shutter tine. FIG 26 is a nodel diagram
illustrating the pixel values developed in the tinme axis for the duration
of time, which is divided and corresponds to the shutter tinme. FIG 27
illustrates conditions under which argg determ nation is perforned. FIG
28A illustrates the results of the ar “determ nation provided by the area
determner 103. FIG 28B illustrates the results of the area determ nation
provided by the area determner 103. FIG 28C illustrates the results of
the are&orjresundiati on provided by the area determner 103. FIG 28D
illustrates the results of the area determ nation provided by the area
determ ner 10XG. R4 if2% ihddelrdiagrameildssitratdng Hherpeixealet er m nati on
provided by the area determner 103. FIG 30 is a flow diagramillustrating
the proceslnad develeped fletrecantdnaatdon BIEGLiBe ,i svhaldil oigk dfiwidedn
illustrating another - 17 construction of the area determner 103. FIG 32
i s a nodald dicrespondsiste aghngtekhetpmgelin time axis.
FIG. 25 is a model diagram illustrating the pixel
values developed in the time axis for the duration of time,
which is divided and corresponds to the shutter time.
FIG. 26 is a model diagram illustrating the pixel
values developed in the time axis for the duration of time,
which is divided and corresponds to the shutter time.
FIG. 27 illustrates conditions under which area
determination is performed.
FIG. 28A illustrates the results of the area
determination provided by the area determiner 103.
FIG. 28B illustrates the results of the area
determination provided by the area determiner 103.
FIG. 28C illustrates the results of the area
determination provided by the area determiner 103.
FIG. 28D illustrates the results of the area
determination provided by the area determiner 103.
FIG. 29 illustrates the results of the area
determination provided by the area determiner 103.
FIG. 30 is a flow diagram illustrating the process of

the area determination.

FIG. 31 is a block diagram illustrating another



val ues developed in tinme axis for a duration of tine, which is divided and
corresponds to shutter tinme. FIG 33 illustrates the exanple of a
background image. FIG 34 is a block diagramillustrating the
construction of a binary object imge extractor 302. FIG 35A illustrates
how a correlation value is calculated. FIG 35B illustrates how the
correlation value is <calculated. FIG 36A illustrates how the correl ation
value is calculated. FIG 36B illustrates how the correlation value is
calculated. FIG 37 illustrates a anL?y'object imge. FIG 38 is a block
diagramillustrating the construction of a chronol ogi cal change detector
303. FIG 39 illustrates the determ nation process of an area determ ner
342. Fl Gorxrddtisdn ab£stheecadehedsiteaininerpri@sess of the chronol ogi ca

change detector 303. FIG 41 is a flow diagramillustrating the area
determ nati orF 1B oc¥Bsiofatimedat edidgrammiddunst@ating Gheldpixekh fl ow
diagramillustrating the area - 18 determ nation process in detail. FIG
43 is avdlovds dleeboped| ist tamengxijiet femowhgluration of time, which
is divided and corresponds to shutter time.
FIG. 33 illustrates the example of a background image.
FIG. 34 is a block diagram illustrating the
construction of a binary object image extractor 302.
FIG. 35A illustrates how a correlation value is
calculated.
FIG. 35B illustrates how the correlation value is
calculated.
FIG. 36A illustrates how the correlation value is
calculated.
FIG. 36B illustrates how the correlation value is
calculated.
FIG. 37 illustrates a binary object image.
FIG. 38 is a block diagram illustrating the
construction of a chronological change detector 303.
FIG. 39 illustrates the determination process of an
area determiner 342.
FIG. 40 illustrates the determination process of the
chronological change detector 303.
FIG. 41 is a flow diagram illustrating the area

determination process of the area determiner 103.

FIG. 42 is a flow diagram illustrating the area



construction of the area determ ner 103. FIG 44 is a block diagram
Illustrating the construction of a robustizer 361. FIG 45 illustrates a.
notion conpensation of a notion conpensator 381. FIG 46 illustrates a
notion conpensation of the notion conpensator 381. FIG 47 is a flow
diagramillustrating the area determ nation process. FIG 48 is a flow

diagramillustrating a robustization process in detail. FIG 49 is a bl ock
diagramillustrating the constructLoT of a mxture ratio calculator 104.
FIG 50 illustrates an ideal mxture ratio a. FIG 51 is a nodel diagram

illustrating pixel values developed in tine axis for a duration of tine,
which is divided and corresponds to shutter tinme. FIG 52 is a nodel

di agramddtemsnimdt hon ppretesal aesdedaidl.oped in tine axis for the duration
of time, which is divided and corresponds to the shutter tine. FIG 53

il lustrates #F¥iratYPhis|anelaphr dingaamngdlimstnating g etatanptther| G 54
illustrates a plane approxi mating the m xture - 19 ratio a. FIG 55 is a
di agr amgansferyckiony ehetber psgpodgésgainer 103.

FIG. 44 is a block diagram illustrating the
construction of a robustizer 361.

FIG. 45 illustrates a motion compensation of a motion
compensator 381.

FIG. 46 illustrates a motion compensation of the
motion compensator 381.

FIG. 47 is a flow diagram illustrating the area
determination process.

FIG. 48 is a flow diagram illustrating a robustization
process in detail.

FIG. 49 is a block diagram illustrating the
construction of a mixture ratio calculator 104.

FIG. 50 illustrates an ideal mixture ratio a.

FIG. 51 is a model diagram illustrating pixel values
developed in time axis for a duration of time, which is
divided and corresponds to shutter time.

FIG. 52 is a model diagram illustrating pixel values
developed in time axis for the duration of time, which is
divided and corresponds to the shutter time.

FIG. 53 illustrates a straight line approximating the
mixture ratio a.

FIG. 54 illustrates a plane approximating the mixture



of pixels anong a plurality of franmes in the calculation of the m xture
ratio a. FIG 56 is a block diagramillustrating an estimated m xture
rati o processor 401. FIG 57 illustrates an exanple of an estinmated m xture
ratio. FIG 58 is a flow diagramillustrating a calculation process of the
m xture ratio. FIG 59 is a flow diagramillustrating the mxture ratio
estimation process in a nodel corresponding to the covered background
area. FIG 60 is a block diagramillu §r§ting one exanple of a foreground
and background separator 105. FIG 61Ais a diagramillustrating an input

i mge, a foreground conponent image, and a background conmponent i mage.
FIG 61Bis a diagramillustrating a nodel of an input inage, a foreground
i mage, awmtim kackground image. FIG 62 is a nodel diagramillustrating the
pi xel values developed in tinme axis for a duration of time, which is

di vi ded and F3G.eHfonds & ol gt arrillvsetratGng68hies canredaontiengeam
illustrating the pixel values developed in the tinme axis for the duration
of tineof p2xelghiameng aliplwedliby ebr frapsaddint dheneadimkarian et  FI G

64 is a nodel diagrami]lustrating the pixel
the mixture ratio a.

FIG. 56 is a block diagram illustrating an estimated
mixture ratio processor 401.

FIG. 57 illustrates an example of an estimated mixture
ratio.

FIG. 58 is a flow diagram illustrating a calculation
process of the mixture ratio.

FIG. 59 is a flow diagram illustrating the mixture
ratio estimation process in a model corresponding to the
covered background area.

FIG. 60 is a block diagram illustrating one example of
a foreground and background separator 105.

FIG. 61A is a diagram illustrating an input image, a
foreground component image, and a background component
image.

FIG. 61B is a diagram illustrating a model of an input
image, a foreground image, and a background image.

FIG. 62 is a model diagram illustrating the pixel
values developed in time axis for a duration of time, which
is divided and corresponds to shutter time.

FIG. 63 is a model diagram illustrating the pixel

values developed in the time axis for the duration of time,



val ues developed in the tine axis for the duration of tinme, which is

di vided and corresponds to the shutter tine. FIG 65 is a block diagram
illustrating one exanple of the construction of a separator 601. FIG 66A
is a diagramillustrating an exanple of a separated foreground conponent
image. FIG 66B is a diagramillustrating an exanple of a separated
background conponent inage. FIG 67 is a flow diagramillustrating the
separation process of the foregroupdzgng t he background. FIG 68 is a

bl ock diagramillustrating one exanple of a notion blur adjuster 106. FIG
69 illustrates a unit of processing. FIG 70 is a nodel diagram
illustrating the pixel values developed in tine axis for a duration of
time, whikdlth iis i iarttbed aamld cooreeppaddst toslibet ehutites: tHIn@. 71 is a node
diagramillustrating the pixel values developed in the tinme axis for the
duration of tHI®, 64hishaimodielidiagaad dtdlnstpetdadat dhengiekter tine.
FIG 72 is a nodel diagramillustrating the pixel values developed in the
ti me axiwalugs tdeveloped ohnothei hdme aMiishfpr &g dadagnicere Ak dsemds to
the shutter time. FIG 73 is a nodel diagramillustrating the pixel - 21
val ues a@vielfopl divided (ARG GRFECPBPRERAAULHS GRUIGRAR FAle whi ch | s

di vided and corresponds to the shutter ti pe. .
FIG. 65 is a block diagram illustrating one example of

the construction of a separator 601.

FIG. 66A is a diagram illustrating an example of a
separated foreground component image.

FIG. 66B is a diagram illustrating an example of a
separated backgrbund component image.

FIG. 67 is a flow diagram illustrating the separation
process of the foreground and the background.

FIG. 68 is a block diagram illustrating one example of
a motion blur adjuster 106.

FIG. 69 illustrates a unit of processing.

FIG. 70 is a model diagram illustrating the pixel
values developed in time axis for a duration of time, which
is divided and corresponds to shutter time.

FIG. 71 is a model diagram illustrating the pixel
values developed in the time axis for the duration of time,
which is divided and corresponds to the shutter time.

FIG. 72 is a model diagram illustrating the pixel
values developed in the time axis for the duration of time,
which is divided and corresponds to the shutter time.

FIG. 73 is a model diagram illustrating the pixel



FIG 74 is a diagramillustrating another construction of the notion blur
adjuster 106. FIG 75 is a flow diagramillustrating the adjustnent _
process of the notion blur adjuster 106 for a notion blur contained in a
foreground conponent image. FIG 76 is a block diagramillustrating yet
anot her construction of the notion blur adjuster 106. FIG 77 is a nodel
diagramillustrating a nodel which designates a correspondence between the
pi xel values and the conponents Of‘tgﬁ foreground. FIG 78 illustrates the
cal cul ation of the foreground conponent. FIG 79 illustrates the
cal cul ation of the foreground conponent. FIG 80 is a flow di agram
illustrating a renoval process of the notion blur in the foreground. FIG
81 i s avalluds dleaxgrloped | st thei hime buidst for theniduywrtaidroro Hftines) gna
processor 12. FIG 82 is a diagramillustrating the construction of a
synt hesiwhdrchl Gl .d ift {ded3and @obreskoddagtanthlel sdmrtdtamd iamot her functi on
configuration of the signal processor 12. FIG 84 is a block diagram
il lustratingRli€s -74£2is condtageamonl bastratingr enpdhiesr cainstratarionol.
FIG 85 is a block diagranlillustrating a foreground

of the motion blur adjuster 106.

FIG. 75 is a flow diagram illustrating the adjustment
process of the motion blur adjuster 106 for a motion blur
contained in a foreground component image.

FIG. 76 is a block diagram illustrating yet another
construction of the motion blur adjuster 106.

FIG. 77 is a model diagram illustrating a model which
designates a correspondence between the pixel values and
the components of the foreground.

FIG. 78 illustrates the calculation of the foreground
component.

FIG. 79 illustrates the calculation of the foreground
component.

FIG. 80 is a flow diagram illustrating a removal
process of the motion blur in the foreground.

FIG. 81 is a block diagram illustrating a function
configuration of a signal processor 12.

FIG. 82 is a diagram illustrating the construction of
a synthesizer 1001.

FIG. 83 is a block diagram illustrating another

function confiquration of the signal processor 12.

FIG. 84 is a block diagram illustrating the



and background separator 1102. FIG 86 is a block diagramillustrating yet
anot her function configuration of the signal processor 12. FIG 87 :
illustrates the construction of a synthesizer 1201. Best Mde for Carrying
out the Invention FIG 1 illustrates the principle of the present

I nvention. As shown, a sensor 2 obtains a first signal which contains

i nformati on concerning the real world 1 having space and tine axis, and is
organi zed in data. The detected sigga?2 nanely, the data 3 obtained by the
sensor 2, is information which is obTained by projecting the information
of the real world 1 into tine space which is lower in dinensions than that
of the real world. The information obtained as a result of projection

suf fers domswrulitsiontobnai mistueed rattibe cpdogjudaticon.11tl ot her words, the
data 3 output fromthe sensor 2 is distorted with respect to the

i nformati on AIGheB5eb$ awbldck. dhrghemghlihes taatang admrggiound
distortion, it also contains neaningful information to be used for

correct iand dackgreurd osepanatpn ddfdrdance with the present invention, a
signal processor 4 processes the data output fromthe sensor 2, - 23

t hereby extr &%G ngB® his n2ablpgkud iparaRndd iy tradiifg RE ARGE YT ul

I nformati on, the signal processor 4 prqcesses the data output fromthe
Sensor:Euqq&*%%yconflguratlon of the signal processor 12.

FIG. 87 illustrates the construction of a synthesizer

1201.

Best Mode for Carrying out the Invention

FIG. 1 illustrates the principle of the present
invention. As shown, a sensor 2 obtains a first signal
which contains information concerning the real world 1
having space and time axis, and is organized in data. The
detected signal, namely, the data 3 obtained by the sensor
2, is information which is obtained by projecting the
information of the real world 1 into time space which is
lower in dimensions than that of the real world. The
information obtained as a result of projection suffers from
distortion involved in the projection. In other words, the
data 3 output from the sensor 2 is distorted with respect
to the information of the real world 1. Although the data
3 contains the distortion, it also contains meaningful
information to be used for correction of the distortion.

In accordance with the present invention, a signal

processor 4 processes the data output from the sensor 2,



renovi ng, reducing, or adjusting the distortion. FIG 2 is a block diagram
illustrating the <construction of a signal processor of the present

i nvention. A sensor 11 is formed of a video canera, for exanple, and

takes picture of the real world, and outputs the obtained inmage data to a
signal processor 12. The signal processor 12 is fornmed of a personal
conputer, for exanple, processes the data input fromthe sensor 11,

adj usts the anount of distortion resylting fromthe projection of the
data, identifies the area where the fmeéaningful information enbedded in
the data through the projection is present, extracts the neani ngful

i nformation fromthe area, and processes the input data based on the

ext r act etheeelny ngktiractnfgr trhei meaning fivdaninfyfamatidos mati on refers to a
m xture ratio discussed |later, for exanple. The information indicating the
area whi ch cd¥s bngsthaemeanangfigfulinfefroateonn tdrehetlidenal pooges sde
projection is also considered as neaningful information. Area information
to be discpeeeassasethesdahasouiputediionygfiile sersomedi cvhedelyarea t hat
contains the neaningful information is a - 24 mxed area to be discussed

| ater, fXRMR%EAPIeredneinggnar pdigsdsad the dishitiered as illustrated

in FIG 3. CPU (Central Processing Unit) 21 executes a
FIG. 2 is a block diagram illustrating the

construction of a signal processor of the present invention.
A sensor 11 is formed of a video camera, for example, and
takes picture of the real world, and outputs the obtained
image data to a signal processor 12. The signal processor
12 is formed of a personal computer, for example, processes
the data input from the sensor 11, adjusts the amount of
distortion resulting from the projection of the data,
identifies the area where the meaningful information
embedded in the data through the projection is present,
extracts the meaningful information from the area, and
processes the input data based on the extracted meaningful
information.

The meaningful information refers to a mixture ratio
discussed later, for example.

The information indicating the area which contains the
meaningful information embedded through the projection is
also considered as meaningful information. Area
information to be discussed later is thus the meaningful
information.

The area that contains the meaningful information is a



variety of processes in accordance with software prograns stored in a ROM
(Read only Menory) 22 or a storage unit 28. A RAM (Random Access Menory) .
23 stores software prograns executed by the CPU 21 and data as necessary.
The CPU 21, the ROM 22, and the RAM 23 are interconnected to each ot her
through a bus 24. The CPU 21 is connected to an input and output interface
25 through the bus 24. Al so connected to the input and output interface 25
are an input unit 26 such as a keypogEdL a nouse, or a mcrophone, and an
output unit 27 such as a display or | oudspeaker. The CPU 21 executes a
variety of processes in response to a command input from the input unit

26. The CPU 21 outputs an inmage, voice, etc. obtained as a result of the
pr ocessasixed tdreaputpuve uhisc@Fsedhdaseoraderumixangt,e connected to the

i nput and output interface 25, is a hard disk, and stores the program
execut ed by tThe GRYRL gpapeesisoer 2t ysofopsacusted @&t allustmatedi cation
unit 29 conmunicates with an external apparatus through the Internet or

ot her ndwdti&. In t¢RE (CerbralhBreeprgAndalingi Judilt PGS as a
capturing unit for capturing the output fromthe sensor 11. A software
progr amViti el bt PrRCLIFeHufh areordapcec yikblnisefAtWRT UREOPARKd nay be

stored in the s;orags unit 28. Wien a drive 30, connected to the input and
out put stored in a ROM (Read Only Memory) 22 or a storage unit 28.

A RAM (Random Access Memory) 23 stores software programs
executed by the CPU 21 and data as necessary. The CPU 21,
the ROM 22, and the RAM 23 are interconnected to each other
through a bus 24.

The CPU 21 is connected to an input and output
interface 25 through the bus 24. Also connected to the
input and output interface 25 are an input unit 26 such as
a keyboard, a mouse, or a microphone, and an output unit 27
such as a display or a loudspeaker. The CPU 21 executes a
variety of processes in response to a command input from
the input unit 26. The CPU 21 outputs an image, voice, etc.
obtained as a result of the processes to the output unit 27.

The storage unit 28, connected to the input and output
interface 25, is a hard disk, and stores the program
executed by the CPU 21 and a diversity of pieces of data.

A communication unit 29 communicates with an external
apparatus through the Internet or other networks. In this
case, the communication unit 29 works as a capturing unit
for capturing the output from the sensor 11.

A software program may be obtained through the



interface 25, is loaded with a nagnetic disk 50, an optical disk 52, a
magnet oopti cal disk 53, or a sem conductor nenory 54, the drive 30 drives
the recording mediumthereby acquiring a software program and data. The
software program and data are transferred to the storage unit 28 as
necessary. The signal processor is specifically discussed below which
identifies fromthe data fromthe sensor an area where the neani ngfu
information is enbedded, and extracts,.the enbedded neani ngful infornation.
In the discussion that follows, a.CIi?Ilne sensor or a CCD area sensor
corresponds to the sensor, the area information and the mxture ratio
correspond to the neaningful information, and a m xture of a foreground
and a baomgyrumihtaih aamdt | 2% abhd umagobeespomedt dnt kdedisttaarageonunikt a m xed
area. FIG 4 is a block diagramillustrating the signal processor 12.
Whet her 28ach function of the signal processor 12 is carried out in
hardware or in software is not inportant. Each block diagramin this
descri ption feme chnisialed®d eennecbedckodthgr amputt aaddwarteudr a
functional block diagram_in software. - 26 The notion blur here refers to
a di st orimit@rfagsnt2h neik 19nded i whgh aompespsagi Adstko 58 man Mpfakt, and
.caused Ey t he novenent of the object in the real world to be inaged
isk 52, a magnetooptical disk 53, or a semiconductor
memory 54, the drive 30 drives the recording medium thereby
acquiring a software program and data. The software
program and data are transferred to the storage unit 28 as
necessary.
The signal processor is specifically discussed below
which identifies from the data from the sensor an area
where the meaningful information is embedded, and extracts
the embedded meaningful information. In the discussion
that follows, a CCD line sensor or a CCD area sensor
corresponds to the sensor, the area information and the
mixture ratio correspond to the meaningful information, and
a mixture of a foreground and a background and a motion
blur correspond to the distortion in a mixed area.
FIG. 4 is a block diagram illustrating the signal
processor 12.
Whether each function of the signal processor 12 is
carried out in hardware or in software is not important.
Each block diagram in this description may be considered as
a block diagram in hardware or a functional block diagram

in software.



and the imagi ng characteristics of the sensor 11. In the description of the
I nvention, an inage corresponding to an object in the real world to be
imaged is referred to as an inmage object. An input inage, fed to the
signal processor 12, goes to an object extractor 101, an area determ ner
103, a mxture ratio calculator 104, and a foreground and background
separator 105. The object extractor 101 roughly extracts an i nage object
corresponding to an object of a forgg% und contained in the input inage,
and feeds the extracted i nage object a notion detector 102. The obj ect
extractor 101 detects the outline of the image object corresponding to the
object of the foreground contained in the input inmage, thereby roughly
extracting timhe megeiabjkEbir cherespefidragtooat He stoljtdon ,ofcarnta froedegr ound
The object extractor 101 roughly extracts an i mage object corresponding to
an obj edin @n anzark graunes pond ngetio  anmphéngnpbt ectag@ndahysedidy he
extracted inmage object to a notion detector 102. The object extractor 101
roughl y thexmcammentheo f ndye object éor kbsporailnyoxrd d He dis ddiagdd t he
background, fromthe difference between the input inmage - 27 and the inmage
obj ect émd ddridiaging charagtentsbicsbpéctheopens®n dilegr ound. The obj ect

extractor 101 may roughly extract the inpmage | )
In the description of the invention, an image

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

An input image, fed to the signal processor 12, goes
to an object extractor 101, an area determiner 103, a
mixture ratio calculator 104, and a foreground and
background separator 105.

The object extractor 101 roughly extracts an image
object corresponding to an object of a foreground contained
in the input image, and feeds the extracted image object to
a motion detector 102. The object extractor 101 detects
the outline of the image object corresponding to the object
of the foreground contained in the input image, thereby
roughly extracting the image object corresponding to the
object of the foreground.

The object extractor 101 roughly extracts an image
object corresponding to an object of a background contained
in the input image, and feeds the extracted image object to
a motion detector 102. The object extractor 101 roughly
extracts the image object corresponding to the object of

the background, from the difference between the input image



obj ect corresponding to the object of the foreground and the inage object
corresponding to the object of the background, fromthe difference between
the image of the background stored in an internal background nmenory and
the input imge. Using the block matching nethod, the gradi ent nethod,
t he phase correl ati on nethod, or the pal recursive nethod, the notion
detector 102 calculates a notion vector of the imnmage object correspondi ng
to the object of the foreground rogggby_extracted, and supplies the area
determ ner 103 and the notion blur adjuster 106 with the cal cul ated notion
vector and the position information of the notion vector (the information
that identifies the position of a pixel corresponding to the notion
vect or) .ankhet et 1mag & esh pecbutprrespomdiing oot itdre dettaraared 0% jeont ai ns
i nformati on corresponding to the amount of novenent v. For exanple, the
not i on def echerfdO@gsoppdi es the notion blur adjuster 106 with the notion
vector for each inmage object together with the pixel position information
i dentifying tThe pixigcofexhrachagelhb) may. ronghdyo @xtisicthogrernage
indicates a variation in the - 28 position of the inmage corresponding to
t he noviaky et eeerrespemdiBgotoptRel obigstn®t tde Lenggrounthedd he i mage
of the object corresponding to the foreground noves and appears

the image object corresponding to the object of the

background, from the difference between the image of the

background stored in an internal background memory and the

input image.

Using the block matching method, the gradient method,
the phase correlation method, or the pal recursive method,
the motion detector 102 calculates a motion vector of the

image object corresponding to the object of the foreground
roughly extracted, and supplies the area determiner 103 and
the motion blur adjuster 106 with the calculated motion
vector and the position information of the motion vector
(the information that identifies the position of a pixel
corresponding to the motion vector).

The motion vector output from the motion detector 102
contains information corresponding to the amount of
movement v.

For example, the motion detector 102 supplies the
motion blur adjuster 106 with the motion vector for each
image object together with the pixel position information
identifying the pixel of the image object.

The amount of movement v indicates a variation in the



spaced apart by four pixels on a next frane with respect to the original
position in one given frane, the amount of novenent v of the inmage of the
obj ect corresponding to the foreground is referred to as 4. The obj ect
extractor 101 and the notion detector 102 are necessary when the notion
bl ur anmount is adjusted in response to the noving object. The area

determ ner 103 determ nes which one of the foreground area, the background
area, and the m xed area each pixel B the input inmage is located in, and
then feeds, to the mxture ratio calCulator 104, the foreground and
background separator 105, and the notion blur adjuster 106, information
concerni ng which area each pixel of the input 1nmage belongs to

(herei ngdd=eit i@t es f ethé oimager earriesponddmigorto. thees exbwing hebjeput innage
and the area information supplied fromthe area determ ner 103, the

m xt ur e ureii® oL g txkeht spadigcal Foraexanpleat iwherf theiimped ebchhei xel
contained in a mxed area 63 (hereinafter referred to as a mxture ratio
a), and abiect ceosrespordingl tvethei fomegrovmd aaves Rnd crpReatdd and
background separator 105. As will be discussed |ater using equation (3),
the - 2%®pared rparkithy fowsppéxeAssoa mamiextoff Hameyevdhpoppechitoeach
pi xel val ue corresponding to the background (also hereinafter referred to
as a badiig kg tedopeniyion in one given frame, the amount of

movement v of the image of the object corresponding to the
foreground is referred to as 4.

The object extractor 101 and the motion detector 102
are necessary when the motion blur amount is adjusted in
response to the moving object.

.The area determiner 103 determines which one of the
foreground area, the background area, and the mixed area
each pixel of the input image is located in, and then feeds,
to the mixture ratio calculator 104, the foreground and
background separator 105, and the motion blur adjuster 106,
information concerning which area each pixel of the input
image belongs to (hereinafter referred to as area
information).

Based on the input image and the area information
supplied from the area determiner 103, the mixture ratio
calculator 104 calculates a ratio of mixing of each pixel
contained in a mixed area 63 (hereinafter referred to as a
mixture ratio a), and then feeds the calculated mixture
ratio to the foreground and background separator 105.

As will be discussed later using equation (3), the



Based on the area information supplied fromthe area determ ner 103 and
the mxture ratio a supplied fromthe mxture ratio calculator 104, the
foreground and background separator 105 separates a foreground conponent

i mage fornmed of an inmage conponent only corresponding to the object of

the foreground (al so hereinafter referred to as a foreground conponent)
and a background conponent inmage fornmed of the background conponent only
fromthe inmage, and feeds the foregr ynd conponent image to the notion
blur adjuster 106 and the selector 107. 1t is contenplated that the
separated foreground conponent is treated as a final output. Conpared with
a conventional nethod in which the foreground and the background are

det er m meiktante sepaiat @dreprebentspayirag iat oentinayd cdimpomexedofir ea, t he
present invention provides accurate foreground and background. The notion
bl ur adjesstherpibOfl ded buei cesrebpoodiingofto hecdssikgraurdd cealsy at | east
one pixel contained in the foreground conponent inmage, based on the anpunt
of novermneinafherrréfedrédotot he Aobackorestner companentarea information.
The unit of processing is data that designates _a group of pixels to be
treated in tasedijanthatareat haLfasnasAop §upplizgl fHam e Ared ur

adj uster_ 106 adjusts the anount of notion blur contained in the foreground
conponerietarmidiennl 03 handpthenmpraren Fat ice velsynpied of 98 Shgnal

processor, .
mixture ratio calculator 104, the foreground and background

separator 105 separates a foreground component image formed
of an image component only corresponding to the object of
the foreground (also hereinafter referred to as a
foreground component) and a background component image
formed of the background component only from the image, and
feeds the foreground component image to the motion blur
adjuster 106 and the selector 107. It is contemplated that
the separated foreground component is treated as a final
output. Compared with a conventional method in which the
foreground and the background are determined and separated
without paying attention to the mixed area, the present
invention provides accurate foreground and background.

The motion blur adjuster 106 determines the unit of
processing indicating at least one pixel contained in the
foreground component image, based on the amount of movement
v determined from the motion vector and the area
information. The unit of processing is data that
designates a group of pixels to be treated in the

adjustment of the motion blur.



12, the foreground conponent image supplied fromthe foreground and
background separator 105, and the notion vector, the position information
t hereof supplied fromthe notion detector 102, and the unit of processing.
For exanple, the notion blur adjuster 106 renoves the notion blur
contained in the foreground conponent image, or decreases, Or increases

t he anobunt of notion blur contained in the foreground conponent inmge and
then outputs, to a selector 107, the3BoLeground conponent image with the
notion blur adjusted. There are tinmes when the notion vector and the
position information thereof are not used. Based on a selection signal
responsive to a selection input by the user, the selector 107 selects

bet ween the T agvoion bbapoadjusitragd 0$u@pEljiust s rdre tamodmwt egf ound and
background separator 105 and the notion blur adjusted foreground conmponent
i mage supptien Hlwm cbetannednibl the f£dinegrsmuntde;onpanemen basedtent he

sel ected foreground conponent inmage. The input inage supplied to the

si gnal prleassbionsbler dnputsdevedelimputefter tihgy sigmalc psoeesdsayh FI G
20. FIG 5 illustrates the imaging operation by a sensor. The sensor 11 is
formed of2 a WD {oHegrenndr gompnentydmiges SOEP (i@ thrigeeitoup® ed Devi ce)
area sensor as a _solid-state image pickup device. An object 111,

cor r espdiRE e @ng nand obagkggAYNHn sSeRa radQr 3 ¢,and thé motion

vector, the position information thereof supplied from the
motion detector 102, and the unit of processing. For
example, the motion blur adjuster 106 removes the motion
blur contained in the foreground component image, or
decreases, or increases the amount of motion blur contained
in the foreground component image and then outputs, to a
selector 107, the foreground component image with the
motion blur adjusted. There are times when the motion
vector and the position information thereof are not used.

Based on a selection signal responsive to a selection
input by the user, the selector 107 selects between the
foreground component image supplied from the foreground and
background separator 105 and the motion blur adjusted
foreground component image supplied from the motion blur
adjuster 106, and then outputs the selected foreground
component image.

The input image supplied to the signal processor 12 is
discussed below referring to FIG. 5 through FIG. 20.

FIG. 5 illustrates the imaging operation by a

sensor. The sensor 11 is formed of a CCD video camera



hori zontally noves fromthe |eft-hand side to the right- hand side between
an object 112 corresponding to the background in the real world and the
sensor 11. The sensor 11 captures the imges of the object 111
corresponding to the foreground together with the object 112 correspondi ng
to the background. The sensor 11 then outputs the captured inmage in units
of one frame. For exanple, the sensor 11 outputs an inmage fornmed 30 franes
per second. The exposure tinme of the nsor 11 is thus 1/30 second. The
exposure time is a duration of time from the beginning of the conversion
of input light into electric charge and the end of the conversion of the
input light into electric charge. The exposure tinme is also referred to
as shuttavings (G (Ghasge-Gpuplecd DevisE)atdnesp tSensoy adqgedent of

pi xel s. As shown, the letters A through I respectivel r epr esent
|nd|V|dmmlxﬂvﬁﬁateTﬁmagexplgkapedQVﬂsﬁgedAﬂ1Qb]ﬁﬂﬁnﬁéborrespondlng to the
i mge. A single detector element corresponding to a single pixel is
arrangedﬂﬂf@S&pn@Ehgoto1§hevﬁ@ﬁegﬁ@u§én$®'tﬂ?<ﬁﬁﬂlu%ﬁ¥¥®e i mages, a
single detector elenment outputs pi xel val ue corresponding ,to a single

pi xel f Mwm@lmeveﬁoﬁrewaﬁﬁﬁe leffehangh sidg 49 o‘h"‘%frb%\}éﬁ' det ect or
element in the X direction corresponds to a |ocat] on |n t he hori zontal

S
directi dRf sigR Pﬂ%@%eanantﬁEJFSEa idn SO TESRTP @ment in the

background in the real world and the sensor 1l.

The sensor 11 captures the images of the object 111
corresponding to the foreground together with the object
112 corresponding to the background. The sensor 11 then
outputs the captured image in units of one frame. For
example, the sensor 11 outputs an image formed 30 frames
per second. The exposure time of the sensor 11 is thus
1/30 second. The exposure time is a duration of time from
the beginning of the conversion of input light into
electric charge and the end of the conversion of the input
light into electric charge. The exposure time is also
referred to as shutter time.

FIG. 6 is a diagram illustrating the arrangement of
pixels. As shown, the letters A through I respectively
represent individual pixels. The pixels are arranged on a
plane corresponding to the image. A single detector
element corresponding to a single pixel is arranged on the
sensor 11. When the sensor 11 captures the images, a
single detector element outputs a pixel value corresponding

to a single pixel forming the image. For example, the




Y direction corresponds to a location in the vertical direction of the
I mge. Referring to FIG 7, the detector elenent as the CCD converts the.
input light into electric charge for a duration of time corresponding to
the shutter tinme, and accunulates the resulting electric charge. The
anount of electric charge is substantially proportional to the intensity
of input light and the period of tine during which light is input. During
the period of time corresponding to § e_shutter time, the detector el ement
adds, to the already accunul ated charge, charge into which the input |ight
I's converted. Specifically, the detector elenent integrates the input
light for a duration of time corresponding to the shutter tinme, and stores
t he el eQiodat iarharff)eeddds phetseéaeot coelémenht égr ahed Xl idghtecthlom det ect or
element is thus called as having a tine integration effect. The electric
char ge stoonmsspandshetaled ebooat deniént the hovnventad iditrect iogl tafye val ue by
an unshown circuit, and the voltage value is converted into a pixel value
such as thdi gintege daridy, tlamdletebniont pht eaThedetgictiogusilegiond! dmlthes out put
fromthe sensor 11 have a value projected in one- dinensional space, which
i s obt aithed-ngctiinreperiegponds hto 83logaspent ing thige verhiiGAL tine, a given
portion of an object corresponding to the foreground or the background,
and ha@ifeat it fal tha prage -
Referring to FIG. 7, the detector element as the CCD

converts the input light into electric charge for a

duration of time corresponding to the shutter time, and

accumulates the resulting electric charge. The amount of

electric charge is substantially proportional to the

intensity of input light and the period of time during

which light is input. During the period of time

corresponding to the shutter time, the detector element

adds, to the already accumulated charge, charge into which

the input light is converted. Specifically, the detector

element integrates the input light for a duration of time

corresponding to the shutter time, and stores the electric

charge responsive to the integrated light. The detector

element is thus called as having a time integration effect.

The electric charge stored in the detector element is

converted into a voltage value by an unshown circuit, and

the voltage value is converted into a pixel value such as

digital data, and then output. The individual pixel values

output from the sensor 11 have a value projected in one-

dimensional space, which is obtained by integrating, with



The signal processor 12 extracts neani ngful information enbedded through
the storage operation of the sensor 11 in the output signal, such as the .
m xture ratio a. The signal processor 12 adjusts the anount of distortion,
such as the notion blur, as a result of mxture of the inmage object of the
foreground itself. The signal processor 12 al so adjusts the anmount of
distortion resulting fromthe m xture of the imge object of the
foreground and the i mage object of thg,background. FIG 8A illustrates an

i mage that is obtained by imaging an”0bject corresponding to a noving
foreground and an object corresponding to a stationary background. As
shown, the object corresponding to the foreground horizontally noves from
the | ef trdapettsitte tivetsbuttght timendasigdyen pontdspesif tan tdlejecteen. FI G
8B illustrates a nodel diagramin which the pixel values in a single line
of the iomyeespdndingttd theFfGregaouade ogdevrdeogpetkgraunt, aad. The

hori zontal direction of FIG 8B corresponds to the direction of space X in
FI G 8Ahathingixespathal hexpankground area have pixel values fornmed of the

background conponent, nanely, the conponent of the inmage corresponding to
t he backgrouﬂmﬁﬂﬁkﬁﬂal1Pﬁpce§ﬂ°rp12eﬁ§trﬁcﬁﬁemﬁﬁﬂ%ﬁﬁiﬁilarea have pi xel

val ues formed of, the foreground conponent, nanely, the conponent of the

i mage comiuiaEiony embedded EBEPEORI Y torage operation of the

sensor 11 in the output signal, such as the mixture ratio a.
The signal processor 12 adjusts the amount of distortion,
such as the motion blur, as a result of mixture of the
image object of the foreground itself. The signal
processor 12 also adjusts the amount of distortion
resulting from the mixture of the image object of the
foreground and the image object of the background.

FIG. 8A illustrates an image that is obtained by
imaging an object corresponding to a moving foreground and
an object corresponding to a stationary background. As
shown, the object corresponding to the foreground
horizontally moves from the left-hand side to the right-
hand side with respect to the screen.

FIG. 8B illustrates a model diagram in which the pixel
values in a single line of the image illustrated in FIG. 8A
are developed in time axis. The horizontal direction of
FIG. 8B corresponds to the direction of space X in FIG. 8A.

The pixels in the background area have pixel values
formed of the background component, namely, the component

of the image corresponding to the background object. The



The pixels in the m xed area have pi xel values of the background conponent
and the foreground conponent. Since the pixels in the mxed area are
formed of the background conponent and the foreground conponent, it may be
called a distorted area. The m xed area is divided into a covered
background area and an uncovered background area. The covered background
area is a portion of the mxed area corresponding to a forward end of the
object of the foreground in the diﬁeg%ion of novenent thereof, and in the
covered background area, the background Ts covered with the foreground
with the elapse of tine. In contrast, the uncovered background area is a
portion of m xed area corresponding to a backward end of the object of the
f or egr oymickelrs tire the eboreqrotdndoaeranhaveapdxiel tvad ues dicermeed baf kgr ound,

t he background is appearing with the elapse of tine. In this way, an

i mage, ddre dioregraund fovrepgenent, thselpackipeogotponten tc overdte backgr ound
area, and the uncovered background area is fed, as the input image, to
each of image gawrerkpenddmertaoBhet fersgxprund oitjiestcal cul at or 104, and

the foreground and background separator 105. FIG 9 explains the background
area, the forldg @inkels 35n theanixed argadhaveapixied alarasd Badide ound
area, and the uncovered background area. In view of the image illustrated
in FI G Packarowyt iganrerenf eanfisthesfprpground component. Since

the pixels in the mixed area are formed of the background
component and the foreground component, it may be called a
distorted area. The mixed area is divided into a covered
background area and an uncovered background area.

The covered background area is a portion of the mixed
area corresponding to a forward énd of the object of the
foreground in the direction of movement thereof, and in the
covered background area, the background is covered with the
foreground with the elapse of time.

In contrast, the uncovered background area is a
portion of mixed area corresponding to a backward end of
the object of the foreground in the direction of movement,
and in the uncovered background, the background is
appearing with the elapse of time.

In this way, an image, containing the foreground, the
background, the covered background area, and the uncovered
background area is fed, as the input image, to each of the
area determiner 103, the mixture ratio calculator 104, and
the foreground and background separator 105.

FIG. 9 explains the background area, the foreground



portion, the foreground area is a noving portion, the covered background
of the mxed area is a portion where the background transitions into the .
foreground, and the uncovered background of the m xed area is a portion
where the foreground transitions into the background. FIG 10 is a nodel
diagramillustrating pixel values of a line of consecutively arranged

pi xel s developed in tinme axis in an image of the object corresponding to
the noving foreground and the objegt3§0£responding to the stationary
background. For exanple, the pixels arranged in a line of the inage are
selected as a |ine of adjacent pixels. Pixel values FO1l through FO4
illustrated in FIG 10 are those of the pixels corresponding to the object
of a stadda[fdrheymoineld aneapi kbe caversdFbackigrougid BoA4d J lard rghed in
FIG 10 are those of the pixels corresponding to the object of a sil
backgr ommtovERred dradkgrownd carean f Lonviey ©d Bde dmMade FIG 10
represents the elapse of tinme. The top side of the rectangle shown in FIG
10 corr ddgoridsrateed i e BEGwhB chthRebagbkavensdoqrem |isgit SthickHent on the
sensor 11 into electric charge starts, and the bottom side of the

rect anglROBHGHh -tie foregrenndpaggar é§pdnBSViE % RAE Ot t he
conversion of _light incident on the sensor 11 into electricg chapgﬁeends.

Speci | CAVSFed RAK SR PFoRIEHBIKER 8788 16 Ph@PdtiPmwWhere

background transitions into the foreground, and the
uncovered background of the mixed area is a portion where
the foreground transitions into the background.

FIG. 10 is a model diagram illustrating pixel values
of a line of consecutively arranged pixels developed in
time axis in an image of the object corresponding to the
moving foreground and the object corresponding to the
stationary background. For example, the pixels arranged in
a line of the image are selected as a line of adjacent
pixels.

Pixel values F01 through F04 illustrated in FIG. 10
are those of the pixels corresponding to the object of a
still foreground, and pixel values F01 through B04
illustrated in FIG. 10 are those of the pixels
corresponding to the object of a sill background.

The vertical direction from top to bottom in FIG. 10 -
represents the elapse of time. The top side of the
rectangle shown in FIG. 10 corresponds to time at which the
conversion of light incident on the sensor 11 into electric

charge starts, and the bottom side of the rectangle shown



side of the rectangle refers to the shutter tine. In the discussion that
follows, the shutter tine and the frane interval are equal to each other..
The horizontal direction in FIG 10 corresponds to the direction of space
X di scussed with reference to FIG 8. Specifically, in the exanple shown
in FIG 10, the distance fromthe left side of the rectangl e designated
"FO1" to the right side of the rectangle designated "B04" as shown in
FIG 10 corresponds to eight tines th§6pixel pitch, nanely, corresponds to
the extension of 8 consecutive pixels? Wien the object of the foreground
and the object of the background are still, light incident on the sensor
11 remai ns unchanged for a duration of tine corresponding to the shutter
ti me. Tha durGt ih odrtespondsrespbinengtt ehtileh dthet teenvemsion sofli vi ded
into at | east two equal |ength segnents. For exanple, when a virtual

di vi sor lmiglterinsident hen noblel sensbusidatiado lEeicdr it dwgesend®. one as
illustrated in FIG 11. The virtual divisor nunber is set up taking into
account Sper idhimallyf tibecdbstanéet ficombjtbet topr sdsisortdi righe thottem
foreground within the shutter time. For exanple, the virtual divisor
number issidsetof e weretamglansahersf to the shudken tdmehe object is 4,

and the duration of time corres onding to the shutter tine is divided into
4 segnents. In the discussion that follows, the shutter time and

the frame interval are equal to each other.

The horizontal direction in FIG. 10 corresponds to the
direction of space X discussed with reference to FIG. 8.
Specifically, in the example shown in FIG. 10, the distance
from the left side of the rectangle designated "F01l" to the
right side of the rectangle designated "B04" as shown in
FIG. 10 corresponds to eight times the pixel pitch, namely,
corresponds to the extension of 8 consecutive pixels.

When the object of the foreqground and the object of
the background are still, light incident on the sensor 11
remains unchanged for a duration of time corresponding to
the shutter time.

The duration of time corresponding to the shutter time
is divided into at least two equal length segments. For
example, when a virtual divisor number is 4, the model
illustrated in FIG. 10 becomes the one as illustrated in
FIG. 11. The virtual divisor number is set up taking into
account the amount of movement of the object corresponding
to the foreground within the shutter time. For example,

the virtual divisor number is set to 4 when the amount of



The topnost row illustrated in FIG 11 is a divided segnent at the

begi nning of the opening of a shutter. A second rowillustrated in FIG 11
is a divided segnent that cones second fromthe opening of the shutter. A
third row illustrated in FIG 11 is a divided segnent that comes third
fromthe opening of the shutter. A fourth row illustrated in FIG 11 is a
di vi ded segnent that cones fourth fromthe opening of the shutter. The
shutter tine segnented in response 2035h9 anount of novenent v is also
referred to as shutter tine /v. Wen~“the object corresponding to the
foreground is still, the light incident on the sensor 11 renuains

unchanged. The foreground conponent FO1l/v equals a value which is obtained
by di vi dnogemnért poXetheabbgeE@l ilsy 4t,handvitheiadurhvicorofivnbee. Simlarly,
when the object corresponding to the foreground is still, the foreground
conponemoF0@séporgingsta vheushutdiern & imst disnetiwided vinkmgd the pi xel

val ue FO2 by the virtual divisor nunber, the foreground conponent FO03/v
equal s aSegmertshat is obtained by dividing the pixel value FO3 by the
virtual divisor nunber, and the foreground conponent FO4/v equals a val ue
that is obtaiPRel WPHEST dray ﬁhéuﬁﬁié%e@aHWe Bl t¥e @ @Bvidedt ual

di vi sor nunber. Wen the object corresponding to the background is still,
the |ightegmenteat bhethedirpdng of thepiopening of a shutter. A

second row illustrated in FIG. 11 is a divided segment that
comes second from the opening of the shutter. A third row
illustrated in FIG. 11 is a divided segment that comes
third from the opening of the shutter. A fourth row
illustrated in FIG. 11 is a divided segment that comes
fourth from the opening of the shutter.

The shutter time segmented in response to the amount
of movement v is also referred to as shutter time /v.

When the object corresponding to the foreground is
still, the light incident on the sensor 11 remains
unchanged. The foreground component F01l/v equals a value
which is obtained by dividing the pixel value FO0l by the
virtual divisor number. Similarly, when the object
corresponding to the foreground is still, the foreground
component F02/v equals a value that is obtained by dividing
the pixel value F02 by the virtual divisor number, the
foreground component F03/v equals a value that is obtained
by dividing the pixel value F03 by the virtual divisor
number, and the foreground component F04/v equals a value

that is obtained by dividing the pixel value F04 by the



unchanged, and the background conponent BOl/v equals a value that is
obt ai ned by dividing the pixel value VO1 by the virtual divisor nunber.
Simlarly, when the object corresponding to the background is still, the
background conponent B0O2/v equals a value that is obtained by dividing
the pixel value B02 by the virtual divisor nunber, the background
“conponent BO3/v equals a value that is obtained by dividing the pixel

val ue BO3 by the virtual divisor nu r, and the background conponent
B04/v equals a value that is obtained by dividing the pixel value B04 by
the wvirtual divisor nunber. In other words, when the object corresponding
to the foreground is still, light, incident on the sensor 11 and
corresponirtgal odivesobj rambel .t he foreground, remains unchanged for the
duration of tinme corresponding to the shutter tinme. Therefore, the

f oreground cdfipameble FObfectf gpriciespomdtingr tta rehd \badiedrowmesisirst from
the opening of the shutter, the foreground conponent FOl/v for the
shutter 3%kbl/vthealighteincadend fomorbhensasman ngl ofemainsshutter, the
foreground conponent FOl/v for the shutter time /v that cones third from
t he operiighdndede andt tBe, bagkgronadi soapanant dhboheeauadbd/ & for the
shutter tipe /v - 39 that comes fourth fromthe opening of the shutter
beconme YR akRayalseobtpdnednPy dividdng e /Ri%ek cRHIEMP L. b¥en t he

obj ect correspondi n o.the background .i s
J the vf&tualgdivisor numb%r. Similarly, when the object

corresponding to the background is still, the background
component B02/v equals a value that is obtained by dividing
the pixel value B02 by the virtual divisor number, the
background component B03/v equals a value that is obtained
by dividing the pixel value B03 by the virtual divisor
number, and the background component B04/v equals a value
that is obtained by dividing the pixel value B04 by the
virtual divisor number.

In other words, when the object corresponding to the
foreground is still, light, incident on the sensor 11 and
corresponding to the object of the foreground, remains
unchanged for the duration of time corresponding to the
shutter time. Therefore, the foreground component FO0l/v
for the shutter time /v that comes first from the opening
of the shutter, the foreground component F01l/v for the
shutter time /v that comes second from the opening of the
shutter, the foreground component F01l/v for the shutter
time /v that comes third from the opening of the shutter,

and the foreground component F01l/v for the shutter time /v



still, light, incident on the sensor 11 and corresponding to the object of
t he background, remai ns unchanged for the duration of tinme corresponding
to the shutter tine. Therefore, the background conponent BOl/v for the

| shutter time /v that conmes first fromthe opening of the shutter, the
background conmponent B0l/v for the shutter tinme /v that comes second from
t he opening of the shutter, the background conponent BOLl/v for the shutter
time /v that comes third fromthe opgging of the shutter, and the
background conponent BO1/v for the shuftéer tinme /v that cones fourth from
t he opening of the shutter becone the sane value. The sane is true of
BO2/v through B04/v. Di scussed next is the case in which an object

corr espaditngdnes htodmotlegf pomdthe opendggwbifl &hen stiyteedr mecomspondi ng to
t he background is stationary. FIG 12 is a nodel diagramillustrating the
pi xel vdeiesamd vwaluee drfheisahe deverupedfi FORWe ttihmowgh sE04 fsherei n a
covered background is present with the object corresponding to the

f or egr ound miherg bliguhjpect ycor Re$pondmnggt boFEBe backdmubuig of
movenent v of the foreground is 4. Since one frame is a short period of
time, tttdldssdnighton inaidene opj tbe sspsespdidiamg wnurRspombing or egr ound
is a solid body and noves at a constant speed holds. As shown, the inmage
of the &5 d&de sbiant fof dghouprackogsoynds « semaigist WaCangsd 4£95 Xet® on t he

next frame with . . )
duration of time corresponding to the shutter time.

Therefore, the background component B0l/v for the shutter
time /v that comes first from the opening of the shutter,
the background component B0l/v for the shutter time /v that
comes second from the opening of the shutter, the
background component B0l1/v for the shutter time /v that
comes third from the opening of the shutter, and the
background component B0l/v for the shutter time /v that
comes fourth from the opening of the shutter become the
same value. The same is true of B02/v through B04/v.

Discussed next is the case in which an object
corresponding to the foreground is moving while an object
corresponding to the background is stationary.

FIG. 12 is a model diagram illustrating the pixel
values of a line of pixels developed in the time axis,
wherein a covered background is present with the object
corresponding to the foreground moving rightwardly.
Referring to FIG. 12, the amount of movement v of the
foreground is 4. Since one frame is a short period of time,

the assumption that the object corresponding to the



respect to a given frane. Referring to FIG 12, the leftnost pixel to the
fourth pixel in the frame fromthe left-hand side thereof belong to the .
foreground area. The fifth pixel to the seventh pixel belong to the m xed
area, which is a covered background area. Referring to FIG 12, the
ri ght nost pixel Dbelongs to the background area. Since the object of the
foreground noves in a manner such that it covers the object of the
background with the elapse of tine, gBHEonents contained in the pixel
val ues of the pixels belonging to thé covered background area change from
t he background conponent to the foreground conponent at a point of tine
within the duration of the shutter tinme. The pixel values Menclosed in a
sol i d bgorsgrshond 16 aFE6lid2bady exgr esved (@t tshe-dmdtanmt ngpeedati on (1).
M=B02/v + B02/v + FO7/v + FO6/v (1) For exanple, the fifth pixel fromthe
| ef t - harbkisle Aonskows,t hbebamkgeooidd thempdnjett off sl nfbeeghovndr tine
/v and the foreground conponent of three shutter tines /v, and the fifth
pi xel hadss smited erightwanddy by44 Hixeds e tdiextrext xErame owithe
| eft-hand side contains the background conponent of two shutter tines /v
and t he respec¥ gkegr oghverofipament of two shutter times /v, the mxture
ratio a thereof is 1/2. The seventh pixel fromthe left-
Referring to FIG. 12, the leftmost pixel to the fourth
pixel in the frame from the left-hand side thereof belong
to the foreground area. The fifth pixel to the seventh
pixel belong to the mixed area, which is a covered
background area. Referring to FIG. 12, the rightmost pixel
belongs to the background area.
Since the object of the foreground moves in a manner
such that it covers the object of the background with the
elapse of time, components contained in the pixel values of
the pixels belonging to the covered background area change
from the background component to the foreground component
at a point of time within the duration of the shutter time.
The pixel values M enclosed in a solid box as shown in
FIG. 12 are expressed by the following equation (1).
M=B02/v + B02/v + F07/v + FO06/v (1)
For example, the fifth pixel from the left-hand side
contains the background component of a single shutter time
/v and the foreground component of three shutter times /v,
and the fifth pixel has a mixture ratio o of 1/4. Since

the sixth pixel from the left-hand side contains the

background component of two shutter times /v and the



hand si de contains the background conponent of three shutter times /v and
the foreground conponent of one shutter tinme /v, and the mxture ratio a .

thereof is 3/4. Wen it is assuned that the object of the fo

reground is a

solid body and noves at a constant speed so that the image of the
foreground appears shifted by 4 pixels on the next frame, the foreground
conponent FO7/v of the fourth pixel fromthe left-hand side as shown in
FIG 12 for the first shutter tinme_/y,fromthe opening of the shutter

equal s the foreground conponent of thé fifth pixel fromthe

| eft - hand si de

as shown in FIG 12 for the second shutter tinme /v fromthe opening of the

shutter. Likew se, the foreground conponent FO7/v equals eac

h of the

f or egr oufr eguopdecompdneht eifxtiwopishalt tieromimes |/&f t -tHeendnskttheras shown

in FIG 12 for the third shutter tine /v fromthe opening of

the shutter

and t he fatrisyrounhecenpohent /2% t Fbe sevemth pixdl ffromttke | b¢fthand side

as showmn in FIG 12 for the fourth shutter tine /v fromthe
shut t er .haskers ide i corbaimedt hhabarkgrebjnec cogpanentf ariegrivter)
body and noves at a constant E
appear s SSHiFteE pimes p/ xepBd okheh& o rggxreund, gempanReTo raf rens

openi ng of the
is a solid

eed so that the inmage of the foreground

d conponent

FO6/v of the third - 42 pixel fromthe |eft-hand side as shown |n FIG 12
for the SHYGERE shif@efVii %d/ ther BAXENE SoFatiLey corthereeh g o3/ 4

When it is assumed that the object of the foreground

is a solid body and moves at a constant speed so that the

image of the foreground appears shifted by 4 pixels on the

next frame, the foreground component F07/v of the fourth

pixel from the left-hand side as shown in FIG. 12 for the

first shutter time /v from the opening of the shutter

equals the foreground component of the fifth pixel from the

left-hand side as shown in FIG. 12 for the second shutter

time /v from the opening of the shutter. Likewise, the

foreground component F07/v equals each of the foreground

component of the sixth pixel from the left-hand side

as

shown in FIG. 12 for the third shutter time /v from the

opening of the shutter and the foreground component of the

seventh pixel from the left-hand side as shown in FIG. 12

for the fourth shutter time /v from the opening of the

shutter.

When it is assumed that the object of the foreground

is a solid body and moves at a constant speed so that the

image of the foreground appears shifted by 4 pixels on the

next frame, the foreground component F06/v of the third



equal s the foreground conponent of the fourth pixel from the |eft-hand
side as shown in FIG 12 for the second shutter tinme /v fromthe opening.
of the shutter. Likew se, the foreground conmponent FO06/v equal s each of
the foreground conmponent of the fifth pixel fromthe |left-hand side as
shown in FIG 12 for the third shutter tinme /v from the opening of the
shutter and the foreground conponent of the sixth pixel fromthe |eft-hand
side as shown in FIG 12 for the foupth shutter time /v fromthe opening
of the shutter. Wien it is assuned that the object of the foreground is a
solid body and noves at a constant speed so that the inmage of the
foreground appears shifted by 4 pixels on the next frame, the foreground
conmponernpi¥@b/ from the 3efvntiand sdldef msmsaitmein ein -REGd 52 dBorstbRown in
FIG 12 for the first shutter tinme /v fromthe opening of the shutter
equal s thirsoregubhead témpoﬁ&nﬁr@m-ﬁh@tﬂﬁqni4ﬂ>a£)th@nﬁh%@tereft-hand si de
as shown in FIG 12 for the second shutter time /v fromthe opening of the
shut t er .equaksi the fasegronadr sempodentormdhttimsiquighyap sxehchrem t he
foreground conponent of the fourth pixel fromthe [eft-hand side as shown
in FIG q@efbﬁigghhaﬂﬁi gddehast shomnney FEGom 4 HEPT obe®i gCeRdt he shutter
and the foreground conponent of the - 43 fifth pixel fromthe |eft-hand
side as ShdWReFntime /YofrgR thee opsRing SHutthe IHWRLST- f r bHKENESEpeni ng

f th r.
of the S'tt_]l'll{fztgoreground component F06/v equals each of the

foreground component of the fifth pixel from the left-hand
side as shown in FIG. 12 for the third shutter time /v from
the opening of the shutter and the foreground component of
the sixth pixel from the left-hand side as shown in FIG. 12
for the fourth shutter time /v from the opening of the
shutter.

When it is assumed that the object of the foreground
is a solid body and moves at a constant speed so that the
image of the foreground appears shifted by 4 pixels on the
next frame, the foreground component F05/v of the second
pixel from the left-hand side as shown in FIG. 12 for the
first shutter time /v from the opening of the shutter
equals the foreground component of the third pixel from the
left-hand side as shown in FIG. 12 for the second shutter
time /v from the opening of the shutter. Likewise, the
foreground component F05/v equals each of the foreground
component of the fourth pixel from the left-hand side as
shown in FIG. 12 for the third shutter time /v from the

opening of the shutter and the foreground component of the



When it is assuned that the object of the foreground is a solid body and
noves at a constant speed so that the imge of the foreground appears
shifted by 4 pixels on the next frane, the foreground conponent FO04/v of
the leftnost pixel as shown in FIG 12 for the first shutter tinme /v from
t he opening of the shutter equals the foreground conponent of the second

pi xel fromthe left-hand side as shown in FIG 12 for the second shutter
time /v fromthe opening of the shutyqr_ Likew se, the foreground
conponent F04/v equal s each of the foreground conponent of the third

pi xel fromthe left-hand side as shown in FIG 12 for the third shutter
time /v fromthe opening of the shutter and the foreground conponent of
t he fourfhfphxpixélofiromethef leffabdns ddds ash@E#rym M FIG 1ér foke
fourth shutter tine /v fromthe opening of the shutter. The foreground
area cortkeptedrhly sbhuthernbimeg /ghjfaem tdehtapening mf i bRebfbattarehi s
way, and may be thus called a distorted area. FIG 13 is a nodel
illustrating Wenpikeis agsumedothat] the ebifctelaf dhrl EyeRITPURAe ti ne

axis, wherein an_uncovered background is present with the object

cor r espob®li g2 bid hod¥r aRoBRY EFoRtngG Gt AtdISPeeketRr A

b

the

t he amount of npvement v of the - 44 foreground . is 4. Singce one
short pém%%eo?ftF%,fOFﬁﬂragé‘gnﬁPP@ﬁrtshf?‘%tﬁéecgd?%c"f RLFE §p‘8ﬂdFB

next frame, the foreground component F04/v of the leftmost

pixel as shown in FIG. 12 for the first shutter time /v

from the opening of the shutter equals the foregroun

d

component of the second pixel from the left-hand side as

shown in FIG. 12 for the second shutter time /v from the

di agr am

FIG 13,
rane is a
§ to the

opening of the shutter. Likewise, the foreground component

F04/v equals each of the foreground component of the third

pixel from the left-hand side as shown in FIG. 12 for the

third shutter time /v from the opening of the shutter and

the foreground component of the fourth pixel from the left-

hand side as shown in FIG. 12 for the fourth shutter time

/v from the opening of the shutter.

The foreground area corresponding to the moving object

contains a motion blur in this way, and may be thus called

a distorted area.

FIG. 13 is a model diagram illustrating the pixel

values of a line of pixels developed in the time axis,

wherein an uncovered background is present with the object

corresponding to the foreground moving rightwardly.

Referring to FIG. 13, the amount of movement v of th

e



foreground is a solid body and noves at a constant speed holds. As shown,
the image of the object of the foreground is shifted rightwardly by 4 _
pi xel s on the next frame with respect to a given frane. Referring to FIG
13, the leftnost pixel to the fourth pixel fromthe |eft-hand side bel ong
to the foreground area. The fifth pixel to the seventh pixel belong to the
m xed area, which is an uncovered background area. Referring to FIG 13,
the rightnost pixel belongs to the LoaggLound area. Since the object of

t he foreground, which has covered the object of the background, noves with
the elapse of time in a manner such that the object of the foreground is
renoved fromthe front of the background object, the conponent contai ned
in the plomdgneund D$ 4. pi Reéhcbeborgifrgmeo itsha wivoverrelr bed kgf otidear ea
changes fromthe foreground conmponent to the background conponent at a
poi nt  dfhe iasswnphionthkatuthei ohjettt cor resnasbididli ¥ty thethe shutter
time. The pixel value M enclosed in a solid-line box in FIG 13 1is

expr esseiPusgrefind | bh 4 2501id=Podyyv andpowMest a6 \conEEnYy $pgedor
example, the fifth pixel fromthe left-hand side contains the background
conponertolgis « hrd%® shewRer thendBage ofgtheyabjast O efidubRre9RpBREnt of

one shutter time /v, and the fifth pixel has a mxture ratio a,of 3/4.
Since t he shifted rightwardly by 4 pixels on the next frame with

respect to a given frame.

Referring to FIG. 13, the leftmost pixel to the fourth
pixel from the left-hand side belong to the foreground area.
The fifth pixel to the seventh pixel belong to the mixed
area, which is an uncovered background area. Referring to
FIG. 13, the rightmost pixel belongs to the foreground area.

Since the object of the foreground, which has covered
the object of the background, moves with the elapse of time
in a manner such that the object of the foreground is
removed from the front of the background object, the
component contained in the pixel value of a pixel belonging
to the uncovered background area changes from the
foreground component to the background component at a point
of time within the duration of time corresponding to the
shutter time.

The pixel value M' enclosed in a solid-line box in FIG.
13 is expressed by equation (2).

M'=F02/v + B0l1/v + B26/v + B26/v (2)

For example, the fifth pixel from the left-hand side

contains the background component of three shutter times /v



sixth pixel fromthe |left-hand side contains the background conponent of
two shutter tines /v and the foreground conponent of two shutter tines /v,
the m xture ratio a thereof is 1/2. The seventh pixel fromthe |eft-hand
side contains the background conponent of one shutter time /v and the

f oreground conponent of three shutter tinmes /v, and the mxture ratio a
thereof is 1/4. Wen equations (1) and (2) are generalized, the pixel

value Mis expressed by equation (3).,MaB+ Fi/v (3) where a is a mxture
ratio, Bis a pixel value of the background, and Fi/v is a foreground
conponent. Since it is assuned that the object of the foreground is a
solid body and noves at a constant speed, and the anobunt of nobvenent v is
4, the faddgririntoregpourdt cPoppuensf ofheni st tdiee|t ineynd ¥ heah@f t - hand
side as shown in FIG 13 for the first shutter time /v fromthe opening of
the shitherfifunlBixel hasear BiKGuEenpatdst cofof HY &i xthipgethefrom t he

| eft-hand side as showmn in FIG 13 for the second , shutter time /v fromthe
openi ng X% uFRlt t EBrom thewlsét-hangd side rcod@idtmdhrpegeowed/ v of
the seventh pixel from the |eft-hand side as showmn in FIG 13 for the
third <SRBRACRY RL/GWe  SANERETopeREAg /¥ 2k thRuEHCHRIAS t he

foreground conponent of the ei hth_ﬁixel fromthe | eft-hand,
component of two shuttér times /v, the mixture ratio «

thereof is 1/2. The seventh pixel from the left-hand side
contains the background component of one shutter time /v
and the foreground component of three shutter times /v, and
the mixture ratio o thereof is 1/4.

When equations (1) and (2) are generalized, the pixel

value M is expressed by equation (3).

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

where o is a mixture ratio, B is a pixel value of the
background, and Fi/v is a foreground component.

Since it is assumed that the object of the foreground
is a solid body and moves at a constant speed, and the
amount of movement v is 4, the foreground component FO0l/v
of the fifth pixel from the left-hand side as shown in FIG.
13 for the first shutter time /v from the opening of the
shutter equals the foreground component of the sixth pixel
from the left-hand side as shown in FIG. 13 for the second

shutter time /v from the opening of the shutter. Likewise,




side as shown in FIG 13 for the fourth shutter tine /v fromthe opening
of the shutter. Since it is assuned that the object of the foreground is a
solid body and noves at a constant speed, and the anount of novenent v is
4, the foreground conponent FO02/v of the sixth pixel fromthe |eft-hand
side as shown in FIG 13 for the first shutter tine /v fromthe opening of
the shutter equals the foreground conponent of the seventh pixel fromthe
left-hand side as shown in FIG 13 fogp.the second shutter time /v fromthe
opening of the shutter. Likew se, the foreground conponent F02/v equals
the foreground conponent of the eighth pixel fromthe left-hand side as
shown in FIG 13 for the third shutter tine /v from the opening of the
shut t er the neredrowsndssomponehtt FOhévobifetheos evienm thopeigredluntrom s a sol i d
body and noves at a constant speed, and the anount of novenment v is 4, the
f or egr ot derfgorteanid FOBle asfshbenséneRiR.pilBelfoftr dvhea Hdixrd t - hand side as
showmn in FIG 13 for the first shutter tine /v fromthe opening of the
shut t er sdaidier tthiang ofegfvemdtzenppaaangop ft Kheeisgitierpiegtaks dmhe he

| eft-hand side as shown in FIG 13 for the - 47 _ second shutter time /v
from t hERH N DIcamponeRt t @f . theepdghtRgpiger) drom the kg -Mand 13, the
virtual divisor nunber is 4, but the divisor nunber may respond to the
amount FodEER showmhelnblGt bF ABYehBARt fQurith shufter time /v

from the opening of the shutter.

Since it is assumed that the object of the foreground
is a solid body and moves at a constant speed, and the
amount of movement v is 4, the foreground component F02/v
of the sixth pixel from the left-hand side as shown in FIG.
13 for the first shutter time /v from the opening of the
shutter equals the foreground component of the seventh
pixel from the left-hand side as shown in FIG. 13 for the
second shutter time /v from the opening of the shutter.
Likewise, the foreground component F02/v equals the
foreground component of the eighth pixel from the left-hand
side as shown in FIG. 13 for the third shutter time /v from
the opening of the shutter.

Since it is assumed that the object of the foreground
is a solid body and moves at a constant speed, and the
amount of movement v is 4, the foreground component F03/v
of the seventh pixel from the left-hand side as shown in
FIG. 13 for the first shutter time /v from the opening of
the shutter equals the foreground component of the eighth

pixel from the left-hand side as shown in FIG. 13 for the



is typically responsive to the speed of novenent of the object of the
foreground. For exanple, when the object of the foreground is noving in a
manner such that it rightwardly appears by 4 pixels on the next frane with
respect to a certain frame, the anmount of novenent v of the object is 4.
The virtual divisor nunber is thus set to be 4 in response to the anount
of novenent v. Simlarly, when the object of the foreground is noving in a
manner such that it leftwardly appeans by 6 pixels on the next frame wth
respect to a certain frame, the amount of novenent v of the object is 6.
The virtual divisor nunber is thus set to be 6 in response to the anount
of novenent v. FIG 14 and FIG 15 illustrate the relationship between the
f or egr oset@ndashy beebatkmeovmd fapea t hendpemeingriode dclee exheobensed of t he
covered background portion and the uncovered background portion, described
above, and t RefénriryotddFEGnpbhetihranght idGadkdgr diel Corponknt
responsive to the segnented shutter time. FIG 14 illustrates the pixels of
t he for ol apembert hg packytolihe diddsogmdunhkerninay eercrsttact ed
fromthe imge of the foreground corresponding to the object noving - 48
in frontth? IRHAIRE MOVABREDtbhHek gl HEnAMOAR s RO aReENHhY ecin oFUERe
foreground horjzontally noves with respect to the screen. A frame #n+l is
a frane5§h5§§hﬁ%ﬁ¥lYOIQSP?aﬁévﬁnFoaﬁBe speed of movement of the

object of the foreground. For example, when the object of
the foreground is moving in a manner such that it
rightwardly appears by 4 pixels on the next frame with
respect to a certain frame, the amount of movement v of the
object is 4. The virtual divisor number is thus set to be
4 in response to the amount of movement v. Similarly, when
the object of the foreground is moving in a manner such
that it leftwardly appears by 6 pixels on the next frame
with respect to a certain frame, the amount of movement v
of the object is 6. The virtual divisor number is thus set
to be 6 in response to the amount of movement v.

FIG. 14 and FIG. 15 illustrate the relationship
between the foreground area, the background area, and the
mixed area composed of the covered background portion and
the uncovered background portion, described above, and the
foreground component and the background component
responsive to the segmented shutter time.

FIG. 14 illustrates the pixels of the foreground area,
the background area, and the mixed area extracted from the

image of the foreground corresponding to the object moving



a frame #n+2 is a frame subsequent to the frame #n+l. FIG 15 illustrates a
nodel in which the pixel values of pixels are developed in the tine axis,.
wherein the pixels are extracted fromthe foreground area, the background
area, and the mxed area fromany of the frame #n through the frame #n+2,
and the amount of novenent is determined to be 4. Since the object of the
foreground noves, the pixel values in the foreground area include four

di fferent foreground conponents corteﬁgoqqing to the shutter times /v. For
exanple, the leftnost one of the pixel's in the foreground area shown in
FIG 15 includes FO1/v, FO02/v, FO03/v, and FO4/v. In other words, the
pixels in the foreground area contains a notion blur. The object of the
backgr ouiml fromtnsfsthel statdohniagiyt backsjmbemd on Aseskewsprthé and
corresponding to the background remai ns unchanged for throughout the

dur at i orclofecti af ther fopegtongd horiceagthally moves wihthhrespest, tobhe

pi xel value of the background area includes no notion blur. The pixel

val ues othehecpeselts belonging to the nmixed area fornmed of the covered
background portion or the uncovered background portion include the
foreground - MoframepbRtht ignd EHameaSupsOIEoffbrienframe séssefdnext is
a nodel in which pixels are consecutively arranged in a |line in each of a
plural ity B¥ame,#nEd aRdapixamey gubsearenthdithg stxame ndnshne positions

FIG. 15 illustrates a model in which the pixel values
of pixels are developed in the time axis, wherein the
pixels are extracted from the foreground area, the
background area, and the mixed area from any of the frame
#n through the frame #n+2, and the amount of movement is
determined to be 4. Since the object of the foreground
moves, the pixel values in the foreground area include four
different foreground components corresponding to the
shutter times /v. For example, the leftmost one of the
pixels in the foreground area shown in FIG. 15 includes
F0l1/v, F02/v, F03/v, and F04/v. In other words, the pixels
in the foreground area contains a motion blur.

The object of the background remains still, and light
incident on the sensor 11 and corresponding to the
background remains unchanged for throughout the duration of
time corresponding to the shutter time. In this case, the
pixel value of the background area includes no motion blur.

The pixel values of the pixels belonging to the mixed
area formed of the covered background portion or the

uncovered background portion include the foreground



across the franes are developed in tinme axis when the image of an object

I s noving. For exanple, when the imge of the object is horizontally
noving with respect to the screen, a line of pixels on the screen is
selected as the Iine of consecutively arranged pixels. FIG 16 is a nodel
diagramillustrating the pixel values of a line of adjacent pixels at the
sane position across the three franes developed in tinme axis, wherein the
pi xel s forman i nage of the object of ,fhe stationary background. A frane
#n is a frame subsequent to a frame™ ] -1, and a frame #n+l is a frane
subsequent to the frame #n. Referring to FIG 16, pixel values BOl through
B12 are the pixel values of the pixels corresponding to the stationary
backgr owunprineact . aisd ncket hackgebgnducdmplonestt . rermai ns still, the pixe

val ues of the corresponding pixels remain unchanged fromthe frame #n-1

t hrough t he frimmussed .nedbeigi aemoderlt ha fwhdch #ixelds tdwe pi xel in the
frame #n+l1l at the sane position as that of the pixel having a pixel value
of BO5 icensecdtinelynatrargedctinvel Lihevdnt leaqh ol a \veluwaBty ef£50 FI G
17 is a nodel diagramillustrating the pixel values of a line of pixels at
t he samfyamas a#ivel vahues plathe pd¥elspad ithe isamen®esithondich the

object of a still background and the object of a foreground noving
across the frames are developed in time axis when the image

of an object is moving. For example, when the image of the
object is horizontally moving with respect to the screen, a
line of pixels on the screen is selected as the line of
consecutively arranged pixels.

FIG. 16 is a model diagram illustrating the pixel
values of a line of adjacent pixels at the same position
across the three frames developed in time axis, wherein the
pixels form an image of the object of the stationary
background. A frame #n is a frame subsequent to a frame
#n-1, and a frame #n+l1 is a frame subsequent to the frame
#n.

Referring to FIG. 16, pixel values B0l through Bl2 are
the pixel values of the pixels corresponding to the
stationary background object. Since the background object
remains still, the pixel values of the corresponding pixels
remain unchanged from the frame #n-1 through the frame #n+l1.
The pixel in the frame #n and the pixel in the frame #n+l
at the same position as that of the pixel having a pixel
value of B05 in the frame #n-1 respectively have the pixel

value BO05.



ri ght war

dly as shown are captured. The nodel illustrated in FIG 17

contains a covered background portion. Since it is assuned that the ‘
foreground object is a solid body, and noves at a constant speed, and the

i mage of

the foreground appears rightwardly by 4 pixels on the next frane

~as shown in FIG 17, the anount of npvenent v is 4, and the virtua

di vi sor
| ef t nost
shutter

nunber is thus 4. For exanple, the foreground conponent of the
pixel in the franme #n-1 as ?ﬁogm in FIG 17 for the first
time /v after the opening of e shutter is F12/v, and the

foreground conponent of the second pixel fromthe |eft-hand side as shown

in FI G
is al so

17 for the second shutter time /v after the opening of the shutter
F12/ VFIG.ThE7 f bs egrmaddlcdipgram idfluste dthing thegbitedbm the | eft -

hand side as shown in FIG 17 for the third shutter tine /v after the
openi ng wiluée sfivdat tinandft péxkdsegitotbe semep@Euenitidntderdssirt h pi xe
fromthe left-hand side as shown in FIG 17 for the fourth shutter tinme /v
after thehrepefifagesfdehelohett én bémenaxiEl/ vin Mieldhorighe ovinjeconpbnent  of
the | eft nost fixel in the franme #n-1 as shown in FIG 17 for the second

shutter

a jsielll Shackgraundr anfdetbgembigeds atha stanearournd MOYingand t he

foreground conponent of the second pixel fromthe |eft-hand side as shown

in FI G Dighgraxgky « & r ghewnt pge cAREULed .af (e mipdebehl Heso¥ated shutter

is al so

F11l/v. The \ .
in FIG. 17 contains a covered background portion.

Since it is assumed that the foreground object is a
solid body, and moves at a constant speed, and the image of
the foreground appears rightwardly by 4 pixels on the next
frame as shown in FIG. 17, the amount of movement v is 4,
and the virtual divisor number is thus 4.

For example, the foreground component of the leftmost
pixel in the frame #n-1 as shown in FIG. 17 for the first
shutter time /v after the opening of the shutter is Fl12/v,
and the foreground component of the second pixel from the
left-hand side as shown in FIG. 17 for the second shutter
time /v after the opening of the shutter is also Fl12/v.

The foreground component of the third pixel from the left-
hand side as shown in FIG. 17 for the third shutter time /v
after the opening of the shutter and the foreground
component of the fourth pixel from the left-hand side as
shown in FIG. 17 for the fourth shutter time /v after the
opening of the shutter become F12/v.

The foreground component of the leftmost pixel in the

frame #n-1 as shown in FIG. 17 for the second shutter time



foreground conponent of the third pixel fromthe left-hand side as shown
in FIG 17 for the fourth shutter tine /v after the opening of the shutter
beconmes F11/v. The foreground conponent of the leftnost pixel in the frane
#n-1 as shown in FIG 17 for the third shutter tinme /v after the opening
of the shutter is F10/v, and the foreground conponent of the second pixel
fromthe left-hand side as shown in FIG 17 for the fourth shutter tine /v
after the opening of the shutter is ag o_F10/v. The foreground conponent
of the leftrmost pixel in the frame #n° 1 as shown in FIG 17 for the fourth
shutter tinme /v after the opening of the shutter becones F09/v. Since the
background object is still, the background conponent of the second pi xel
in the filamfter Itie copéehingl eft thendhsitderadssifaviny’vin &G tHg for the
first shutter tine /v is BOLl/v. The background object of the third pixel
from t hefdedgrdiznmtl componént heff thaesgpnohdapistedwirnam AilE ldfft flvand he
second shutter tine after the opening of the shutter is B02/v. The

backgr oidlebicthamthe Fo@sth7 fpxekher @ﬂmmde shartitayadime dev of the franme
#n-1 as shown in FIG 17 for the first throu third shutter tines after
the - 5AftYfethry eperirg spfit EBe FBuBgsry is| g Rllfie #itheas il ustrated
in FIG 17, the leftnost pixel falls wthin the foreground area, and the

second1ﬁﬂ§ﬂﬂﬂPWQﬂnQ?mEP&%¥§ ofokhenEhizd: Pixed Srpm g left-hand

side as shown in FIG. 17 for the fourth shutter time /v
after the opening of the shutter becomes Fll/v.

The foreground component of the leftmost pixel in the
frame #n-1 as shown in FIG. 17 for the third shutter time
/v after the opening of the shutter is F10/v, and the
foreground component of the second pixel from the left-hand
side as shown in FIG. 17 for the fourth shutter time /v
after the opening of the shutter is also F10/v. The
foreground component of the leftmost pixel in the frame #n-
1 as shown in FIG. 17 for the fourth shutter time /v after
the opening of the shutter becomes F09/v.

Since the background object is still, the background
component of the second pixel in the frame #n-1 from the
left-hand side as shown in FIG. 17 for the first shutter
time /v is B01l/v. The background object of the third pixel
from the left-hand side of the frame #n-1 as shown in FIG.
17 for the second shutter time after the opening of the
shutter is B02/v. The background object of the fourth
pixel from the left-hand side of the frame #n-1 as shown in

FIG. 17 for the first through third shutter times after the



within the m xed area which is a covered background portion. In the frane
#n-1 as illustrated in FIG 17, the fifth through twelfth pixels, falling
wi thin the background area, respectively have pixel values of B04 through
Bll. In the frame #n as illustrated in FIG 17, the |leftnost through fifth
pi xels fall within the foreground area. In the foreground area of the
frame #n, the foreground conponent for the shutter time /v is one of

FO5/ v through F12/v. Since it is assuggd_that the foreground object is a
solid body and noves at a constant speéed and the i mage of the foreground
noves and rightwardly appears on the next frame by 4 pixels apart fromthe
original position in any given frane, the foreground conponent of the
fifth piogening onf ttee| eshuthendisi 883dW.the frame #n as shown in FIG 17
for the first shutter time /v after the opening of the shutter is F12/v,
and the foregibuiike compoechn-bf ashélingtratgidian Flém tie €@ - hand side as
showmn in FIG 17 for the second shutter tine /v after the opening of the
shut t er ieftrgsl miwel fahdstyithipuhdiec Sogeotaunst %Hﬁ?sévvﬁfhh%lxel from
the left-hand side as shown in FIG 17 for the third - 53  shutter tine /v
after tHREYPhi Hyr 9pgk hECYRbRt BLX8AE ?ﬁ@m-ﬁ@ﬁé@ﬁﬁﬁnPQﬂﬁnﬁﬁﬁﬁnf%ﬁ t he

ei ght h pi xel fronlthe | eft-hand, ,side as shown in 17 for the fourth
shutterW%Fﬂ#?\/h%ﬁ@%¥e@hér8ﬁewpﬁﬁhoﬂstﬁqumﬁﬁﬁg'§%9¥Q?884ﬂ portion.

In the frame #n-1 as illustrated in FIG. 17, the fifth
through twelfth pixels, falling within the background area,
respectively have pixel values of B04 through Bll.

In the frame #n as illustrated in FIG. 17, the
leftmost through fifth pixels fall within the foreground
area. In the foreground area of the frame #n, the
foreground component for the shutter time /v is one of
F05/v through F12/v.

Since it is assumed that the foreground object is a
solid body and moves at a constant speed and the image of
the foreground moves and rightwardly appears on the next
frame by 4 pixels apart from the original position in any
given frame, the foreground component of the fifth pixel
from the left-hand side of the frame #n as shown in FIG. 17
for the first shutter time /v after the opening of the
shutter is F12/v, and the foreground component of the sixth
pixel from the left-hand side as shown in FIG. 17 for the
second shutter time /v after the opening of the shutter is
also F12/v. The foreground component of the seventh pixel

from the left-hand side as shown in FIG. 17 for the third



The foreground conponent of the fifth pixel fromthe |eft-hand side of the
frame #n as shown in FIG 17 for the second shutter tine /v after the :
opening of the shutter is F11/v, and the foreground conmponent of the sixth
pi xel from the left-hand side as shown in FIG 17 for the third shutter
time /v after the opening of the shutter is also F11/v. The foreground
conponent of the seventh pixel from the |eft-hand side as shown in FIG 17
for the fourth shutter time /v aftergghe opening of the shutter is F11l/v.
The foreground conponent of the fifth plxel fromthe |eft-hand side of the
frame #n as shown in FIG 17 for the third shutter tine /v after the
openi ng of the shutter is F10/v, and the foreground conponent of the sixth
pi xel frymittee tone- henaftedethe opeminan ofi Ghel Blwrteheanduthe shutter
time /v after the opening of the shutter is also F10/v. The foreground
conmponerffCXgIEPiend | eMPENRBL PLofrhet lpd ghdty el Sfixmn Sshehbeitrhapdc 17
for the fourth shutter tine /v after the opening of the shutter is F09/v.
Si nce t Heldmj T tSRAWR hén pBERgr dindors theationTaity shiHe-ehdel®e olvid conponent
of the sixth pixel fromthe left-hand side of the frame #n as shown in

FI G 17QQﬁeﬁrﬁb$|98?nln54°fsﬁﬂﬁt§Puﬁﬁﬁﬁ'PWQﬂﬂR%‘%he openi ng of the
shutter is B0O5/v._ The background conponen3¥£f t he seventthlxel fromthe
left-hand si dOfEQFRIFOERS %ﬂmﬁgngﬂawﬁfl ELifh Rjxqlhfron e ang

secondfﬁggtf%an rg?dévo?fkge %ng%p%nln %%thain FIG. 17 for the

second shutter time /v after the opening of the shutter is
F11/v, and the foreground component of the sixth pixel from
the left-hand side as shown in FIG. 17 for the third
shutter time /v after the opening of the shutter is also
Fl11/v. The foreground component of the seventh pixel from
the left-hand side as shown in FIG. 17 for the fourth
shutter time /v after the opening of the shutter is Fll/v.
The foreground component of the fifth pixel from the
left-hand side of the frame #n as shown in FIG. 17 for the
third shutter time /v after the opening of the shutter is
F10/v, and the foreground component of the sixth pixel from
the left-hand side as shown in FIG. 17 for the fourth
shutter time /v after the opening of the shutter is also
F10/v. The foreground component of the fifth pixel from
the left;hand side as shown in FIG. 17 for the fourth
shutter time /v after the opening of the shutter is F09/v.
Since the object of the background is stationary, the
background component of the sixth pixel from the left-hand

side of the frame #n as shown in FIG. 17 for the first



shutter is BO6/v. The background conmponent of the eighth pixel fromthe

| eft-hand side of the frame #n as shown in FIG 17 for the first through.
third shutter times /v after the opening of the shutter is BO7/v. In the
frame #n shown in FIG 17, the sixth through eighth pixels fromthe

| eft-hand side fall within the m xed area which is a covered background
area. In the frame #n shown in FIG 17, the ninth through twelfth pixels,
falling within the background area,_hsxe_ respectively B0O8 through Bll. In
the frame #n+1l shown in FIG 17, the Teftnost through ninth pixels from
the left-hand side fall within the foreground area. In the foreground area
of the frame #n+l, the foreground conponent for the shutter tinme /v is
one of EOlvbtehrvimg FAi2aftesi hbe ppendngseodnddie Isduttter fig B DInd obj ect
is a solid body and noves at a constant speed and the inmage of the

f or egr ofthe rhacdeszound heomponantaedl fhepsexentdn pikel fasam ftkere by 4
pixels fromthe original position in any given frane, the foreground
conponedtedf-hand fide ¢f xehe fromet ha pef sheand i Fdof Y hefor abe#n+1 as
shown in FIG - 55 17 for the first shutter time /v after the_opening of
the shdtirst iandsecondghahkerotdBLEuUAY adHsandhe PG & hthei xel

fromthe |l eft-hand side as shown in FIG 17 for the second shutter tinme /v
after tﬁ@qﬁﬁﬁﬁrﬁf(ﬁOQﬁ%'SHBP?ePaFgground component of the eighth

pixel from the left-hand side of the frame #n as shown in
FIG. 17 for the first through third shutter times /v after
the opening of the shutter is B07/v.

In the frame #n shown in FIG. 17, the sixth through
eighth pixels from the left-hand side fall within the mixed
area which is a covered background area.

In the frame #n shown in FIG. 17, the ninth through
twelfth pixels, falling within the background area, have
respectively B08 through Bll.

In the frame #n+l1 shown in FIG. 17, the leftmost
through ninth pixels from the left-hand side fall within
the foreground area. In the foreground area of the frame
#n+l, the foreground component for the shutter time /v is
one of F01/v through Fl2/v.

Since it is assumed that the foreground object is a
solid body and moves at a constant speed and the image of
the foreground moves and then rightwardly appears on the
next frame by 4 pixels from the original position in any
given frame, the foreground component of the ninth pixel

from the left-hand side of the frame #n+l1 as shown in FIG.



al so F12/v. The foreground conponent of the eleventh pixel fromthe

| eft-hand side as showmn in FIG 17 for the third shutter tine /v after the
opening of the shutter and the foreground conponent of the twelfth pixel
fromthe left- hand side as shown in FIG 17 for the fourth shutter tine

/v after the opening of the shutter are F12/v. The foreground conponent of
the ninth pixel fromthe |eft-hand side of the frame #n+l as shown in FIG
17 for the second shutter time /v affer_the opening of the shutter is
F11/v, and the foreground conponent of "the tenth pixel fromthe |eft-hand
side as shown in FIG 17 for the third shutter tine /v after the opening
of the shutter is also Fl11/v. The foreground conponent of the el eventh

pi xel friomfahecheffihandsbutteastimewdvi affle® the fapertimeg folirtie shutter
time /v after the opening of the shutter is F11/v. The foreground conponent
of the rAhmtten xd FldAvi hand| the- faneggiogadoicompe rfardire f#rithe agerbidwn i n
FIG 17 for the third shutter tine /v after the opening of the shutter is
F10/ v, drikeheframegheuheftohpnderidel ashehowimt HmiBd&. ¥7T ofex Heheeft - hand
side as shown in FIG 17 for the fourth shutter time /v after the opening
of the $RAANG shutien time /wipfterThber oregismh®cdfioridMtegrii® ninth
pi xel from the |eft-hand side of the frame #n+l_ as shown in FIG 17 for

the fourdtPsHik2AY- t i Fhe/ [ORLIEPUNHC COPRANRG oL fidie SHAYRATR 0o} v.

from the left-hand side as shown in FIG. 17 for the third
shutter time /v after the opening of the shutter and the

foreground component of the twelfth pixel from the left-

hand side as shown in FIG. 17 for the fourth shutter time
/v after the opening of the shutter are F12/v.

The foreground component of the ninth pixel from the
left-hand side of the frame #n+l1 as shown in FIG. 17 for
the second shutter time /v after the opening of the shutter
is Fll1/v, and the foreground component of the tenth pixel
from the left-hand side as shown in FIG. 17 for the third
shutter time /v after the opening of the shutter is also
Fll1/v. The foreground component of the eleventh pixel from
the left-hand side as shown in FIG. 17 for the fourth
shutter time /v after the opening of the shutter is Fll/v.

The foreground component of the ninth pixel from the
left-hand side of the frame #n+l1 as shown in FIG. 17 for
the third shutter time /v after the opening of the shutter
is F10/v, and the foreground component of the tenth pixel
from the left-hand side as shown in FIG. 17 for the fourth

shutter time /v after the opening of the shutter is also



Since the object of the background is stationary, the background conponent
of the tenth pixel fromthe left-hand side of the frame #n+l as shown in .
FIG 17 for the first shutter tine /v after the opening of the shutter is
B09/v. The background conponent of the eleventh pixel fromthe |[|eft-hand
side of the franme #n+l as shown in FIG 17 for the first and second
shutter tinmes /v after the opening of the shutter is B10/v. The background
conmponent of the twelfth pixel frog1$§e_left-hand side of the frane #n+1
as shown in FIG 17 for the first thfough third shutter times /v after

t he opening of the shutter is Bll/v. In the frame #n+l shown in FIG 17,
the tenth through twelfth pixels fromthe left-hand side fall within the
m xed ar®d Ashi ciThe foregeoeddbaohproend afeaheFGntlB piskel nfxdah di agr am
of an image in which the foreground conponent is extracted fromthe pixel
val ues the Ueftatkand nsfde of7the| Grane #o+d @sdelhawmgimar®iGd uktrating the
pi xel values of a line of pixels at the sane position across three franes
devel opd®y the nfoutls shmeterntime 4Nj aftest thesopeniguriaf otrl and t he
object of a foreground noving - 57 rightwardly as shown are captured. The
nodel i 19hEYeR k8 TP AV G 19 contains an uncovered background area. It is
assunmed in FIG 19 that the foreground object is, 6 a solid body, and noves
at a constanﬁ%ﬂﬁﬁﬂth§9hi9?%e°f the background is stationary, the

background component of the tenth pixel from the left-hand
side of the frame #n+l as shown in FIG. 17 for the first
shutter time /v after the opening of the shutter is B09/v.
The background component of the eleventh pixel from the
left-hand side of the frame #n+l as shown in FIG. 17 for
the first and second shutter times /v after the opening of
the shutter is Bl0/v. The background component of the
twelfth pixel from the left-hand side of the frame #n+l1 as
shown in FIG. 17 for the first through third shutter times
/v after the opening of the shutter is Bll/v.

In the frame #n+l1 shown in FIG. 17, the tenth through
twelfth pixels from the left-hand side fall within the
mixed area which is a covered background area.

FIG. 18 is a model diagram of an image in which the
foreground component is extracted from the pixel values
illustrated in FIG. 17.

FIG. 19 is a model diagram illustrating the pixel
values of a line of pixels at the same position across
three frames developed in time axis, wherein the object of

a still background and the object of a foreground moving




| mage of the foreground noves and rightwardly appears by 4 pixels on the
next frame, the anmount of novenent v is 4. For exanple, the foreground
conponent of the leftnost pixel in the frane #n-1 as shown in FIG 19 for
the first shutter tine /v after the opening of the shutter is F13/v, and
t he foreground conponent of the second pixel fromthe |Ileft-hand side as
showmn in FIG 19 for the second shutter tine /v after the opening of the
shutter is also F13/v. The foregroung;caonponent of the third pixel from
the left- hand side as shown in FIG 19 for the third shutter tine /v
after the opening of the shutter and the foreground conponent of the
fourth pixel fromthe left-hand side as shown in FIG 19 for the fourth
shut t er tightvardiy eas t thownpanengapturied .shJihee mastedonel Fussy xatadhe
foreground conponent of the second pixel fromthe |[|eft-hand side of the
frame #m BEGshbwComt#ins ap parovereds bagkagiauncerateae /v after the
opening of the shutter is Fl14/v, and the foreground conponent of the third
pi xel from tHe }%f3s#iaMd s1BeF &S - shdwhbrk Ehe feyawountk aksteffd 1shutt er

time /v after, the ening of the shutter is also Fl14/v,, K The foreground
conponerft ?ﬂhtci'ngl’?‘%?r PR XBPVEF oft- a58°NSHAN L SPSRd FHFEQ R Iown in FIG

19,100 Whendd Ik GERb Lt KoLl e RSO Ll Sl e, becores
pixels on the next frame, the amount of movement v is 4.

For example, the foreground component of the leftmost
pixel in the frame #n-1 as shown in FIG. 19 for the first
shutter time /v after the opening of the shutter is F13/v,
and the foreground component of the second pixel from the
left-hand side as shown in FIG. 19 for the second shutter
time /v after the opening of the shutter is also F13/v.

The foreground component of the third pixel from the left-
hand side as shown in FIG. 19 for the third shutter time /v
after the opening of the shutter and the foreground
component of the fourth pixel from the left-hand side as
shown in FIG. 19 for the fourth shutter time /v after the
opening of the shutter become F13/v.

The foreground component of the second pixel from the
left-hand side of the frame #n-1 as shown in FIG. 19 for
the first shutter time /v after the opening of the shutter
is Fl14/v, and the foreground component of the third pixel
from the left-hand side as shown in FIG. 19 for the second
shutter time /v after the opening of the shutter is also

Fl4/v. The foreground component of the third pixel from



conponent of the leftnost pixel in the frame #n-1 as shown in FIG 19 for
the second through fourth shutter times /v is B25/v. The background obj ect
of the second pixel from the left-hand side of the frame #n-1 as shown in
FIG 19 for the third and fourth shutter tines /v after the opening of
the shutter is B26/v. The background object of the third pixel fromthe

| eft-hand side of the frame #n-1 as shown in FIG 19 for the fourth
shutter time /v after the opening of ghe shutter is B27/v. In the frame
#n-1 as illustrated in FIG 19, the [leftnost through third pixels fal
within the m xed area, which is the uncovered background area. In the
frame #n-1 as illustrated in FIG 19, the fourth through twelfth pixels
fall w tbthe leftfbandrside asrshownhdf dtléyy dbhdfeonpodefirsh the frame is
one of F13/v through F24/v. In the frane #n as illustrated in FIG 19, the
| ef t rostshubeghtivar (W pifkers the opganifi ahdhickjtbtes bagemesand t he

pi xel values thereof are respectively B25 through B28. Since it is assuned
t hat theF¥%f%ground object is a - 59 solid body and noves at a constant

speed and the_ jmage of _the fore rogﬁd noves and ri htmardlg agpe rs on the
next frame BYLRCHi kResbRFKArPHBYPRgESH LFoStilly ieRAGKIEAUNEr ame, the

f oreground conponent of the fifth pixel., from.the
g component of the leftmost %ixel in the frame #n-1 as shown

in FIG. 19 for the second through fourth shutter times /v
is B25/v. The background object of the second pixel from
the left-hand side of the frame #n-1 as shown in FIG. 19
for the third and fourth shutter times /v after the opening
of the shutter is B26/v. The background object of the
third pixel from the left-hand side of the frame #n-1 as
shown in FIG. 19 for the fourth shutter time /v after the
opening of the shutter is B27/v.

In the frame #n-1 as illustrated in FIG. 19, the
leftmost through third pixels fall within the mixed area,
which is the uncovered background area.

In the frame #n-1 as illustrated in FIG. 19, the
fourth through twelfth pixels fall within the foreground
area. The foreground component in the frame is one of
F13/v through F24/v.

In the frame #n as illustrated in FIG. 19, the
leftmost through fourth pixels fall within the background
area, and the pixel values thereof are respectively B25
through B28.

Since it is assumed that the foreground object is a



| eft-hand side of the frame #n as shown in FIG 19 for the first shutter
time /v after the opening of the shutter is F13/v, and the foreground _
conponent of the sixth pixel from the left-hand side as shown in FIG 19
for the second shutter tine /v after the opening of the shutter is also
F13/v. The foreground conponent of the seventh pixel from the |eft-hand
side as shown in FIG 19 for the third shutter tine /v after the opening
of the shutter and the foreground cogponent of the eighth pixel fromthe

| eft-hand side as shown in FIG 19 for the fourth shutter tine /v after

t he opening of the shutter are F13/v. The foreground conponent of the sixth
pi xel fromthe |eft-hand side of the frame #n as shown in FIG 19 for the
first skatltiel Hddge dnd afidees t at apeanagant speeshamderthes inElge W f and t he
foreground conponent of the seventh pixel fromthe |eft-hand side as shown
in FI G the fforedmwet omives hand erighhwatrdlyf appeains opernihey ndxt he shutter
Is also F14/v. The foreground conponent of the eighth pixel from the

| ef t - hafdFafiddyast shisvmls nf¥oms, the eriginalf pestitiomutimerany reiven after the
openi ng of the shutter is F15/v. Since the object of the background is

st at i ondFFEM&/hdhe FPregryRduremeerpbheAf bhet fd fitihy ¥R raR Jhe he

| eft-hand _side of the frame #n as shown in FIG 19 for the second through

fourth dRfitdend fide Phithe tRAMBpERi A SPOWRe InsFdiGrerld LR IHRE The

kgr nent of, th I Xt h
backg O%T%égngﬁﬂé%ér(%iéee/g a%ter the opening of the shutter is

F13/v, and the foreground component of the sixth pixel from
the left-hand side as shown in FIG. 19 for the second
shutter time /v after the opening of the shutter is also
F13/v. The foreground component of the seventh pixel from
the left-hand side as shown in FIG. 19 for the third
shutter time /v after the opening of the shutter and the
foreground component of the eighth pixel from the left-hand
side as shown in FIG. 19 for the fourth shutter time /v
after the opening of the shutter are F13/v.

The foreground component of the sixth pixel from the
left-hand side of the frame #n as shown in FIG. 19 for the
first shutter time /v after the opening of the shutter is
Fl4/v, and the foreground component of the seventh pixel
from the left-hand side as shown in FIG. 19 for the second
shutter time /v after the opening of the shutter is also
Fl4/v. The foreground component of the eighth pixel from
the left-hand side as shown in FIG. 19 for the first
shutter time /v after the opening of the shutter is F1l5/v.

Since the object of the background is stationary, the



pi xel fromthe left-hand side of the frame #n as showmn in FIG 19 for the
third and fourth shutter times /v after the opening of the shutter is
B30/v. The background conponent of the seventh pixel fromthe |eft-hand
side of the frame #n as shown in FIG 19 for the fourth shutter tine /v
after the opening of the shutter is B31/v. In the frame #n shown in FI G
19, the fifth through seventh pixels fromthe left-hand side fall within
the mixed area which is a covered paEEgLound area. In the frame #n shown
in FIG 19, the eighth through twelf pi xels fall within the foreground
area. The pixel wvalue in the foreground area in the frane #n for the
shutter tinme /v is one of F13/v through F20/v. The |l eftnost through eighth
pi xel s iackgrdumdrecdmponent eofiobhei fiEkd. pdxed| dirppn cclidhel defickiyandind ar ea,
and the pixel values thereof are respectively B25 through B32. Since it is
assuned fide ahethieorfgamentinodgeshoivs an F3iG.d Wodomnthersesond a const ant
speed and the inmage of the foreground noves and then rightwardly appears
on the uWwaugh sfpupthshukbes tivast Wy eftgmalhepwpaniorg iof atlye gi ven
frame, the foreground conponent of the ninth pixel - 61 fromthe [eft-hand
si de of SME§9mms B2/ vs sEBRnbafkpreund;gopponent A% sthesraixeh tine /v
after the opening of the shutter i s F13/v, and the foreground conponent of

the tenttiX%h o rthe t hefFehanfafddsi 8 RbesAgamne #1Fias shPYR iR he
FIG. 19 for the third and fourth shutter times /v after the

opening of the shutter is B30/v. The background component
of the seventh pixel from the left-hand side of the frame
#n as shown in FIG. 19 for the fourth shutter time /v after
the opening of the shutter is B31l/v.

In the frame #n shown in FIG. 19, the fifth through
seventh pixels from the left-hand side fall within the
mixed area which is a covered background area.

In the frame #n shown in FIG. 19, the eighth through
twelfth pixels fall within the foreground area. The pixel
value in the foreground area in the frame #n for the
shutter time /v is one of F13/v through F20/v.

The leftmost through eighth pixels in the frame #n+l
as shown in FIG. 9 belong to the background area, and the
pixel values thereof are respectively B25 through B32.

Since it is assumed that the foreground object is a
solid body and moves at a constant speed and the image of
the foreground moves and then rightwardly appears on the
next frame by 4 pixels from the original position in any

given frame, the foreground component of the ninth pixel



second shutter tinme /v after the opening of the shutter is also F13/v. The
foreground conponent of the eleventh pixel fromthe |eft-hand side as
shown in FIG 19 for the third shutter time /v after the opening of the
shutter and the foreground conponent of the twelfth pixel fromthe left-
hand side as shown in FIG 19 for the fourth shutter time /v after the
openi ng of the shutter are F13/v. The foreground conponent of the tenth

pi xel fromthe |eft-hand side of the frame #n+l as shown in FIG 19 for
the first shutter tinme /v after the'oﬁénrng of the shutter is Fl14/v, and

t he foreground conponent of the eleventh pixel fromthe |eft-hand side as
showmn in FIG 19 for the second shutter tine /v after the opening of the

shutter fsomatis® Fdftvhadhesfigeegrowne Faameneani+ofad endwel idhrpsxel from
the left-hand side as shown in FIG 19 for the first shutter tinme /v after

the operingfed the ShhsteshuistBiStimeSi/nca fiter Adljedpaiindeobackground is
stationary, the background conponent of the ninth pixel fromthe |eft-hand

si de of dhecfennts #Rtl/as ahdwehien fbirégrbanidorcdniporeaconsit tie oughithourt h
shutter tines /v after the opening of the shutter is B33/v. The background
conponermmix¢l t ficom ebhd leBR-hpndeb ifleomst Isdiawar tirhdhids si e Hortbeef rane
#n+l as shown in FIG 19 for the third and fourth shutter times /v after
the opegerndfshietehutime Vv BEtey. thiee opsckigro ol Worpsimetnter ofst he
el eventh pixel fromthe left-hand side of the frame

also F13/v. The foreground component of the eleventh pixel

from the left-hand side as shown in FIG. 19 for the third

shutter time /v after the opening of the shutter and the

foreground component of the twelfth pixel from the left-

hand side as shown in FIG. 19 for the fourth shutter time

/v after the opening of the shutter are F13/v.

The foreground component of the tenth pixel from the

left-hand side of the frame #n+l as shown in FIG. 19 for

the first shutter time /v after the opening of the shutter

is Fl4/v, and the foreground component of the eleventh

pixel from the left-hand side as shown in FIG. 19 for the

second shutter time /v after the opening of the shutter is

also Fl4/v. The foreground component of the twelfth pixel

from the left-hand side as shown in FIG. 19 for the first

shutter time /v after the opening of the shutter is F15/v.

Since the object of the background is stationary, the
background component of the ninth pixel from the left-hand
side of the frame #n+l as shown in FIG. 19 for the second

through fourth shutter times /v after the opening of the

shutter is B33/v. The background component of the tenth



#n+l as shown in FIG 19 for the fourth shutter tine /v after the opening
shutter is B35/v. In the frane #n+1l shown in FIG 19, the ninth

el eventh pixels fromthe |eft-hand side fall within the m xed
ich is an uncovered background area. In the frame #n+l shown in FIG
twelfth pixel falls wthin the foreground area. The foreground

of the

t hr ough
area wh
19, the
conpone
/vis o
whi ch t
illustr
the pi
a flag

t he cov

nt in the foreground area in the frame #n+l for the shutter

time

ne of F13/v through F16/v. FIG_ 20 is a nodel diagramof an image in

he foreground conponent is exfPacted fromthe pixel values

ated in FIG 19. Returning to FIG 4, the area determ ner 103 uses
xel values of a plurality of franes, and associates each pixel wth
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ered background area, and the uncovere ackgrou

area the pixe
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cal cul ator 104 and the notion blur adjuster 106. Based on the pixel

val ues idpéhengl of athéysRhtteames B3ag¢vi.he DA IBId Bompdieet Xt Ur e
alcul ator 104 - 63 calculates the mxture ratio a for each pixel

cont ai nesff ithe télbevenel pirel #pdmf ehds liclfe -taindl | AildRsl ol X{he efFahe 0 a to
eground and background separator 105. Based on the pixel values in

rati o
ratio c

the for
the plu

ri+t yaofsiowemesn FIG. 19 for the fourth shutter time /v
after the opening of the shutter is B35/v.

In the frame #n+1 shown in FIG. 19, the ninth through
eleventh pixels from the left-hand side fall within the
mixed area which is an uncovered background area.

In the frame #n+l shown in FIG. 19, the twelfth pixel
falls within the foreground area. The foreground component
in the foreground area in the frame #n+l1 for the shutter
time /v is one of F13/v through Fl6/v.

FIG. 20 is a model diagram of an image in which the
foreground component is extracted from the pixel values
illustrated in FIG. 19.

Returning to FIG. 4, the area determiner 103 uses the
pixel values of a plurality of frames, and associates each
pixel with a flag indicating which one of the foreground
area, the background area, the covered background area, and
the uncovered background area the pixel belongs to, and
feeds the flag as the area information to the mixture ratio
calculator 104 and the motion blur adjuster 106.

Based on the pixel values iﬂ the plurality of frames

and the area information, the mixture ratio calculator 104



the area information, and the m xture ratio a, the foreground and
background separator 105 extracts the foreground conponent inage formnmed of
the foreground conponent only, and supplies the notion blur adjuster 106
wi th the foreground conponent image. The notion blur adjuster 106 adjusts
the amount of notion blur contained in the foreground conponent i mage,
based on the foreground conponent image supplied fromthe foreground and
background separator 105, the notion vector supplied fromthe notion
detector 102, and the area informati 83 Supplied fromthe area determ ner
103, and outputs the foreground conponent inage with the anobunt of notion
bl ur thereof adjusted. The process of the signal processor 12 for adjusting

the amuwy1®i14Bés ophdl MixtErdi sarssed FRIrowadt hiedrrehseainddainl ow
diagramillustrated in FIG 21. In step S11, the area determ ner 103

per f or netHdiam k€@ §eég| Nhnat FeBdRr @GRS Talich IIR%RP ikt oré heat iPus toage to
generate the area information which indicates which one of the foreground

area, thghdapkge@roandr #ad bhekgevanad skpektgit@md ggea, and the uncovered
background area, each pixel of the input - 64 image belongs to. The detai

of the area deissdriomttine® ppxetesalvek| ihe tties pusged it &5t fiwmes ca

determ ner 103 supplies the mxture ratio calculator 104 with the

gener at etharacea nfofomhabhon, and the mixture ratio a, the
foreground and background separator 105 extracts the
foreground component image formed of the foreground
component only, and supplies the motion blur adjuster 106
with the foreground component image.

The motion blur adjuster 106 adjusts the amount of
motion blur contained in the foreground component image,
based on the foreground componeht image supplied from the
foreground and background separator 105, the motion vector
supplied from the motion detector 102, and the area
information supplied from the area determiner 103, and
outputs the foreground component image with the amount of
motion blur thereof adjusted.

The process of the signal processor 12 for adjusting
the amount of motion blur is discussed below with reference
to a flow diagram illustrated in FIG. 21. In step S1l1, the
area determiner 103 performs the area determination process
in response to the input image to generate the area
information which indicates which one of the foreground

area, the background area, the covered background area, and

the uncovered background area, each pixel of the input



In step S11, the area determ ner 103 nmay generate the area information for
each pixel of the input inmage based on the input inmage concerning which
one of the foreground area, the background area, and the m xed area (with
no distinction mde between the covered background area and the uncovered
background area) each pixel belongs to. In this case, based on the
direction of the notion vector, the foreground and background separator
105 and the notion blur adjuster 106 determ nes whether the m xed area is
the covered background area or t he~uftover ed background area. For
exanple,. when the foreground area, the m xed area, and the background are
arranged in that order in alignment with the direction of the notion

vector, imydipErbigeacds drberritagd b¥ Rad ke Lo PackOiewnd area.
When the background area, the m xed area, and the foreground area are

arrangegprdcdditwpl lehe | disbugseanl atier) t Mhediaree! iddtediinde 1®3i on
vector, the mxed area is determned to be the uncovered background area.

I n step stighlide thtmiettipei patdbcohatanatdd 108l cuiltdt ashé he mixture ratio
a for each pixel contained in the m xed area based on the input inmge and
t he aregyzienddatedifareamt infiormhtipnocess for the calculating the m xture
ratio will be detailed later. The m xture ratio calculator 104 supplies
t he_ f or egr ourich &t a®kYs otined separ deteri@fierwiliOl mMay cpimartatedtne xt ure
ratto a-area information for each pixel of the input image based on

the input image concerning which one of the foreground area,

the background area, and the mixed area (with no

distinction made between the covered background area and

the uncovered background area) each pixel belongs to. 1In

this case, based on the direction of the motion vector, the

foreground and background separator 105 and the motion blur

adjuster 106 determines whether the mixed area is the

covered background area or theluncovered background area.

For example, when the foreground area, the mixed area, and

the background are arranged in that order in alignment with

the direction of the motion vector, the mixed area is

determined to be the covered background area. When the

background area, the mixed area, and the foreground area

are arranged in that order in alignment with the direction

of the motion vector, the mixed area is determined to be

the uncovered background area.

In step S12, the mixture ratio calculator 104

calculates the mixture ratio a for each pixel contained in

the mixed area based on the input image and the area



In step S13, the foreground and background separator 105 extracts the
foreground conponent fromthe input inmage based on the area information
and the mxture ratio a, and supplies the notion blur adjuster 106 with
the calculated mxture ratio a. In step S14, the notion blur adjuster 106
generates the unit of processing of pixels consecutively arranged in the
direction of novenent based on the notion vector and the area information,
wherein the unit of processing of the pixels indicates the |ocation
thereof in the image while bel onging®®o-one of the uncovered background
area, the foreground area, and the covered background area. The notion
bl ur adjuster 106 adjusts the anobunt of notion blur contained in the

foregr ounfk HAERONAN!  OPfé& e9POREERTrbe the cdNiclu1dft i RERS Mkt dFe
adj ust mrent process of the anbunt of notion blur will” be detailed later. In

step Slxyattifte wilinade MOESSEEA 13tdel er Fhaemi gl eatite dPldWatdHr
adj ust nent process has been conpleted for the entire screen. Wen it is

det er m nexh isupstass ke t hatefheunat kol bhdkgadunst BRIPaitEss0s S not yet
conpl eted, the process |oops to step S14, in which the - 66 adjustnent

pr ocess wiftH thearauidu it edtmorthier rasibepeated for the foreground
conponent corresponding to the unit of processing. The routine ends when
it is determmedtep Sk, e foreground and background separator
105 extracts the foreground component from the input image
based on the area information and the mixture ratio o, and
supplies the motion blur adjuster 106 with the calculated
mixture ratio a.

In step S14, the motion blur adjuster 106 generates
the unit of processing of pixels consecutively arranged in
the direction of movement based on the motion vector and
the area information, wherein the unit of processing of the
pixels indicates the location thereof in the image while
belonging to one of the uncovered background area, the
foreground area, and the covered background area. The
motion blur adjuster 106 adjusts the amount of motion blur
contained in the foreground component corresponding to the
unit of processing. The adjustment process of the amount
of motion blur will be detailed later.

In step S15, the signal processor 12 determines
whether the motion blur adjustment process has been
completed for the entire screen. When it is determined in

step S15 that the motion blur adjustment process is not yet

completed, the process loops to step S14, in which the



that the notion blur adjustnment process is conplete. In this way, the
signal processor 12 separates the foreground fromthe background, and

adj usts the anmount of notion blur contained in the foreground.
Specifically, the signal processor 12 adjusts the anmount of notion blur
contained in sanpled data which is the pixel value of the pixel of the
foreground. The construction of each of the area determ ner 103, the

m xture ratio cal culator 104, the foreground and background separator 105,
and the notion blur adjuster 106 is ®fscussed below. FIG 22 is a block
diagramillustrating the construction of the area determ ner 103. The area
determner 103 illustrated in FIG 22 uses no notion vector. = A frane

menory 24 i thoddPsit ok MBHE hfloUAk! & fOhotlidE b1uhe: & didEedn i S
processed,” the fra menory 201 stores a franme #n-2 which is 7 nput two

frames ey itdle titedGund a8Bmpéientd Eb2FBsPOndiNy & ithd Nt e frame
earlier than the franme #n, the frane #n, a frane #n+l which is input one

frame | ¢hrycddimghe frame #n, and a frame #n+2 which is input tw franes
| ater than the frane #n. - 67 A still/novenent determ ner 202-1 reads,

fromthe frak maine0nds hehghxet Y8l detekmanedxahn istdgheify ane  #n+2
at the sane position as that of a pixel in the image to be determ ned for
area inthax futemmctiomrsildheapii¥gtment process is complete.

In this way, the signal processor 12 separates the
foreground from the background, and. adjusts the amount of
motion blur contained in the foreground. Specifically, the
signal processor 12 adjusts the amount of motion blur
contained in sampled data which is the pixel value of the
pixel of the.foreground.

The construction of each of the area determiner 103,
the mixture ratio calculator 104, the foreground and
background separator 105, and the motion blur adjuster 106
is discussed below.

FIG. 22 is a block diagram illustrating the
construction of the area determiner 103. The area
determiner 103 illustrated in FIG. 22 uses no motion vector.
A frame memory 201 stores the input image in units of frame.
When a frame #n is processed, the frame memory 201 stores a
frame #n-2 which is input two frames earlier than the frame
#n, a frame #n-1 which is input one frame earlier than the
frame #n, the frame #n, a frame #n+l which is input one
frame later than the frame #n, and a frame #n+2 which is

input two frames later than the frame #n.



value of a pixel in the franme #n+l1l at the same position as that of the

pi xel in the imge to be determned for area in the franme #n, and

cal cul ates an absolute value of a difference between the read pixel

val ues. The still/nmovenment determ ner 202-1 determ nes whether the

absol ute value of the difference between the pixel value of the frame #n+2
and the pixel value of the frame #n+l is greater than a predeterm ned
threshold Th. When the still/nmovenent_determ ner 202-1 determ nes that the
absol ute val ue of the difference is‘g@EaIer than threshold Th, the
still/mvenent determ ner 202-1 supplies an area determner 203-1 with a
determ nation indicating a novenent. Wen the still/novenent determ ner

202- 1 det er mignes it1hgtmodife P s@btéemyakye2 0b -1 he cdidkf, erredae the equal to or
smaller than the threshold Th, the still/novenent determn ner 202-1

suppl i e A ELIEIN] Netie 208xd1 Wrallua o€t ar pikali dm tihdifxadneng
stillness. A still/novenent determ ner 202-2 reads, fromthe frane nenory
201, thempixelt wielesdie p@s kelonnashehbtape a#pikedt irhechsanemguesition as
that of the pixel inthe inage to be determned for area in the frane #n,
and t he tpi bad detttrmirddiefaf aheapimrethenfrhmei dage and dhelgtisted ned for
area in the frame #n, and cal cul ates the absolute value of a difference
bet ween vaimepiodela vaixek. iThehet framapteminat doiees@mee PAEOX-IOM™MaE®r M nes
whet her the absol ute val ue of _ _

that of the pixel in the image to be determined for area in

the frame #n, and calculates an absolute value of a

difference between the read pixel values. The

still/movement determiner 202-1 determines whether the

absolute value of the difference between the pixel value of

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

greater than a predetermined threshold Th. When the

still/movement determiner 202-1 determines that the

absolute value of the difference is greater than threshold

Th, the still/movement determiner 202-1 supplies an area

determiner 203-1 with a determination indicating a movement.

When the still/movement determiner 202-1 determines that

the absolute value of the difference is equal to or smaller

than the threshold Th, the still/movement determiner 202-1

supplies the area determiner 203-1 with a determination

indicating stillness.

A still/movement determiner 202-2 reads, from the
frame memory 201, the pixel value of a pixel in the frame

#n+1 at the same position as that of the pixel in the image

to be determined for area in the frame #n, and the pixel



the difference between the pixel value of the frame #n+1l and the pixel
value of the frame #n is greater than a predeterm ned threshold Th. Wen
the still/novenent determ ner 202-2 determ nes that the absol ute val ue of
the difference is greater than the threshold Th, the still/nmovenent
determ ner 202-2 supplies the area determ ner 203-1 and an area determ ner
203-2 with a determnation indicating a novenent. Wen the still/novenent
determ ner 202-2 determnes that the absolute value of the difference is
equal to or smaller than the threstol®® Th, the still/nmovenent deterniner
202-2 supplies the area determ ner 203-1 and an area determ ner 203-2
wWth a determnation indicating stillness. A still/novenent determ ner

202-3 T eodtucl 5OMhBCHikEATE TR Yindle dd\%d! dEtedRitEd OFoNE BEXE! N

the image to be determned tor area 1'n the franme #n, e pi xel value

of a pixgh tRetBeameayn,#and ahllha JHE TSI b @ee ThBheOb£t he pixel in
the inmage to be determned for area in the frane #n, and cal cul ates the

absol ut equefeeenteabedivbbar enee piiaream s J eathdi €l 1Y Aheesmente
still/movenent determ ner 202-3 detern nes whether the - 69 absol ute val ue

of the diéterminerbgbpegndelerpiinels whdthed thideabssrRté&nvandet BE pi xel
value of the frame #n-1 is greater than the predeterm ned threshold Th.
When t hethstdiffepenaenbetdeeennither piGie13 wieles o heshé hitahde#n+1
and the pixel value of the frame #n is greater than a
predetermined threshold Th. When the still/movement
determiner 202-2 determines that the absolute value of the
difference is greater than the threshold Th, the
still/movement determiner 202-2 supplies the area
determiner 203-1 and an area determiner 203-2 with a
determination indicating a movement. When the
still/movement determiner 202-2 determines that the
absolute value of the difference is equal to or smaller
than the threshold Th, the still/movement determiner 202-2
supplies the area determiner 203-1 and an area determiner
203-2 with a determination indicating stillness.

A still/movement determiner 202-~3 reads, from the
frame memory 201, the pixel value of the pixel in the image
to be determined for area in the frame #n, and the pixel
value of a pixel in the frame #n-1 at the same position as
that of the pixel in the image to be determined for area in
the frame #n, and calculates the absolute value of a

difference between the read pixel values. The

still/movement determiner 202-3 determines whether the



absol ute value of the difference is greater than the threshold Th, the
still/novenent determ ner 202-3 supplies the area determ ner 203-2 and an
area determner 203-3 with a determination indicating a novenent. Wen the
still/novenent determ ner 202-3 determi nes that the absolute value of the
difference is equal to or smaller than the threshold Th, the
still/novenent determ ner 202-3 supplies the area determ ner 203-2 and the
area determner 203-3 with a determnation indicating stillness. A
still/movenent determ ner 202-4 reads®?fromthe frane nenory 201, the

pi xel value of the pixel in the frane #n-1 at the sane position as that of
the pixel inthe image to be determned for area in the frame #n, and the

pi xel  vdia fife &Pl d€l of N"thBCqf FaEReHB2 bWl THE JAGall W@ of hat of
the pixel in the image to be determned for area in the frame #n, and

cal cul atgfe thenadspl Wed veheepoked veihbebgnenebairamen #de raad pixel
values. The still/npovenent determ ner 202-4 determ nes whet her the

absol ut greaitier afhdhetige fpre@seernehvachireehpilgeiThv.al wheaf tHde frane #n-1
and the pixel value of the frame #n-2 is greater than the predeterm ned

t hr esholst I /mdhesméiite det/@rmshel| 20Rvemdet edalides vat?Ghed det er m nes
that the absolute value of the difference is greater than the threshold
Th, the altsdllvteowaribre oftehal dbffébendeshipphireaticre tdraan tded er m ner 203- 3
with a determ nation indicating a

threshold Th, the still/movement determiner 202-3 supplies

the area determiner 203-2 and an area determiner 203-3 with

a determination indicating a movement. When the

still/movement determiner 202-3 determines that the

absolute value of the difference is equal to or smaller

than the threshold Th, the still/movement determiner 202-3

supplies the area determiner 203-2 and the area determiner

203-3 with a determination indicating stillness.

A still/movement determiner 202-4 reads, from the

frame memory 201, the pixel value of the pixel in the frame

#n-1 at the same position as ‘that of the pixel in the image

to be determined for area in the frame #n, and the'pixel

value of a pixel in the frame #n-2 at the same position as

that of the pixel in the image to be determined for area in

the frame #n, and calculates the absolute value of a

difference between the read pixel values. The

still/movement determiner 202-4 determines whether the

absolute value of the difference between the pixel value of

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

greater than the predetermined threshold Th. When the



novenent. Wien the still/nmovenent determ ner 202-4 determi nes that the
absolute value of the difference is equal to or smaller than the threshold
Th, the still/novenent determ ner 202-4 supplies the area determ ner "
203-3 with a determination indicating stillness. Wen the still/novenent
determ nation provided by the still/novenent determ ner 202-1 indicates
stillness and when the still/novenent determ nation provided by the
still/novenment determ ner 202-2 indicates novenent, the area determ ner
203-1 determ nes that the pixel to he’Odetermined for area in the frame #n
fall within the uncovered background, and sets an uncovered background
area determnation flag for the pixel to be determned for area to 11111

to indi gatig 1t Adfvdlen i &8 e BRL9BHS2 0 9-1 Nge¥BERY BLBU tnRACkAOUNd area. Wen
the still/novenment determ nation provided by the still/novenment determ ner

202-1 i p@iseAtAS NRVARIEN £ ofhah@Df féhensti ik/ gruatent t@eierdienati on provi ded
by the still/novenent determ ner 202-2 indicates stillness, the area

det er m Reirehd1l det erendest i hpymévemphxelet erii@negteR@RMMNatigplries ea in
the frame #n does not fall within - 71 the uncovered background area, and

set s an tiwec arerae d e thankigrer n2io 3+ 2aw fieh eandederminbitdgnf dmdilmtpingla t o be
determ ned for area to 110" to indicate that the pixel does not belong to
t he unc mosreariack Woamdtlee estill/movement determiner 202-4

determines that the absolute value of the difference is

equal to or smaller than the threshold Th, the

still/movement determiner 202-4 supplies the area

determiner 203-3 with a determination indicating stillness.

When the still/movement determination provided by the
still/movement determiner 202-1 indicates stillness and
when the still/movement determination provided by the
still/movement determiner 202-2 indicates movement, the
area determiner 203-1 determines that the pixel to be
determined for area in the frame #n fall within the
uncovered background, and sets an uncovered background area
determination flag for the pixel to be determined for area
to "1" to indicate that the pixel belongs to the uncovered
background area.

When the still/movement determination provided by the
still/movement determiner 202-1 indicates movement or when
the still/movement determination provided by the
still/movement determiner 202-2 indicates stillness, the

area determiner 203-1 determines that the pixel to be

determined for area in the frame #n does not fall within




The area determ ner 203-1 feeds the uncovered background area

determ nation flag set to be "1" or "0" to the determnation flag storage
frame nenory 204. When the still/nmovenent determ nation provided by the
still/novenment determ ner 202-2 indicates stillness and when the
still/mvenent determ nation provided by the still/novenent determ ner
202-3 indicates stillness, the area determ ner 203-2 determ nes that the
pi xel to be determined for area in the frame #n falls within a stil
portion, and sets a still portion detétnination flag for the pixel to be
determned for area to "1" to indicate that the pixel belongs to the stil
portion. Wien the still/novenent determ nation provided by the

still/ novesraiicees L&81 PREKGPEuRd AFeaal ahd RAEN L Undd\idred

still/mvenent determ nation provided by the still/novenent

he
det er m ner

202- 3 | "t SlGESun@VEFBAt detBemiARtAoHe ey TRr 303 AL Erh NGs that the
pi xel to be determned for area in the frane #n does not fall within a

still pudtermimed £6tSatbg €bi hbrpebt iaaideler Mmal e fi08 f@ed he pixel

to be determned for area to "0" to indicate that the pixe

does not

bel ong trot Heekdnd lte ¥Re pncodvered Bhekaroandetaatdd .ner 203-2 feeds the

still portion determnation flag set to be "1" or "0" to the
fl ag storage ThenerewnbetyeP@iiner 203-1 feeds the uncovered

det erm nati on

background area determination flag set to be "1" or "0" to

the determination flag storage frame memory 204.

When the still/movement determination provided by the

still/movement determiner 202-2 indicates stillness and

when the still/movement determination provided by the

still/movement determiner 202-3 indicates stillness, the

area determiner 203-2 determines that the pixel to be

determined for area in the frame #n falls within a still

portion, and sets a still portion determination flag for

the pixel to be determined for area to "1" to indicate that

the pixel belongs to the still portion.

When the still/movement determination provided by the

still/movement determiner 202-2 indicates movement or when

the still/movement determination provided by the

still/movement determiner 202-3 indicates movement, the

area determiner 203-2 determines that the pixel to be

determined for area in the frame #n does not fall within a

still portion, and sets the still portion determination

flag for the pixel to be determined for area to "0" to

indicate that the pixel does not belong to the still



When the still/novenent determ nation provided by the still/novenent
determ ner 202-2 indicates novenment and when the still/novenent

determ nation provided by the still/nmovenent determ ner 202-3 indicates
novenent, the area determ ner 203-2 determ nes that the pixel to be
determ ned for area in the frame #n fall within a noving portion, and sets
a noving portion determnation flag for the pixel to be determned to "1"
to indicate that the pixel belongs to the noving portion. \Wen the
still/movenent determ nation provided7%y‘the still/movenent determ ner
202-2 indicates stillness or when the still/novenent determ nation
provided by the still/nmovenent determ ner 202-3 indicates stillness, the
area de';lﬁj’fﬂ'il’&{_ 203-2 determnes that the pixel to be determned for area
in the frame #n does not fall within the noving portion, and sets the

Novi ng porti athe Gotdd NMA&éIRInéragoBop Ebedpi xtle saihg griridmed to "0" to
I ndi cate that the pixel does not belong to the noving portion. The area

det er m nFteXivirvat Bedisf1d¢ s€Yi 89 ber tiionordeer ohaheon flag set to be "1"
or "0" tothe - 73 determnation flag storage frame nmenory 204. \Wen the
stil |/ naieetreamiinet b5 filbdqg ostpragedédang memoryt i2104/.novenent det er mi ner
202-3 indicates novenent and when the still/novenent determ nation
provi ded by tWieen the still/movement determination provided by the

still/movement determiner 202-2 indicates movement and when

the still/movement determination provided by the

still/movement determiner 202-3 indicates movement, the

area determiner 203-2 determines that the pixel to be

determined for area in the frame #n fall within a moving

portion, and sets a moving portion determination flag for

the pixel to be determined to "1" to indicate that the

pixel belongs to the moving portion.

When the still/movement determination provided by the
still/movement determiner 202-2 indicates stillness or when
the still/movement determination provided by the
still/movement determiner 202-3 indicates stillness, the
area determiner 203-2 determines that the pixel to be
determined for area in the frame #n does not fall within
the moving portion, and sets the moving portion
determination flag for the pixel to be determined to "0" to
indicate that the pixel does not belong to the moving
portion.

The area determiner 203-2 feeds the moving portion

determination flag set to be "1" or "0" to the



still/mvenent determ ner 202-4 indicates stillness, the area determ ner
203-3 determ nes that the pixel to be determned for area in the frame #n
falls within a covered background area, and sets a covered background area
determ nation flag for the pixel to be determned for area to Il'll, to

I ndicate that the pixel belongs to the covered background area. Wen the
still/novenent determ nation provided by the still/novenent determ ner
202-3 indicates stillness or when the_still/nmovenent determ nation

provi ded by the still/novenent det ernffer 202-4 indicates movenent, the
area determ ner 203-3 determnes that the pixel to be determned for area
in the frame #n does not fall within the covered background area, and sets

the COVed@éiernpﬁfé‘lQi&&'gﬁll%e@tS%%mfi‘ﬁinleoﬁﬁein faoyg the pixel to be

determ ned for area t 11 to indicate that the pixel does not belong to

the covered Ragkorned&f EB/mdbenaheadeebenindei ocd0prdvieras Bhecwover ed
background area determnation flag set to be "I" or 11011 to the

det er m nati 100y iid PeinSt ©F dd€efhanerMRORLY 204.ichitesdaictieniait iand fulagn st or age
frame nenory 204 stores - 74 the uncovered background area determ nation

flag supd et i1y ambddirent cdetlermiAibnebn2pIolridede kst idHe porti on
determ nation flag supplied fromthe area determ ner 203-2, the noving
porti on sdeitler Mmowvément fdegesmppered0R2-dminkddcates stillness, the
area determiner 203-3 determines that the pixel to be
determined for area in the frame #n falls within a covered
background area, and sets a covered background area
determination flag for the pixel to be determined for area
to "1" to indicate that the pixel belongs to the covered
background area.

When the still/movement determination provided by the
still/movement determiner 202-3 indicates stillness or when
the still/movement determination provided by the
still/movement determiner 202-4 indicates movement, the
area determiner 203-3 determines that the pixel to be
determined for area in the frame #n does not fall within
the covered background area, and sets the covered
background area determination flag for the pixel to be
determined for area to "0" to indicate that the pixel does
not belong to the covered background area.

The area determiner 203-3 feeds the covered background
area determination flag set to be "1" or "0" to the

determination flag storage frame memory 204.

The determination flag storage frame memory 204 stores



area determner 203-2, and the covered background area determnation flag
supplied fromthe area determ ner 203-3. The determ nation flag storage
frame nenory 204 feeds, to a synthesizer 205, the uncovered background
area determnation flag, the still portion determnation flag, the noving
portion determ nation flag, and the covered background area determ nation
flag, stored by itself. The synthesizer 205 generates the area information
whi ch indicates which one of the uncovered background area, the stil
portion, the noving portion, and the Uhcovered background area each pi xel
falls within based on the uncovered background area determ nation flag,
the still portion determnation flag, the noving portion determ nation

flag, anthd hthcResF&l PACKGrOURd atea ddekbeminRatiodn fllap supplisd fromthe
determ nation flag storage frame nenory 204. The generated area

i nf or matfir@in the tdvedh f@skéfmandet 209LNAt kAR Ehag1Sporaded rame nenory 206.
The determ nation flag storage franme nenory 206 stores the area

i nf or matdetfeGiiRRt sh ff04q tHepsyDbhesénr tRe5 areahided et intdst iz@B 1he stored
area information. - 75 e process of the area determ ner 103 is di scussed

bel ow witihe mefaEmNGHA0idE GlefSribhavgbnFEGag2 dupPidrd Froabjted of the

foreground is noving, the |location of the object within the i nage changes

every fraasa determiner 203-2, and the covered background area
determination flag supplied from the area determiner 203-3.

The determination flag storage frame memory 204 feeds,
to a synthesizer 205, the uncovered background area
determination flag, the still portion determination flag,
the moving portion determination flag, and the covered
background area determination flag, stored by itself. The
synthesizer 205 generates the area information which
indicates which one of the uncovered background area, the
still portion, the moving portion, and the uncovered
background area each pixel falls within based on the
uncovered background area determination flag, the still
portion determination flag, the moving portion
determination flag, and the covered background area
determination flag supplied from the determination flag
storage frame memory 204. The generated area information
is then fed to a determination flag storage frame memory
206.
The determination flag storage frame memory 206 stores

the area information supplied from the synthesizer 205,

while outputting the stored area information.



Referring to FIG 23, the imge of the object, positioned at Yn(x,y) in
the frame #n, is positioned at Yn+l (x,y) in a frane #n+l1 which is a next
frame. FIG 24 is a nodel diagramillustrating the pixel values of the
pi xel s consecutively arranged in a line in the direction of novenent of
the i mage corresponding to the foreground object, wherein the pixel values
are developed in tine axis. For exanple, when the direction of novenent

of the imge corresponding to the foreground object is horizontal in the
screen, the pixel values of the pixelég adj acently arranged in a line are
developed in tinme axis in the nodel diagramshown in FIG 24. Referring to
FIG 24, the line in the frame #n is identical to that in the frame #n+l.

The foregrountLymRNY &f the Pbbgcietofzhaed1DB ikhaiseussddi xel
through the thirteenth pixel in the frame #n fromthe |left-hand side

t her eof pe3 ckORiidMabidrddge €6 XFIGPi 28] thbbagghrile 99vent eenth pixel in
the frame #n+l fromthe left-hand side thereof. The el eventh through

thirteenth piwhelns the tdiejddanef #the f foregheuheaf ishaod isigje thieer eof fal |
within the covered - 76 background area, and the second through fourth
pi xel s ilecattionf rcafivecn dbpert heitkin- thadimade theangefs fealdrynifitame. t he
uncover ed background area. The fifteenth through seventeenth pixels in the
frane #mefemmmd e |IRFG - h2hd the image of the object, positioned
at ¥n(x,y) in the frame #n, is positioned at ¥n+l(x,y) in a
frame #n+l1 which is a next frame.
FIG. 24 is a model diagram illustrating the pixel
values of the pixels consecutively arranged in a line in
the direction of movement of the image corresponding to the
foreground object, wherein the pixel values are developed
in time axis. For example, when the direction of movement
of the image corresponding to the foreground object is
horizontal in the screen, the pixel values of the pixels
adjacently arranged in a line are developed in time axis in
the model diagram shown in FIG. 24.
Referring to FIG. 24, the line in the frame #n is
identical to that in the frame #n+l1.
The foreground component of the object contained in
the second pixel through the thirteenth pixel in the frame
#n from the left-hand side thereof is contained in the
sixth pixel through the seventeenth pixel in the frame #n+l
from the left-hand side thereof.

The eleventh through thirteenth pixels in the frame #n

from the left-hand side thereof fall within the covered



side thereof fall within the covered background area, and the sixth

t hrough eighth pixels in the frame #n+l fromthe |eft-hand side thereof
fall within the uncovered background area. Since the foreground conponent
contained in the frame #n is shifted in the frame #n+l by 4 pixels as
illustrated in FIG 24, the anmount of novenent v is 4. The virtual

di vi sor nunber is 4 in accordance with the amount of novenent v. D scussed
next is a variation in the pixel value of a pixel belonging to a m xed
area prior to and subsequent to a taffet frame. Referring to FIG 25, the
background is stationary, and the anount of novenent of the foreground is
4 in the frame #n. The fifteenth through seventeenth pixels in the frane

#n fromyha drddndadeb $i dend h@ﬁéoéeéaha Whi-Bught FurRQy ¢ Bekhacigr ound.

Since the anount of novenent is 4, the fifteenth through seventeenth

pi xel s ithd HerdMen #rdm tNBI LBFLShAAE Bhaee teriddoy fdromiteid ef t - hand
side thereof, contain the background conponent only, and fall wthin the

f or egr ound afrfbvdied headkgrBufd+arewhi clrhies fSlfiddendte througi rame earlier,
fifteenth through seventeenth pixels from the |left-hand side thereof

cont ai n s iAo YntkeDopDRethe Ophie #Ae1f Eromwithy 11 dfs-ackgr ound
area. Since the object of the background is stationary, the
side thereof fall within the covered background area, and
the sixth through eighth pixels in the frame #n+l from the
left-hand side thereof fall within the uncovered background
area.

Since the foreground component contained in the frame
#n is shifted in the frame #n+l by 4 pixels as illustrated
in FIG. 24, the amount of movement v is 4. The virtual
divisor number is 4 in accordance with the amount of
movement v.

Discussed next is a variation in the pixel value of a
pixel belonging to a mixed area prior to and subsequent to
a target frame.

Referring to FIG. 25, the background is stationary,
and the amount of movement of the foreground is 4 in the
frame #n. The fifteenth through seventeenth pixels in the
frame #n from the left-hand side thereof fall within the
covered background. Since the amount of movement is 4, the
fifteenth through seventeenth pixels in the frame #n-1,
which is one frame earlier, from the left-hand side thereof,

contain the background component only, and fall within the

foreground area. In the frame #n+2, which is still one



pi xel value of the fifteenth pixel in the frame #n-1 from the | eft-hand
side thereof remains unchanged fromthe pixel value of the fifteenth pixel
inthe frame #n-2 fromthe |left-hand side thereof. Similarly, the pixel
value of the sixteenth pixel in the frame #n-1 fromthe |eft-hand side

t her eof remai ns unchanged fromthe pixel value of the sixteenth pixel in
the frame #n-2 fromthe left-hand side thereof, and the pixel value of the
seventeenth pixel in the frame #n-1 fromthe |left-hand side thereof
remai ns unchanged fromthe pixel val dé of the seventeenth pixel in the
frame #n-2 fromthe left-hand side thereof. Specifically, the pixels in
each of the franmes #n-1 and #n-2, corresponding to the pixels belonging to

the coverghe b@&fﬂ%@ﬁndfi‘iéé?h'ﬁht Re rbue streRABBRN el Hagkgnound

conmponent only wth the pixel val ues thereof renaining unchanged. The

absol ut ecyal Lest Ohaflif E eaeNERSrebet Wt alite i Hadiddtesndr Sompbaéantial ly
zero. Therefore, a still/novenent determ ner 202-4 perforns the

still/ noyementagi@t £411 NeitRAnC @hecbackgridwmdiards$. in each of the franes
#n-1 and #n-2, corresponding to the pixels belonging to the mxed area in

the frame #n,simes eblye-oBfecticbér khei backiyeountelis astdteiowany ) | theSi nce
the pixels falling wwthin the covered background area in the frane #n
cont ai npixerogvalnd conpheecitifteeheh piixell dal udse of rdnesknpl xBtesmar e
different fromthose of
the left-hand side thereof remains unchanged from the pixel
value of the fifteenth pixel in the frame #n-2 from the
left-hand side thereof. Similarly, the pixel value of the
sixteenth pixel in the frame #n-1 from the left-hand side
thereof remains unchanged from the pixel value of the
sixteenth pixel in the frame #n-2 from the left-hand side
thereof, and the pixel value of the seventeenth pixel in
the frame #n-1 from the left-hand side thereof remains
unchanged from the pixel value of the seventeenth pixel in
the frame #n-2 from the left-hand side thereof.
Specifically, the pixels in each of the frames #n-1
and #n-2, corresponding to the pixels belonging to the
covered background area in the frame #n, contain the
background component only with the pixel values thereof
remaining unchanged. The absolute values of differences
between the pixel values are substantially zero. Therefore,
a still/movement determiner 202-4 performs the
still/movement determination concerning the pixels in each

of the frames #n-1 and #n-2, corresponding to the pixels

belonging to the mixed area in the frame #n, thereby



t he pi xel s having the background conponents only in the frame #n-1. The
still/nmovenent determ ner 202-3 determ nes the pixels falling within the
m xed area in the frame #n and the corresponding pixels in the frame #n-1
as being noving. Upon receiving the still/novenent determ nation

I ndi cating novenent fromthe still/novenent determ ner 202- 3 and the
still/novenent determnation indicating stillness fromthe still/novenent
determ ner 202-4, the area determ ner 203-3 determ nes the correspondi ng
pixels as falling within the covered’Background. Referring to FIG 26, the
background is still, and the anount of novenent of the foreground v is 4.
The second through fourth pixels in the frane #n fromthe | eft-hand side

thereofgéﬂérmgﬁ{ﬁﬂ the %fﬁgygrgg Baskgrawndjarea. Since the amount of

novenent v i1s 4, the second through fourth pixels in the frame #n+l, which

is one frane d@aldd .thé r;]m:éil@ tsnihgndi&h@t@ ther efver @ ddtidobaekground

conmponent only, and fall within the background area. The second through
fourth pivedd sin nchiderfameesneadntwhneh foxeqaneinielcompprigmne, [eher, from

the left-hand side thereof - 79 contain the background conponent only, and
fall w tgisel healbes kgf othdsar paxeSsnaeet dd fajresit drdmhectsokgsdHund ar ea
Is still, the pixel value of the second pixel in the frane #n+2 fromthe

the pixels having the background components only in the

frame #n-1. The still/movement determiner 202-3 determines

the pixels falling within the mixed area in the frame #n

and the corresponding pixels in the frame #n-1 as being

moving.

Upon receiving the still/movement determination

indicating movement from the still/movement determiner 202-

3 and the still/movement determination indicating stillness

from the still/movement determiner 202-4, the area

determiner 203-3 determines the corresponding pixels as

falling within the covered background.

Referring to FIG. 26, the background is still, and the

amount of movement of the foreground v is 4. The second

through fourth pixels in the frame #n from the left-hand

side thereof fall within the uncovered background area.

Since the amount of movement v is 4, the second through

fourth pixels in the frame #n+l, which is one frame later,

from the left-hand side thereof contain the background

component only, and fall within the background area. The

second through fourth pixels in the frame #n+2, which is

another one frame later, from the left-hand side thereof




| eft - hand side thereof remains unchanged fromthat of the second pixel in
the franme #n+l fromthe |eft-hand side thereof. Likew se, the pixel value
of the third pixel in the frame #n+2 fromthe | eft-hand si de thereof
remai ns unchanged fromthat of the third pixel in the frane #n+1l fromthe
| eft-hand side thereof, and the pixel value of the fourth pixel in the
frame #n+2 fromthe | eft-hand side thereof remains unchanged fromthat of
the fourth pixel in the frane #n+l fromthe | eft-hand side thereof.
Specifically, the pixels in each of "t A& frames #n+l and #n+2,
corresponding to the pixels belonging to the uncovered background area in
the frame #n, contain the background conponent only with the pixel val ues

t her eof cdeeiMi Mige UDSERGIBHNA TREMPBRRNH @YY e Pfr4TE With €hepREs
bet ween the pixel values are substantially zéro. Therefore, the

Sti||/rﬂbﬁﬁE§FoﬂﬁaEéﬂéﬂer 202-1 perforns the still/novenent determ nation
concerning the pixels in each of the franmes #n+l and #n+2, correspondi ng

to the pixel ssired ofige ngb §ecthefntyed batkey riotnidhafaaanss At il herehy
determ ning the pixels as being still. Since the pixels falling within the
uncover gofixe BOrabae kgt othd aeeandnptikelf namehén franiei #s+1 of egm otind

conponents, the pixel values of these pixels are different fromthose of

t he pi xelefthdvamd ¢ bhée bab&geofindemaripesnamichamyed ifirdrhetHatanef #oké. The

still/novenment determ ner 202-
second pixel in the frame #n+l from the left-hand side
thereof. Likewise, the pixel value of the third pixel in
the frame #n+2 from the left-hand side thereof remains
unchanged from that of the third pixel in the frame #n+l
from the left-hand side thereof, and the pixel value of the
fourth pixel in the frame #n+2 from the left-hand side
thereof remains unchanged from that of the fourth pixel in
the frame #n+l1 from the left-hand side thereof.

Specifically, the pixels in each of the frames #n+l

and #n+2, corresponding to the pixels belonging to the
uncovered background area in the frame #n, contain the
background component only with the pixel values thereof
remaining unchanged. The absolute values of the
differences between the pixel values are substantially zero.
Therefore, the still/movement determiner 202-1 performs the
still/movement determination concerning the pixels in each
of the frames #n+l and #n+2, corresponding to the pixels
belonging to the mixed area in the frame #n, thereby

determining the pixels as being still.

Since the pixels falling within the uncovered



2 determines the pixels falling within the m xed area in the frame #n and
the corresponding pixels in the frane #n+l as bei ng novi ng. Upon receiving
the still/novenment determ nation indicating novenent fromthe '
still/novenent determ ner 202- 2 and the still/novenent determ nation
indicating stillness fromthe still/novenent determ ner 202-1, the area
~determ ner 203-1 determ nes the corresponding pixels as falling wthin the
uncover ed background. FIG 27 illustrates area determ nation conditions of
the area determiner 103 in the frame &\.-\Wen the pixel in the frame #n-2,
at the same position as that of a pixel in the inage to be determned in
the frame #n, is determned to be still with respect to the pixel in the
frame #ni; . L a ; ] | e imge to be
deterni%5%Eé?%ﬂééf%éﬁé?%ﬁ?gg%dgaﬂgﬁ ?EeEgﬁngB%n%ﬁ$§ réhggl#n-lg at the

sane po%&dﬁh&&é,h%h@f?%fﬁé PirEehesNotNehek@RGa XA sPa rdetErfidieshd n the

frame #n, 1I's determ ned noving with respect to the pixel in the

frame #grdmaifR ofletve pge1d0Badehgr Eheebabhdirdul Riororent he frame
#n to be determned falls within the covered background area. - 81 \Wen

the pi xenly ihecHd afEarie® #5+Uet ernensdild/hevesient dgtdrntiasneciolo the
pi xel in the frane #n-1, at the sane position as that of the pixel in the
i mage t @ kietelgiaiesd nege i pikdesf Falkify, waklinhehe hdqEkelréan ime frane

the frame #n and the corresponding pixels in the frame #n+l

as being moving.

Upon receiving the still/movement determination

indicating movement from the still/movement determiner 202-

2 and the still/movement determination indicating stillness

from the still/movement determiner 202-1, the area

determiner 203-1 determines the corresponding pixels as

fallihg within the uncovered background.

FIG. 27 illustrates area determination conditions of

the area determiner 103 in the frame #n. When the pixel in

the frame #n-2, at the same position as that of a pixel in

the image to be determined in the frame #n, is determined

to be still with respect to the pixel in the frame #n-1, at

the same position as that of the pixel in the image to be

determined in the frame #n, and when the pixel in the frame

#n-1, at the same position as that of the pixel in the

image to be determined in the frame #n, is determined to be

moving with respect to the pixel in the frame #n, the area

determiner 103 determines that the pixel in the frame #n to

be determined falls within the covered background area.



#n+l, at the sanme position as that of the pixel in the image to be

determned in the frane #n is determned to be still wth respect to the
pixel in the frane #n, the area determ ner 103 deternm nes that the pixel
in the frame #n to be determned falls within the still portion. \Wen the

pixel in the frane #n is determned to be noving with respect to the pixel
in the frame #n-1, at the sane position as that of the pixel in the i mge
to be determned in the frane #n, and when the pixel in the frame #n+l,
at the same position as that of the=pBkeF in the image to be deternined in
the frame #n is determined to be noving with respect to the pixel in the
frame #n, the area determner 103 determ nes that the pixel in the frane

#n to be(ﬂﬂwﬁéﬂrgﬁgaéikélmiﬁhgﬁet@gamgvmﬂg'goggﬂgiﬁﬁggg1gérbénxel in the

frame #n+l, at the sa position .as that of the piX In the 1mage to be

determ nadiin ¢ien FégPBcHNLbStHB! phiienednt e Al Ryii ) 4€spest to the
pi xel in the frane #n, and when the pixel in the frane #n+2, at the sane

posi ti onszafe thwd i0foh hes Ptgt bR the pbikes Lo die delffdiewddén the frame
#n is determned to be still wth respect to the pixel in the frame #n+l,

at the shmermiiYed pDSithenfasmeéhan,ohndh&hpinxalhd pildl i im@OEh& Of Pame
determined in the frame #n, the area determ ner 103 determ nes that the
pi xel i rkrt#ile, fataneheéns arme bpoddtéon asdthaltl o fnvithe pitdeEl imcover ed
background area.

image to be determined in the frame #n is determined to be

still with respect to the pixel in the frame #n, the area

determiner 103 determines that the pixel in the frame #n to

be determined falls within the still portion.

When the pixel in the frame #n is determined to be
moving with respect to the pixel in the frame #n-1, at the
same position as that of the pixel in the image to be
determined in the frame #n, and when the pixel in the frame
#n+l, at the same position as that of the pixel in the
image to be determined in the frame #n is determined to be
moving with respect to the pixel in the frame #n, the area
determiner 103 determines that the pixel in the frame #n to
be determined falls within the moving portion.

When the pixel in the frame #n+l, at the same position

~as that of the pixel in the image to be determined in the
frame #n is determined to be moving with respect to the
pixel in the frame #n, and when the pixel in the frame #n+2,
at the same position as that of the pixel in the image to

be determined in the frame #n is determined to be still

with respect to the pixel in the frame #n+l, at the same



FIG 28A through FIG 28D illustrate the results of the area determ nation
provided by the area determ ner 103. Referring to FIG 28A, the pixels
determned to fall within the covered background area are presented in
white. Referring to FIG 28B, the pixels determned to fall within the
uncover ed background area are presented in white. Referring to FIG 28C,

the pixels determned to fall wthin the noving portion are presented in
white. Referring to FIG 28D, the pixels determined to fall within the
still portion are presented in white.8%1G 29 illustrates the mixed area,

in image, of the area information output fromthe determ nation flag
storage franme nenory 206. Referring to FIG 29, the pixels determned to

fall W tfidy t{gh coy ekiesh b«?‘fkﬂhéuﬁixéﬂ.einm&he’f Henalgec e dacdkanned ar ea,

nanely, determned to fal within the m xed area, are presented in white.

The arean itHOrfMEdme N SPERE AL EAJdER rillied anga datdqrwiddPmnide
determ nation flag storage franme nenory 206 indicates the m xed area and a

texture gegeieBr BR Shié r ppafedshyta bendeterminedd@dlilen withinm the
foreground area. Referring to a flow diagramillustrated in FIG 30, - 83

t he areaimgiwiredadogpooaésarea.the area determner 103 is discussed
below. In step S201, the franme nenory 201 acquires the inmage contai ning
the frame #n-EXchraghthiteughrBne. #8282 iddhediradget el masm s taf be
det er m ned.
the area determination provided by the area determiner 103.
Referring to FIG. 28A, the pixels determined to fall within
the covered background area are presented in white.
Referring to FIG. 28B, the pixels determined to fall within
the uncovered background area are presented in white.

Referring to FIG. 28C, the pixels determined to fall
within the moving portion are presented in white.

Referring to FIG. 28D, the pixels determined to fall within
the still portion are presented in white.

FIG. 29 illustrates the mixed area, in image, of the
area information output from the determination flag storage
frame memory 206. Referring to FIG. 29, the pixels
determined to fall within the covered background area or
the uncovered background area, namely, determined to fall
within the mixed area, are presented in white. The area
information representing the mixed area output from the
determination flag storage frame memory 206 indicates the
mixed area and a texture present area surrounded by a non-

texture portion within the foreground area.

Referring to a flow diagram illustrated in FIG. 30,



In step S202, the still/novenent determ ner 202-3 determ nes whether a

pi xel in the frane #n remains still wth respect to the pixel as the sane
position in the frame #n. Wwen it is determ ned that these pixel are
still, the routine proceeds to step S203. The still/novenent determ ner
202-2 determ nes whether the pixel in the franme #n+l remains still wth

respect to the pixel at the sane position in the frame #n. Wien it is
determned in step S203 that the pixel in the frame #n+l renmains stil
wWith respect to the pixel at the san§3position in the frame #n, the
routi ne proceeds to step S204. The area determ ner 203-2 sets the stil
portion determ nation flag of the pixel to be determned for area to "1"

to indicgie dhed d&€ephxRhtiah! ngcb@sn dfh@heStirda REtéRindPe1asea
determ ner 203-2 supplies the eterm nation flag storage frame nenory 204

with theistdldcuPosdi Pa16/L er Mhnatiepn shloag, tw fhake rmwf pooceeds to
step S205. When it is determned in step S202 that the pix in the franme

#n has rawedires hthespesyet eohlaipixeg tile tfraames arB-Poshiowghi théhe frane
#n-1, or en it is determined - 84 in step S203 that the pixel in the

frame #nfdames#modYeilncWadhingeshectfriamet Ha pikdle alettdwamimaxd. position in the
frame #n, the pixel in the frame #n does not fall within the stil
portion, and i ept&§208202, skhppetl idddmplrementt ided-erminer 202-3

determines whether a pixel in the frame #n remains still

with respect to the pixel as the same position in the frame

#n. When it is determined that these pixel are still, the

routine proceeds to step S203. The still/movement

determiner 202-2 determines whether the pixel in the frame

#n+l remains still with respect to the pixel at the same

position in the frame #n.

When it is determined in step S203 that the pixel in
the frame #n+l1 remains still with respect to the pixel at
the same position in the frame #n, the routine proceeds to
step S204. The area determiner 203-2 sets the still
portion determination flag of the pixel to be determined
for area to "1" to indicate that the pixel falls within the
still portion. The area determiner 203-2 supplies the
determination flag storage frame memory 204 with the still
portion determination flag, and then routine proceeds to
step S205.

When it is determined in step S202 that the pixel in

the frame #n has moved with respect to the pixel at the

same position in the frame #n-1, or when it is determined




proceeds to step S205. In step S205, the still/nmovenent determ ner 202-3
determ nes whether the pixel in the frame #n has noved wth respect to the
pi xel at the same position in the frame #n-1. Wien it is determ ned that
the pixels are noving, the routine proceeds to step S206. The
still/mvenent determ ner 202-2 determ nes whether the pixel in the frane
#n+l has noved fromthe pixel at the sane position in the frame #n. \Wen
it is determined in step S206 that the pixel in the frame #n+l has noved
fromthe pixel at the sane position 8 the frame #n, the routine proceeds
to step S207. The area determ ner 203-2 sets the noving portion

determ nation flag of the pixel to be determned to "1" to indicate that

the pixgh s%lelaﬁ s&djﬂﬁhé@eug@v%mepow fHe frAMCA}9a 199 HdRq 203- 2
suppl i es the eterm nation storage frame nenory 204 with the noving

por ti onyi4el §dEdERd Ab fERe. p PRI BE £REL éaﬁepF@%Q@i%nt Arstteie F2fne Vhen it
Is determned in step S205 t%at t he pi xel he franme #n remains stil

Wi th regpeclHeo gil%lp'i‘rﬂtl?é theme SABABESI hben fan 1t kathriamewen- 1, or when
it is determ ne in step S206 that the pixel in the frame #n+l

remai ns s&tiilll poMtifbd esedtstept H20pi X8l sRippea aade thesiddudine the frane
#n, the pixel in the frane #n does not fall wthin the noving portion. Step

S207 i s pyloiceierts, tanGtide SDUS I ne

In step S205, the still/movement determiner 202-3
determines whether the pixel in the frame #n has moved with
respect to the pixel at the same position in the frame #n-1.
When it is determined that the pixels are moving, the
routine proceeds to step S206. The still/movement
determiner 202-~2 determines whether the pixel in the frame
#n+1 has moved from the pixel at the same position in the
frame #n.

When it is determined in step S206 that the pixel in
the frame #n+1 has moved from the pixel at the same
position in the frame #n, the routine proceeds to step S207.
The area determiner 203-2 sets the moving portion
determination flag of the pixel to be determined to "1" to
indicate thét the pixel falls within the moving portion.

The area determiner 203-2 supplies the determination flag
storage frame memory 204 with the moving portion
determination flag, and the routine proceeds to step S208.

When it is determined in step S205 that the pixel in
the frame #n remains still with respect to the pixel at the

same position in the frame #n-1, or when it is determined



proceeds to step S208. In step S208, the still/novenent determ ner 202-4

determ nes whether a pixel in the frame #n-1 remains still wth respect to
the pixel at the sane position in the frane #n-2. Wien it is determ ned
that these pixels are still, the routine proceeds to step S209. The

still/mvenent determ ner 202-3 determ nes whether the pixel in the frane
#n has noved fromthe pixel at the sanme position in the frane #n-1. Wen
it is determined in step S209 that the pixel in the frame #n has noved
fromthe pixel at the sane position- Bh the frame #n-1, the routine
proceeds to step S210. The area determ ner 203-3 sets the covered
background area determnation flag of the pixel to be determned to "1" to

i ndi cat g Qg%esg e P §tf@hé g&&ehnihh%h%owa% Rk Qi ns Tei L ea

det er m ner 3 supplies t etermnation flag storage frame nmenory 204

Wi th theaayef&shdackgs oLnd pigal det enei BakieORddiad ANdid Nend ogame then
proceeds to step S211. Wien it is determned in step S208 that the pixel

in the fypmai-gikes (Rvedel EPENbN@nPavek Aot T I1SAREIth 86 t@sition in
the frame #n-2, or when it is determned in step S209 that the pixel in

the frafgwihg @ €50l | |$té$)t1_320f7€5.§egkib@eﬁhe andahetrdiieis@ne position
in the frame #n-1, the pixel in the frame #n does not fall within the
cover ed proceeds to step S208.

In step S208, the still/movement determiner 202-4
determines whether a pixel in the frame #n-~1 remains still
with respect to the pixel at the same position in the frame
#n-2. When it is determined that these pixels are still,
the routine proceeds to step S209. The still/movement
determiner 202-3 determines whether the pixel in the frame
#n has moved from the pixel at the same position in the
frame #n-1.

When it is determined in step S209 that the pixel in
the frame #n has moved from the pixel at the same position
in the frame #n-1, the routine proceeds to step S210. The
area determiner 203-3 sets the covered background area
determination flag of the pixel to be determined to "1" to
indicate that the pixels fall within the covered background.
The area determiner 203-3 supplies the determination flag
storage frame memory 204 with the covered background area
determination flag and the routine then proceeds to step
S211.

When it is determined in step S208 that the pixel in

the frame #n-1 has moved from the pixel at the same



background area. Step S210 is skipped and the routine proceeds to step
S211. In step S211, the still/nmovenent determ ner 202-2 determ nes whet her
the pixel in the frame #n+1 has noved fromthe pixel as the sane position
in the frame #n. Wien it is determned that the pixel has noved, the
routine proceeds to step S212. The still/novenent determ ner 202-1

determ nes whether the pixel in the frame #n+2 remains still with respect
to the pixel at the same position in the frame #n+l. Wien it is determ ned
in step S212 that the pixel in thef8&me #n+2 remains still with respect

to the pixel at the sane position in step S#n+l, the routine proceeds to
step S213. The area determ ner 203-1 sets the uncovered background area

det ef 1 3Rl dr ath And NErfhe4nl e, DErdGhERMiRCd of lordiffidey sy ! hat

I ndi cat at the pixe [I's wthin the uncovere ground area. The
area dehendiRig A03:d ShPPHiRs1t i dRECEPhAR! 4aN Rl nid Ytage J1@we

menory 204w th the uncovered background area determnation flag, and the

routine RIseRQdsd 15d §PisRildat VHRE 5hmkSpdatieiBnnas ithesteame linthat the
pixel in -"87 the frame #n+l remains still with respect to the pixel at

the sameneogitdedn i the frane #n, deeswWhel ifhlis wdehdmritied coaversdep S212
that the pixel in the frame #n+2 has noved fromthe pixel at the sane
posi t i obadkddttirid afedin+l stéphes210 is skipped and the routine

proceeds to step S211.

In step S211, the still/movement determiner 202-2
determines whether the pixel in the frame #n+1 has moved
from the pixel as the same position in the frame #n. When
it is determined that the pixel has moved, the routine
proceeds to step S212. The still/movement determiner 202-~1
determines whether the pixel in the frame #n+2 remains
still with respect to the pixel at the same position in the
frame #n+l.

When it is determined in step S212 that the pixel in
the frame #n+2 remains still with respect to the pixel at
the same position in step S#n+l, the routine proceeds to
step S213. The area determiner 203-1 sets the uncovered
background area determination flag of the pixel to be
determined for area to "l1" that indicates that the pixel
falls within the uncovered background area. The area
determiner 203-1 supplies the determination flag storage
frame memory 204 with the uncovered background area

determination flag, and the routine proceeds to step S214.

When it is determined in step S211 that the pixel in



pi xel in the franme #n does not fal

wi thin the uncovered background area.

Step S213 is skipped, and the routine proceeds to step S214. In step S214,
the area determ ner 103 determ nes whether all pixels in the frame
been determned for area. Wien it is determned that all pixels in
frame #n have not yet been determned for area, the routine | oops
S202 and the routine of the area determ nation process starts over
conpl ete area determ nation for all gixels. When it is determ ned

S214 that all pixels in the frane #n

routi ne

I nformation indicating the m xed area, based on the

have been deternined for area,

#n have
t he

to step
to

n step
t he

proceeds to step S215. The synthesizer 205 generates the area

area andfdercQver il Paskes pHEs 188 wikdr edspedtheglaims or@méi ode

st or age

frame nmenory 204. Furthernore, the synthesizer 205

uncover ed background

ag

generates the

area iy "BmOpddptibRdifatRe thhme Gng o tWhRnNaoViey elbt daskgs@und
area, the still portion, the noving portion, and the covered backgr

area eacih pive $21Pngeatothdhpixeenenatde Fremd WrovaraidHmdved hen
the determnation - 88 flag storage frame nenory 206, and the routi
ends. O¥ropitied pyxelxet bhei samehposiedotetier roheerf ke niy+1 gettee at e t he
area information which indicates which one of the noving portion, t
still pagristen,in heheinfpaeeesin does not fall within the uncovered

background area. Step S213 is skipped, and the routine
proceeds to step S214.

In step S214, the area determiner 103 determines
whether all pixels in the frame #n have been determined for
area. When it is determined that all pixels in the frame
#n have not yet been determined for area, the routine loops
to step S202 and the routine of the area determination
process starts over to complete area determination for all
pixels.

When it is determined in step S214 that all pixels in
the frame #n have been determined for area, the routine
proceeds to step S215. The synthesizer 205 generates the
area information indicating the mixed area, based on the
uncovered background area and the covered background area
stored in the determination flag storage frame memory 204.
Furthermore, the synthesizer 205 generates the area
information that indicates which one of the uncovered
background area, the still portion, the moving portion, and
the covered background area each pixel belongs to. The

generated area information is then set in the determination

ound
set in
ne

he



background area, and the covered background area each pixel in the frane
bel ongs to. By applying | ogical ORgating to the uncovered background area
and the covered background area, the area determ ner 103 generates the
area information corresponding to the m xed area. The area determ ner 103
may then generate the area information fornmed of a flag indicating which
one of the noving portion, the still portion, and the m xed area, each

pi xel of the frane bel ongs to. Wen the object of the foreground has a
texture, the area determiner 103 ideBBifies a noving portion nore
accurately. The area determ ner 103 nmay output the area information,

I ndi cating the noving portion, as the area information representing the

f or egr ounich Q£ AlGe "BYaR¥t REhoriyNe 08!, canin it W Bld @ ind Ehdat i Ny the still
portion, as " the area information representing the background information.

The backgr oungh apjettel bt pikel NbhBgsgbene drseUadt@rmidden o mdg i mge
correspondi ng to the background area has a noving conponent, the

above- r eferieeesl i€ aa feh eintoghheionpwhdess iinsl iarids al fch Fore exinpl e,
when the image - 89 corresponding to the background area uniformy noves,

the arezhalaievringagiotOBoper thenstildé pantijpngcdadse amadhssrédie obj ect of
t he background is still, by shifting the entire inage in accordance with
t he noverarikgrotwd dbeaj nangé bhe covered background area each pixel

in the frame belongs to.

By applying logical OR-gating to the uncovered
background area and the covered background area, the area
determiner 103 generates the area information corresponding
to the mixed area. The area determiner 103 may then
generate the area information formed of a flag indicating
which one of the moving portion, the still portion, and the
mixed area, each pixel of the frame belongs to.

When the object of the foreground has a texture, the
area determiner 103 identifies a moving portion more
accurately.

The area determiner 103 may output the area
information, indicating the moving portion, as the area
information representing the foreground area and may output
the area information, indicating the still portion, as the
area information representing the background information.

The background object is still in the above discussion.
Even if the image corresponding to the background area has

a moving component, the above-referenced area determination

process is applicable. For example, when the image



t he background area contains noving portions different from |ocation to

| ocation, the area determ ner 103 selects pixels in response to respective
nmovenents, and performs the above-referenced process. FIG 31 is a block
diagramillustrating another construction of the area determ ner 103. The
area determner 103 illustrated in FIG 31 uses no notion vector. A
background i mage generator 301 generates a background inmage correspondi ng
to an input imge, and supplies a binary object inage extractor 302 with
the generated background i mage. The $3ckground i mage generator 301
extracts an i mage object corresponding to a background object contained in
the i nput inage, thereby generating a background imge. FIG 32 is a nodel

di agr amédﬂr%géﬂﬁd'r 4 the @%éeﬂ)acﬁgwﬁﬁd%r@bx%h%f%ﬁﬁ Wowad y @iéanged in

alineint i on noveneént of an image corrésponding to a

f or egr oy LR AL rm IS €1 613 t her pb¥Ak ¥akUSam@ P réRu@sORAA widh tine axis.
For exanple, the novenent of the imge corresponding to the foreground

obj ect ich et N tte iPadkbgroahdaces, sandlt heypisnalftialglahefedterdi xel s are
- 90 consecutively arranged in a line in the nodel diagram illustrated in
FI G 32.imREefeerir nrddrddfme 3dithhehki meviemehnlte f wivem #he simaglendfcal to
the line in the frame #n+l

the background area contains moving portions different from

location to location, the area determiner 103 selects

pixels in response to respective movements, and performs

the above-referenced process.

FIG. 31 is a block diagram illustrating another

construction of the area determiner 103. The area

determiner 103 illustrated in FIG. 31 uses no motion vector.

A background image generator 301 generates a background

image corresponding to an input image, and supplies a

binary object image extractor 302 with the generated

background image. The background image generator 301

extracts an image object corresponding to a background

object contained in the input image, thereby generating a

background image.

FIG. 32 is a model diagram illustrating the pixel

values of pixels consecutively arranged in a line in the

direction of movement of an image corresponding to a

foreground object, wherein the pixel values are developed

in time axis. For example, the movement of the image

corresponding to the foreground object is horizontal in the

screen, and the pixel values of the pixels are



The foreground conponent of the object in the sixth through seventeenth
pixels in the frame #n fromthe left- hand side thereof is contained in the
second through thirteenth pixels in the frame #n-1 fromthe |eft-hand side
thereof, and is also contained in tenth through twenty- first pixels in the
frame #n+l fromthe left-hand side thereof. The el eventh through
thirteenth pixels in the frame #n-1 fromthe left-hand side thereof fal
within the covered background area, and second through fourth pixels in
the frame #n-1 fromthe left-hand std® thereof fall within the uncovered
background. The fifteenth through seventeenth pixels in the franme #n from
t he Ieft hand si de thereof fall within the covered background area, and

the é?)lﬁlsteil‘ru‘{ %1‘3} é@'ﬁn'agaic el L ATERENMbURT W% gr@ld - hand side

t her eof t he un vered ground area. The ni'neteenth through

twenty- quysﬂyaggé;lﬂ1gf§ef§@ne #n+l fromthe left-hand side thereof fall
within the covered background area, and the tenth through twelfth pixels

in the frameggrerdimemidderief tahanghsi denkheneehe FzbineWishhiin the
uncover ed background area. - 91 The first and fourteenth through

t went y- fildesit idaXelto dHe thind r pmecwe- irhnemthhe .l eft - hand side thereof fal

within the background area. The first through fifth pixels, and the

ei ght eent h t ITheudio desduwnd idsiipgnemst sof nthéeobjeoe in the sixth
through seventeenth pixels in the frame #n from the left-
hand side thereof is contained in the second through
thirteenth pixels in the frame #n-1 from the left-hand side
thereof, and is also contained in tenth through twenty-
first pixels in the frame #n+l from the left-hand side
thereof.

The eleventh through thirteenth pixels in the frame

#n-1 from the left-hand side thereof fall within the
covered background area, and second through fourth pixels
in the frame #n-1 from the left-hand side thereof fall
within the uncovered background. The fifteenth through
seventeenth pixels in the frame #n from the left-hand side
thereof fall within the covered background area, and the
sixth through eighth pixels in the frame #n from the left-
hand side thereof fall within the uncovered background area.
The nineteenth through twenty-first pixels in the frame
#n+1 from the left-hand side thereof fall within the
covered background area, and the tenth through twelfth
pixels in the frame #n+1 from the left-hand side thereof

fall within the uncovered background area.



302. A corr

#n fromthe left-hand side thereof fall within the background area. First
through ninth pixels in the frame #n+1 fromthe |eft-hand side thereof
fall within the background area. FIG 33 illustrates the exanple of a
background i mage corresponding to the exanple illustrated in FIG 32, and
generated by the background i mage generator 301. The background inmage is
formed of pixels of the object of the background, and includes no inage
conponent of a foreground object. The binary object imge extractor 302
generates a binary object imge base¥Yl on the correl ati on between the
background i mage and the input image, and supplies a chronol ogical change
detector 303 with the generated binary object image. FIG 34 is a block

diagram || uslfals figd ttha CRASLELEAERNcRTOLAR PLBALY GhLRH JitRag extractor

ation value cal culator 321 cafculates“correl ation between

the backgy qupd fymge 4qPutefsRMAbe] Backgaaung j demrge reyrer@iior 301 and the
| nput i mge, generating a correlation value. The cal culated correl ation

val ue i syit9%h thendedyiourndthreshol dher e6ess0khedaghl IFe Al reladlipn val ue
cal cul ator 321 applies equation (4) to 3x3 blocks of the background i nmage
cent er eGn@ tike asigisiwanth it éughStwanty3£3rblopkikedfs tile thwprdmemge

#n from the left-hand side thereof fall within the

background area. First through ninth pixels in the frame

#n+1 from the left-hand side thereof fall within the

background area.

FIG. 33 illustrates the example of a background image
corresponding to the example illustrated in FIG. 32, and
generated by the background image generator 301. The
background image is formed of pixels of the object of the
background, and includes no image component of a foreground
object.

The binary object image extractor 302 generates a
binary object image based on the correlation between the
background image and the input image, and supplies a
chronological change detector 303 with the generated binary
object image.

FIG. 34 is a block diagram illustrating the
construction of the binary object image extractor 302. A
correlation value calculator 321 calculates correlation
between the background image input from the background
image generator 301 and the input image, generating a

correlation value. The calculated correlation value is




centered on Y4 as shown in FIG 35B, thereby calculating the correlation
value for Y4 ~ (Xi - X),Y (Yi Correlation value - to 8282 | (Xi - X -
I (Yi - -Y) i-0i-08(4) - ~MX-". ---- (5 98Yi Y- 9--(6) The
correlation value cal cul ator 321 supplies the threshold processor 322 with
the correlation value calculated for each pixel in this way. The
correl ation value cal culator 321 may apply equation (7) to 3x3 bl ocks of
the background image centered on X4 as shown in FIG 36A and 3x3 bl ocks of
the input image centered on Y4 as sh®&n~in FIG 36B, thereby calculating
the correlation value for Y4 - 93 s Sum of absolute values of differences
=~1 (Xi - Yi)l (7)

then fed to a threshold processor 322.

The correlation value calculator 321 applies equation
(4) to 3x3 blocks of the background image centered on X, as
shown in FIG. 35A and 3x3 blocks of the input image
centered on Y, as shown in FIG. 35B, thereby calculating

the correlation value for Y,.

Z(Xz X)E(Yz

(4)

2

Y (Xi - X) °2(Yi—}—’)

i=0 i=0

Correlation value = \/

DX

xX-= (5)
8

~ 2}’[

Y=r="9 (6)

The correlation value calculator 321 supplies the
threshold processor 322 with the correlation value
calculated for each pixel in this way.

The correlation value calculator 321 may apply
equation (7) to 3x3 blocks of the background image centered
on X, as shown in FIG. 36A and 3x3 blocks of the input
image centered on Y, as shown in FIG. 36B, thereby

calculating the correlation value for Y,.



,_0 The correlation value cal culator 321 feeds the sum of absol ute val ues
of difference to the threshold processor 322 as a correlation value. The
t hreshol d val ue processor 322 conpares the pixel value of correlated
images with a threshold value thO The threshold value processor 322 sets
the pi xel value of the binary object inage to 1 when the correlation val ue
is equal to or smaller than the threshold value thQ and sets the pixe
val ue of the binary object inmage to 0 mhen the correlation value is
greater than the threshold value th® 93The binary object image with the

pi xel value set to be O or 1 is thus output. The threshold val ue processor
322 may store beforehand the threshold value thO, or may use a threshold

value thO input fromoutside. FIG 37 illustrates a binary object inage
corresponding to the nodel of the ipput image illustrated in FIG 32. In
the bi nagyy, gPhreiud VRS of%nﬂéréﬁéesh g‘é@ﬂ -5Y1)|h' gh correlation wth7{he
background image is set to O. is a block diagramillustrating the

construction of a chronologlcal change detector 303. When the area
determination is perforned on the pixels in the - 94 frame #n, a frane
menory 341 stores the binary object inmage of the frame #n-1, the frame #n,
and the framThmcoreebatied vaduet Ralpudaterobildcifaadfydhsisuetof 302.

absolute values of difference to the threshold processor
322 as a correlation value.

The threshold value processor 322 compares the pixel
value of correlated images with a threshold value thO. The
threshold value processor 322 sets the pixel value of the
binary object image to 1 when the correlation value is
equal to or smaller than the threshold value th0, and sets
the pixel value of the binary object image to 0 when the
correlation value is greater than the threshold value tho.
The binary object image with the pixel value set to be 0 or
1 is thus output. The threshold value processor 322 may
store beforehand the threshold value th0, or may use a
threshold value th0 input from outside.

FIG. 37 illustrates a binary object image
corresponding to the model of the input image illustrated
in FIG. 32. In the binary object image, a pixel having a
high correlation with the background image is set to 0.

FIG. 38 is a block diagram illustrating the
construction of a chronological change detector 303. When

the area determination is performed on the pixels in the



An area determ ner 342 perfornms the area determ nation process to each

pi xel in the frane #n based on the binary object inmages of the frane #n-1,
the frame #n, and the frame #n+l1l stored in the frane nenory 341, thereby
generating and outputting the area information. FIG 39 illustrates the
determ nation process of the area determner 342. Wen a target pixel in
the binary object inage in the frane #n is zero, the area determ ner 342
determ nes that the target pixel in the frane #n falls wthin the
background area. The area determiner 342-deternmines that a target pixel in
the frame #n falls within the foreground area when the target pixel of the
bi nary object image in the frame #n-1 is 1, when the target pixel of the

binary qhige! #iBAE fhmd hﬁ‘er@éﬁﬁ3ﬁﬂ kfotes2BeBenahe difyedal fagd of the

bi nary “object i'mage in the n+l is 1. Wen the tardet pixel” of the
binary ol @fe ifPBGR i4h-1hechéaFRaftd ki, lanan€neheraee grariget pixel of the

binary object 1nage in the frane #n-1 1s 0, the area determ ner 342

det ermi @%?ptlr].@d then A ets hxey bﬂ?ébe inage éxtialdtor Wahin the covered
background.” When the target pixel of the binary object imge in - 95 the

frame #n is hn aréavhstdheidar 0842 ppefophst BRebharany dedfdirariindtniage i n the
frame #n+l1l is 0, the area determner 342 determ nes that the target pixe
in the fppratesi Haldsch pixel in the frame #n based on the binary

object images of the frame #n-1, the frame #n, and the

frame #n+1 stored in the frame memory 341, thereby

generating and outputting the area information.

FIG. 39 illustrates the determination process of the
area determiner 342. When a target pixel in the binary
object image in the frame #n is zero, the area determiner
342 determines that the target pixel in the frame #n falls
within the background area.

The area determiner 342 determines that a target pixel
in the frame #n falls within the foreground area when the
target pixel of the binary object image in the frame #n-1
is 1, when the target pixel of the binary object image in
the frame #n is 1, and when the target pixel of the binary
object image in the frame #n+l is 1.

When the target pixel of the binary object image in
the frame #n is 1, and when the target pixel of the binary
object image in the frame #n-1 is 0, the area determiner
342 determines that the target pixel in the frame #n falls

within the covered background.

When the target pixel of the binary object image in




Wi thin the uncovered background. FIG 40 illustrates the determ nation
process of the chronol ogi cal change detector 303 perforned on the binary
obj ect imge corresponding to the input image illustrated in FIG 32. The
chronol ogi cal change detector 303 determ nes that the first through fifth
pixels in the frame #n fromthe left-hand side thereof fall within the
background area, because the corresponding pixels in the binary object
image in the frame #n are 0. The chronol ogi cal change detector 303
deternines that the sixth through ni®®h-pixels in the frane #n fromthe

| eft-hand side thereof fall within the uncovered background, because the
pi xel s of the binary object image in the frame #n are 1 and the

correspaid NG HeGp 14 1 NeahdaPRefiNthet8ret THA el ¥T0IaMH G nLhANge
det ect or 303 J@%e?ﬁ?nes tha? theetenth thfgﬁgh@?hirteenth pixé};h?n t he

frame #pyqp ififyd efd -fRadrside Bhe1eel 03! knw thida dmiamsmound ar ea,
because the pixels of the binary object image in the frame #n are 1, the

correspaadi k1 el fed Ncide ’Eﬁé”’@a#?e%_ pikel, inantd Mraaw rEspRAiang pi xel s
in the frame #n+l1 are 1. The chronologi cal change detector 303 determ nes

that - QB tHie drurieesédrédirvaghgseraateenth pixels in the frane #n  from
the left-hand side thereof fall wthin the covered background, because the
pi xel s of theid.nary b estrat@gethe determination process of the

chronological change detector 303 performed on the binary

object image corresponding to the input image illustrated

in FIG. 32. The chronological change detector 303

determines that the first through fifth pixels in the frame

#n from the left-hand side thereof fall within the

background area, because the corresponding pixels in the

binary object image in the frame #n are 0.

The chronological change detector 303 determines that
the sixth through ninth pixels in the frame #n from the
left-hand side thereof fall within the uncovered background,
because the pixels of the binary object image in the frame
#n are 1 and the corresponding pixels in the frame #n-1 are
0.

The chronological change detector 303 determines that
the tenth through thirteenth pixels in the frame #n from
the left-hand side thereof fall within the foreground area,
because the pixels of the binary object image in the frame
#n are 1, the corresponding pixels in the frame #n-1 are 1,
and the corresponding pixels in the frame #n+l are 1.

The chronological change detector 303 determines that



in the frame #n are 1, and the corresponding pixels in the frame #n-1 are
0. The chronol ogi cal change detector 303 determ nes that the eighteenth
through twenty-first pixels in the frame #n fromthe | eft-hand side
thereof fall within the background area, because the pixels of the binary
object image in the franme #n are 0. Referring to a flow di agram
illustrated in FIG 41, the area determ nation of the area determ ner 103
is discussed below. In step S301, the background image generator 301 in
the area deterniner 103 extracts ami¥age object corresponding to a
foreground object contained in the input inage, generates a background

I mge, and sends the generated background to the binary object inmage

extract h Sy dtee@l R %ugh NSePeRBEYNOR] BEkelBRAR HE Fldile IAP
cal cul ates the correlation value between the input imge and the

backgr oy RS 19U HatH f§ Die t HRe PASKOEQUNAWIRGR tHRNIAiHed01 t hrough
the process discussed with reference to FIG 35A and FIG 35B. In step

S303, t lpadNgrwhdbjssdaus éregee epixets 06 £30Recbipags obj@ctorineigd i on val ue
with the threshold value thO to result in a binary object inmge from- 97
t he corrigl atheo T nemel et rangk ¢ he, t imésthédcuakespbh@inkgn pdtxeyl sS30v , tHehe
chronol ogi cal change detector 303 perforns the area determ nation process,
t her eby feragliengiri4ie are 0.
The chronological change detector 303 determines that
the eighteenth through twenty-first pixels in the frame #n
from the left-hand side thereof fall within the background
area, because the pixels of the binary object image in the
frame #n are 0.
Referring to a flow diagram illustrated in FIG. 41,
the area determination of the area determiner 103 is
discussed below. In step S301, the background image
generator 301 in the area determiner 103 extracts an image
object corresponding to a foreground object contained in
the input image, generates a background image, and sends
the generated background to the binary object image
extractor 302.
In step S302, the binary object image extractor 302
calculates the correlation value between the input image
and the background image supplied from the background image
generator 301 through the process discussed with reference
to FIG. 35A and FIG. 35B. In step S303, the binary object

image extractor 302 compares the correlation value with the

threshold value th0 to result in a binary object image from




routine. Referring to a flow diagramshown in FIG 42, the area

determ nation process in step S304 is discussed in detail. |In step S321,
the area determner 342 in the chronol ogi cal change detector 303

determ nes whether a target pixel in the franme #n stored in the frane
menory 341 is 0. Wien it is determned that the target pixel is 0, the
routine proceeds to step S322. The target pixel in the franme #n is set as
falling within the background area, and then the routine ends. Wen it is
determined in step S321 that the targ8? -pixel in the frame #n is 1, the
routi ne proceeds to step S323. The area determiner 342 in the
chronol ogi cal change detector 303 determ nes whether the target pixel in

the frapge#osteligdibA LASuE" amR MR Bhratthd 1} Ly AN Wagh her  the
corresponding pixel in the frame #n-1 is 0. Wien it is determ ned that the

target pixel im ¢hepfsa0®, #8nst ehednio ogtilke 1f r&%c{;@rﬂéﬁ’e@&g—ri?oi and that
the corresponding pixel 1nthe frane #n-1 is O, t'he routine proceeds to

step S33derfdhfs atRe debar geRerm3fAdtiens gt dsy gathéd ey énding thame #n
as falling within the covered background area, and ends the routine. - 98

Wien it fteutdbhermned in step S323 that the target pixel in the frame #n

Is O or that the corresponding pixel in the frane #n-1 is 1, the routine

proceeds to sRepelS8PHg to a flow diagram shown in FIG. 42, the area
determination process in step S304 is discussed in detail.
In step S321, the area determiner 342 in the chronological
change detector 303 determines whether a target pixel in
the frame #n stored in the frame memory 341 is 0. When it
is determined that the target pixel is 0, the routine
proceeds to step S322. The target pixel in the frame #n is
set as falling within the background area, and then the
routine ends.

When it is determined in step S321 that the target

pixel in the frame #n is 1, the routine proceeds to step
S323. The area determiner 342 in the chronological change
detector 303 determines whether the target pixel in the
frame #n stored in the frame memory 341 is 1 and whether
the corresponding pixel in the frame #n-1 is 0. When it is
determined that the target pixel in the frame #n stored in
the frame memory 341 is 1 and that the corresponding pixel
in the frame #n-1 is 0, the routine proceeds to step S324.
The area determiner 342 sets the target pixel in the frame

#n as falling within the covered background area, and ends

the routine.



The area determ ner 342 in the chronol ogi cal change detector 303

determ nes whether the target pixel in the franme #n stored in the frane
menory 341 is 1, and whether the corresponding pixel in the frame #n+l is
0. When it is determned that the target pixel in the franme #n stored in
the frame nenory 341 is 1, and that the corresponding pixel in the frame
#n+l is O, the routine proceeds to step S326. The area determ ner 342 sets
the target pixel in the frame #n as falling within the uncovered
background area and ends the routimed8wWren it is deternined in step S325
that the target pixel in the frame #n is 0 or that the correspondi ng pixe
in the frame #n+l1 is 1, the routine proceeds to step S327. The area

determ ner 34ghém {beishgepekpghedl iahanep sdebealyt 303k seisqgébe target
pixel in the frane #n as falling within the foreground area, and ends the

routine.pibhel aieatHet erginBe#nl@s ion oirhithatat Heetey Ny porelof the
foreground area, the background area, the covered background area, and the

uncover eth belek gf camnd #ned isach piheelroaft ilnke pryudedsrage Heepngs250, based
on the background image corresponding to the input inmage and the
correl atTlhom arxdaedefbeminea ddledim néve Hh¥ogerierqiicssl tdleangd®9 area
I nformati on corresponding to the determnation results. FIG 43 is a block
di agramdétestont 308 geteamdhker whenhierudtheortaxfgethepioteh iket €hei ner 103.
The areéframe #n stored in the frame memory 341 is 1, and whether

the corresponding pixel in the frame #n+l1 is 0. When it is

determined that the target pixel in the frame #n stored in

the frame memory 341 is 1, and that the corresponding pixel

in the frame #n+l is 0, the routine proceeds to step S326.

The area determiner 342 sets the target pixel in the frame

#n as falling within the uncovered background area and ends

the routine.

When it is determined in step S325 that the target

pixel in the frame #n is 0 or that the corresponding pixel

in the frame #n+l1 is 1, the routine proceeds to step S327.

The area determiner 342 in the chronological change

detector 303 sets the target pixel in the frame #n as

falling within the foreground area, and ends the routine.

The area determiner 103 in this way determines which

one of the foreground area, the background area, the

covered background area, and the uncovered background area

each pixel of the input image belongs to, based on the

background image corresponding to the input image and the

correlation value. The area determiner 103 generates the



determner 103 illustrated in FIG 43 uses the notion vector and the
position information thereof supplied from the notion detector 102.

El ements identical to those described with reference to FIG 31 are
designated with the sane reference nunerals, and the discussion thereof is
omtted. A robustizer 361 robustizes the binary object inage based on N
frames of binary object inmages supplied fromthe binary object inage
extractor 302, and feeds the robustized binary object inage to the
chronol ogi cal change detector 303.-F?% =44 is a block diagramillustrating
the construction of the robustizer 361. A notion conpensator 381
conpensates for the notion of the N franmes of binary object inage based on

the noti qu{fﬁnga*@léﬁec fé&b@ﬂdih@f‘Eb”%h'eo'aettfé‘irnﬁ(ﬁaﬁﬁ}mfe?ﬂlif@mthe

noti on detector and eds t tion conpensated binary object inage

to a swtchgBg2. 4§ﬁf§rérEﬂé@kFaﬂh?ﬂﬁmaﬂQlEEEEa%QngtW%ﬂ“ﬁddﬂher

conpensation of the notion conpensator 381 is di scusséd The frame #n-1,

the framddstrwididdef rene #ned abtbirfdhgr alj3ect Thwgardd [ ustrated in
FIG 45 are input when the area - 100 determination of the frame #n is

per f or ekt Hasiarkon 6 heil vé t patedctiar FIGppUiBed sfesomicanomidmn det ect or
102, the notion conpensator 381 conpensates for a notion in the
vector and the position information thereof supplied from
the motion detector 102. Elements identical to those
described with reference to FIG. 31 are designated with the
same reference numerals, and the discussion thereof is
omitted.

A robustizer 361 robustizes the binary object image
based on N frames of binary object images supplied from the
binary object image extractor 302, and feeds the robustized
binary object image to the chronological change detector
303.

FIG. 44 is a block diagram illustrating the
construction of the robustizer 361. A motion compensator
381 compensates for the motion of the N frames of binary
object image based on the motion vector and the position
information thereof supplied from the motion detector 102,
and feeds the motion compensated binary object image to a
switch 382.

Referring to FIG. 45 and FIG. 46, the motion
compensation of the motion compensator 381 is discussed.

The frame #n-1, the frame #n, and the frame #n+l of binary

object image illustrated in FIG. 45 are input when the area



frame #n-1 of binary object image, and the franme #n+l1l of binary object

I mge as shown in FIG 46, and feeds the nption-conpensated binary object
i mages to the switch 382. The switch 382 outputs a first frame notion- '
conpensated binary object inage to a frame nenory 383-1, and outputs a
second frane notion-conpensated binary object to a frame nenory 383-2.

Li kewi se, the switch 382 outputs third through N-1-th franme

not i on- conpensat ed binary object inages to frame nenories 383-3 through
383-(N-1), respectively, and finaltyy&utputs an N-th frame notion-
conpensated binary object inage to a frame nenory 383-N. The frame nenory
383-1 stores the first frane notion- conpensated binary object inmage, and

out put s ddteesh DE£EioRi AT ¥habEeahel #RIS st Ped FoinHY | Nh4NEd S84 He The

frame nenory 383-2 stores the second fra not 1 on- conpensat ed I nary

obj ect inBRoRNFeOtb PUSSphCeat 2FB8R RhBamhtakine tetd:tdhero'e] Gidng unit
384-2. The frane nenories 383-3 through 383-(N-1.) respectively store

third thiceigdh Ndmpéné 5668 9911 ebmpensneesalred ki RYvidd Actthemges, and
outputs stored binary object images to weighting units 384-3 through

384- (N- f)rame ebpertoFebinafechfage aragey A% Mhd arend henMt tdhe frane -
101 notion-conpensated binary object inage and outputs the stored binary
obj ect itagery mbbhhecweimghgengs uahbwd84nNFIGhe 461 ghid MEeads tt1384- 1
mul tiplies the pixel value of
motion-compensated binary object images to the switch 382.
The switch 382 outputs a first frame motion-
compensated binary object image to a frame memory 383-1,
and outputs a second frame motion-compensated binary object
to a frame memory 383-2. Likewise, the switch 382 outputs
third through N-1-th frame motion-compensated binary object
images to frame memories 383-3 through 383-(N-1),
respectively, and finally outputs an N-th frame motion-
compensated binary object image to a frame memory 383-N.
The frame memory 383-1 stores the first frame motion-
compensated binary object image, and outputs the stored
binary object image to a weighting unit 384-1. The frame
memory 383-2 stores the second frame motion-compensated
binary object image and outputs the stored binary object to
the weighting unit 384-2.
The frame memories 383-3 through 383-(N-1)
respectively store third through N-1-th frame motion-
compensated binary object images, and outputs stored binary

object images to weighting units 384-3 through 384-(N-1),

respectively. The frame memory 383-N stores the N~th frame



the first frame notion-conpensated binary object inmage supplied fromthe
frame menory 383-1 by a predetermned weight wl, and feeds the product to
a summng unit 385. The weighting unit 384-2 nultiplies the pixel value of
the second frane notion-conpensated binary object inage supplied fromthe
frame nenory 383-2 by a predeterm ned weight w2, and feeds the product to
the summ ng unit 385. Likew se, the weighting unit 384-3 through wei ghting
unit 384-(N-1) respectively multiply the pixel values of the third through
N-1-th frame notion-conpensated biﬁaﬁﬁl Obj ect i mages by predeterm ned

wei ghts w3 through wW(N-1), and feed the respective products to the sunm ng
unit 385. The weighting unit 384-N nmultiplies the pixel value of the N-th

frame neidtoibiRse £bedi PRANrPbbB§bctMAAgRY add RAGRItE NiHed wei ght wWN,
and then feeds the product to thg sgnning ugit 385. The summing unit 385

sunms theturel ifatheobiest ihbgeugb bhbhwhkigme imRl it @gensat ed binary
obj ect images respectively multiplied by the weights w through w, and
conpar es the Thenwdidghteipy ognit s384+h muptegatiesnithed pidelesiaduk waf ue t hO,
thereby generating the binary object inmage. - 102 The robustizer 361
robust i zdee thierdt biremeg mbf tob-compgesadrd bdedsyt lob jreabusimamsd obj ect
I mges to the chronol ogi cal change detector 303. The area determ ner 103

supplied from the frame memory 383-1 by a predetermined

weight wl, and feeds the product to a summing unit 385.

The weighting unit 384-2 multiplies the pixel value of the

second frame motion-compensated binary object image

supplied from the frame memory 383-2 by a predetermined

weight w2, and feeds the product to the summing unit 385.

Likewise, the weighting unit 384-3 through weighting

unit 384-(N-1) respectively multiply the pixel values of

the third through N-1-th frame motion-compensated binary

object images by predetermined weights w3 through w(N-1),

and feed the respective products to the summing unit 385.

The weighting unit 384-N multiplies the pixel value of the

N-th frame motion-compensated binary object image by a

predetermined weight wN, and then feeds the product to the

summing unit 385.

The summing unit 385 sums the pixels of the first

through N-th frame motion-compensated binary object images

respectively multiplied by the weights wl through wN, and

compares the sum of the products with a predetermined

threshold value thO, thereby generating the binary object

image.



illustrated in FIG 43 perforns the area determ nation nore accurately

than the area determner 103 illustrated in FIG 31, even if the input
i mage contai ns noise. The area determ nation process of the area determ ner
103 illustrated in FIG 43 will now be discussed with reference to a flow

di agram shown in FIG 47. Step S341 through step S343 are respectively

I dentical to step S301 through step S303 already di scussed with reference
tothe flowdiagramillustrated in FIG 41, and the discussion thereof is
omitted here. In step S344, the robust®%er 361 perforns a robustization
process. In step S345, the chronol ogi cal change detector 303 perforns the
area determ nation process, and ends the routine. The detail of the area

determ nati onpHY Okisdst {ze St $81 SB4Bube izd8Nthealn 1A gt JHjddie process
di scussed wth reference to the flow diagramillustrated in FIG 42, and

the di scma?@ dMeresdds stRal tbplshered Behech Naaqed e fdmw di agram
illustrated in FIG 48, the robustization process in step 344 in FIG 47

wi Il nowhdnsleigic£l. changéegeb36tort BO3NDt Mhe GoRefldmidtdr pe3forns a
notion conpensation process of the input binary - 103 object image in
accordandd udttiatéd 1wtFDE. vest perdodmshéhepasicla @eterfnoimeat icm mdwes eof
supplied fromthe notion detector 102. In step S362, one of the frane
menor i exac38Brately than the area determiner 103 illustrated in FIG.

31, even if the input image contains noise.

The area determination process of the area determiner
103 illustrated in FIG. 43 will now be discussed with
reference to a flow diagram shown in FIG. 47. Step S341
through step S343 are respectively identical to step S301
through step S303 already discussed with reference to the
flow diagram illustrated in FIG. 41, and the discussion
thereof is omitted here.

In step S344, the robustizer 361 performs a
robustization process.

In step S345, the chronological change detector 303
performs the area determination process, and ends the
routine. The detail of the area determination process in
step S345 is identical to that of the process discussed
with reference to the flow diagram illustrated in FIG. 42,
and the discussion thereof is omitted here.

Referring to the flow diagram illustrated in FIG. 48,
the robustization process in step 344 in FIG. 47 will now

be detailed. 1In step S$361, the motion compensator 381

performs a motion compensation process of the input binary



1 through 383-N stores the notion-conpensated binary object imge supplied
t hrough the switch 382. In step S363, the robustizer 361 determ nes whet her
the N binary object inmages have been stored. Wien it is deternined that
the N binary object inages have not yet been stored, the routine |loops to
step S361 to performthe notion conpensation process on the binary object
Il mge and to performthe storage process for storing the binary object

i mage. When it is determned in step S363 that the N binary object images
have been stored, the routine proceedd?3 o step S364. The weighting units
384-1 through 384-N nultiply the N binary object inmages by the weights w

t hrough W\, respectively, for weighting. In step S365, the summ ng unit 385

sums theyrdaht ihdt DhnNac¥oplhget WiRBEThe Mot RRSok EnsUPRE NG unit
385 generates a binary object inmage fromthe sumed i nage by conparing the

sumed dddid Yoo bl RESrhdBo6n M hBraol’ edppeidded-dnh rafdiahst s, and the
routine ends. In this way, the area determ ner 103 configured as in FIG

43 generddtasctide BOEA | nhosHepi 8B6R3seneon ft e filfne Mdistiged3dinary

obj ect image. Concerning each pixel contained in the frane, the area

det er m rertHEBugienEg 3t Rsstbeesr ehel Aboivat-compdiiated binary object
image supplied through the switch 382.

In step S363,‘the robustizer 361 determines whether
the N binary object images have been stored. When it is
determined that the N binary object images have not yet
been stored, the routine loops to step S361 to perform the
motion compensation process on the binary object image and
to perform the storage process for storing the binary
object image.

When it is determined in step S363 that the N binary
object images have been stored, the routine proceeds to
step S364. The weighting units 384-1 through 384-N
multiply the N binary object images by the weights wl
through wN, respectively, for weighting.

In step S365, the summing unit 385 sums the weighted N
binary object images.

In step 8366, the summing unit 385 generates a binary
object image from the summed image by comparing the summed
binary object image with a predetermined threshold thl, and
the routine ends.

In this way, the area determiner 103 configured as in

FIG. 43 generates the area information based on the



I ndi cates which one of the noving portion, the still portion, the
uncover ed background area, and the covered background area each pi xel
belongs to. FIG 49 is a block diagramillustrating the construction of
the m xture ratio calculator 104. An estinmated m xture rati o processor 401
determnes an estimated m xture ratio of each pixel by calculating a

nodel of the covered background area in the input inage, and then feeds
the calculated estimated m xture ratio to a mxture ratio determ ner 403.
A estimated mixture ratio processor 48% deternmnes an estimted mxture
rati o of each pixel by calculating a nodel of the covered background area
in the input image, and then feeds the calculated estimted m xture ratio

to a mfﬁ?ﬂé%féﬁd$b£K%f§”$B§écéo§ma§E@ assunption that the object of the
S

foreground 1 noving at” a constant Speed for shutter time holds, the

mxture rati @chdriiify Rba®h Pekengbpathdnkhe il 8¢ Fr@me Nashd erd! | owi ng
property. Specifically, the mixture ratio alinearly varies with respect

to a chapgermidde 1@PS§éheraésptkel arehofin®edimltd.on ftHde change in the
position of the pixels 1s one-dinensional, the change in - 105 the m xture

rati o a jindlidieassadidly enétéai ghe mbengl borthenghange stillhe position of

the pixel is two-dinensional, the change in the mxture ratio a is

expr essewbdnion pltee.uncovered background area, and the covered
background area each pixel belongs to.

FIG. 49 is a block diagram illustrating the
construction of the mixture ratio calculator 104. An
estimated mixture ratio processor 401 determines an
estimated mixture ratio of each pixel by calculating a
model of the covered background area in the input image,
and then feeds the calculated estimated mixture ratio to a
mixture ratio determiner 403.

A estimated mixture ratio processor 402 determines an
estimated mixture ratio of each pixel by calculating a
model of the covered background area in the input image,
and then feeds the calculated estimated mixture ratio to a
mixture ratio determiner 403.

The assumption that the object of the foreground is
moving at a constant speed for shutter time holds, the
mixture ratio a of the pixel belonging to the mixed area
has the following property. Specifically, the mixture
ratio a linearly varies with respect to a change in the

position of pixels. For example, if the change in the

position of the pixels is one-dimensional, the change in



Since the duration of one franme is short, the assunption that the object
of the foreground is a solid body and noving at a constant speed hol ds.
The gradient of the.mxture ratio a is inversely proportional to the
anount of novenent v within the shutter tine of the foreground. FIG 50
illustrates an ideal mxture ratio a. The gradient 1 of the ideal mxture
ratio a wthin the mxed area is expressed as being inversely proportional
to the arount of novenent v. Referring to FIG 50, the ideal mxture ratio
ais 1l wthin the background area,~ 2% wi thin the foreground area, and
above zero but smaller than 1 within the m xed area. Referring to the
exanple illustrated in FIG 51, the pixel value C06 of a seventh pixel in

the f : t 8
Loy o Ehd MR ol ol b 181ExBEEREAHECl Ishraiiiftoorthe ) opar! On (9)
left-h +BOBLYEF F

P86/v_+?>06 v+FOlr5£€F%g th 8*)@05’59% V|§36$Yl-||:é|% x?éjll_q-%'j e -qimensional g,
the pixglheal QGJ.Illst ?plﬁfﬁﬁﬁgeaf'a%.ophxeil \@Jplipeé\ﬁé?:f k?ypé@iaﬁé‘ the

m xed area, an he pi xe

Since the duration of one frame is short, the
assumption that the object of the foreground is a solid
body and moving at a constant speed holds.

The gradient of the mixture ratio a is inversely
proportional to the amount of movement v within the shutter
time of the foreground.

FIG. 50 illustrates an ideal mixture ratio a. The
gradient 1 of the ideal mixture ratio o within the mixed
area is expressed as being inversely proportional to the
amount of movement v.

Referring to FIG. 50, the ideal mixture ratio a is 1
within the background area, zero within the foreground area,
and above zero but smaller than 1 within the mixed area.

Referring to the example illustrated in FIG. 51, the
pixel value C06 of a seventh pixel in the frame #n from the
left-hand side thereof is expressed in equation (8) using a

pixel value P06 of a seventh pixel in the frame #n-1 from

the left-hand side thereof.

C06=B06/v+BO6/v+FOl/v+ FO2/v
=P06/v+ PO6/v+FO1l/v+F02/v (8)

2

=2/v-P06+2Fi/v

=]



value P06 is expressed as a pixel value B of a pixel in the background
area. Specifically, the pixel value Mof the pixel in the m xed area and
the pi xel value B of the pixel in the background area are expressed in
equations (9) and (10). M=C06(9) B=P06(10) 2/v in equation (8) corresponds
to the mxture ratio a. Since the anount of novenent v is 4, the m xture
ratio a of the seventh pixel in the frame #n fromthe | eft-hand side

t her eof becones 0.5. As discussed above, the pixel value Cin the target
frame #n is regarded as a pixel valud3® the mixed area, and the pixel
value P of the frame #n-1 prior to the frame #n is regarded as a pi xel

val ue in the background area. Equation (3) expressing the mxture ratio a
is rewitten as equation (11). C=a-P+ f (11) where f represents the sum
Ei Fi/v of the foreground conponents contained in a target pixel. Variables

contained in laﬂ@%dmdrllos ff ethéepivel faluky cohd sriesigfessddita® & and
the sumf of the foreground conponents. - 107 FIG 52 is a nodel diagram

i |1 ustratiixel pradale el otesa peéxelopadthe mikedadrea Waaidithd heivepunt of v
is 4 and the virtual divisor nunber in the tine axis is 4 in the
value P06 is expressed as a pixel value B of a pixel in the
background area. Specifically, the pixel value M of the
pixel in the mixed area and the pixel value B of the pixel
in the background area are expressed in equations (9) and
(10).

M=C06 (9)

B=P06 (10)

2/v in equation (8) corresponds to the mixture ratio a.
Since the amount of movement v is 4, the mixture ratio a of
the seventh pixel in the frame #n from the left-hand side
thereof becomes 0.5.

As discussed above, the pixel value C in the target
frame #n is regarded as a pixel value in the mixed area,
and the pixel value P of the frame #n-1 prior to the frame
#n is regarded as a pixel value in the background area.
Equation (3) expressing the mixture ratio a is rewritten as
equation (11).

‘c=wP+ f (11)
where f represents the sum X;Fi/v of the foreground
components contained in a target pixel. Variables

contained in equation (11) are the two, namely, the mixture

ratio o and the sum f of the foreground components.



uncover ed background. As in the expression of the pixel value in the
covered background area, in the uncovered background area, the pixel _
value C of the target frame #n is regarded as a pixel value in the m xed
area, and the pixel value N of the frame #n+l1 subsequent to the franme #n
I's regarded as a pixel value in the background area. Equation (3)
expressing the mxture ratio ais rewitten as equation (12). C=aN + f
(12) The object of the background is still in the above discussion.
Equations (8) through (12) are appltédby using the pixel value of the

pi xel in a position corresponding to the anount of novenent v even when the
background object is noving. For exanple, when the anobunt of novenent v of

the backgrounsi®bj$£tid Sa 2nédd1t A¢ayirainual 1 u@itHatdm g Pibas1 ivaPuestnd the
background object is nmoving rightwardly as shown, t'he pixel value B of the

pi xel i nidVeloped ki otiifle a4 Rasi, Nwhekelinof hel QAmdwWrOrEs v 18 Xelanal ue PO4.
Si nce each of equations (11) and (12) contains two variables, the mxture

rati o a weaneirtiealled v isoednumbele inpragertinfeoraisid hiey epfin Athequati on for
approximating the mxture ratio a and - 108 the sum of foreground
conmponenircdvered heackgestndn of space is fornul ated taki ng advant age of
the property of the

As in the expression of the pixel value in the covered
background area, in the uncovered background area, the
pixel value C of the target frame #n is regarded as a pixel
value in the mixed area, and the pixel value N of the frame
#n+l subsequent to the frame #n is regarded as a pixel
value in the background area. Equation (3) expressing the
mixture ratio o is rewritten as equation (12).

C=a'N + £ (12)

The object of the background is still in the above
discussion. Equations (8) through (12) are applied by
using the pixel value of the pixel in a position
corresponding to the amount of movement v even when the
background object is moving. For example, when the amount
of movement v of the background object is 2 and the virtual
divisor number is 2, and the background object is moving
rightwardly as shown, the pixel value B of the pixel in the
background area in equation (10) becomes a pixel value P04.

Since each of equations (1l1) and (12) contains two
variables, the mixture ratio o cannot be determined in the

present forms thereof.

An equation for approximating the mixture ratio a and



m xture ratio a that linearly changes in response to a change in the
position of the pixels with the object of the foreground noving at a

const ant speed. The equation that approximates the mxture ratio a and the
sum of foreground conponent f is solved using a plurality of conbi nations
of a pixel value of a pixel falling within the m xed area and a pixe

val ue of a pixel falling wthin the background area. The change in the

m xture ratio a in the linear approximtion thereof is expressed in
equation (13). a=il + p (13) where i10& -an index in the direction of space
with the position of a target pixel at zero, 1 is a gradient of a |ine of
the mxture ratio a, pis an intercept of the line of the mxture ratio a,

whi | e baig duie % Xfé’f@c{;fé‘ﬁh& 8oflponkRest ¥ 9@t tHe<@lirddt fiadfon (13), the
index i is known, but The gradient 1 and the intercept p are not known.

FIG 53 ddddistiqat@sriieat € athRNAG BA9hntAge BFetHe prhdietypdenthd, and
the intercept p. By approximating the m xture ratio a using equation (13),

a pl uralgitfe di{d &6 QﬁlttHEﬁtMiﬁeﬁ@l?/O&hanﬁ;@rs dn Hespdrde ©F Pixels is
expressed using the two vari abl es. n the exanple shown in FIG 53, five

m xt ure ohadrides iof tHé isoPixebh afetheppesedd udivhg tHee dbyearare bties,
nanely, - 109 the gradient 1 and the intercept p. Now, the mxture ratio a
i S appr ®dredmiinginigv ingl avea constant speed. The equation that
approximates the mixture ratio a and the sum of foreground
component f is solved using a plurality of combinations of
a pixel value of a pixel falling within the mixed area and
a pixel value of a pixel falling within the background area.
The change in the mixture ratio a in the linear
approximation thereof is expressed in equation (13).
a=il + p (13)
where i is an index in the direction of space with the
position of a target pixel at zero, 1 is a gradient of a
line of the mixture ratio o, p is an intercept of the line
of the mixture ratio a, while being the mixture ratio a of
the target pixel. 1In equation (13), the index i is known,
but the gradient 1 and the intercept p are not known.
FIG. 53 illustrates the relationship of the index i,
the gradient 1, and the intercept p.
By approximating the mixture ratio o using equation
(13), a plurality of different mixture ratios a for a
plurality of pixels is expressed using the two variables.

In the example shown in FIG. 53, five mixture ratios of

five pixels are expressed using the two variables, namely,



as illustrated in FIG 54. Wen equation (13) is extended into the plane
taking into consideration the novenent v in two directions of the

hori zontal direction and the vertical direction of the inage,

the m xture

ratio a is expressed in equation (14). a=sjm+ kg + p (14) where j is an
index in the horizontal direction with the position of a target pixel at
zero, kis an index in the wvertical direction, mis a gradient of the

pl ane of the mxture ratio a in the horizontal direction, g is a gradient

of the plane of the mxture ratio a i¥?% e vertical direction,

and p is an

intercept of the plane of the mxture ratio a. In the frane #n illustrated
in FIG 51, equations (15) through (17) are established concerni ng C05

t hr ough @Y . g X RPEAPSBD54Nd +t hB5E ABL rERpEaREBO6/ v + f06(16) C07=a07-BO7/v +

fO7(17) AssJ%ing that the foreground conponents coincide with

each ot her

in the viciniNow! heieahixtiret hativondis appToHinG ddhtudig tarpLghe FO3
equal each other, Fc is substituted for FOL and FO3, and equation (18)
hol ds. fasx)HA(lustfxdted Fin(28E.- 5410 whiar eguatdpreSEd s s pasténdedi n t he

direction of space. |If equation (14) is substituted for a(x),

equati on

into the plane taking into consideration the movement v in
two directions of the horizontal direction and the vertical
direction of the image, the mixture ratio a is expressed in
equation (14).

a=jm + kq + p (14)
where j is an index in the horizontal direction with the
position of a target pixel at zero, k is an index in the
vertical direction, m is a gradient of the plane of the
mixture ratio a in the horizontal direction, q is a
gradient of the plane of the mixture ratio a in the
vertical direction, and p is an intercept of the plane of
the mixture ratio a.

In the frame #n illustrated in FIG. 51, equations (15)

through (17) are established concerning C05 through CO07.

C05=005-B05/v + fO05 (15)
C06=006'B06/v + £06 (16)
C07=a07'B07/v + £07 (17)

Assuming that the foreground components coincide with
each other in the vicinity thereof, in other words,
assuming that F01 through F03 equal each other, Fc is
substituted for F01l and F03, and equation (18) holds.

f(x)=(l-a(x)) Fc (18)



(18) is expressed as equation (19). f(x)=(I-(jm+ kg + p))Fc =55 (-nFc) + k
(-gFc) + ((1-p) Fc ) =is + kt + u (19) where (-nFc), (-gFc), and (1-p)Fc
are expressed in equations (20) through (22), respectively. s=-nFc (20)
t=-qFc (21) wu=(l-p)Fc (22) where j is an index in the horizontal
direction with the position of a target pixel at zero, and k is an index in
the vertical direction. In this way, the sumof the foreground conponent is
expressed in equation (19) because the assunption that the foreground

obj ect moves at a constant speed witHil® the shutter time, and the
assunption that the foreground conponents coincide with each other in the
vicinity thereof are established. Wien the mxture ratio a is approxinated

usi ng t Rmersd r@iﬂﬁréé&%stéﬁe%égﬂt%nt he ft‘%eglrl(i‘é'& Qﬁmboq‘

expressed in equation ( X)=is + u (23) The pixel valu M |s expressed

in equation (szl)eqdatl&;il(wguwQasséiéhtéadf(:%%(@:re ERdtigi ed for the

mxture ratio ai1n equation (13) and the sum of the foreground
(18) is expressed as equation (19).

f(x)=(1l-(jm + kq + p))Fc
=j'(-mFc) + k- (-qFc) + ((1l-p)Fc)
=js + kt + u (19)
where (-m'Fc), (-q'Fc), and (l-p)'Fc are expressed in

equations (20) through (22), respectively.

=-m'Fc (20)
t=-q-Fc (21)
u=(l-p)Fc _ (22)

where j is an index in the horizontal direction with the
position of a target pixel at zero, and k is an index in
the vertical direction.

In this way, the sum of the foreground component is
expressed in equation (19) because the assumption that the
foreground object moves at a constant speed within the
shutter time, and the assumption that the foreground
components coincide with each other in the vicinity thereof
are established.

When the mixture ratio o is approximated using the
straight line, the sum of the foreground components is
expressed in equation (23).

f(x)=is + u (23)

The pixel value M is expressed in equation (24) if



conponents. M<(jm+ kq + p)B +is + kt + u =jBm+ kBqg + Bp + js + kt + u
(24) where unknown vari ables are six, nanely, the gradient mof the plane
of the mxture ratio a in the horizontal direction, the gradient q of the
pl ane of the mxture ratio a in the vertical direction, the intercept p of
the plane of the mxture ratio a, s, t, and u. The pixel value M and pixel
value B are set up in equation (24) for pixels in the vicinity of the
target pixel, and the | east square nethod is applied to a plurality of
equations, in which the pixel Mand thel pixel B are set up, to calculate
the m xture ratio a. For exanple, if the pixel value Mor the pixel value B
is set up in the normal equation (24) for pixels of 3x3 surrounding the

target pgdtbid {1e) | AHEX (199f akBe sttt uttiddord thdanOFhzoNtal
direction at zero and with the index k of the target pixel in the vertical

directi ofattio ei®, eQEARLOANF1835hnlhihedlaum3 D rafdl fordfodnd

B 1, 1'qgq+B 1,-1p+(-1) s+(-1) t+u(25)

Mo, - 1=( diporlewts 1) Bo, - 1q+Bo, _1p+(0) s+(- 1)t +u(26)

M1, 1=(+1)B+1,-1m+(-1)B+1, -1 gq+B+1, - 1p+(+1)s+(-1)t +u(27) -

M 1, 0=(- 1) B_M=o(rf O) Bed , O BBL F0ps( 1)kt (0)d +u(28) - 112 - M), 0=(0)

BO, om+(0) Bo, oq+Bo, op+(0) s+(0) t+u(29) M1l.0=(+1 )B+1, om+ (0) B+1,

0q+B+1, oP+ (+j)BB+¢ Bptgruk WP + j's + k't + u (24)
where unknown variables are six, namely, the gradient m of
the plane of the mixture ratio o in the horizontal
direction, the gradient q of the plane of the mixture ratio
o in the vertical direction, the intercept p of the plane
of the mixture ratio a, s, t, and u.

The pixel value M and pixel value B are set up in
equation (24) for pixels in the vicinity of the target
pixel, and the least square method is applied to a
plurality of equations, in which the pixel M and the pixel
B are set up, to calculate the mixture ratio a.

For example, if the pixel value M or the pixel value B
is set up in the normal equation (24) for pixels of 3x3
surrounding the target pixel with the index j of the target
pixel in the horizontal direction at zero and with the
index k of the target pixel in the vertical direction at
zero, equations (25) through (33) result.

M, ., =(=1)B_,,_,m+(=1)B,, ;'q+B_, _,'p+(-1)s+(-1)t+u (25)

My ;=(0)'B, _;m+(=1)B, _;'q+B,, _p+(0)-s+(-1)t+u (26)

M., ,=(+1)'B,, ., m+(=1)B,, ,'q+B,, ' p+(+1)s+(~1)t+u (27)

M., 0=(-1)B_,ym+(0)B_,,,g+B_; ypt(-1)'s+(0)t+u (28)



M1, +1= (-1) B-1,+1m+ (+1) B 1, +1qg+B-1, +1P+ (-1) s+ (+1) t+u(31) M, +1= (0)
Bo, +1m+ (+1) Bo, +1q+Bo +1P+ (0) S+ (+1) t+u(32)

M+1, +1=(+1) B+1, +1m+( +1) B+1, +1q+B+1, +1P+(+1) S+(+1)t +u(33) The index j of the
target pixel in the horizontal direction is-0, and the index k of the
target pixel in the vertical direction is 0. The mxture ratio a of the
target pixel becones equal to the intercept p with j=0 and k=0 in

equation (14). Fromnine equations (25) through (33), the horizontal
gradient m the vertical gradient q;]ﬂﬁbﬁ ntercept p, s, t, and u are
respectively cal cul ated using the | east squares nethod, and the intercept
p is output as the mxture ratio a. The routine for calculating the mxture

ratio a usingy Eﬁ@)lgash+§gqqgesquthgd(bg $PES| kirgal |y di scusseggpel ow. |f
the index i and the |ndex ar'e’ exp Téssed using a single index x, the

index i, thep, e+]1 AN ® j-Bdexg kB, , aF £l pgedoiyAguati on (g x=(] +
13 + (k + 1) ?g § e Rgrﬁgogtaﬁ(G?adfggfkg] ?heqvgrtlcal gradfenz g, the

intercept p, “;_,(.eun)d]aq Amer (ESPBCT | e/, [ epresents +bytwd, W3102, w3,
w4, and w5, and jB, kB, B, j, k, and 1 are respectively represented by ao,

al, a2, a3, aﬂ,ﬂand)aﬁlﬂ-mﬂ(]ﬂ)-H@Ki-q@d,ntmk(abpsmmtblart-mror ex, (¥gpati ons
(25) through (33) will be rewitten as equation (35).

My1,01=(+1)Byy, oy M¥ (+1) By, 1 'Q+B,y, o PH(+1) '8+ (+1)t+u  (33)

The index j of the target pixel in the horizontal
direction is 0, and the index k of the target pixel in the
vertical direction is 0. The mixture ratio a of the target
pixel becomes equal to the intercept p with j=0 and k=0 in
equation (14).

From nine equations (25) through (33), the horizontal
gradient m, the vertical gradient g, the intercept p, s, t,
and u are respectively calculated using the least squares
method, and the intercept p is output as the mixture ratio
e

The routine for calculating the mixture ratio a using
the least squares method is specifically discussed below.

If the index i and the index j are expressed using a
single index x, the index i, the index j, and the index x
are related in equation (34).

x=(j + 1)3 + (k + 1) (34)

The horizontal gradient m, the vertical gradient q,
the intercept p, s, t, and u are respectively represented
'by w0, wl, w2, w3, w4, and w5, and jB, kB, B, j, k, and 1

are respectively represented by a0, al, a2, a3, a4, and a5.



s M =lay -w+ex y.0 where x is one of integers O through 8. Equation
(35) leads to equation (36). (35) s ex=Mk-laywy y 0 (36) To apply the

| east squares nmethod, the sum of squares of error is now defined by
equation (37). E = ex2 x-0 (37) To minimze the error, a partia
differential of the sumE of squares of error with respect to a variable
W nust be zero. Here, v represents one of integers O through 5, and wy
that satisfies equation (38) is determined. a E 8 dex aw 2 | ex aw 8
=22ex av=0 x.0 (38) - 114 - 113 -

Taking into account an error ex, equations (25) through

(33) will be rewritten as equation (35).

5
Mx=2ay-wy+ex (35)

y=0

where x is one of integers 0 through 8.

Equation (35) leads to equation (36).

5
ex=Mx—2ay-wy (36)

y=0

To apply the least squares method, the sum of squares

of error is now defined by equation (37).

E==Zex2 : (37)

To minimize the error, a partial differential of the
sum E of squares of error with respect to a variable Wv
must be zero. Here, v represents one of integers 0 through

5, and wy that satisfies equation (38) is determined.

JE

wy

dex
ex.——
= owy

HM“

&

—_
w
(0]
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=2 Yexav=_0

x=0



Equation (36) is substituted for ex in equation (38), and then equation
(39) results. 8 58 (av ayw)avik y.0 x-0 (39) To cal culate wy, the
sweep-out net hod (Gauss-Jordan Elimnation Method) is applied to the
normal equation containing six equations which are obtai ned by
substituting integers O through 5 for v in equation (39). As described
above, wOis the horizontal gradient m W is the vertical gradient q, w2
is the intercept p, w8 is s, wvdist, and wo is U The horizontal gradient
m the vertical gradient q, the imaéféept p, s, t, and u are deternined by
applying the |east squares nethod to the equations in which the pixel

val ue M and the pixel value B are set. The intercept pis the mxture ratio
a at a center point with the indexes i and k at zero, and is output. In

t he di scussion of equations (25) through (33), the pixel value of the

pi xel in therguwaed car q@6 s M anbstietupederoyabueiafl egiatiionel(3g) t he
background area is B. The normal equation nust be formulated in each case

when thand amhget eyuealids (39 § heesevesed background area or in the - 115
uncover ed background area.

2(av-iay-wy)=iav'Mx (39)

y=0 xm0

To calculate wy, the sweep-out method (Gauss-Jordan
Elimination Method) is applied to the normal equation
containing six equations which are obtained by substituting
integers 0 through 5 for v in equation (39). As described
above, w0 is the horizontal gradient m, wl is the vertical
gradient q, w2 is the intercept p, w3 is s, w4 is t, and w5
is u.

The horizontal gradient m, the vertical gradient g,
the intercept p, s, t, and u are determined by applying the
least squares method to the equations in which the pixel
value M and the pixel value B are set.

The intercept p is the mixture ratio a at a center
point with the indexes i and k at zero, and is output.

In the discussion of equations (25) through (33), the
pixel value of the pixel in the mixed area is M and the
pixel value of the pixel in the background area is B. The
normal equation must be formulated in each case when the

target pixel is in the covered background area or in the



When the m xture ratio a of the pixel contained in the covered background
in the frame #n as shown in FIG 51 is determ ned, pixels CO4 through C08
in the frame #n and pixel values P04 through P08 of the pixels in the
frame #n- 1 are factored into the normal equation. Wien the mxture ratio a
of the pixel contained in the wuncovered background in the frane #n as
shown in FIG 52 is determ ned, pixels C28 through C32 in the frame #n and
pi xel values N28 through N32 of the pixels in the frane #n+l1 are factored
into the normal equation. Wen the miure ratio a of the pi xel contai ned
in the covered background as shown in FIG 55 is cal culated, equations
(40) through (48) hold. The pixel value of the pixel for calculating the
m xt ur e yriddverfed Sodbegrdbhd(ate8¢! mr(-1)Bcl g+Bcl p+(-1) s+(- 1)t +u(40)
Mc2=(0) Bc2mt+( - 1) Bc2gq+Bc2p+(0) s+(- 1)t +u(41)

Me3=( +1) Bc3mifirel) Bonis B3t e 13 stt{o 1kt s8( 4Bk pixel contained in the
Mc4=(-1) Bc4m+( 0) Bc4q+Bc4p+(-1) s+(0)t+u(43)

M 5=( 0) Behrardl) Bebokdiedprtd O A +HE At FubMé) #n as shown in FIG. 51 is

Mc6=(+1) Bc6mt+( 0) Bc6g+Bc6p+(+1) s+(0)t +u( 45)

M 7=( - 1)decEamn( briedBe AoitBeT0+€04) Shtaelyh+0086)in the frame #n and

Mc8=( 0) Bc8m+( +1) Bc8qg+Bc8p+(0) s+(+1)t +u(47)

M 9=( +1)pBoGh+ (val)BeD (pBE OphteughsP081pE+bhe8pivkeds time thietfirame aino a of
the pixel contained in the - 116 covered background in the frame #n is
cal cul atle®re Haqliomed into the normal equation.

When the mixture ratio a of the pixel contained in the
uncovered background in the frame #n as shown in FIG. 52 is
determined, pixels C28 through €32 in the frame #n and
pixel values N28 through N32 of the pixels in the frame
#n+1 are factored into the normal equation.

When the mixture ratio a of the pixel contained in the
covered background as shown in FIG. 55 is calculated,
equations (40) through (48) hold. The pixel value of the
pixel for calculating the mixture ratio a is Mc5.

Mcl=(-1)'Bcl'm+(-1)'Bcl-g+Bclp+(-1)'s+(=1)t+u (40)

Mc2=(0)'Bc2'm+(-1)-Bc2:q+Bc2'p+(0)'s+(-1)t+u (41)

Mc3=(+1)'Bc3'm+(-1)'Bc3:g+tBc3-p+(+1)'s+(-1)t+u (42)

Mc4=(-1)'Bc4'm+(0)'Bcd-g+Bcd'p+(-1)'s+(0)t+u (43)
Mc5=(0)'Bc5m+(0)Bc5 gq+Be5p+(0)'s+(0) t+u (44)
Mc6=(+1)-Bc6m+(0) Bc6:q+Bcé'p+(+1)'s+(0) t+u (45)

Mc7=(~1)'Bc7m+(+1)-Bc7-g+Bc7p+(-1)s+(+1)t+u (46)
Mc8=(0)'-Bc8'm+(+1)-Bc8:g+Bc8p+(0) s+(+1)t+u (47)
Mc9=(+1)'Bc9m+(+1)'Bc9-g+BcIp+(+1)'s+(+1)t+u (48)

When the mixture ratio o of the pixel contained in the



val ues Bcl through Bc9 of the pixels in the background area of the pixels
in the frame #n-1 corresponding to the pixels in the frame #n are used in
equations (40) through (48). Wien the m xture ratio a of the pixels
contained in the uncovered background area is cal cul ated, the follow ng
equations (49) through (57) hold. The pixel value of the pixel for
calculating the mxture ratio a is Mu5. Mul =(-1 )Bulm+(-1 )Bul g+Bul p+(-1
)s+(-1) -t+u(49) Mi2=(0)Bu2m+(-1) Bu2g+Bu2p+(0)s+(-1)t+u(50) Mi3=(+1

) Bu3m+(-1 )Bu3g+Bu3p+(+1 )s+(-1) -r+3(1§1)-

Mu4=(-1) Budmt( 0) Bu4q+Budp+(-1)s+(0)t+u(52)

Mu5=( 0) Bubmt+( 0) Bubq+Bu5p+(0) s+(0) t +u(53) Mu6=(+1) Bubmt(0) Bub6g+Bubp+(+1)
S+(0) t telbedMbtlicqdRdH 1t 1 Ry 7E BHd DA - 15SHATENIEHEM) the pixel

Mu8=( 0) Bu8mt( +1) Bu8qg+Bu8p+( 0) s+(+1)t +u(56) Mi9=(+1 ) Bu9m+( +1

) Bu9q+Bylntilesl s SH thibodgit! (B9 Vheehéhgirexbuia takl ®adkfroutl Rived]
contained in the wuncovered background in the franme #n is cal cul ated, the
pi xel valfueheByWiddrpuah e pfahdesplxetsrir8shbadibacker awed pinea Hf the
pixels in the frame #n-1 corresponding to the pixels in the frame #n in
equat i ois t(4O)f dediteough i )use® imsedquit Conb6 (49 )a thirewkyhdi(@gam
illustrating an estimated mxture ratio processor 401. The inage, input to
the - 117 eShemtude: mixturse rzdt o peosEssbhe pikelsscbadatimed del ay

the uncovered background area is calculated, the following

equations (49) through (57) hold. The pixel value of the

pixel for calculating the mixture ratio a is MuS5.
Mul=(-1)Bul‘m+(-1)-Bul-q+Bul'p+(~-1)'s+(~1)t+u (49)
Mu2=(0)-Bu2m+(-1)-Bu2:q+Bu2'p+(0)'s+(~1)-t+u (50)

Mu3=(+1)-Bu3'm+(-1)'Bu3-g+Bu3d-p+(+1)s+(-1)t+u (51)

Mu4=(-1)'Bud'm+(0)-Bud-g+Bud-p+(-1)'s+(0)-t+u (52)
Mu5=(0)-Bu5'm+(0)-Bubg+Bubp+(0)'s+(0) t+u (53)
Mu6=(+1)-Bu6m+(0)-Bub-g+Bub-p+(+1)s+(0)-t+u (54)

Mu7=(-1)‘Bu7'm+(+1):Bu7-q+Bu7-p+(~1)'s+(+1)t+u (55)

Mu8=(0)-Bu8'm+(+1)'Bu8-q+Bu8'p+(0)'s+(+1)-t+u (56)

Mu9=(+1)-Bu9'm+(+1)-Bu9-q+Bud-p+(+1)s+(+1)t+u (57)

When the mixture ratio o of the pixel contained in the
uncovered background in the frame #n is calculated, the
pixel values Bul through Bu9 of the pixels in the
background area of the pixels in the frame #n-1
corresponding to the pixels in the frame #n in equations
(49) through (57) are used.

FIG. 56 is a block diagram illustrating an estimated

mixture ratio processor 401. The image, input to the



circuit 501 and a pixel value setter 502. A delay circuit 221 del ays the

I nput i mge by one franme, and feeds the del ayed input inmage to the pixel
value setter 502. The delay circuit 221 supplies the pixel value setter
502 with the frame #n-1 when the frame #n is fed as the input imge. The
pi xel value setter 502 sets the pixel value of a pixel in the vicinity of
a pixel for which the mxture ratio a is calculated, and a pixel value in
the frame #n-1 in the normal equatiqn.. For exanple, based on equations
(40) through (48), the pixel value séttler 502 sets the pixel values Ml

t hrough M9 and the pixel values Bcl through Bc9 in the normal equation.
The pi xel value setter 502 supplies an arithnmetic unit 503 with the normal

equat i Oregh itnth teie Iﬂi%@l;dafaleﬁoSFtobhgéew ubilp. iBhgedr idetdalagnit 503
sol ves the normal equation supplied fromthe pixel value setter 502 using
t he sweep:rouiit rBihathd oa deigeli naltibesestieratO@.m xture rati o, and
outputs the determ ned estimated m xture ratio. In this way, the estimted
m xture rati & pledegssairciilt z2l cdéhdps the ésputatiedgs hyurome ati o based
on the input imge, and then feeds the estimated m xture ratio to the
m xt ur e firaney detdriveds wHES. ddhayedt inpnéd imageute e @iwedlcesslare 402 has
the sane - 118 construction as that of the estimated m xture ratio
setter 502. The delay circuit 221 supplies the pixel value
setter 502 with the frame #n-1 when the frame #n is fed as
the input image.
The pixel value setter 502 sets the pixel value of a
pixel in the vicinity of a pixel for which the mixture
ratio a is calculated, and a pixel value in the frame #n-1
in the normal equation. For example, based on equations
(40) through (48), the pixel value setter 502 sets the
pixel values Mcl through Mc9 and the pixel values Bcl
through Bc9 in the normal equation. The pixel value setter
502 supplies an arithmetic unit 503 with the normal
equation with the pixel values set therewithin.
The arithmetic unit 503 solves the normal equation
supplied from the pixel value setter 502 using the sweep-
out method to determine the estimated mixture ratio, and
outputs the determined estimated mixture ratio.
In this way, the estimated mixture ratio processor 401
calculates the estimated mixture ratio based on the input
image, and then feeds the estimated mixture ratio to the

mixture ratio determiner 403.

The estimated mixture ratio processor 402 has the same




processor 401, and the discussion thereof is omtted here. FIG 57
Illustrates an exanple of the estimated mxture ratio cal culated by the
estimated mixture ratio processor 401. Referring to FIG 57, the novenent
v of the foreground object noving at a constant speed is 11, and the
equations are fornmed using a block of 7x7 pixels as a unit. The estinmated

m xture ratio is then calculated fromthe equations and is illustrated
with respect to one line. The estimated m xture ratio generally linearly
changes in the mixed area as illustrld®din FIG 50. The nixture ratio

determ ner 403 sets the mxture ratio based on the area information which
IS provided by the area determ ner 101 and indicates which one of the

foregr o fletibf backareund thesestiferpreptebackaroppd area, and (e

uncover ed area each pixel with the mxture ratio thereof to be

deterni@%%cé§g5@g§oio anfetAbXHykeualion @Néyéﬂfmﬁszgﬁﬁéﬁéé h8ee. M xture
ratio to O when the target pixel belongs to the foreground area, sets the

mxture rati orf®, IsnhembSeratasdgh Bikafblleeloindhd @dthigndasdkgr ound area,
sets the mxture ratio to the estimated m xture ratio supplied from the

esti mat afli i utelr €at 8d1 Oapeatasear b§0thehes tliti el geixtyreetabebongs to the
covered background area, and sets the mxture ratio to the estinmated

m xt ur e prdcessoppdd Bd fReferring tbh@Iest iSTgt atherimdwemeniatv oo Hrokessor
402 when the target
foreground object moving at a constant speed is 11, and the
equations are formed using a block of 7x7 pixels as a unit.
The estimated mixture ratio is then calculated from the
equations and is illustrated with respect to one line.

The estimated mixture ratio generally linearly changes
in the mixed area as illustrated in FIG. 50.

The mixture ratio determiner 403 sets the mixture
ratio based on the area information which is provided by
the area determiner 101 and indicates which one of the
foreground area, the background area, the covered
background area, and the uncovered background area each
pixel with the mixture ratio thereof to be determined
belongs to. The mixture ratio determiner 403 sets the
mixture ratio to 0 when the target pixel belongs to the
foreground area, sets the mixture ratio to 1 when the
target pixel belongs to the background area, sets the
mixture ratio to the estimated mixture ratio supplied from
the estimated mixture ratio processor 401 when the target

pixel belongs to the covered background area, and sets the

mixture ratio to the estimated mixture ratio supplied from



pi xel belongs to the uncovered background area. The mxture ratio

determ ner 403 outputs the m xture ratio that 1is determned in response to
the area information. Referring to a flow diagramillustrated in FIG 58,
the cal cul ati on process of the mxture ratio cal culator 102 for
calculating the mxture ratio is discussed. In step S501, the m xture
rati o cal culator 102 acquires the area information supplied fromthe area
determ ner 101. In step S502, the estimated m xture ratio processor 401
performs the mixture ratio estimatd dil%r-ocess using the nodel of the
covered background area, and feeds the estimated m xture ratio to the

m xture ratio determ ner 403. The detail of the mxture ratio estimation
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102 detern1nes_ er the mxture ratio iIs estlnated for_the entire
frame. Wienidtelmiged eim Béﬁlpbﬁéb the tpet aFRld GhfrmdtEodl xture ratio is

not conpleted for the entire frame, the routine returns to step S502 to

performthe qadfd®diy to120f1bw diagram illustrated in FIG. 58,
the calculation process of the mixture ratio calculator 102
for calculating the mixture ratio is discussed. 1In step
8501, the mixture ratio calculator 102 acquires the area
information supplied from the area determiner 101. In step
S502, the estimated mixture ratio processor 401 performs
the mixture ratio estimation process using the model of the
covered background area, and feeds the estimated mixture
ratio to the mixture ratio determiner 403. The detail of
the mixture ratio estimation process will be discussed
later with reference to a flow diagram illustrated in FIG.
59.

In step S503, the estimated mixture ratio processor
402 performs the mixture ratio estimation process using the
model of the uncovered background area, and feeds the
estimated mixture ratio to the mixture ratio determiner 403.
In step S504, the mixture ratio calculator 102

determines whether the mixture ratio is estimated for the
entire frame. When it is determined that the estimation of

the mixture ratio is not completed for the entire frame,

the routine returns to step S502 to perform the estimation



of the mxture ratio for the next pixel. Wen it is determned in step S504
that the estimation of the mxture ratio is conpleted for the entire
frame, the routine proceeds to step S505. The mi xture ratio determ ner
403 sets the gixture ratio depending on the area information which is
provi ded by the area determ ner 101 and indicates which one of the
foreground area, the background area, the covered background area, and the
uncover ed background area each pixel with the mxture ratio thereof to be
determ ned bel ongs to. The m xture-dt40 - determ ner .403 sets the mxture
ratio to O when the target pixel belongs to the foreground area, sets the
mxture ratio to 1 when the target pixel belongs to the background area,

sets thé miogane ratio toc1bersst LB adxl Pt ratio supplied fromthe

estimated mxture rati o processor 401 when the target pixel belongs to the

covered backgiufdi+ af£ajcSFmPRER LHCsTEP! BEO4M dhiad thd hasteimid tided
m xture ratio supplied fromthe estimted m xture ratio processor 402

when t he# et Ditete BPAONESiE Ocbiipleiedy €bed t RAGH i df e, tiet hi s
way, the mxture ratio calculator 102 calculates the mxture ratio a which

Is a feaidiiteimhantddeeddfteasbepi 8805 .baghe aixtwreanaecionf or mati on

supplied from the area determ ner 101 and the input image. The use of the

m xt ur e deidninedt | Do® §&esfohegmanbdre t3tio depending on the area
information which is provided by the area determiner 101
and indicates which one of the foreground area, the
background area, the covered background area, and the
uncovered background area each pixel with the mixture ratio
thereof to be determined belongs to. The mixture ratio
determiner 403 sets the mixture ratio to 0 when the target
pixel belongs to the foreground area, sets the mixture
ratio to 1 when the target pixel belongs to the background
area, sets the mixture ratio to the estimated mixture ratio
supplied from the estimated mixture ratio processor 401
when the target pixel belongs to the covered background
area, and sets the mixture ratio to the estimated mixture
ratio supplied from the estimated mixture ratio processor
402 when the target pixel belongs to the uncovered
background area.

In this way, the mixture ratio calculator 102
calculates the mixture ratio o which is a feature quantity
of each pixel, based on the area information supplied from
the area determiner 101 and the input image.

The use of the mixture ratio a allows the foreground



conponent and t he background conmponent in the pixel value to be separated
with the notion blur information contained in the imge of the noving
object left intact. The m xture ratio estimation process using the nodel

of the covered background area, corresponding to step 502 in FIG 58, is
di scussed with reference to the flow diagram illustrated in FIG 59. In
step S521, the pixel value setter 502 sets the pixel value of the pixel
contained in the input image, and the pixel value of the pixel contained
in the image supplied fromthe deFay2di rcuit 221 in the nornmal equation
corresponding to the nodel of the covered background area. In step S522,
the estinmated m xture rati o processor 401 determ nes whether the setting

of the Righilon Ve%le*earfé ﬁ&%&@*@% Rl*EbmpSnEATPLR! EnaAkd)l et er m ned

t hat |ng 0 pi Xé yet conple routine
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IS repeate ermned I n step S22 at the setting of the

pi xel valug pes | eaie tﬁé‘%&\?iz’ﬁ%nébﬁ‘éeﬁeﬁé%ttQ.n%fa%l% S523. The arithnetic
unit 173 solves t e nornmal equati t he pi xel value set therewthin,

thereby cal culpl infi%t e 05t 1B LEiMa ¥ ighepEabe8sate ik Rl mt@idine
determned estimated ratio. In this way, the estimted mxture ratio
process@f 4hk -cokfered background area, corresponding to step 502
in FIG. 58, is discussed with reference to the flow diagram
illustrated in FIG. 59.

In step S521, the pixel value setter 502 sets the
pixel value of the pixel contained in the input image, and
the pixel value of the pixel contained in the image
supplied from the delay circuit 221 in the normal equation
corresponding to the model of the covered background area.

In step S522, the estimated mixture ratio processor
401 determines whether the setting of the pixel value of
the target pixel is complete. When it is determined that
the setting of the pixel value is not yet complete, the
routine loops to step S$521. The setting of the pixel value
in the normal equation is repeated.

When it is determined in step S522 that the setting of
the pixel value is complete, the routine proceeds to step
S$523. The arithmetic unit 173 solves the normal equation
with the pixel value set therewithin, thereby calculating
the estimated mixture ratio and outputting the determined
estimated ratio.

In this way, the estimated mixture ratio processor 401



calcul ates the estimated m xture rati o based on the input inmage. The

m xture ratio estinmation process of the nodel of the uncovered background
in step S153 illustrated in FIG 58 remai ns unchanged fromthe process in
the flow diagram illustrated in FIG 59 which uses the normal equation of
t he nodel of the uncovered background area, and the discussion thereof is
omtted here. In the above discussion, the object of the background is
still. Even if the image corresponding to the background area has a novi ng
component, the above- referenced mixtl#2 Tatio deternination process is
appl i cabl e. For exanple, when the inmage corresponding to the background
area uniformy noves, the estimated m xture ratio processor 401 perforns
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shifting the entire 1mge In accordance with the novenent. t he i mage
of the figedground area contains noving portions different from |ocation
to location, the estimated m xture ratio processor 401 selects pixels in

response to reseagixterS0¥SHEL! 8stindt iBa Prodesishe PRk Hed &1 epeed
process. The m xture ratio calculator 104 nmay performonly the mxture

rati o estherain@ivereodebacRrbiadmidek tepr sagIondilng tifeddeisoves ed

background area for all pixels, and may output the cal cul ated esti nated

m xtur e 5@tremsabnd henechd23ed from the process in the flow diagram
illustrated in FIG. 59 which uses the normal equation of
the model of the uncovered background area, and the
discussion thereof is omitted here. |

In the above discussion, the object of the background
is still. Even if the image corresponding to the
background area has a moving component, the above-
referenced mixture ratio determination process is
applicable. For example, when the image corresponding to
the background area uniformly moves, the estimated mixture
ratio processor 401 performs the same process as when the
object of the background is still, by shifting the entire
image in accordance with the movement. When the image of
the background area contains moving portions different from
location to location, the estimated mixture ratio processor
401 selects pixels in response to respective movements, and
performs the above-referenced process.
The mixture ratio calculator 104 may perform only the

mixture ratio estimation process of the model corresponding

to the covered background area for all pixels, and may

output the calculated estimated mixture ratio as the



m xture ratio a. In this case, the mxture ratio a indicates the ratio of
t he background conponent for the pixels belonging to the covered
background area, and indicates the ratio of the foreground conponent for
the pixels belonging to the uncovered background area. The absolute val ue
of the difference between the m xture ratio a thus calculated and 1 in
connection with the pixels in the uncovered background area is cal cul ated,
and the calculated absolute value is set as a mxture ratio a. The signal
processor 12 thus deternines the nm~xtl#3e—ratio a indicating the ratio of

t he background area for the pixels belonging to the uncovered background.
Simlarly, the mxture ratio calculator 104 may performonly the m xture

rati o egsi ' s of . the: c e i it uncover ed
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separator 105 is discussed below F I's a bllock diagramillustrating

one exapi1df BdwdPiegresingnandobagkdr BB gEORAGA R} eal0%ng The i nput
i mage fed to the foreground and background sSeparator 105 is input to a

separ at dndi®htes Vid a2, of abHeafsvelebuad4 cohip@ngiftorfgt ithe i ndi cati ng
the covered background area and the area information fromthe area
det er m eExel@3 Beldfind ot é hehenanrevedelabkgkguohndy exed e -THe4
absolute value of the difference between the mixture ratio
a thus calculated and 1 in connection with the pixels in
the uncovered background area is calculated, and the
calculated absolute value is set as a mixture ratio a. The
signal processor 12 thus determines the mixture ratio «
indicating the ratio of the background area for the pixels
belonging to the uncovered background.

Similarly, the mixture ratio calculator 104 may
perform only the mixture ratio estimation process of the
model corresponding to the uncovered background area for
all pixels, and may output the calculated estimated mixture
ratio as the mixture ratio a.

The foreground and background separator 105 is
discussed below. FIG. 60 is a block diagram illustrating
one example of the foreground and background separator 105.
The input image fed to the foreground and background
separator 105 is input to a separator 601, a switch 602,
and a switch 604. The information indicating the covered
background area and the area information from the area

determiner 103 indicating the uncovered background area are



fed to the separator 601. The area information indicating

area is fed to the switch 602. The area information indicating the

background area is fed to the

based on the area i nformation

ar ea

m xture ratio a, and feeds the separdt?dd -f oreground conponent to a
synt hesi zer 603. Furthernore, the separator 601 separates the background
conponent fromthe input inmge, and feeds the separated background

conpone 6 I n S e
i ndi cat ﬁlg&t dat]?é(;r %ﬁﬂ grggl thghgwa?%% é‘glg I'S c ose %en t% pi xel of
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contained in the'input inmage to the synthesizer I n response to the

switch 604. The m xture ratio a supplied
fromthe mxture ratio calculator 104 is fed to the separator 601. The
separator 601 separates the foreground conponent fromthe input inage
I ndi cating the covered background area,
i nformation indicating the uncovered background area, and the

t he foreground

t he

area i nflq{fatmmdr{ldm@iéaglﬁaetneaslsaka%qnar %Ebeat hi% spid Ok 60 i S cl osed

when the pixel of the background is input, and feeds only the pixels of
bagkgr@amdgpont ai ned in the input image to the synthesizer 605.

t he

The mixture ratio o supplied from the mixture ratio
calculator 104 is fed to the separator 601.

The separator 601 separates the foreground component
from the input image based on the area information
indicating the covered background area, the area
information indicating the uncovered background area, and
the mixture ratio a, and feeds the separated foreground
component to a synthesizer 603. Furthermore, the separator
601 separates the background component from the input image,
and feeds the separated background component to a
synthesizer 605.

In response to the area information indicating the
foreground area, the switch 602 is closed when the pixel of
the foreground is input, and feeds only the pixels of the
foreground contained in the input image to the synthesizer
603.

In response to the area information indicating the
background area, the switch 604 is closed when the pixel of
the background is input, and feeds only the pixels of the
background contained in the input image to the synthesizer

605.
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The synt hesi zer 603 synthesizes a foreground conponent image based on the
conponent of the foreground fed fromthe separator 601 and the pixel of
the foreground supplied from the switch 602, and outputs the synthesized
foreground conponent inmage. Since the foreground area and the m xed area
do not overlap each other, the synthesizer 603 synthesizes the foreground
conponent inmage by OR-gating the conponent of the foreground and the pixel
of the foreground. During an initialization process executed for a

synt hesi s process of the foreground tdhpenent inage, the synthesizer 603
stores all inmages having pixel values of zero in the built-in frane
menory, and then stores (wites) the foreground conponent inage in the

Sy S b ORESyRnevia i Iq WL SAIDIET, EERIBroRHl Shnghachereoround

conponent i mage odt put esl zer 6 pi xel s f the
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t he bac conponent i nmage based on the background conponent supplied
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swi tch outputs the synthesized background conponent inage. Since

the backgeodpdtahed0and addedipes aea spntRés 2¥edl apreasduaidher, the
synt hesi zer 605 synt hesi zes the background conponent image by OR-gating
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area do not overlap each other, the synthesizer 603
synthesizes the foreground component image by OR-gating the
component of the foreground and the pixel of the foreground.

During an initialization process executed for a
synthesis process of the foreground component image, the
synthesizer 603 stores all images having pixel values of
zero in the built-in frame memory, and then stores (writes)
the foreground component image in the synthesis process of
the foreground component image. Out of the foreground
component image output from the synthesizer 603, the pixels
of the background area have pixel values of zero.

The synthesizer 605 synthesizes the background
component image based on the background component supplied
from the separator 601 and the pixel of the background
supplied from the switch 604, and outputs the synthesized
background component image. Since the background area and
the mixed area do not overlap each other, the synthesizer
605 synthesizes the background component image by OR-gating
the background component and the pixel of the background.

During an initialization process executed for a




synt hesi s process of the background conponent inage, the synthesizer 605
stores all images having pixel values of zero in the built-in frame
menory, and then stores (wites) the background conponent image in the
synt hesi s process of the background conponent inmage. Qut of the background
conponent - i mage out put fromthe synthesizer 605, the pixels of the
foreground area have pi xel values of zero. FIG 61A is a diagram
illustrating the input inage input to the foreground and background
separator 105, the foreground conporld@ét 5 nage, and the background
conponent i nmage output fromthe foreground and background separator 105,
and FIG 61B is a diagramillustrating a nodel in which a |line of pixels

i s deVGE?H%ﬁééﬁéiﬁ?§53§§ o ?ERE! B %CEHrSuHhxﬁbﬁpﬁﬁﬁ¥¥31ﬁy rqypd area, the

pi xel s i ound area, an e pl xe e mxX area are
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and

t he background conponent | mage output “fromthe~f Oregrou ackground
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pi xel s in the background area, and in thé pixels in the mxe

Ref erri nthe ®aldkgrdul dvingdden®lBnafbeihotaer Qg&@he%qflip PiJHeddrage out put
fromthe foreground and background separator 5 is conposed of the

foregrothe o Caiponact imagbe powel sfi khleh®adcpaunad area, and
' the ;o;iZnent image output from the synthesizer 605, the pixels
of the foreground area have pixel values of zero.

FIG. 61A is a diagram illustrating the input image
input to the foreground and background separator 105, the
foreground component image, and the background component
image output from the foreground and background separator
105, and FIG. 61B is a diagram illustrating a model in
which a line of pixels is developed in time axis, wherein
the pixels in the foreground area, the pixels in the
background area, and the pixels in the mixed area are
included as illustrated in FIG. 61A.

Referring to FIG. 61A and FIG. 61B, the background
component image output from the foreground and background
separator 105 is composed of the foreground components
contained in the pixels in the background area, and in the
pixels in the mixed area.

Referring to FIG. 61A and FIG. 61B, the foreground
component image output from the foreground and background
separator 105 is composed of the foreground components

contained in the pixels in the foreground area, and in the



pi xels in the m xed area. The pixel value of a pixel in the m xed area is
separated into a background conponent and a foreground conponent by the
foreground and background separator 105. The separated background
conponent forns the background conponent inage together with the pixel

bel onging to the background area. The separated foreground conponent forns
the foreground conponent inage together with the pixel falling wthin the
foreground area. In the foreground conponent image, the pixel values of

the pixels in the background area ar&2det to be 0, while the pixel values
of the pixels in the foreground area and the pixel values of the pixels in
the m xed area are set to be neaningful values. Simlarly, in the

backgrogggelgoqﬂowwg:dﬂyggaafggeplxel val ues of the pixels in the

foregrotnd area are set to be 0, while the pixel values of the pixels in

the baCkgrOU@Heagfiieqn%atﬂ&% Rieel ppteesi®fthéhpirbaehseanikhe m xed area
are set to be neani ng ul val ues. D scussed next is the separatlon process

of the sapaahakd i%b 20 TR &iﬁdlgcélﬁ\;]@oﬁ@ﬁegmund ¢orpgRenindand the
background conponent fromthe pixel falling within the mxed area. FIG 62
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The separated background component forms the background
component image together with the pixel belonging to the
background area. The separated foreground component forms
the foreground component image together with the pixel
falling within the foreground area.

In the foreground component image, the pixel values of
the pixels in the background area are set to be 0, while
the pixel values of the pixels in the foreground area and
the pixel values of the pixels in the mixed area are set to
be meaningful values. Similarly, in the background
component image, the pixel values of the pixels in the
foreground area are set to be 0, while the pixel values of
the pixels in the background area and the pixel values of
the pixels in the mixed area are set to be meaningful
valués.

Discussed next is the separation process of the
separator 601 for separating the foreground component and
the background component from the pixel falling within the
mixed area.

FIG. 62 is a model diagram illustrating a model which

includes the foreground component and the background



conponent of two frames including a foreground object noving fromleft to
right as shown. In the nodel of the image illustrated in FIG 62, the
anount of novenent v of the foreground is 4, and the virtual divisor
nunber is 4. The leftnost pixel and fourteenth through eighteenth pixels
in the frame #n fromthe left-hand side thereof contain a background
conponent only, and fall within the background area. The second through
fourth pixels in the frame #n fromthe |l eft-hand side thereof contain a
background conponent and a foregroundZbrponent, and fall within the
uncover ed background area. The el eventh through thirteenth pixels in the
frame #n fromthe left-hand side thereof contain a background conponent

and a f ugggondte SPMPRHeRlanBd fiakhudibnl B S LIRS degkaround area.
The fiftf?%hrough tenth piiels in the f?;ne #n fromthe left- hand side
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foreground area. The first through fifth pixels and ei ghteenth pixel in
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conmponent only, and fall within the background area. The sixth through

ei ght h piheel foregtdend r bsed #nand themviikreuladf tdikaEbrsidenbder gof4contain a
background conponent and a foreground conponent, and fall within the
uncover ed badkg diefimssia. p kel f ahtle€nubtielenahygh hreevantecigyitheqgnttel s in the
frame #n+l fromthe left-hand - 129
pixels in the frame #n from the left-hand side thereof
contain a background component only, and fall within the
background area. The second through fourth pixels in the
frame #n from the left-hand side thereof contain a
background component and a foreground component, and fall
within the uncovered background area. The eleventh through
thirteenth pixels in the frame #n from the left-hand side
thereof contain a background component and a foreground
component and fall within the covered background area. The
fifth through tenth pixels in the frame #n from the left-
hand side thereof contain a foreground component only, and
fall within the foreground area.
The first through fifth pixels and eighteenth pixel in
the frame #n+l from the left-hand side thereof contain a
background component only, and fall within the background
area. The sixth through eighth pixels in the frame #n+1l
from the left-hand side thereof contain a background
component and a foreground component, and fall within the

uncovered background area. The fifteenth through

seventeenth pixels in the frame #n+l from the left-hand




si de thereof contain a background conponent and a foreground conponent,
and fall within a covered background area. The ninth through fourteenth
pixels in the frame #n+1l fromthe |eft-hand side thereof contain a
foreground conponent only, and fall within the foreground area. FIG 63

Il lustrates a process of separating a foreground conponent from a pixel of
the covered background area. As shown, al through al8 are m xture ratios
of the respective pixels in the frane #n. As shown, the fifteenth through
seventeenth pixels fromthe | eft-hanti28ide fall within the covered
background area. The pixel value C15 of the fifteenth pixel in the frane
#n fromthe | eft-hand side thereof IS expressed in equation (58).

ats- P8 ladcbBRE Yot A i 5h RAokging Cortpalenk An8 Y T Tali o of the
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pi xel the teent’h pi xél in the frame #n fromthe |Ileft-hand
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pirxel in the Trane #n fromthe |eft-hand side thereof is
expr essggd+i Nfegmathen 16FP-hankb FE i e féSf Vedntlinva- fé2@ground
component only, and fall within the foreground area.

FIG. 63 illustrates a process of separating a
foreground component from a pixel of the covered background
area. As shown, al through oal8 are mixture ratios of the
respective pixels in the frame #n. As shown, the fifteenth
through seventeenth pixels from the left-hand side fall
within the covered background area.

The pixel value Cl15 of the fifteenth pixel in the
frame #n from the left-hand side thereof is expressed in
equation (58).

C15=Bl15/v + F09/v + F08/v + F07/v

=al5'B15 + F09/v + F08/v + F07/v

=q15P15 + F09/v + F08/v + FO07/v (58)
where al5 is a mixture ratio of the fifteenth pixel in the
frame #n from the left-hand side thereof. P15 is a pixel
value of the fifteenth pixel in the frame #n-1 from the
left-hand side thereof.

From equation (58), the sum f15 of the foreground
component of the fifteenth pixel in the frame #n from the

left-hand side thereof is expressed in equation (59).

f15=F09/v + F08/v + FO7/v



=Cl5 - al15-P15 (59) Likewise, the sumfl16 of the foreground conponent of
the sixteenth pixel in the frame #n fromthe left-hand side thereof is
expressed in equation (60). The sumf17 of the foreground conponent of the
seventeenth pixel in the frame #n fromthe |eft-hand side thereof is
expressed in equation (61). f16=Cl6 - al6-P16(60) f17=Cl7 - al7-P17(61) The
foreground conponent fc contained in the pixel value C of the pixel
falling within the covered background is expressed in equation (62). fc=C
- aP (62) where P is a pixel value-ofldthe corresponding pixel in an

i mredi ately prior frame. FIG 64 illustrates a process of separating a
foreground conponent froma pixel of the uncovered background area. As
shown, al through-pd8 aggsippeture ratios of the respegiyye pixels in the
frame #n. As shown, the second through fourth pixels fromthe |eft-hand

side fall wifidwide, upgeveardshacker ened raredroliifl Riotonéitieof02 of the
second pixel in the frane #n fromthe left-hand side thereof is expressed
in equatdii sipE8entW2BRE1Vin BH/ ¥ram@OFny fromdhe -1dBd-hand side
thereof is expressed in equation (60). The sum f17 of the
foreground component of the seventeenth pixel in the frame
#n from the left-hand side thereof is expressed in equation
(61).

£f16=Cl6 - al6:P16 (60)

f17=C17 - al7-P17 (61)

The foreground component fc contained in the pixel
value C of the pixel falling within the covered background
is expressed in equation (62).

fc=C - a'P (62)
where P is a pixel value of the corresponding pixel in an
immediately prior frame.

FIG. 64 illustrates a process of separating a
foreground component from a pixel of the uncovered
background area. As shown, al through al8 are mixture
ratios of the respective pixels in the frame #n. As shown,
the second through fourth pixels from the left-hand side
fall within the uncovered background area.

The pixel value C02 of the second pixel in the frame
#n from the left-hand side thereof is expressed in equation
(63).

C02=B02/v + B02/v + B02/v + FO0l/v



=a2B>2 + FOllv =a2NO>2 + FOLl/v (63)

where a2 is a mxture ratio of the

second pixel in the franme #n fromthe left-hand side thereof. NO2 is a
val ue of the second pixel in the frane #n+l fromthe left- hand side
t hereof . From equation (63), the.sumf02 of the foreground conponent of

pi xel

the second pixel in the frame #n fromthe |eft-hand side thereof is

expressed in equation (64). f02=FOl/v =C02 - a2NO2 (64) Likew se,
f03 of the foreground conponent of the third pixel in the frame #n from

the | eft-hand side

t he

the sum

thereof is expreddéd-in equation (65). The sum f 04 of
foreground conponent of the fourth pixel in the frame #n fromthe

| eft-hand side thereof is expressed in equation (66). f03=C03 - a3NO3(65)

f04=CO4 - a4h[ﬂgg§)

fpéfggpund conponent fu contained in the pixel

J5e
value C of the plxé? éTIlng wi thin the uncovered background is expressed

in equation (67Ly {nesG-r@/(67) where Nis a pixel(gghue of the
corresponding pixel 1n an 1 mediately subsequent frane. - 132

where o2 is a mixture ratio of the second pixel in the
frame #n from the left-hand side thereof. NO02 is a pixel
value of the second pixel in the frame #n+l1 from the left-
hand side thereof.

From equation (63), the sum £02 of the foreground
component of the second pixel in the frame #n from the
left-hand side thereof is expressed in equation (64).

£02=F01/v

=C02 - a2'N02 (64)

Likewise, the sum f03 of the foreground component of
the third pixel in the frame #n from the left-hand side
thereof is expressed in equation (65). The sum f04 of the
foreground component of the fourth pixel in the frame #n
from the left-hand side thereof is expressed in equation
(66).

£03=C03 - &3'NO3 (65)

£04=C04 - a4'NO4 (66)

The foreground component fu contained in the pixel
value C of the pixel falling within the uncovered
background is expressed in equation (67).

fu=C - aN (67)
where N is a pixel value of the corresponding pixel in an

immediately subsequent frame.



In this way, the separator 601 separates the foreground conponent and the
background conponent fromthe pixel falling within the m xed area, based
on the information indicating the covered background area, and the '
information indicating the uncovered background area contained in the area
information, and the mxture ratio a of each pixel. FIG 65 is a block
diagramillustrating one exanple of the construction of the separator 601.
The image input to the separator 601 is fed to a frame nmenory 621, and the
area information, indicating the cové#éd-background area and the uncovered
background area, and the m xture ratio a, supplied fromthe mxture ratio
calculator 104 are fed to a separation processing block 622. The frane

menory 621 stareg;ikhgaiynpy élgg#%f JRige1 Sdpdrare gn the frame to be
processed is&thgﬁ%%aﬁg&#n,QIthe fréﬁ% nenn%y 6%1f§to?e§%the frame #n-1,

whi ch i $oReqkbAR CORRYRIR! Yardl | e t0adk@rbirdtc#Rpohbatf Faem #he and the
frame #n+l, "which is a frane i medi ately subsequent to the frame #n. The

frame nﬁmzéx €31 19WRPkiith itrhe- HE xel xe/d! atesa pfoabed ehxehe of the frane
#n-1, the frane #n, "and the frame #n+l to the separation processing bl ock

622. Thengepaattionn iRddeessiny tHheoudovdPedppacegrotind arieahmanidc thyger ati on
di scussed with reference to FIG 63 - 133

information indicating the uncovered background area

contained in the area information, and the mixture ratio o

of each pixel.

FIG. 65 is a block diagram illustrating one example of
the construction of the separator 601. The image input to
the separator 601 is fed to a frame memory 621, and the
area information, indicating the covered background area
and the uncovered background area, and the mixture ratio a,
supplied from the mixture ratio calculator 104 are fed to a
separation processing block 622.

The frame memory 621 stores the input image in units
of frame. When the frame to be processed is the frame #n,
the frame memory 621 stores the frame #n-1, which is a
frame immediately prior to the frame #n, the frame #n, and
the frame #n+l1, which is a frame immediately subsequent to
the frame #n.

The frame memory 621 supplies the pixel values of the
pixels of the frame #n-~1, the frame #n, and the frame #n+l
to the separation processing block 622.

The separation processing block 622 applies the

arithmetic operation discussed with reference to FIG. 63



and FIG 64 to the pixel values of the pixels of the frame #n-1, the frane
“#n, and the frame #n+1 supplied fromthe frame nmenory 621, based on the
area information indicating the covered background area, and the uncovered
background area, and the m xture ratio a. The separation processing bl ock
622 separates the foreground conponent and the background conponent
failing wwthin the mxed area in the frane #n, and feeds these conponents
to a frane nmenory 623. The separation processing bl ock 622 includes an
uncovered area processor 631, a coveﬂég area processor 632, a synthesizer
633, and a synthesizer 634. A nmultiplier 641 in the uncovered area
processor 631 multiplies the pixel val ue of the pixel in the frame #n+l

suppl i ednfr gt N 4f rmr{@ fzx;ai)-!e%h@f ”’cﬁéubﬁxé%' 8 fathedFd dnfeen

outputs the product to a s 642 e swtch 42 is closed when the

pi xel 3nthe ftmn‘%x%%e(qmreaﬁnpn@mé\gfrmewmpl §6F 18 lih & rom i efn+l )
supplie fromthe frane nmenory 621 falls within ﬁe uncover ed background

area, ampgameea@hdrie 6¥1XebasddiconUthiéPhied i fbhfakivhUiadidatd iy
supplied fromthe nultlpller 641, to an arithnetic unit 643 and a

synt hesicher co¥ereth®ayafttiindida j Sandit eheednbyvetrekt bplokigigun®e pi xel
val ue of the pixel in the frane #n+l1 by the mxture ratio a and i s out put

fromtharew,t ahdo4he aguadsréd heabibe kgt ounhecseparantioal proegssdalg val ue of
the corresponding pixel in the frane #n. - 134

block 622 separates the foreground component and the

background component falling within the mixed area in the

frame #n, and feeds these components to a frame memory 623.

The separation processing block 622 includes an
uncovered area processor 631, a covered area processor 632,
a synthesizer 633, and a synthesizer 634.

A multiplier 641 in the uncovered area processor 631
multiplies the pixel value of the pixel in the frame #n+l
supplied from the frame memory 621 by the mixture ratio a,
and then outputs the product to a switch 642. The switch
642 is closed when the pixel in the frame #n (corresponding
to the pixel in the frame #n+l) supplied from the frame
memory 621 falls within the uncovered background area, and
feeds the pixel value multiplied by the mixture ratio a,
supplied from the multiplier 641, to an arithmetic unit 643
and a synthesizer 634. The product which is obtained by
multiplying the pixel value of the pixel in the frame #n+l
by the mixture ratio d and is output from the switch 642

equals the background component of the pixel value of the

corresponding pixel in the frame #n.



The arithmetic unit 643 subtracts the background conponent supplied from
the swwtch 642 fromthe pixel value of the pixel in the franme #n fed from
the frame menory 621, thereby resulting in the foreground conponent. The
arithmetic unit 643 supplies the synthesizer 633 with the foreground
conmponent of the pixel in the frame #n falling wthin the uncovered
background area. A nultiplier 651 in the covered area processor 632

mul tiplies the pixel value of the pixel in the frame #n-1 supplied from
the frame nenory 621 by the mixture #3fio a, and then outputs the product
to a swwtch 652. The switch 652 is closed when the pixel in the frame #n
(corresponding to the pixel in the frame #n-1) supplied fromthe frane

memory 621 f?hésa%egh@t%eu%%erm haghor aundl eneapadRgrohiggds the pixel

value nultiplied e mxture ratio a, supplied fromthe nmultiplier 641,

to an aébﬁleaﬁ%h;et ?gk}?l@%& Ah thee s tesi ¢er £34m The pigductawhiech is

obtai ned b I ng the pixel value of the pixel inthe frame #n-1 by

the m x§grenbaphiQed 3ndthe FHamd #d ofed herswi tRE BbEmecidabyyt 821,
background conponent of the pixel value of the corresponding pixel in the

frame #ghefbBByakeklNRling U ttHSFatddrams d¢hepbaekgroumtie conponent
supplied fromthe switch 652 fromthe pixel value of the pixel in the

frame #ariehmétam uhdtf vade supplriesSAhe syretkeeéyizesubBBngiith tthe

f oreground conponent. The - 135
foreground component of the pixel in the frame #n falling
within the uncovered background area.

A multiplier 651 in the covered area processor 632
multiplies the pixel value of the pixel in the frame #n-1
supplied from the frame memory 621 by the mixture ratio «,
and then outputs the product to a switch 652. The switch
652 is closed when the pixel in the frame #n (corresponding
to the pixel in the frame #n-1) supplied from the frame
memory 621 falls within the covered background area, and
feeds the pixel value multiplied by the mixture ratio a,
supplied from the multiplier 641, to an arithmetic unit 653
and the synthesizer 634. The product which is obtained by
multiplying the pixel value of the pixel in the frame #n-1
by the mixture ratio o and is output from the switch 652
equals the background component of the pixel value of the
corresponding pixel in the frame #n.
The arithmetic unit 653 subtracts the background

component supplied from the switch 652 from the pixel value

of the pixel in the frame #n fed from the frame memory 621,

thereby resulting in the foreground component} The



arithmetic unit 653 supplies the synthesizer 633 with the foreground
conponent of the pixel in the frame #n falling wthin the covered
background area. The synthesizer 633 synthesizes the foreground conponent
of the pixel falling within the uncovered background area supplied from
the arithnmetic unit 643, and the foreground conponent of the pixel falling
within the covered background area supplied fromthe arithmetic unit 653,
and feeds the synthesized foreground conponent to the frane nenory 623.
The synt hesizer 634 synthesizes the Bd8kground conponent of the pixel
falling within the uncovered background area supplied fromthe switch 642,
and the background conponent of the pixel falling within the covered

backgr Oégg_t%h%%i%u%‘ﬂii@%ﬁ:{ MR pPELS¥ £RE ﬁgfé%hé_%%ezefre%@% LWt s wHdesi zed

backgro conponent to the frame nenory frame nenory 623

i ndi vi dy@lrley rSu@e T dntfond ¥ €9 OLRé ﬁf)ﬁapnﬁﬂt tfed FirfAmed ek Faaunich g onponent
of the pix€él of the mxed area in the frame #n supplied fromthe

separ at QR hAMOGES IdHrd¥ &F K £2grdied f 4288 . menory 623 outputs the stored
foreground conponent of the pixel of the mxed area in the frane #n and

the stored bagkgsywithaimnnegs3 dyhtitepixes thet iorediroathdarea in the

frame #n. - 136
component of the pixel falling within the uncovered.
background area supplied from the arithmetic unit 643, and
the foreground component of the pixel falling within the
covered background area supplied from the arithmetic unit
653, and feeds the synthesized foreground component to the
frame memory 623.

The synthesizer 634 synthesizes the background
component of the pixel falling within the uncovered
background area supplied from the switch 642, and the
background component of the pixel falling within the
covered background area supplied from the switch 652, and
feeds the synthesized background component to the frame
memory 623.

The frame memory 623 individually stores the
foreground component and the background component of the
pixel of the mixed area in the frame #n supplied from the
separation processing block 622.

The frame memory 623 outputs the stored foreground
component of the pixel of the mixed area in the frame #n

and the stored background component of the pixel of the

mixed area in the frame #n.



The use of the mxture ratio a, which is a feature quantity, allows the
foreground conponent and the background conponent contained in the pixel
value to be fully separated from each other. The synthesizer 603 generates
a foreground conponent inage by synthesizing the foreground conponent of
the pixel in the mxed area in the frane #n output fromthe separator 601
and the pixel of the foreground area. The synthesizer 605 generates a
background conponent inmage by synthesizing the background conmponent of the
pixel in the mxed area in the frank3®%n—-output fromthe separator 601 and
t he pixel of the background area. FIG 66A is a diagramillustrating an
exanpl e of a separated foreground conponent image in the frame #n

1 ustrated gg FLG. 62 R dighiyliot Al AGh iBE 5§04T EBSBLBCDI xel from

the |l eft-han e have a p of zero because these pixels contain

the backgeguady CaTRERRNIcHANth eI lihd NG R5£EREUBMI Engeparat ed from t he

backgro r to e separation of the Toreground and the background,

the seCBﬁQREPBHHEthﬂgﬂHn@n@ e dien the 4 tpiRandyaide Raveefallen
wi thin the tdncovered background area and have zero background conmponents

W th fogpgeipusdpacatRaANGHom R MtMer Prior to the separation of the
f or eground and Phe background, the eleventh through - 137

The synthesizer 603 generates a foreground component
image by synthesizing the foreground component of the pixel
in the mixed area in the frame #n output from the separator
601 and the pixel of the foreground area. The synthesizer
605 generates a background component image by synthesizing
the background component of the pixel in the mixed area in
the frame #n output from the separator 601 and the pixel of
the background area.

FIG. 66A is a diagram illustrating an example of a
gseparated foreground component image in the frame #n
illustrated in FIG. 62. The leftmost pixel and the
fourteenth pixel from the left-hand side have a pixel value
of zero because these pixels contain the background
component only before the foreground is separated from the
background.

Prior to the separation of the foreground and the
background, the second through fourth pixels from the left-
hand side have fallen within the uncovered background area
and have zero background components with foreground

components remaining. Prior to the separation of the

foreground and the background, the eleventh through



thirteenth pixels fromthe left-hand side have fallen wthin the covered
background area, and have zero background conponents w th foreground
conponents remaining. The fifth through tenth pixels fromthe |eft-hand

si de have had foreground conponents only and continuously have these
conponents. FIG 66B is a diagramillustrating an exanple of the separated
background conponent inage in the frane #n illustrated in FIG 62. The

| eft nrost pixel and the fourteenth pixel in the franme #n fromthe | eft-hand
side thereof have contained the bacRgfound conmponents only prior to the
separation of the foreground and the background, and continuously have

t hese conponents. Prior to the separation of the foreground and the

backgro thr r L d | gft nd side have
;&Mﬂgﬁt%tgﬁ&gg%vleégemc RETibrpLKghd £1AW hAed ehndip

fallen ground area and have zero foreground

conponeptis nint i Heh @ RAGKEH VUK §PFRRACALEA], CARNNhAYe Bleir®r to the
separation of the foreground and the background, the el eventh through

thirt eephlekdreRint [doMpddent £k 1 RNEL st gpolinvechbabbaentd tritina iidigmg.over ed

background area, and have zero foreground conponents w th background
conponefh®e FAFRINItHroud 1€¥nt® piReEePEFani eReol eiffte haaide@idienthaans t he

background, the fifth through tenth pixels fromthe |eft- hand side have
had f or @@ido o HRARE dcpohen B dohdyeahd continuously have these
components.

FIG. 66B is a diagram illustrating an example of the
separated background component image in the frame #n

_illustrated in FIG. 62. The leftmost pixel and the
fourteenth pixel in the frame #n from the left-hand side
thereof have contained the background components only prior
to the separation of the foreground and the background, and
continuously have these components.

Prior to the separation of the foreground and the
background, the second through fourth pixels from the left-
hand side have fallen within the uncovered background area
and have zero foreground components with the background
components remaining. Prior to the separation of the
foreground and the background, the eleventh through
thirteenth pixels from the left-hand side have fallen
within the covered background area, and have zero
foreground components with background components remaining.
Prior to the separation of the foreground and the

background, the fifth through tenth pixels from the left-

hand side have had foreground components only and have
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- 138 pixel values of zero. The foreground and background separation
process of the foreground and background separator 105 is discussed bel ow
with reference to a fl ow diagram shown in FIG 67. 1In step S601, the frane
menory 621 in the separator 601 acquires the input imge, and stores the
frame #n to be processed for the foreground and background separation,
together with the prior frame #n-1 and the subsequent frame #n+l. In step
S602, the separation processing block 622 in the separator 601 acquires
the area information supplied from&B8 mixture ratio calculator 104. In
step S603, the separation processing block 622 in the separator 601
acquires the mxture ratio a supplied fromthe m xture ratio calculator

104. Inggz%g %%94estQﬂf%ﬂ59ﬁ?red area processor 631 extracts the
n

backgro conponent fromthe pixel value of the pixel in the uncovered

background arga %@%@dﬁ%ﬁdﬂ“ﬁﬁdtﬂ&bﬁéﬁ@@n&E§E§¥r§@1onb§§%@e%% iJye area
i nformation and the mxture ratio a, In step S605, the uncovered area

process@heb3bretidiaid arnd oMk esendds paPRRER 10600t 3G sivedledval ue of
the pi xel in the uncovered background supplied fromthe franme nenory 621,
based omellb% aieh irdfaraidonceand fhew aixgvam EBbwA dn FIG. 67.

In step S601, the frame memory 621 in the separator 601

acquires the input image, and stores the frame #n to be

processed for the foreground and background separation,

together with the prior frame #n-1 and the subsequent fréme

#n+l.

In step S602, the separation processing block 622 in
the separator 601 acquires the area information supplied
from the mixture ratio calculator 104. 1In step S603, the
separation processing block 622 in the separator 601
acquires the mixture ratio a supplied from the mixture
ratio calculator 104.

In step S604, the uncovered area processor 631
extracts the background component from the pixel value of
the pixel in the uncovered background area supplied from
the frame memory 621, based on the area information and the
mixture ratio a.

In step S605, the uncovered area processor 631
extracts the foreground component from the pixel value of
the pixel in the uncovered background supplied from the

frame memory 621, based on the area information and the

mixture ratio a.



- 139 In step S606, the covered area processor 632 extracts the
background conponent fromthe pixel value of the pixel in the covered
background are supplied fromthe frane nmenory 621, based on the area
information and the m xture ratio a. In step S607, the covered area
processor 632 extracts the foreground conponent fromthe pixel value of
the pixel in the covered background area supplied fromthe frame nenory
621, based on the area information and the mxture ratio a. In step S608,
the synthesizer 633 synthesizes the 188reground conponent of the pixel in
t he uncovered background area extracted in step S605, and the foreground
conponent of the pixel in the covered background area extracted in step

S607. The syn h%%ﬁ%é‘(% eggtpélr@ovgpgao Oregl?oE%gsBQ 619 %mszer 603.

The synt hesi zer t hen' generates the round conponent 1 mage by

synt hesi-aieN$haldky i utfd éﬁmé&ﬁbﬁ@rfﬁéﬁuﬂﬁeabQQeiuﬂﬁhb%ﬁoﬂfﬂﬂéﬁﬁhﬁéﬁ switch
602, and the foreground conponent supplied fromthe separator 601. In step

S609, the The hesicrtdd GHcwyréhesi 2e6 slgplhaakgiemnd neomaenant of the
pi xel in the uncovered background area extracted in step S604, and the

backgr omethorgorgRaneBased tde theearéd iheoemueiod Backahel nii @bt
extracted in step S606. The synthesi zed foreground
ratio a.

In step S607, the covered area processor 632 extracts
the foreground component from the pixel value of the pixel
in the covered background area supplied from the frame |
memory 621, based on the area information and the mixture
ratio a.

In step S608, the synthesizer 633 synthesizes the
foreground component of the pixel in the uncovered
background area extracted in step S605, and the foreground
component of the pixel in the covered background area
extracted in step S607. The synthesized foreground
component is fed to the synthesizer 603. The synthesizer
603 then generates the foreground component image by
synthesizing the pixel of the foreground area supplied
through the switch 602, and the foreground component
supplied from the separator 601.

In step S609, the synthesizer 634 synthesizes the
background component of the pixel in the uncovered
background area extracted in step S604, and the background

component of the pixel in the covered background area

extracted in step S606. The synthesized foreground
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conponent is fed to the synthesizer 605. The synthesizer 605

generates a background conponent inmage by synthesizing the pixel of
background area supplied through the switch 604, and the background
conponent supplied fromthe separator 601. In step S610, the synthe
603 outputs the foreground conponent image. In step S611, the synth
605 out puts the background conponent image. The routine then ends.

way,

t he foreground and background separator 105 separates the fore

conponent and the background conmpondfO from the input inmage based o
area information and the m xture ratio a, and outputs the foregroun
conponent inmage forned of the foreground conponent only, and the

backgr olshgsHE 1Y §d@OEo f OhEEGyRENERE 2RECIPEQUN 1D _
adj ustnent of the notion blur fromthe foreground conponent 1 nage

di scussehoadi dafer Hed Sa apHERGKoHhaTEBMpbnlewt! lialdgid ype exanpl e of

the notion blur adjuster 106. The notion vector and the position
i nf or matgyart HewerAn{g sthiwl p edef rom the BREkGRouRS QG 1gaWl the area
information supplied fromthe area determner 103 are fed to a unit

processithgoudgt ere nafittéd 60dl, aan@dehegbaekatroiing0<ompPtthdy egr ound
conponent inmage supplied fromthe foreground and background

supplied from the separator 601.

In step S610, the synthesizer 603 outputs the
foreground component image. In step S611, the synthesizer
605 outputs the background component image. The routine
then ends.

In this way, the foreground and background separator
105 separates the foreground component and the background
component from the input image based on the area
information and the mixture ratio «, and outputs the
foreground component image formed of the foreground
component only, and the background component image formed
of the background component only.

The adjustment of the motion blur from the foreground
component image is discussed below.

FIG. 68 is a block diagram illustrating one example of
the motion blur adjuster 106. The motion vector and the
position information thereof supplied from the motion
detector 102, and the area information supplied from the
area determiner 103 are fed to a unit of processing
determiner 801 and a model generator 802. The foreground

component image supplied from the foreground and background

t hen
t he

Si zer
esi zer
In this
gr ound
n the

d
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S
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- 141 separator 105 is fed to a pixel value setter 804. The unit of
processi ng determ ner 801 feeds the notion vector and the generated unit

of processing to the nodel generator 802 together with the notion vector,
the position information thereof, and the area information. The unit of
processi ng determ ner 801 feeds the generated-unit of processing to the

pi xel value setter 804. Referring to the letter Ain FIG 69, the unit of
processi ng generated by the unit of processing determ ner 801 indicates
consecutively arranged pixels in thel4di rection of novenent starting with a
pi xel of the covered background area of the foreground conponent inage and
ending with a pixel in the uncovered background area, or consecutively

arr anged atelhyl M dde 4l £6414Na BYEENLa19kALkRG Mgy A pixel of the

uncovered™b ground area t he Toreground conponent i mge and endi ng

with a pixel dpe i ¥ 6iesk &acky O4BHe PheRerF80 168 Hse t Hd Gudtlidn Of
processing includes two pieces of data of a top left point (a pixel,

desi gnatedtdtr 4Rl WHE MndrPEegsunit 8t pPBceksfingdto RAM tider topnost
position in the inmage) and a right bottom point. The nodel generator 802

gener at generidel sUEBatbgecide withi eNevRetabnaneciee i AMe poy it Wn

processing. Specifically, the nodel generator 802 stores beforehand the

nunber df fioivmeltsicrp e esif ) nandiethei Areh phfoemaition.t h&he unit of
processing determiner 801 feeds the generated unit of
processing to the pixel value setter 804.

Referring to the letter A in FIG. 69, the unit of
processing generated by the unit of processing determiner
801 indicates consecutively arranged pixels in the
direction of movement starting with a pixel of the covered
background area of the foreground component image and
ending with a pixel in the uncovered background area, or
consecutively arranged pixels in the direction movement
starting with a pixel of the uncovered background area of
the foreground component image and ending with a pixel in
the covered background area. For example, the unit of
processing includes two pieces of data of a top left point
(a pixel, designated by the unit of processing, at the
leftmost position or topmost position in the image) and a
right bottom point.
The model generator 802 generates a model based on the

motion vector and the input unit of processing.
Specifically, the model generator 802 stores beforehand the

number of pixels contained in the unit of processing, the



- 142 wvirtual divisor nunber applied to the pixel value in the direction
of tinme, and a plurality of nobdels corresponding to the nunber of
foreground conponents for each pixel. Based on the unit of processing and
the virtual divisor nunber applied to the pixel values in the direction of
time, the nodel generator 802 selects a nodel that designates a
correspondence between a pixel value and a foreground conponent as
illustrated in FIG 70. Now, the nunber of pixels per the unit of
processing is 12, and the anount of lA8venent v in the shutter tine is 5.
The nodel generator 802 sets the virtual divisor nunber to 5, and selects
a model including eight foreground conponents, wherein the |eftnopst pixel

has one i g @NnoWiY i ¥ MARSE » é;?ﬁlﬁs&oeé Bhgebike@Mybgd & tind side has
two foreground conponents, the Ird pixel fromthe left-hand side has

three fQrie@ceudh GIRIMN Sand e }?Pﬁ'féi‘l’@yxék mbaen st ke rrdfsipoiriidgi de has
four foreground conponents t he ifth pixel fromthe left-hand si'de has

five fOﬂ:ﬁgﬂ:%lén(ﬂlun%ﬂ)wm&re%f@uﬁdX&cbmpbiiéhtfsrQﬁkt bachefplizieand si de has
five foreground conponents, e seventh pixel fromthe [left-hand side has

five foBagedumt ch et Of tpocegbing phdethér otdrthall efitv-ilsard si de has
five foreground conponents, the ninth pixel fromthe |eft-hand side has
four fonambeundppdnmeherd sthé heiteht hapueel ihr bhet Hdrleefttionhafd tsinde, has
t hree foreground conponents, the el eventh

the model generator 802 selects a model that designates a

correspondence between a pixel value and a foreground

component as illustrated in FIG. 70.

Now, the number of pixels per the unit of processing

is 12, and the amount of movement v in the shutter time is

5. The model generator 802 sets the virtual divisor number

to 5, and selects a model including eight foreground

components, wherein the leftmost pixel has one foreground

component, the second pixel from the left-hand side has two

foreground components, the third pixel from the left-hand

side has three foreground components, the fourth pixel from

the left-hand side has four foreground components, the

fifth pixel from the left-hand side has five foreground

components, the sixth pixel from the left-hand side has

five foreground components, the seventh pixel from the

left-hand side has five foreground components, the eighth

pixel from the left-hand side has five foreground

components, the ninth pixel from the left-hand side has

four foreground components, the tenth pixel from the left-

hand side has three foreground components, the eleventh



- 143 pixel fromthe |eft-hand side has two foreground conponents, and
the twelfth pixel fromthe left-hand side has one foreground conponent.
The nodel generator 802 may generate a nodel based on the notion vector
and the unit of processing when the notion vector and the unit of
processing are supplied, rather than selecting a nodel from anong stored
nodel s. The nobdel generator 802 supplies an equation generator 803 with
the sel ected nodel. The equati on generator 803 generates an equati on based
on the nodel supplied fromthe nodel 1ddnerator 802. Referring to the nodel
of the foreground conponent image illustrated in FIG 70, the equation
generated by the equation generator 803 will be discussed on the

assump! p3el! Edlont hd1utheE - RAnd O £4E OHAY EABPEBERLE O] coliftindiss, nunber

of pixel's per the unit of processing is , amount “of novenment v

i's 5, apdd hdle HRRIMYH Y xdll VESOR tRETREEtLRana ¥AhER hh& fRreground
conponents FO1l/v through FO8/v are contained in the foreground conponent

i mge f @oriel@oud (Rmpdridws . the rel ationship between FO1/v through FO08/v
and pi xel values COL through Cl12 is expressed in equations (68) through
(79). CO1=FOthe( @@dde0yditrardPldyt 6Rdy generate a model based on

the motion vector and the unit of processing when the

motion vector and the unit of processing are supplied,

rather than selecting a model from among stored models.

The model generator 802 supplies an equation generator
803 with the selected model.

The equation generator 803 generates an equation based
on the model supplied from the model generator 802.
Referring to the model of the foreground component image
illustrated in FIG. 70, the equation generated by the
equation generator 803 will be discussed on the assumption
that the number of foreground components is 8, that the
number of pixels per the unit of processing is 12, that the
amount of movement v is 5, and that the virtual divisor
number is 5.

When the foreground components FO0l/v through F08/v are
contained in the foreground component image for the shutter
time, the relationship between F0l1/v through F08/v and
pixel values C0l1 through Cl2 is expressed in equations (68)
through (79).

C01=F01/v (68)

C02=F02/v+F0l/v (69)



- 144 - (Q03=F03/v+F02/v+F01/v(70) C04=F04/v+F03/v+F02/v+F01/v(71)

C05=F05/ v+F04/ v+F03/ v+F02/ v+F01/ v(72) CO06=F06/ v+F05/v+F04/ v+F03/ v+F02/ v(73)
C07=F07/ v+F06/ v+F05/ v+F04/ v+F03/ v(74) C08=F08/ v+F07/ v+F06/ v+F05/ v+F04/ v(75)
C09=F08/ v+F07/ v+F06/ v+F05/ v(76) Cl10=F08/v+F07/v+F06/Vv(77)

C11=F08/ v+F07/v(78) Cl2=F08/v(79) The equation generator 803 generates
equations by nodifying the generated equations. The equations generated
by the equation generator 803 are expressed as equations (80) through
(91). CO01=1F01/ v+0F02/ v+0F03/ v+0F04/ }46Fe5/ v+0F06/v +0F07 /v+0F08 /v (80)
C02=1F01 /v+1-F02/v+0-F03 /v+0-F04 /v+0-F05 /v+0-F06 /v +0F07/v+0F08/v
(81) @03=1-FO 1 /v+1-F02 /v+1-F03 /v+0-F04 /v+0-FO05 /v+0-F06 /v +0F07

[ v+0F08 /v (8290449 sy ypds J92 [ v+1- FO3 [ v+dzdP4 [ v+0- FO5 /v+0-FO06 /v
+OF07 / v+OFOSIY (83) ‘QO5o1-FO 1 7V+1-F02 /v4l- FO3 1%+1- FO4 /v+1- FO5

[v+0-F06 /v cHQEwh 4 MHaEFES/ vMrd BA+FO0L1 /v (71)

C06=0FO1/ v+1F02/ v+1F03/ v+1F04/ v+1F05/ v+1F06/ v
C05=F05/v+F04/v+F03/v+F02/v+F01/v (72)
C06=F06/v+F05/v+F04/v+F03/v+F02/v (73)
C07=F07/v+F06/v+F05/v+F04/v+F03/v (74)

C08=F08/v+F07/v+F06/v+F05/v+F04/v (75)

C09=F08/v+F07/v+F06/v+F05/v (76)
Cl0=F08/v+F07/v+F06/Vv (77)
Cl1=F08/v+F07/v (78)
Cl12=F08/v (79)

The equation generator 803 generates equations by
modifying the generated equations. The equations generated
by the equation generator 803 are expressed as equations
(80) through (91).

C01=1'F01/v+0'F02/v+0:F03/v+0-:F04/v+0:FO05/v+0-F06/v

+0-F07/v+0-F08/v (80)

C02=1'F01/v+1:F02/v+0:F03/v+0:F04/v+0-FO05/v+0-F06/v

+0-F07/v+0-FO8/v (81)
C03=1'F01/v+1:F02/v+1'F03/v+0'F04/v+0-FO5/v+0'F06/v
+0'F07/v+0-F08/v (82)
C04=1'F01/v+1:F02/v+1'F03/v+1'F04/v+0-FO5/v+0-F06/v
+0-F07/v+0-FO8/v (83)
C05=1'F01/v+1'F02/v+1'F03/v+1:F04/v+1-FO5/v+0-F06/v
+0'F07/v+0-F08/v (84)

C06=0"F01/v+1-F02/v+1:F03/v+1'F04/v+1-FO5/v+1'F06/v



- 145 +0F07 /v+0F08 /v (85) (Q07=0F01/v+0F02/v+1F03/v+1F04/v+1F05/v+1F06/Vv
+1F07/ v+0F8/v (86) (C08=0F01/v+0F02/v+0F03/v+1F04/v+1F05/v+1F06/v +1F07
/v+1FG8/v (87) C09=0-FO 1 /v+0-F02 /v+0-F03 /v+0-F04 /V+1-F0O5 /Vv+ | T06 IV
+1F07 /v+1F08/v (88) Cl10=0F01/v+0F02/v+0F03/v+0F04/v+0F05/v+1F06/v +1F07
/v+1F08/v (89) Cl11=0F01/v+0OF02/v+0F03/v+0F04/v+0F05/v+0F06/ v
+1F07/v+1F08/v (90) Cl12=0FOL/v+0F02/v+0F03/v+0F04/ v+0F05/ v+0F06/v +0F07
/v+1F08/v (91) Equations (80) through (91) may be expressed as equation
(92). 08 G = ;aij-Filv (92) where- li4S the position of each pixel. In this
equation, j rmay be one of 1 through 12. Furthernore, i represents the
position of a foreground value. In this equation, i is one of 1 through 8.

(oo ko sone: A ARTIRSOLIEOL (hE vel gy | and T T amerror i
C07=0-F01/v+0-F02/v+1-F03/v+1':F04/v+1-F05/v+1-F06/v
+1'F07/v+0-F08/v (86) |
C08=0'F01/v+0-F02/v+0-F03/v+1-F04/v+1-F05/v+1-F06/v
+1'F07/v+1-F08/v (87)
C09=0'F01/v+0-F02/v+0-F03/v+0-F04/v+1-FO5/v+1-F06/v
+1-F07/v+1-F08/v (88)
Cl10=0'FO01/v+0:F02/v+0-F03/v+0-F04/v+0-FO5/v+1-F06/v
+1'F07/v+1-F08/v (89)
C11=0'F01/v+0-F02/v+0-F03/v+0-F04/v+0-F05/v+0-F06/v
+1'F07/v+1-F0O8/v (90)
C12=0'F01/v+0-F02/v+0-F03/v+0-F04/v+0-FO5/v+0-FO06/v
+0°F07/v+1-FO8/v (91)
Equations (80) through (91) may be expressed as
equation (92).

08

Cj=2aij~Fi/v (92)

=01

where j is the position of each pixel. 1In this equation, j
may be one of 1 through 12. Furthermore, i represents the
position of a foreground value. In this equation, i is one
of 1 through 8. Here, aij has 0 or 1 depending on the
value of i and j.

If an error is taken into consideration, equation (92)



may be expressed as equation (93). 08 C=;aijFi/v+ej ,.0t where e is an

error contained in a target pixel . Equation (93) may be expressed as
equation (94). 08 ej=C-aijFi/v , t To apply the |east squares nethod, the
sum E of squares of the error is defined in equation (95). 12 E- ej2 ~. 1

(93) (94) (95) To minimze the error, a partial differential of the sumE
of squares of error with respect to a variable Fk nust be zero. Fk
satisfying equation (96) is determned. d E 12 dej aFk 2-; tej aFk U 08 =2
{(G-aijFi/v)(-akj/v)=0 ;t ,. t (96}146 -

may be expressed as equation (93).

08
Cj= Y aij Fi/v+ej (93)

i=01

where ej is an error contained in a target pixel Cj.

Equation (93) may be expressed as equation (94).

03

ej=Cj—2aij°Fi/v (94)

i=01

To apply the least squares method, the sum E of

squares of the error is defined in equation (95).

12

E = 2 95
Z&ej (95)

To minimize the error, a partial differential of the
sum E of squares of error with respect to a variable Fk

must be zero. Fk satisfying equation (96) is determined.

12 (96]
o“Fk 2 " IFk

=2 2{(@ Zazj Fi/v)-(~akj /v)=0

(96)

Since the amount of movement v in equation (96) is a



Since the anmobunt of novenment v in equation (96) is a - 147 fixed val ue,

equation (97)
devel opnment and transposition of equation (97)

is obtained. 12 08 ;akj-(g- aijFi/v)-0 ~-01,- 1 (97) The
| eads to equation (98).

12

08 12 (akj aijFi)=vakjg OL ;-1 J. 1 (98) One integer of 1 through 8 is
substituted for k in equation (98), and eight equations result. The eight

equations are expressed in a single matrix. This equation is called a

nor mal

equation generator 803 based on the lddst squares method is

equation. One exanple of the normal equation generated by the

equation (99). - 148 12 G ,.08 54321000F01CH

fixed value, equation (97) is obtained.

12 08
Eakj-(c,'_};azj-m/v)m (97)

=01 =01

The development and transposition of equation (97)
leads to equation (98).
08 12

12
E(akj- aij-Fi)=v2akj-Cj (98)
=01

J=01 i=01 I

One integer of 1 through 8 is substituted for k in
equation (98), and eight equations result. The eight
equations are expressed in a single matrix. This equation
is called a normal equation.

One example of the normal equation generated by the
equation generator 803 based on the least squares method is

expressed in equation (99).

expressed in



to 45432100F021 C , 06 34543210F0309 23454321F04 =V.,. 5 (99) 08
12345432F05 01234543F06}~ C ,. a 07 00123454F071 G 00012345F0806 C -
z 0s 201 G i If equation (99) is expressed as AF=vC, C, A and v are
known, and F is unknown, and A and v are known at the tinme of nodel
generation, and C becones known when the pixel values are input during the
pi xel value setting operation. By cal culating the foreground conponent

usi ng the

~ 148 -
r12'
Ci
1=08
11
Ci
543210 0 O][FO1] 0
45 4 32 1 0 ollFo2 Ci
3454 32 1 0|F03 W
2 3 45 4 3 2 1||Fo4 Ci
=V'l:)xs (99)
12 345 4 3 2||Fos Ci
012 34 5 4 3||Fos s
0012 3 4 5 4||Fo7 Ci
00012 3 4 5|{Fos8 =0
Ci
=02
05
ECL'
_i-Ol

If equation (99) is expressed as A'F=v:C, C, A, and v
are known, and F is unknown, and A and v are known at the
time of model generation, and C becomes known when the
pixel values are input during the pixel value setting
operation.

By calculating the foreground component using the
normal equation based on the least squares method, the
error contained in the pixel C is dispersed.

The equation generator 803 supplies the pixel value
setter 804 with the normal equation thus generated.

The pixel value setter 804 sets the pixel value
contained in the foreground component image in the matrix
supplied from the equation generator 803, based on the unit

of processing supplied from the unit of processing



normal equati on based on the | east squares nmethod, the error contained in
the pixel Cis dispersed. The equation generator 803 supplies the pixel
value setter 804 with the normal equation thus generated. The pixel value
setter 804 sets the pixel value contained in the foreground conmponent
image in the matrix supplied fromthe equation generator 803, based on the
unit of processing supplied fromthe unit of processing - 149 determ ner
801. The pixel value setter 804 feeds the matrix with the pixel value C
set therewithin to an arithnetic anil#2865. The arithnetic unit 805

cal cul ates the foreground conponent Fi/v with the notion blur renoved
through a solution using the sweep-out nethod (the Gauss-Jordan

El'i m nagie@Rlmided: tgaAN capydll g 81 tHg1REX8be¥akugoll feiys tHe €. One of
the integers O through 8, of the foreground wth the notion blur renoved.

The ari hAkRtike wiih t3@D gihesn walwete s8€ tReestwaundnc@epeirent image formed
of the pixel wvalue Fi with the notion blur renoved as shown in FIG 71,

t o a notiramhhletri cadgdre &% and a sel ector 807. FOL through FO8 are
respectively set in CO3 through Cl10 in the foreground conmponent image wth
the notion birhe ardmhwet ion driiE 8§05 smaldalatée phei toeegaounlde for egr ound
conponent inmage is not changed with respect to the screen. The foreground
conponegbmpoagati §Fittvuswiddt the amyt posibion. removed through a

solution using the sweep-out method (the Gauss-Jordan

Elimination), and then calculates the pixel value Fi for i,

i.e., one of the integers 0 through 8, of the foreground

with the motion blur removed. The arithmetic unit 805 then

outputs the foreground component image formed of the pixel

value Fi with the motion blur removed as shown in FIG. 71,

to a motion blur adder 806 and a selector 807.

FO1l through F08 are respectively set in C03 through

Cl0 in the foreground component image with the motion blur

removed in FIG. 71 so that the position of the foreground

component image is not changed with respect to the screen.

The foreground component image is thus set in any position.

The motion blur adder 806 adjusts the amount of motion

blur by providing a motion blur adjusting input v', which

is different from the amount of motion v, or a motion blur

adjusting input v', which is half the amount of movement v,

or a motion blur adjusting input v', which is not related

to the amount of movement v. Referring to FIG. 72, for

example, the motion blur adder 806 calculates the

foreground component Fi/v' by dividing the pixel value Fi



The notion blur adder 806 adjusts the amount of notion blur by providing a
notion blur adjusting input v', which is different fromthe anount of
notion v, or a notion blur adjusting input v', which is half the anmount of
novenent v, or a notion blur adjusting input v', which is not related to
t he amount of novement v. Referring to FIG 72, for exanple, the notion
bl ur adder 806 cal culates the foreground conponent Fi/v' by dividing the
pi xel value Fi - 150 of the foreground with the notion blur renoved by the
motion blur adjusting input v', and d¥® the foreground conponent Fi/v',
and then generates the pixel value with the notion blur adjusted. For
exanple mhen the notion blur adjusting input V' is 3, the pixel value C02

is (FO e ﬁl?rél#%%rhd’%féh@ﬁe' ﬁoé'i%’“ﬁ‘i%)z/‘f val ue Q04 is

(F01+F02+F03 e pixel value CO5 Is F03 Faﬁ)/v . The notion
bl ur adgeyt i} ble{PPHc?%ué@fnéeiﬁﬁﬁEr v807any tslﬁmtshq;}{é)rﬂr%ﬁprrponent

image with the nmotio adj ust ed. (n response to a sel’ection signal

i nput  by-chgéifdnt tie/v 6£l £8d 0th8R7gefbkeatesheheeei ddie vanpgrwikl conponent
image, wth the notion blur renoved, supplied fromthe arithnmetic wunit

805 and the nici’e BNer cCOAPOSERH . | "TREE, ewhinbllehe whant ithie Mot idd) ust ed,
supplied fromthe notion blur adder 806. The sel ector 807 outputs the
sel ect eblfurr egijustling input v' is 3, the pixel value C02 is
(FOl)/v', the pixel value V03 is (FO01+F02)/v', the pixel
value C04 is (FO1+F02+F03)/v', and the pixel value CO05 is
(FO2+F03+F04)/v'.

The motion blur adder 806 supplies the selector 807
with the foreground component image with the motion blur
adjusted.

In response to a selection signal input by a user, the
selector 807 selects between the foreground component image,
with the motion blur removed, supplied from the arithmetic
unit 805 and the foreground component image, with the
motion blur adjusted, supplied from the motion blur adder
806. The selector 807 outputs the selected foreground
component image.

The motion blur adjuster 106 adjusts the amount of
motion blur based on the selection signal and the motion
blur adjusting input v'.

For example, when the number of pixels per unit of
processing is 8, and the amount of movement is 4, the

motion blur adjuster 106 generates a matrix (100).



conponent image. The notion blur adjuster 106 adjusts the anount of notion
bl ur based on the selection signal and the notion blur adjusting input v'.
For exanple, when the nunber of pixels per unit of processing is 8, and
t he amount of novenent is 4, the notion blur adjuster 106 generates a
matrix (100). - 151 08 G , 15 07 43210,F011 C 34321F02- a 06 23432F03-
V. CE(100) ~- 3 12343F0405 01234F051 C The notion blur adjuster 106

formul ates equations with the nunber thereof corresponding to the unit of
processing, and calculates Fi, which3ls=the pixel value with the anount

of notion blur adjusted. Likew se, when the nunber of pixels per unit of
processing is 100, equations, caqrresponding to 100 pixels are generated to
calcul ate Fi. Ci

i=05
07

4 3 2 1 O0][FO1 Ci
3 4 3 2 1||F02 o0

2 3 4 3 2||F03|=v-|SCi (100)
1 2 3 4 3||Fo4] |5

0 1 2 3 4)|F05 4 ZCi

pXe:

=t

The motion blur adjuster 106 formulates equations with
the number thereof corresponding to the unit of processing,
and calculates Fi, which is the pixel value with the amount
of motion blur adjusted. Likewise, when the number of
pixels per unit of processing is 100, equations
corresponding to 100 pixels are generated to calculate Fi.

FIG. 74 is a diagram illustrating another construction
of the motion blur adjuster 106. Elements identical to
those described with reference to FIG. 68 are designated
with the same reference numerals, and the discussion
thereof is omitted here.

In response to a selection signal, a selector 821
selects between supplying the unit of processing determiner
801 and the model generator 802 with the input motion
vector and position signal thereof and supplying the unit
of processing determiner 801 and the model generator 802
with the motion vector and position signal thereof with the

magnitude of the motion vector replaced with the motion



FIG 74 is a diagramillustrating another construction of the notion blur
adj uster 106. Elenents identical to those described with reference to FIG
68 are designated w th the sane reference nunerals, and the discussion
thereof is omtted here. In response to a selection signal, a selector 821
sel ects between supplying the unit of processing determ ner 801 and the
nodel generator 802 with the input notion vector and position signal

t hereof and supplying the unit of processing determ ner 801 and t he nodel
generator 802 with the notion vectordl3nhd position signal thereof with the
magni tude of the notion vector replaced with the notion - 152 Dbl ur
adjusting input v'. In this way, the unit of processing determ ner 801

through gihe ad A Lt 895, in the notion blur adjuster 106 in FIG 74
ot f

adj ust the ano ur in accordance with the anmount of novenent

v and the motiprehiy Urapdi ¢séi 981t neYt pRbcERE i a¥a k@ rmihfly tdtp anount of
novenent is 5, and the 'notion blur adjusting input v' is 3, the unit of

processitnrdigfieriidedr Smébioughithgosant kiRt o tiind B idufhereption
bl ur adjuster 106 in FIG 74 use the nodel having the notion Dblur
adj ustingd nputFsc. Df &dpsstl thet ambadti bfFinot i6h i hien f or egr ound

conponent inmage having the anount of novenent v of 5 as illustrated in

FI G 74.acHoxrdande ofit oclessamgunet efmmoeem@nt whramdghithe motion
blur adjusting input v'. For example, when the amount of
movement is 5, and the motion blur adjusting input v' is 3,
the unit of processing determiner 801 through the
arithmetic unit 805 in the motion blur adjuster 106 in FIG.
74 use the model having the motion blur adjusting input v'
of 3 as illustrated in FIG. 72 and the foreground component
image having the amount of movement v of 5 as illustrated
in FIG. 74. The unit of processing determiner 801 through
the arithmetic unit 805 in the motion blur adjuster 106 in
FIG. 74 then calculate an image with the amount of motion
blur in response to the amount of movement v of
approximately 1.7, because (the amount of movement v)/(the
motion blur adjusting input v')=5/3. 1In this case, the
calculated image does not contain the motion blur
responsive to the amount of movement v of 3, and thus, the
relationship between the amount of movement v and the
motion blur adjusting input v' is different from that
applicable to the results provided by the motion blur adder

806.

As described above, the motion blur adjuster 106



the arithnmetic unit 805 in the notion blur adjuster 106 in FIG 74 then
calculate an image with the anount of notion blur in response to the
anount of novenent v of approximately 1.7, because (the anobunt of novenent
v)/(the notion blur adjusting input v')=5/3. In this case, the calculated
| mage does not contain the notion blur responsive to the anmount of
nmovenment v of 3, and thus, the relationship between the anmpbunt of novenent
v and the nmotion blur adjusting input v' is different fromthat

applicable to the results provided by'¥he notion blur adder 806. As

descri bed above, the notion blur adjuster 106 - 153 generates the
equations in response to the anount of novenent v and the unit of

processigehe €t &s tfige PeYRhtivakUeH eksponskorRurtediipenent i mage into
t he generated equations, and cal cul ates the foreground conponent inmge

Wit h t henowpdmenit bl Uinddibet aflitReffepirod@sdny ,f I ditags apakéi ustrated in
FIG 75, the adjustnent process of the notion blur adjuster 106 for

adj ust i ngaves aoputlie of ofegrotankl tomponeaitndsage titfto fiHe ofOneea€edaponent
i mage i s discussed. In step S801, the unit of processing determ ner 801 in
t he not iesquat ivnsdj arsd ecal8aGlgeesr ahes folreguoiundfcoppaastsi iigadpased on the
notion vector and the area infornmation, and feeds the generated unit of
processiwigch cche motion blur adjusted.
Referring to a flow diagram illustrated in FIG. 75,
the adjustment process of the motion blur adjuster 106 for
adjusting the amount of motion blur contained in the
foreground component image is discussed.
In step S801, the unit of processing determiner 801 in
the motion blur adjuster 106 generates the unit of
processing based on the motion vector and the area
information, and feeds the generated unit of processing to
the model generator 802.
In step S802, the model generator 802 in the motion
blur adjuster 106 selects or generates the model in
accordance with the amount of movement v and the unit of
processing. In step S803, the equation generator 803
generates the normal equation based on the selected model.
In step S804, the pixel value setter 804 sets the
pixel values of the foreground component image into the
generated normal equation. In step S805, the pixel value
setter 804 determines whether the pixel values of all

pixels corresponding to the unit of process have been set.

When it is determined that the pixel values of all pixels



t he nodel generator 802. In step S802, the nodel generator 802 in the
notion blur adjuster 106 selects or generates the nodel in accordance

wi th the amount of novenment v and the unit of processing. In step S8083,

t he equation generator 803 generates the normal equation based on the
selected nodel. In step S804, the pixel value setter 804 sets the pixel
val ues of the foreground conponent imge into the generated nornal
equation. In step S805, the pixel value setter 804 determ nes whether the
pi xel values of all pixels correspoRdifng to the unit of process have been
set. Wen it is determned that the pixel values of all pixels - 154
corresponding to the unit of process have not yet been set, the routine

| 0ops 1 @okeR peddinAND tife RIPLESSE Obré€bbsNHavENfok! Yot HldiLsdtt 0 the
normal equati Oon resunes. Wien it is determned in step”S805 that the pixel

val ues ghealdouRin@ S ddd a&pmbpggsé@u hgndntheOprbeegesor FatEiiren set,

the routine proceeds to step S8 The arithmetic unit 805 cal culates the

pi xel vghee pafikellnea LU RN G KOMPONRAL egageivht kekh@esnt i on bl ur
adj ust ed, ased on the normal equation with the pixel val ues set

therew thin wReénsuppliscddtermined pixestopl s8o5ethae 8Bé. pikied routine thus
ends. In this way, the notion blur adjuster 106 adjusts the anount of
nmot i on khlaeisn ottha lflonsigiel o rpeEpendiagntagthe unit of process

have been set, the routine proceeds to step S806. The

arithmetic unit 805 calculates the pixel value of the

foreground component image with the motion blur adjusted,

based on the normal equation with the pixel values set

therewithin and supplied from the pixel value setter 804.

The routine thus ends.

In this way, the motion blur adjuster 106 adjusts the
amount of motion blur in the foreground image containing
the motion blur based on the motion vector and the area
information.

The amount of motion blur contained in the pixel value
as sampled data is thus adjusted.

The signal processor 12 shown in FIG. 4 adjusts the
amount of motion blur contained in the input image in this
way. The signal processor 12, with the construction
thereof illustrated in FIG. 4, calculates the mixture ratio
o, which is embedded information, and then outputs the
mixture ratio a.

FIG. 76 is a block diagram illustrating yet another

construction of the motion blur adjuster 106. The motion



the notion blur based on the notion vector and the area information. The

anount of notion blur contained in the pixel value as sanpled data is thus
adj usted. The signal processor 12 shown in FIG 4 adjusts the anmpunt of
notion blur contained in the input image in this way. The signal processor

12, with the construction thereof illustrated in FIG 4, calculates the
m xture ratio a, which is enbedded i nformation, and then outputs the
m xture ratio a. FIG 76 is a block diagramillustrating yet another

construction of the motion blur adj-ust® =106. The motion - 155 vector and
the position information thereof supplied from the notion detector 102 are
fed to a unit of processing determner 901 and a corrector 905, and the

area i RiQItBH i o0 S@mplgb@éigiem tReo2mas idet ehdreys Hippsid@detom the unit

of processing determ ner 90 The foreground conponent i nmage supplied from

the foraffourst soWl deckatorndozsgpar #kar t80a inhiftedft Grasbedd fhygreti ¢ unit
904. The unit of processing determ ner 901 feeds the generated unit of

processidirdgiatderood tdnd hg a8trestoyeosr, ada tHdeiregenerator 902, based
on the notion vector, the position information thereof, and the area

i nf or matimfo rmdtei s delppehed af pom98Regarenaidex exminadt 106 ek ofed heo noti on
vector and the input unit of processing.
the unit of processing determiner 901. The foreground
component image supplied from the foreground and background
separator 105 is fed to an arithmetic unit 904.

The unit of processing determiner 901 feeds the
generated unit of processing together with the motion
vector to a model generator 902, based on the motion vector,
the position information thereof, and the area information.

The model generator 902 generates a model based on the
motion vector and the input unit of processing.

An equation generator 903 generates equations based on
the model supplied from the model generator 902.

The equations generated by the equation generator 903
are discussed with reference to a model of the foreground
component image illustrated in FIG. 77 through FIG. 79,
wherein the number of foreground components is 8, the
number of pixels per unit of processing is 12, and the
amount of movement v is 5.

When the foreground components for the shutter time /v
contained in the foreground component image are F01l/v

through F08/v, the relationship between pixel values CO0l

through C12 and F01/v through F08/v is expressed in



An equation generator 903 generates equations based on the nodel supplied
fromthe nodel generator 902. The equations generated by the equation
generator 903 are discussed with reference to a nodel of the foreground
conponent image illustrated in FIG 77 through FIG 79, wherein the nunber
of foreground conponents is 8, the nunber of pixels per unit of processing
is 12, and the anount of novenent v is 5. Wen the foreground conponents
for the shutter time /v contained in _the foreground conponent imge are
FO1/v through FO08/v, the rel ati onshitpbbetween pi xel values COL through
Cl2 and FO1/v through FO8/v is expressed in - 156 equations (68) through
(79). Concerning pixel values Cl2 and Cl1, the pixel value Cl2 contains
only theqhate@naund syoamiyn FOPdy. as expressed in equation (101), and

t he pi xel” value Cl1 ‘contains the sumof the foreground conponent F08/v and
the foregroupdneeRAmtp ikEY waliles @1 204 p@nd1 conpREERE xBEA7AM1Wes t hus

det erm ned usi ng equation (102). F08/v=Cl2(101) FO7/v=Cl1l-C12(102)

Li kew sel2t kenferieg @nd aHBorerégri@dd vedbhiipeneht FOs/v ase determ ned
usi ng equations (103) through (108 because the foreground conponents are
cont ai nestpirespiedelin \eajuiasi g0l 101 pUgindl €he pixel value Cll

contains the sum of the foreground component F08/v and the
foreground component F07/v. The foreground component F07/v
is thus determined using equation (102).

F08/v=C12 (101)

F07/v=Cl1-C12 (102)

Likewise, the foreground components F06/v through
FOl1/v are determined using equations (103) through (108)
because the foreground components are contained in pixel

values C01 through C10.

F06/v=C10-C11 (103)
FO05/v=C09-C10 (104)
F04/v=C08-C09 (105)
F03/v=C07-C08+C12 (106)
F02/v=C06-C07+C11~-C12 (107)
FO1/v=C05-C06+C10-C11 (108)

The equation generator 903 generates the equations
(101) through (108) for calculating the foreground
components from the differences between the pixel values.
The equation generator 903 feeds the generated equations to
the arithmetic unit 904.

The arithmetic unit 904 sets the pixel values of the



FO6/ v=C10- C11(103) FO05/v=C09- C10(104) FO04/v=C08- CO9( 105)
FO3/ v=C07- C08+C12(106) F02/v=0C06- CO7+Cl1-C12(107)
FOL/ v=C05- C06+C10- C11(108) The equation generator 903 generates the

equations (101) through (108) for calculating the foreground conponents
fromthe differences between the pixel values. The equation generator 903
feeds the generated equations to the arithnetic unit 904. The arithnetic

unit 904 sets the pixel values of the - 157 foreground conponent inmage

into the equations supplied from thd>quation generator 903, and

cal cul ates the foreground conponents based on the equations with the pixel

values set therewithin. The arithnetic unit 904 sets the pixel values
t hrough &&%qhﬁ&m& heoséh€Nenad81) ntBr eHEN k@R otfte B udpiel &Y UBE P NS
(101) through (108) are supplied fromthe equation generator 903. The

ari t hnetdhe Wydatdidh cpénetat6s b8, ahageaued 1 ateEpanentfohapsued t he
equations with the pixel values set therewthin. For exanple, as

C05

i1l ustraicgponerflGbaded tdne thei ehurtionenivith04healptideat agldes foe€egr ound

conponents FO1l/v through FO8/v fromthe equations (101) through (108)
with thehdireslitiaines TS ahivhgetCd2uaét Vbdr ewitishithe Piexel values

C05 through C12 into the equations (101) through (108) when
the equations (101) through (108) are supplied from the
equation generator 903.

The arithmetic unit 904 calculates the foreground
components based on the equations with the pixel values set
therewithin. For example, as illustrated in FIG. 78, the
arithmetic unit 904 calculates the foreground components
F0l/v through F08/v from the equations (101) through (108)
with the pixel values C05 through Cl2 set therewithin. The
arithmetic unit 904 supplies the corrector 905 with the
foreground components F0l1/v through F08/v.

The corrector 905 multiplies the foreground components
supplied from the arithmetic unit 904 by the amount of
movement v contained in the motion vector supplied from the
unit of processing determiner 901, thereby calculating the
pixel values of the foreground with the motion blur removed.
For example, upon receiving the foreground components FO01l/v
through F08/v supplied from the arithmetic unit 904, the
corrector 905 multiplies each of the foreground components
FO0l1/v through F08/v by the amount of movement v of 5,

thereby resulting in the pixel values F01 through F08 of



arithmetic unit 904 supplies the corrector 905 with the foreground
conponents FO1l/v through FO8/v. The corrector 905 nultiplies the foreground
conponents supplied fromthe arithmetic unit 904 by the anount of

novenent v contained in the notion vector supplied fromthe wunit of
processi ng determ ner 901, thereby calculating the pixel values of the
foreground with the notion blur renoved. For exanple, upon receiving the
foreground conponents FOl1/v through FO8/v supplied fromthe arithnetic
unit 904, the corrector 905 nultiptildB each of the foreground conponents
FOL/v through FOB/v by the anpbunt of novenent v of 5, thereby resulting in
t he pi xel values FOL through FO8 of - 158 the foreground with the notion

bl ur r ergyedeoddigr608d o1 0h 8RS AHRRbHCBIATRR Y UM adder 906 and a

sel ector 907 wt foreground conponent image formed of the foreground

pi xel val ues Wid hodeed®d i 050! gﬁpbﬂe&eq mbRe IO HIYY RdHe MRS D06

adj usts the anmount of notion blur by providing a notion blur adjusting

input v'a seliddtor Soel fheERNEhET @BrkhecamBlU Rbnlor@it Othage fASrfgampl e, a
notion blur adjusting input v', which is half the ampbunt of novenent v, or

whi ch | ssmathe ef it @gird@nd h?lilﬁDUﬁhlﬁfes Faenehe WmotRSErBine témdvéd. 72,
for exanple, the notion b adder 906 cal cul ates the foreground conponent

Fi/v' by divink ngotien hXer yadee BFocohdtjhetbore@ @uathnd tdf tiet id®t i on

bl ur renoved by the nmotion blur adjusting input v',
blur by providing a motion blur adjusting input v', which
is different from the amount of motion v, for example, a
motion blur adjusting input v', which is half the amount of
movement v, or which is not related to the amount of
movement v. Referring to FIG. 72, for example, the motion
blur adder 906 calculates the foreground component Fi/v' by
dividing the pixel value Fi of the foreground with the
motion blur removed by the motion blur adjusting input v',
and sums the foreground component Fi/v', and then generates
the pixel value with the motion blur adjusted. For example,
when the motion blur adjusting input v' is 3, the pixel
value C02 is (F01l)/v', the pixel value V03 is (FOl+F02)/v’',
the pixel value C04 is (F01+F02+F03)/v', and the pixel
value C05 is (F02+F03+F04)/v'.

The motion blur adder 906 supplies the selector 907
with the foreground component image with the motion blur
adjusted.

In response to a selection signal input by a user, the

selector 907 selects between the foreground component image,

with the motion blur removed, supplied from the arithmetic



and suns the foreground conponent Fi/v', and then generates the pixel
value with the notion blur adjusted. For exanple, when the notion blur
adjusting input v' is 3, the pixel value C02 is (F01)/v', the pixel value
V03 is (FO1+F02)/v', the pixel value C04 is (FO1+FO02+F03)/v', and the

pi xel value CO5 is (FO02+F03+F04)/v'. The notion blur adder 906 supplies
the selector 907 wth the foreground conponent inmage with the notion bl ur
adjusted. In response to a selection signal input by a user, the selector
907 sel ects between the foreground-—cdHforent image, wth the nmotion blur
renoved, supplied fromthe arithmetic - 159 wunit 905 and the foreground
conponent inmage, with the notion blur adjusted, supplied fromthe notion

- - d
bl ur addgrit Y a%ﬂ:g %%%P%?J@QZn UL Bt 5n[1=:§§ g.gia edy 13 agoun

conponent | mage. ur adj uster st's the anount of notion

bl ur bagrft idh tﬂlquseel&ﬁsé@éwiga?bwed thremMhicOmotlod Hdirsddder i nput V' .
The adj ustnent process of the notion blur adjuster 106 illustrated in FIG

76 for adjeust imee tdelsdantg@f SRtpats kher skl edted FRE@HHhd s di scussed
below with reference to a flowdiagramillustrated in FIG 80. In step

S901, thempvdemy imMLpessing determner 901 in the notion blur adjuster
106 generates the unit of

The motion blur adjuster 106 adjusts the amount of
motion blur based on the selection signal and the motion
blur adjusting input v'.

The adjustment process of the motion blur adjuster 106
illustrated in FIG. 76 for adjusting the amount of motion
blur in the foreground is discussed below with reference to
a flow diagram illustrated in FIG. 80.

In step S901, the unit of processing determiner 901 in
the motion blur adjuster 106 generates the unit of
processing based on the motion vector and the area
information, and then feeds the generated unit of
processing to the model generator 902 and the corrector 905.
| In step S902, the model generator 902 in the motion
blur adjuster 106 selects or generates the model in
accordance with the amount of movement v and the unit of
processing. In step S903, based on the selected model or
the generated model, the equation generator 903 generates
equations for calculating the foreground components in
response to the differences between the pixel values of the

foreground component image.

In step S904, the arithmetic unit 904 sets the pixel



processi ng based on the notion vector and the area information, and then
feeds the generated unit of processing to the nodel generator 902 and the
corrector 905. In step S902, the nodel generator 902 in the notion blur
adj uster 106 selects or generates the nodel in accordance with the anpount
of novenment v and the unit of processing. In step S903, based on the

sel ected nodel or the generated nodel, the equation generator 903
generates equations for calculating the foreground conponents in response
to the differences between the pixel Ml res of the foreground conponent

i mage. In step S904, the arithnetic unit 904 sets the pixel - 160 val ues
of the foreground conponent inmage into the generated equations, and

extract ;i d YLAHWINE FOFPORRE! éofnPemehhae imdigled SRR & eGR4 16 Pi el

val ues based on the equations wth the pixel values set theremthin. In

step SIQRudthens idiuedieradts PRE deregronns Womipddlerdld fUnfofaInd
conponents have been extracted for the unit of proCessing. Wen it is

det er m i fidtRincd |bdtiedii oURe §ORPYNGAN GeBavascdOlorbadie axduacisek for the
unit of processing, the routine |oops to step S904. The extraction process

of the wiahegrhminglixsinpoabnéds t et thReneawithhen irh istedetsy0B neché n step
S905 that all foreground conponents have been extracted for the unit of
pr ocessiarg.thntetaia autitned (pt odeeedsminest eheffed. all rfespersmrdd t he
components have been extracted for the unit of processing.
When it is determined that all foreground components have
not been extracted for the unit of processing, the routine
loops to step S904. The extraction process of the
foreground component then resumes.

When it is determined in step S$905 that all foreground
components have been extracted for the unit of processing,
the routine proceeds to step S906. In response to the
amount of movement v, the corrector 905 corrects each of
the foreground components F01l/v through F08/v supplied from
the arithmetic unit 904, thereby calculating the pixel
values F01 through F08/v of the foreground with the motion
blur removed.

In step S907, the motion blur adder 906 calculates the
pixel values of the foreground with the amount of motion
blur adjusted, and the selector 907 selects between the
image with the motion blur removed and the image with the
motion blur adjusted, and then outputs the selected image.
The routine then ends.

The motion blur adjuster 106 illustrated in FIG. 76



anount of novenent v, the corrector 905 corrects each of the foreground
conponents FO1l/v through FO8/v supplied from the arithmetic unit 904,

t hereby cal cul ating the pixel values FOL through FO8/v of the foreground
with the notion blur renoved. In step S907, the notion blur adder 906
calcul ates the pixel values of the foreground with the anmount of notion
bl ur adjusted, and the selector 907 selects between the inage wth the
notion blur renoved and the image with the notion blur adjusted, and then
outputs the selected i mage. The roeullbde-t hen ends. The notion bl ur
adjuster 106 illustrated in FIG 76 - 161 quickly adjusts the notion blur
in the foreground i mage through sinple calculations. The conventi onal

techini de ;g IRAGU RiEe TS A0 11U 1 3UEReAEoR HBRG i . 1S

effective 1n eal state, but proves insufficie In rring of

an act@ﬁ&ohggggﬁﬁﬁygﬂdgiggygkfgﬁg91ning noi se. The notion blur adjuster

106 illustra G 76 proves sufficient in the deblurring an i mge

quanti zed angnheOoRbLAVRINY JH IS & ecHil £l S CtdeBALELY NFeRbyvkhRotTRGE beconmes
possible. FIG 81 is a block diagramiillustrating a function configuration

of the signrgl sRCBHCABSQA wWieneher £l €FENt 851 depbbeabet @nt AAsaqdeycri bed with
reference to FIG 4 are designated with the sane reference
state, but proves insufficient in the deblurring of an
actual image quantized and containing noise. The motion
blur adjuster 106 illustrated in FIG. 76 proves sufficient
in the deblurring an image quantized and containing noise.
Precise deblurring of the image becomes possible.

FIG. 81 is a block diagram illustrating a function
configuration of the signal processor 12.

The elements identical to those described with
reference to FIG. 4 are designated with the same reference
numerals, and the discussion thereof is omitted here.

The area determiner 103 feeds the area information to
the mixture ratio calculator 104 and a synthesizer 1001.

The mixture ratio calculator 104 supplies the
foreground and background separator 105 and the synthesizer
1001 with the mixture ratio a.

The foreground and background separator 105 feeds the
foreground component image to the synthesizer 1001.

The synthesizer 1001 synthesizes any background image
and the foreground component image supplied from the
foreground and background separator 105, based on the

mixture ratio a supplied from the mixture ratio calculator



nuneral s, and the discussion thereof is omtted here. The area determ ner
103 feeds the area information to the mxture ratio calculator 104 and a
synt hesi zer 1001. The m xture ratio cal culator 104 supplies the foreground

and background separator 105 and the synthesizer 1001 with the m xture

ratio a. The foreground and background separator 105 feeds the foreground
conponent inmage to the synthesizer 1001. The synthesizer 1001 synthesi zes
any background inage and the foreground conponent image supplied fromthe

f oreground and background separator:&ﬁ%‘based on the mxture ratio a

supplied fromthe m xture ratio calculator - 162 104 and the area
I nformati on supplied fromthe area determ ner 103, and outputs a

synt hesized ddRaenefatds iRAckaReYBH supea idkd fifm fi&eymepd conponent

I mage.

conponent inmage based on the mxture ratio a and any background i mage,
feeds t headiapikanndintnagenpaaethei FBgegirouadiicvahaaiet | ifgsfe Synt hesi zer

FIG 82 is a diagramillustrating the construction of a synthesizer
1001. A dexdegiinsy TOIPoaRAt ogeparat ar sip2hesaensy almiga dackes ound

1022. The m xed area i nage synthesizer 1022 generates a m xed area
synt hesi zed iFIEfje 8% By heétagrag Lheubaekgindnd hec @ymmEnict imgeoind t he
f oreground conponent image supplied fromthe background conponent
gener at & sy0thesmzler hEM01 f eeAsbabkggenadatemponent ayerersatdhesdzed i mage

to an

generates a background component image based on the mixture
ratio o and any background image, and feeds the background
component image to a mixed area image synthesizer 1022.

The mixed area image synthesizer 1022 generates a
mixed area synthesized image by synthesizing the background
component image and the foreground component image supplied
from the background component generator 1021, and then
feeds the generated mixed area synthesized image to an
image synthesizer 1023.

The image synthesizer 1023 synthesizes the foreground
component image, the mixed area synthesized image provided
by the mixed area image synthesizer 1022, and any
background image, based on the area information, and then
outputs the synthesized image.

In this way, the synthesizer 1001 synthesizes any
background image from the foreground component image.

The image which is obtained by synthesizing the
foreground component image with any background image based
on the mixture ratio a looks more natural than an image

that is obtained by merely synthesizing images.

and



| mage synt hesizer 1023. The imge synthesizer 1023 synthesizes the
foreground conponent inage, the m xed area synthesized i mage provi ded by
the m xed area i mage synthesizer 1022, and any background i nage, based on
the area information, and then outputs the synthesized imge. In this way,
t he synthesizer 1001 synt hesizes any background i mage fromthe foreground
conponent inmage. The inmage which is obtained by synthesizing the
foreground conponent image with any background i mage based on the m xture
ratio a | ooks nore natural than an<i e = that is obtained by nerely
synthesizing inmages. - 163 FIG 83 is a block diagramillustrating another
function configuration of the signal processor 12 for adjusting the notion

blur. The signiy, Fﬁs‘)ﬁtsée):bmﬂ@ngltﬂ Jiib.'gir:]%ﬁt ¢d1hBtrhEind HeHay al |y

cal cul ates the area i on the mxture ratio a, while the

Signa|_ﬂ%ﬂ@%%%ﬁ“béﬁ%iédfﬁ%i@ﬁle!ﬁhE'Qﬁgﬁélc hodedsdy the @ ea
determ nation and the mxture ratio a in"parallel. Elenments identical to

those desGhisteihgVtne MdEiGNCBluE? t PRebkOghadl piiorBsddwistz ated in FIG 4
are designated wth the sane reference nunerals, and the discussion

t her eof iil9uedrddtas hif er1dhed | spgtentgelys chadulateachmd @red Xture ratio
cal cul ator 1101, a foreground and background separator 1102,
determination and the mixture ratio a, while the signal
processor 12 illustrated in FIG. 83 calculates the area
determination and the mixture ratio a in parallel.

Elements identical to those described with reference
to the block diagram illustrated in FIG. 4 are designated
with the same reference numerals, and the discussion
thereof is omitted here.

The input image is fed to each of a mixture ratio
calculator 1101, a foreground and background separator 1102,
an area determiner 103, and an object extractor 101.

In response to the input image, the mixture ratio
calculator 1101 calculates, for each pixel of the input
image, an estimated mixture ratio that is based on the
assumption that a pixel falls within a covered background
area and an estimated mixture ratio that is based on the
assumption that a pixel falls within an uncovered
background area. The mixture ratio calculator 1101 then
supplies the foreground and background separator 1102 with
the estimated mixture ratio that is based on the assumption

that the pixel falls within the covered background area and

the estimated mixture ratio that is based on the assumption



an area determ ner 103, and an object extractor 101. In response to the

I nput imge, the mxture ratio calculator 1101 cal cul ates, for each pixel
of the input imge, an estimted mxture ratio that is based on the "
assunption that a pixel falls within a covered background area and an
estimated m xture ratio that is based on the assunption that a pixel falls
within an uncovered background area. The m xture ratio calculator 1101
then supplies the foreground and background separator 1102 with the
estimated mixture ratio that is basedédn -+ he assunption that the pixel
falls within the covered background area and the estimated m xture ratio
that is based on the assunption - 164 that the pixel falls within the

Uncoverec‘ilat{a‘%gﬁét bR £ 1 FeEn8d Lhed uhbg%f@faq;aaan S:.H Hd eagééapg the

construction m xture rati o cal cul ator m Xt ure

ratio procesgaig AQly 144 Ut pbeg diaﬂghxﬁ i$4ubeFRIhg Rganged fromthe

estimated m xture ratio processor ilTustrated I'n FIG 49. An estimted

M Xt ur e JoHdt JU OGRS SOF 90 mikﬂﬁkéakﬁélbnth@uﬁ%%df”ﬂﬁd@ unchanged from
the estimated m xture rati o processor 402 | lustrated in FIG 49. The

estimated M pinUestaid e PLLESPE ﬂQ&léabQBEébg%r'Q@leﬁmﬂﬂ§ﬁ¥hﬁédture
ratio for each pixel through the calculation of the nodel of the covered
backgr ound Fr®a,84 arghPiiPulischifigeadl Evbat edemesttiimtateat imixture
ratio processor 401 illustrated in FIG. 49. An estimated
mixture ratio processor 402 illustrated in FIG. 84 remains
unchanged from the estimated mixture ratio processor 402
illustrated in FIG. 49.

The estimated mixture ratio processor 401 calculates
an estimated mixture ratio for each pixel through the
calculation of the model of the covered background area,
and outputs the calculated mixture ratio.

The estimated mixture ratio processor 402 calculates
an estimated mixture ratio for each pixel through the
calculation of the model of the uncovered background area,
and outputs the calculated mixture ratio.

The foreground and background separator 1102 generates
the foreground component image from the input image, based
on the estimated mixture ratio that is based on the
assumption that the pixel falls within the covered
background area, the estimated mixture ratio that is based
on the assumption that the pixel falls within the uncovered
background area, and the area information supplied from the

area determiner 103, and feeds the generated foreground



The estimated m xture rati o processor 402 calculates an estimated m xture
ratio for each pixel through the calculation of the nodel of the uncovered
background area, and outputs the calculated mixture ratio. The foreground
and background separator 1102 generates the foreground conponent inmage
fromthe input inmage, based on the estimated m xture ratio that is based
on the assunption that the pixel falls within the covered background
area, the estinmated m xture ratio that is based on the assunption that the
pi xel falls within the uncovered badk§round area, and the area information
supplied fromthe area determ ner 103, and feeds the generated foreground
- 165 conponent inmage to the notion blur adjuster 106 and the selector

107. FI i : ' j t l-ngqts r @0 backgr ound
separatng§%6§§“%f§#§ﬁ¥§g?g%%?ﬁ%g#i?g %ﬁggegaéggﬁ%geggfnuﬁgkggg%ion W th
the foregnemedangpackground separator 105 illustrated in FIG 60 are

designated with the sane reference nunerals and the discussion thereof is

omtted heregrcBaged in 4 el cdiead 14d pPameil Pias ¥ARL hgd theoPolriegy raem
determ ner 103, a selector 1121 selects between the estimted m xture

rati o thad badrgm ddipavstsepiion. that the pixel falls within the
covered background area,

Elements identical to those described in connection
with the foreground and background separator 105
illustrated in FIG. 60 are designated with the same
reference numerals and the discussion thereof is omitted
here.

Based on the area information supplied from the area
determiner 103, a selector 1121 selects between the
estimated mixture ratio that is based on the assumption
that the pixel falls within the covered background area,
and the estimated mixture ratio that is based on the
assumption that the pixel falls within the uncovered
background area, supplied from the mixture ratio calculator
1101. The selector 1121 supplies the separator 601 with
the selected estimated mixture ratio as a mixture ratio a.

The separator 601 extracts the foreground component
and the background component from the pixel value of the
pixel falling within the mixed area based on the mixture
ratio o supplied from the selector 1121 and the area
information, and supplies the synthesizer 603 with the

foreground component and supplies the synthesizer 605 with

the background component.



and the estimated mi xture ratio that is based on the assunption that the
pi xel falls within the uncovered background area, supplied fromthe

m xture ratio calculator 1101. The selector 1121 supplies the separator
601 with the selected estimated m xture ratio as a mxture ratio a. The
separator 601 extracts the foreground conponent and the background
conponent fromthe pixel value of the pixel falling within the m xed area
based on the mxture ratio a supplied fromthe selector 1121 and the area
i nformation, and supplies the synthediéfer- 603 with the foreground
conponent and supplies the synthesizer 605 with the background conponent.
- 166 The separator 601 has the sane construction as the one illustrated

in FIG 65. %XJPP re#P3ng¥NLheskame abdsRuRiS RE iy egfound
i mage. e synt

conponent esl zer 605 synthesizes and outputs the

backgr oynd ¥ RAENid 'BEE. de notion blur adjuster 106 illustrated in
FIG 83 had the sane construction as the one illustrated in FIG 4. The

notion bl ur agjdisgyait s A6k s $ éf‘ﬁtﬁgﬁﬂﬁésoﬁnﬁoth@ut%| Wheeont ai ned in
t he foreground conponent inmage supplied fromthe foreground and background

separ at @orkfbias sbiponéie an&gdel Nf oheBEVaRherd Zdie gud i on vector, and
then outputs the foreground conponent inmage with the notion vector
adj ust eggynthesizes and outputs the background component image.

The motion blur adjuster 106 illustrated in FIG. 83
had the same construction as the one illustrated in FIG. 4.
The motion blur adjuster 106 adjusts the amount of motioh
blur contained in the foreground component image supplied
from the foreground and background separator 1102 based on
the area information and the motion vector, and then
outputs the foreground component image with the motion
vector adjusted.

Based on the selection signal in response to the user,
the selector 107 in FIG. 83 selects between the foreground
component image supplied from the foreground and background
separator 1102 and the foreground component image with the
motion blur thereof adjusted and supplied from the motion
blur adjuster 106, and outputs the selected foreground
component image.

The signal processor 12 shown in FIG. 83 adjusts the
amount of motion blur contained in the input corresponding
to the foreground object contained in the input image, and
outputs the image. As in the firs embodiment, the signal

processor 12 illustrated in FIG. 83 calculates the mixture



Based on the selection signal in response to the user, the selector 107 in
FIG 83 selects between the foreground conponent image supplied fromthe
foreground and background separator 1102 and the foreground conponent
image with the notion blur thereof adjusted and supplied fromthe notion
bl ur adjuster 106, and outputs the sel ected foreground conponent imge.
The signal processor 12 shown in FIG 83 adjusts the anmount of notion blur
contained in the input corresponding to the foreground object contained in
the input inmage, and outputs the i-md®d. -As in the firs enbodi nent, the
signal processor 12 illustrated in FIG 83 calculates the mxture - 167
ratio a, which is enbedded i nformation, and outputs the calculated m xt ure

ratio arailie B8 disich btecémﬂéaaéanthkb%st%hng ¥R ARG efgnction

configuration of the signal processor for  Synthesi zing the f or eground

conponeia IdGR & il e \Yre PASK g6 0N |nage. The signal processor 12
Illustrated in FIG 81 serially calculates the area determ nation and the

mxture rati o, WY |16 theBoaRad iRGPERSEPLusraltingt hAteGndthd? G 86
calculates the area determ nation and the mxture rafio a in parallel

Funct i ofunctEdn %nﬁmdf@@ﬁoﬁeéﬁrthedswghalrﬁ ceedr 1@ ther bl ock di agram
illustrated in FIG 83 are designated wth the sane reference nunerals,
and the s§inthiessiNing the foreground component image with any

background image. The signal processor 12 illustrated in

FIG. 81 serially calculates the area determination and the

mixture ratio a, while the signal processor 12 illustrated

in FIG. 86 calculates the area determination and the

mixture ratio o in parallel.

Functions identical to those described with reference
to the block diagram illustrated in FIG. 83 are designated
with the same reference numerals, and the discussion
thereof is omitted here.

In response to the input image, the mixture ratio
calculator 1101 illustrated in FIG. 86 calculates, for each
pixel of the input image, an estimated mixture ratio that
is based on the assumption that a pixel falls within a
covered background area and an estimated mixture ratio that
is based on the assumption that a pixel falls within an
uncovered background area. The mixture ratio calculator
1101 then supplies the foreground and background separator
1102 and a synthesizer 1201 with the estimated mixture

ratio that is based on the assumption that the pixel falls

within the covered background area and the estimated



thereof is omtted here. In response to the input inmage, the mxture ratio
calculator 1101 illustrated in FIG 86 cal cul ates, for each pixel of the

i nput inmage, an estimated nixture ratio that is based on the assunption
that a pixel falls within a covered background area and an esti nmated

m xture ratio that is based on the assunption that a pixel falls within an
uncover ed background area. The m xture ratio calculator 1101 then supplies
t he foreground and background separator 1102 and a synthesizer 1201 with
the estimated nmixture ratio that i~s Udsed on the assunption that the pixel
falls wthin the covered background area and the estimated - 168 m xture
ratio that is based on the assunption that the pixel falls within the

uncover gf Ragkorold afpde 18ep50680bRURH2RE shAPAIRM Rhaepaiat or 1102,
illustrated 1n FIG 86, generates the foreground conponent 1nmage fromthe

i nput i RG] brsad G then eshé MBhedversiUbackigtioudd ated s based on the
assunption that the pixel falls wthin the covered background area, the

estimated m Xy EForejrcuidaind Sbhér§doandt bepagatapt ilqnA,hat the pixel
falls wthin the uncovered background area, and the area information

suppl i ed iflmdrdtediran FEG er 86 pegei88atesdthieedds eigrewgrheraimshdor egr ound
conponent inmage to the synthesizer 1201. The synt hesizer 1201 synt hesi zes
any backgragendromegeche input image, based on the estimated mixture

ratio that is based on the assumption that the pixel falls

within the covered background area, the estimated mixture

ratio that is based on the assumption that the pixel falls

within the uncovered background area, and the area

information supplied from the area determiner 103, and

feeds the generated foreground component image to the

synthesizer 1201.

The synthesizer 1201 synthesizes any background image
and the foreground component image supplied from the
foreground and background separator 1102, based on the
estimated mixture ratio that is based on the assumption
that the pixel falls within the covered background area,
the estimated mixture ratio that is based on the assumption
that the pixel falls within the uncovered background area,
the two estimated mixture ratios supplied from the mixture
ratio calculator 1101, and the area information supplied
from the area determiner 103. The synthesizer 1201 outputs
an image synthesized from the background image and the

foreground component image.

FIG. 87 illustrates the construction of the



and the foreground conponent inmage supplied fromthe foreground and
background separator 1102, based on the estimated m xture ratio that is
based on the assunption that the pixel falls within the covered background
area, the estimated m xture ratio that is based on the assunption that
the pixel falls wthin the uncovered background area, the two estimated

m xture ratios supplied fromthe mxture ratio calculator 1101, and the
area information supplied fromthe area determ ner 103. The synthesi zer
1201 outputs an inmage synthesi zed-f A&® the background i mage and the
foreground conponent image. FIG 87 illustrates the construction of the -
169 synthesizer 1201. Elenents identical to those described wth

ref er engg i ddie ¥ ocko i agk papbhtystaahedchl EbGtide i deniamated with
the sane reference nunerals, and the discussion thereof is omtted here.

Based oRiltle rdfea-didOrtmt t0e sYeeki adagram ihe uaheatdetial enes 493, a
sel ector 1221 selects between the estinmated m xture ratio that is based on

the ass@hd idesid@ded Reith xehef 8hhe wefbirentlee ntfea’=ad baakdrienwd area,
and the estimated m xture ratio that is based on the assunption that the

pi xel fdilssuwddiom theremtovereditbedkpeesnd area, supplied fromthe

m xture ratio calculator 1101. The selector 1121 supplies the background

conponent g@aaedt @n X aréd imfoswhetdeadsappilieided nomxtilee aadd 0 as
determiner 103, a selector 1221 selects between the
estimated mixture ratio that is based on the assumption
that the pixel falls within the covered background area,
and the estimated mixture ratio that is based on the
assumption that the pixel falls within the uncovered
background area, supplied from the mixture ratio calculator
1101. The selector 1121 supplies the background component
generator 1021 with the selected estimated mixture ratio as
a mixture ratio a.

The background component generator 1021 illustrated in
FIG. 87 generates a background component image based on the
mixture ratio a supplied from the selector 1221 and any
background image, and then feeds the background component
image to the mixed area image synthesizer 1022.
The mixed area image synthesizer 1022 illustrated in

FIG. 87 generates a mixed area synthesized image by
synthesizing the background component image supplied from
the background component generator 1021 and a foreground
component image, and then feeds the generated mixed area

synthesized image to the image synthesizer 1023.



a mxture ratio a. The background conponent generator 1021 illustrated in
FI G 87 generates a background conponent inage based on the mxture ratio
a supplied fromthe selector 1221 and any background i mage, and then feeds
t he background conponent image to the m xed area i mage synt hesi zer 1022.
The m xed area image synthesizer 1022 illustrated in FIG 87 generates a
m xed area synthesi zed i nage by synthesizing the background conponent

i mage supplied from the background conponent generator 1021 and a
foreground conponent image, and thed70eeds the generated ni xed area

synt hesi zed image to the inmage synthesizer 1023. - 170 1In response to the
area information, the inmage synthesizer 1023 generates a synthesized i mage

by synthesi zin f o ' t i
i Qe%?éggﬁg%f%%@ PEFSrhdBI6N , L BReMihadeAr €2

synt hesi zed i mage m xed area 1 nmage synthesizer 1022, and

any baclkghewad ii-i899,0 2N Gdderat &4t RUEPnt RBs S¥BHNERMaged vyTRge. The
synt hesi zer 1201 synt hesizes any background i mage from the foreground

conponeRynitheed.z iMRe the it Bed PéuRd acbfipdabhtcdmaged hald tided herea
background conmponent in the pixel value. Alternatively, the mxture ratio

a nmy bgyathalsieed infiyd aegpDivd feonpeneninikedt Aeepi Xflageal ue. The
novenent of the object of the foreground is from

synthesizer 1022, and any background image, and then

outputs the synthesized image.

The synthesizer 1201 synthesizes any background image
from the foreground component image.

The mixture ratio o is defined as a ratio of the
background component in the pixel value. Alternatively,
the mixture ratio o may be a ratio of the foreground
component in the pixel value.

The movement of the object of the foreground is from
left to right, but the direction of the foreground object
is not limited to any particular direction.

In the above discussion, an image in actual space
formed of three dimensional space and time axis information
is projected onto a time space formed of two-dimensional
space and time axis information using a video camera. The
present invention is not limited to this example. When
first information in a first space having more dimensions
is projected into second information in a second space
having less dimensions, a distortion caused by the
projection may be corrected, meaningful information may be

extracted, or a more natural image may be synthesized.




left to right, but the direction of the foreground object is not |Iimted
to any particular direction. In the above discussion, an inmage in actual
space forned of three dinensional space and tine axis information 1is
projected onto a tinme space forned of two-di nmensional space and tine axis
information using a video canera. The present invention is not limted to
this exanple. When first information in a first space having nore
dimensions is projected into second information in a second space having
| ess di nensions, a distortion causedlf} the projection may be corrected,
meani ngful information may be extracted, or a nore natural inmage nmay be
synt hesi zed. - 171 The sensor 11 is not limted the CCD. The sensor 11

may be any sehicdssidldy 1M MK UPifEYE§etn8UEBDES ENESsnSyPliament ary
Met al oxi de Sem conductor), a BBD (Bucket Bridge Device), a CID (Charge

I nj ecti gRyDRY Gl ¥1 - FRtd NRage FLeRhPIaRSILEE) sublhe axetays 11 is not
limted t0 a sensor which includeS a matrix of detector elenents, and nay

be a sensempleméntdly@ MUl bx feé eSéniceh@iBRbE )i, Sa BBDANIRGKkekhe storage
medi um storing a programfor performng the signal processing of the

pr esent Birivget Devildw)l udesc paltkege Drijectivhi Deviigedi,stod kutard t o supply
the user with a software program separate froma conputer, as shown in
FI G 3. (ThergecPadgmireydiDevimy) be Phengensor disksShotsudmited to a

sensor which includes a matrix of detector elements, and

may be a sensor in which a line of detector elements is

arranged.

The storage medium storing a program for performing
the signal processing of the present invention includes a
package medium which is distributed to supply the user with
a software program, separate from a computer, as shown in
FIG. 3. The package medium may be a magnetic disk 51 (such
as a floppy disk), an optical disk 52 (such as a CD-ROM
(Compact-Disk Read-Only Memory), DVD (Digital Versatile
Disk)), a magnetooptical disk 53 (such as MD (Mini-Disk)),
a semiconductor memory 54. The storage medium also
includes a ROM 22 or a hard disk contained in the storage
unit 28.

The present invention includes a process in which
steps describing a program stored in the storage medium are
sequentially performed in the order described, and a
process in which steps are performed in parallel or

separately rather than being sequentially performed.



as a floppy disk), an optical disk 52 (such as a CD-ROM (Conpact-Di sk
Read-Only Menory), DVD (Digital Versatile Disk)), a nmagnetooptical disk 53
(such as MD (Mni-Disk)), a sem conductor nmenory 54. The storage nedi um
also includes a ROM 22 or a hard disk contained in the storage unit 28.
The present invention includes a process in which steps describing a
program stored in the storage nediumare sequentially perforned in the
order described, and a process in which steps are performed in parallel or
separately rather than being sequeﬁt#Zﬁly performed. - 172 |Industri al
Applicability In accordance with a first invention, a mxture ratio
indicating the mxed state of a plurality of objects is detected. In

accor dan@dusftiriad sggAnddbiveintyon, a mxture ratio indicating the m xed
state of a plurality of objects is detected. 1. An inage processing
appar at us foInpaecessiaigd naigch alaf frsoninventfon, pacodikeurienad tilorber of
pi eces of pixel data obtained by an imge pickup el enent having a

pr edet edndied timparheofmiptedt| st ateacdf pa xplubalinyg aft obgeatst dgr at i on
effect, the inmage processing apparatus conprising: background pi xel
extract deteeduesl.f or extracting pixel

In accordance with a second invention, a mixture ratio
indicating the mixed state of a plurality of objects is

detected.



data of a franme prior to or subsequent to a target franme, corresponding to
a target pixel of the target frane in the 1inage data, as the background

pi xel data of an object, which serves as a background, from anong a
plurality of objects of the inage data, target frane pixel extractor neans
for extracting pixel data of the target pixel in the target franme and

pi xel data of a pixel in the vicinity of the target pixel 1in the target
frame, relational equation generator neans for generating a plurality of
equations representing, in connectirod?® th the target pixel, the

rel ati onship between the data of the target pixel and the pixel in the
vicinity of the target pixel and the background pi xel data correspondi ng
to the data of the target pixel angrAfwspixel in the vicinity of the
target pixel, and - 174 mxture ratio detector neans for detecting a

m xture ratio indicating a mxed state of the plurality of objects in the
real world in connection with the target pixel based on the relational

equations. 2. Anpn RGR & HERSSE Hn@PPBHaLEEusCEBTdpiocke@silny NMihge Wherein
the rel ational equation generator neans generates the plurality of

equat i oda taasehtAimidg rstprede oarmbheédnnumnbeeh ofepdledes aff ipliedl cal ,
conponents of an object which serves as a foreground, from anong the
pl ural i dataf odijasicie’]l by an image pickup element having a
predetermined number of pixels, each pixel having a time
integration effect, the image processing apparatus
comprising:
background pixel extractor means for extracting pixel
data of a frame prior td or subsequent to a tatget frame,
corresponding to a target pixel of the target frame in the
image data, as the background pixel data of an object,
which serves as a background, from among a plurality of
objects of the image data,
target frame pixel extractor means for extracting
pixel data of the target pixel in the target frame and
pixel data of a pixel in the vicinity of the target pixel
in the target frame,
relational equation generator means for generating a
plurality of equations representing, in connection with the
target pixel, the relationship between the data of the
target pixel and the pixel in the vicinity of the target
pixel and the background pixel data corresponding to the

data of the target pixel and the pixel in the vicinity of

the target pixel, and



of the imge data contained in the pixel data of the target pixel and the
pi xel in the vicinity of the target pixel, and based on a second
approxi mati on which assunmes that a variation in the mxture ratio is

linear with respect to

the plurality of objects is mxed. 3. An inage processing apparatus
ng to claiml1, wherein the relational equation generator neans
generates the plurality of equations based on a first approxi mation

accordi

regards,

as identical, conponents of lat# obj ect which serves as a

f oreground, fron1anDng the plurality of objects of the inmage data
contained in the pixel data of the target pixel and the pixel in th

vicinity of tms@wefa@iaeaeteéeerbaéﬁﬁs%o% A GRP LB LE Whi ch

assSunes

that a - 175 wvariation in the mxture ratio 1s planar mnth

to the posid Iﬂmpéa@iefglé i kBANsRafeX 8¢ MeA pEFfl e ol s pbéty

obj ects

I's mxed. 4. An”image processing apparatus according to clai

wher ei n fhecHE Xted B w@ti@ 98t 86hABCHBANS vt tine thirqdl X3 1k&1 rvds8q
gh

solving the plurality of relational equations throu

net hod.

the | east squ
dn tAle i fege: DsREESEqiigt appar.at us accordi ng to claim1l1, wher

background pi xel extractor neans extracts, as the background pi xel
the pixel data in the frame prior to the target frane when the targ

pi xel ,

in the
2. An image processing apparatus according to claim 1,

wherein the relational equation generator means generates
the plurality of equations based on a first approximation
which regards, as identical, components of an object which
serves as a foreground, from among the plurality of objects
of the image data contained in the pixel data of the target
pixel and the pixel in the vicinity of the target pixel,
and based on a second approximation which assumes that a
variation in the mixture ratio is linear with respect to
the position of pixels within a mixed area where the

plurality of objects is mixed.

3. An image processing apparatus according to claim 1,
wherein the relational equation generator means generates
the plurality of equations based on a first approximation
which regards, as identical, components of an object which
serves as a foreground, from among the plurality of objects
of the image data contained in the pixel data of the target
pixel and the pixel in the vicinity of the target pixel,

and based on a second approximation which assumes that a

the position of pixels within a m xed area where

whi ch

e

respect
of

m1,

by

ar es
ein the
dat a,

et



m xed area where the plurality of objects is mxed, belongs to a covered
background area forned at the forward end side of a foreground object in
the direction of notion thereof, while the background pixel extractor '
nmeans extracts, as the background pixel data, the pixel data in the frame
subsequent to the target frame when the target pixel, in the mxed area
where the plurality of objects is mxed, belongs to an uncovered
background area fornmed at the backward end side of the foreground object
in the direction of notion thereof. 185 An i nage processing appar at us
according to claim4, - 176 further conprising area information generator
nmeans for generating area information identifying, in the inage data, a

foregrok}'agi%ft%n 3 PO PURd: AL efat 853 8 %éﬁgr%@&ﬁ E—%%?@dﬂ g a covered
background area and an uncovered ackgrou ar ea, erein the foreground

area isther gs%%ﬁfionarafotgﬁsél;s Wi ehigesvasxad arkar efeendnd rom anong the
plurality of objects inthe imge data, the background area is forned of

an obj egll urdhiity o \WSjas Prokpkeand, from anmong the plurality of
objects'in the image ddata, and the m xed area is formed of the covered

background area and the uncovered background area. 7. An inmge processing
met hod for processing inmage data containing a predeterm ned nunber of

pi eces of pixel anddimaq@bipiidtash n@nappaeet @s ckopoeengnitohaviaig a ,
wherein the mixture ratio detector means detects the
mixture ratio by solving the plurality of relational

equations through the least squares method.

5. An image processing apparatus according to claim 1,
wherein the background pixel extractor means extracts, as
the background pixel data, the pixel data in the frame
prior to the target frame when the target pixel, in the
mixed area where the plurality of objects is mixed, belongs
to a covered background area formed at the forward end side
of a foreground object in the direction of motion thereof,
while the background pixel extractor means extracts, as the
background pixel data, the pixel data in the frame
subsequent to the target frame when the target pixel, in
the mixed area where the plurality of objects is mixed,
belongs to an uncovered background area formed at the
backward end side of the foreground object in the direction

of motion thereof.

6. An image processing apparatus according to claim 4,



predet erm ned nunber of pixels, each pixel having a time integration
effect, the image processing nethod conprising: a background pi xel
extracting step for extracting pixel data of a frame prior to or
subsequent to a target franme, corresponding to a target pixel of the
target franme in the imge data, as background pi xel data of an object,

whi ch serves as a background, fromanong a plurality of objects of the

i mage data, a target frane pixel extracting step for extracting pixel data
of the target pixel in the target f~df® and - 177 pixel data of a pixel in
the vicinity of the target pixel in the target frame, a relationa

equation generating step for generating a pIuraIity of equations

represe%{]ﬁ%ﬁaﬂt gogygn{aﬁscf@;%y%g N hESrmbR1GR! gBNXE RO R ALANSI P

bet ween p1 Xe e’pi el e vicinity of the

target t 2 xel A(;\_Eeqfle S0 é‘QLQhXEHeHE‘Ei‘VS%r eSRORHNG o éfh%tefata of

the tar in the vicintty 6f " the targ pl xe and a

m Xt ur e af #ore JAhRfd Id¥es! &P hOEKGRLERE! APed, ”hhhuhemﬂ%gd(hféghcatlng a
m xed state of the plurallty of objects in fhe real world in connection

with theomrageltu? xelcdhasest wack§eonglahirenahnaduat uRdveted\n | Mage
processi ng neth according to claim?7, wherein the relational equation
gener at bag kytreunge e £svherein the foreground area is formed of
an object, which serves as a foreground, from among the
plurality of objects in the image data, the background area
is formed of an object, which serves as a background, from
among the plurality of objects in the image data, and the

mixed area is formed of the covered background area and the

uncovered background area.

7. An image processing method for processing image
data containing a predetermined number of pieces of pixel
data obtained by an image pickup element having a
predetermined number of pixels, each pixel having a time
integration effect, the image processing method comprising:

a background pixel extracting step for extracting
pixel data of a frame prior to or subsequent to a target
frame, corresponding to a target pixel of the target frame
in the image data, as background pixel data of an object,
which serves as a background, from among a plurality of
objects of the image data,

a target frame pixel extracting step for extracting

pixel data of the target pixel in the target frame and



the plurality of equations based on a first approxinmation which regards,
as identical, conponents of an object which serves as a foreground, from
anong the plurality of objects of the imge data contained in the pixel
data of the target pixel and the pixel in the vicinity of the target

pi xel , and based on a second approxi mati on whi ch assunes that a variation
inthe mxture ratio is linear with respect to the position of pixels
within a mxed area where the plurality of objects is mxed. - 178 9. An

i mge processing method accordi ng toldl’arm 7, wherein the relational
equation generating step generates the plurality of equations based on a
first approximation which regards, as identical, conponents of an object

whi ch ;&&\éqsd%st_aaadprae o, 14 roRe aPPAYn i B BlEURRL i rQfetolji8ds of the
i mage data contained in the pixel data of the target piXel and the pixe

in the inCichie X a¥igdtherdaaet pixel, and based on a second approxi mation
whi ch assunes that™ a variation in the mxture ratio is planar with respect

to the posifyi @1kt iRinl Seqidthidn %éﬁéﬁﬁ’ti‘ﬁ?aswaﬁr €oirhgenRiratalid Y of
objects is mxed. 10. An inmage processing nmefhod according to claim?7,

wher ei nplile alyUIEE letfd 4% Dot L CEépPeseRRiAG] €6hS cbhfeciionu e yratde by
solving the plurality of relational equations through the |east squares
net hod. thkgedn pikge, mHEassiagiomshdg betwednnghkeodaltai wf7 the

target pixel and the pixel in the vicinity of the target

pixel and the background pixel data corresponding to the

data of the target pixel and the pixel in the vicinity of

the target pixel, and

a mixture ratio detecting step for detecting a mixture
ratio indicating a mixed state of the plurality of objects

in the real world in connection with the target pixel based

on the relational equations.

8. An image processing method according to claim 7,
wherein the relational equation generating step generates
the plurality of equations based on a first approximation
which regards, as identical, components of an object which
serves as a foreground, from among the plurality of objects
of the image data contained in the pixel data of the target
pixel and the pixel in the vicinity of the target pixel,
and based on a second approximation which assumes that a
variation in the mixture ratio is linear with respect to
the position of pixels within a mixed area where the

plurality of objects is mixed.



wherei n the background pi xel extracting step extracts, as the background
pi xel data, the pixel data in the frane prior to the target frane when the

target pixel, in the mxed area where the plurality of objects is mxed,
bel ongs to a covered background area forned at the forward end side of a
foreground object in the direction of notion thereof, - 179 while the

background pi xel extracting step extracts, as the background pixel data,
the pixel data in the frame subsequent to the target franme when the target
pixel, in the mxed area where the i1l atity of objects is mixed, belongs
to an uncovered background area fornmed at the backward end side of the
foreground object in the direction of notion thereof. 12. An i mge
processi ng nethod according to claim 11, further conprising an area
information generating step for generating area information identifying,

in the i mage gatgn imaderge668E89iaGeRAethoRAGIHOHIIh PR c Bl &7 M Xxed area
contai ning a covered background aréa and an uncovered background area,

wher ei n yierd DK egi®URE1 At €8nhs bguaRdodf gederAltigfrd .stdp CheSEFyESs as a
foreground, fromanong the plurality of objects in the imge data, the

backgr owte asheral sty op fredgehtabnebpasied Wi eh SiefsteamSrox tRgkpsound, from
anong the plurality of objects in the inmage data, and the mxed area is
fornmed ofhidte xeyerds, baskgdenndcalgacamponen tsurcdval asb peek grolar ar ea.

serves as a foreground, from among the plurality of objects

of the image data contained in the pixel data of the target

pixel and the pixel in the vicinity of the target pixel,

and based on a second approximation which assumes that a

variation in the mixture ratio is planar with respect to

the position of pixels within a mixed area where the

plurality of objects is mixed.

10. An image processing method according to claim 7,
wherein the mixture ratio detecting step detects the
mixture ratio by solving the plurality of relational

equations through the least squares method.

11. An image processing method according to claim 7,
wherein the background pixel extracting step extracts, as
the background pixel data, the pixel data in the frame
prior to the target frame when the target pixel, in the
mixed area where the plurality of objects is mixed, belongs
to a covered background area formed at the forward end side

of a foreground object in the direction of motion thereof,



13. A storage nediumfor storing a conputer readable software programfor
processing i mage data containing a predeterm ned nunber of pieces of pixel
data obtained by an image pickup el enent having a predeterm ned nunber of
- 180 pixels, each pixel having a tinme integration effect, the inage
processi ng program conprising: a background pixel extracting step for
extracting pixel data of a frame prior to or subsequent to a target

frame, corresponding to a target pixel of the target frame in the inmge
data, as background pixel data of anldfject, which serves as a background,
fromanong a plurality of objects of the inage data, a target franme pixel
extracting step for extracting pixel data of the target pixel in the

target {f3ne b%iaiedrcgf%@_pixélp&eka&eih estepl Rhdtyaded had apet pi xel

in the target frame, ar ti'onal equation génerating step for generating a

D|Ura|i%ﬁcﬁbﬁaﬁﬁﬁigiﬁéﬂ*ﬂﬁﬁﬁﬁnﬁﬁégpikélceaﬂﬁcﬁhOQH@‘ﬂidﬂ&*_targﬁt pi xel
the relationship between data of the target pixel and the pixel in the

vi ci ni t%u%fseh?@ritarﬂﬁtttfé xedrgoe fihRebRBkAr enad thiryeit gabaicoriespondi ng
to the data o he target pixel and the pixel in the vicinity of the

target thiex@lixeiNdredliwicre tinéi pldeabityngrsbegebas det ecidey, a nixture
ratio indicating a m xed state of the plurality of objects

belongs to an uncovered background area formed at the

backward end side of the foreqground object in the direction

of motion thereof.

12. An image processing method according to claim 11,
further comprising an area information generating step for
generating area information identifying, in the image data,
a foreground area, a background area, and a mixed area
containing a covered background area and an uncovered
background area, wherein the foreground area is formed of
an object, which serves as a foreground, from among the
plurality of objects in the image data, the background area
is formed of an object, which serves as a background, from
among the plurality of objects in the image data, and the
mixed area is formed of the covered background area and the

uncovered background area.

13. A storage medium for storing a computer readable
software program for processing image data containing a
predetermined number of pieces of pixel data obtained by an

image pickup element having a predetermined number of



in the real world in connection with the target pixel based on the

rel ati onal equations. 14. A storage nedium according to claim13, wherein -
181 the relational equation generating step generates the plurality of
equations based on a first approximation which regards, as identical,
conponents of an object which serves as a foreground, from anong the
plurality of objects of the inmage data contained in the pixel data of the
target pixel and the pixel in the vicinity of the target pixel, and based
on a second approxi mation which assud89 that a variation in the mxture
ratio is linear with respect to the position of pixels within a m xed area
where the plurality of objects is mxed. 15. A storage nedi um according to

clai m 13, 28ef CiddcH [@{)@d HAPIRY £93hE0InYEHRARL LRAT eHrk tgeRG{St €S the

plurality of equatio ased on a first approximation which regards, as

i dent i calnag@0PRRYY S Ry ﬁgbéﬁgﬁcéompfggiﬁggves as a foreground, from
s

anong the plurality of "objec of the 1inmaQge data contained in the pixel

data of the hapaekgdiold pinéel hex®rXetihg sbepviceirnekyraktliifgy target
pi xel , and based on a second approxi mati on whi ch assunes that a variation

in the pixeldr dartal iof i ftanarpiioéh €6SPECiubBequbatP@s & aarefetpi xel s
within a m xed area where the plurality of objects is mxed. 16. A storage
medi um geamedi RO riresygaiding, to®reanget pixel of the target frame

in the image data, as background pixel data of an object,

which serves as a background, from among a plurality of

objects of the image data,

a target frame pixel extracting step for extracting
pixel data of the target pixel in the target frame and
pixel data of a pixel in the vicinity of the target pixel
in the target frame,

a relational equation generating step for generating a
plurality of equations representing, in connection with the
target pixel, the relationship between data of the target
pixel and the pixel in the vicinity of the target pixel and
the background pixel data corresponding to the data of the
target pixel and the pixel in the vicinity of the target
pixel, and

a mixture ratio detecting step for detecting a mixture
ratio indicating a mixed state of the plurality of objects

in the real world in connection with the target pixel based

on the relational equations.

14. A storage medium according to claim 13, wherein



the mxture ratio detecting step detects the m xture ratio - 182 by
solving the plurality of relational equations through the | east squares

met hod. 17. A storage nedi um according to claim13, wherein the background
pi xel extracting step extracts, as the background pixel data, the pixel
data in the frame prior to the target frame when the target pixel, in the
m xed area where the plurality of objects is m xed, belongs to a covered
background area fornmed at the forward end side of a foreground object in
the direction of notion thereof, whi L8l rhe background pixel extracting
step extracts, as the background pixel data, the pixel data in the frame
subsequent to the target frame when the target pixel, in the m xed area

wher e t RRePldhdliibhaAf RRIACISH | feteXSting PSLEPI§ehraRdngper ed _
background area forned at the backward end side of the foreground object

in the g&hesmﬁgy o RAAADBANBLM I8 a Af $E 8t AHBpFBSH MEALAGHO R ikt t O
claim17, furthér conprising area information generating step for

gener at rBgardsgaasnfideimlicdl | desWipdyémes o aReobhege Gatieh aerf@seground
area, a background area, and a m xed area containing a covered background
area andsaa tbpcegeoathd baidam amshareke pheralbtyheff obggrasnd farsde i s
formed of an object, which serves as a foreground, from anong the - 183

image data contained in the pixel data of the target pixel

and the pixel in the vicinity of the target pixel, and

based on a second approximation which assumes that a

variation in the mixture ratio is linear with respect to

the position of pixels within a mixed area where the

plurality of objects is mixed.

15. A storage medium according to claim 13, wherein
the relational equation generating step generates the
plurality of equations based on a first approximation which
regards, as identical, components of an object which serves
as a foreground, from among the plurality of objects of the
image data contained in the pixel data of the target pixel
and the pixel in the vicinity of the target pixel, and
based on a second approximation which assumes that a
variation in the mixture ratio is planar with respect to
the position of pixels within a mixed area where the

plurality of objects is mixed.

16. A storage medium according to claim 13, wherein

the mixture ratio detecting step detects the mixture ratio



plurality of objects in the inmage data, the background area is forned of
an object, which serves as a background, from anong the plurality of
objects in the inmage data, and the nixed area is fornmed of the covered
background area and the uncovered background area. 19. An inmage pickup
devi ce conprising: image pickup neans for outputting, as inage data
containing a plurality of pieces of pixel data, an inage of an object

pi cked up by an i mage pickup el enment having a predeterm ned nunber of

pi xel s, each pixel having a tine rnﬂéération ef fect, background pi xel
extractor neans for extracting pixel data of a frame prior to or
subsequent to a target frane, corresponding to a target pixel of the

target bpagelvinighend PuUfrdeity &6 Perkgionad phuskidaka thirouyobj ect,
whi ch serves as "a background, fromanong a plurality of objects of the

i mage dahe, leakdclsquaras MetHodxtractor neans for extracting pixel data
of the target pixel in the target frane and pixel data of a pixel in the

vicinity of the target pixel in the target frame, relational equation
generator neans for generating a plurality of equations representing, in
connecti on wWlTh Bhetorageetmed um ,adderdengt tonshapmbeByewehedatia of the
target - 184 pixel and the pixel in the vicinity of the target pixel and

the background pixel extracting step extracts, as the

background pixel data, the pixel data in the frame prior to

the target frame when the target pixel, in the mixed area

where the plurality of objects is mixed, belongs to a

covered background area formed at the forward end side of a

foreground object in the direction of motion thereof, while

the background pixel extracting step extracts, as the

background pixel data, the pixel data in the frame

subsequent to the target frame when the target pixel, in

the mixed area where the plurality of objects is mixed,

belongs to an uncovered background area formed at the

backward end side of the foreground object in the direction

of motion thereof.

18. A storage medium according to claim 17, further
comprising area information generating step for generating
area information identifying, in the image data, a
foreground area, a background area, and a mixed area
containing a covered background area and an uncovered
background area, wherein the foreground area is formed of

an object, which serves as a foreground, from among the



t he background pi xel data corresponding to the data of the target pixel
and the pixel in the vicinity of the target pixel, and m xture ratio
detector neans for detecting a mixture ratio indicating a m xed state of
the plurality of objects in the real world in connection with the target

pi xel based on the relational equations. 20. An inmage pi ckup device
according to claim19, wherein the relational equation generator neans
generates the plurality of equations based on a first approxi mati on which
regards, as identical, components of 183 object which serves as a
foreground, fromanong the plurality of objects of the inmge data
contained in the pixel data of the target pixel and the pixel in the

vi ci ni ty19fraiie yObPeses . in aPHebangdeOfat as &N LARINGPHUTRE iPFeathi ch
assunes that a “variation in the mxturé ratio is linear wWwth respect to

the posijlsi @orafeddio®!$n WWEfedt p WhkeH seedewhase at HackYrwudld ! YErdm obj ect s
is mxed. 21. An inmage pickup device according to claim19, wherein the

rel ati onglone0uiid @l geAEi ey 06 £ NEBHS&cEeNehathe imbgepldatal, tahdftisguati ons

based on a first approximation which regards, as identical, conponents of
an obj emtixdd Area 185 fammedsofsthef coegrednbackyguouadaydahaml whed ity of
objects of the inage data contained in the pixel data of the target pixe
and t he umcoslerenl tHee-kground yanéat he target pi xel

19. An image pickup device comprising:

image pickup means for outputting, as image data
containing a plurality of pieces of pixel data, an image of
an object picked up by an image pickup element having a
predetermined number of pixels, each pixel having a time
integration effect,

background pixel extractor means for extracting pixel
data of a frame prior to or subsequent to a target frame,
corresponding to a target pixel of the target frame in the
image data, as background pixel data of an object, which
serves as a background, from among a plurality of objects
of the image data,

target frame pixel extractor means for extrécting
pixel data of the target pixel in the target frame and
pixel data of a pixel in the vicinity of the target pixel
in the target frame,

relational equation generator means for generating a
plurality of equations representing, in connection with the

target pixel, the relationship between data of the target



and based on a second approxi mati on which assunmes that a variation in the
mxture ratio is planar with respect to the position of pixels within a

m xed area where the plurality of objects is mxed. 22. An inmage pickup
device according to claim19, wherein the mxture ratio detector neans
detects the mxture ratio by solving the plurality of relational

equations through the | east squares nethod. 23. An inage pickup device
according to claim19, wherein the background pi xel extractor neans
extracts, as the background pixel ~ddB4, =t he pixel data in the frame prior
to the target frane when the target pixel, in the mxed area where the
plurality of objects is m xed, belongs to a covered background area forned

at the powwardngn¢ry 8 x&f #n HHE0F PERi OP) 8€t the theqditr @hhiean aafd motion
thereof, while the background pixel extractor means extracts, as the

backgr oufd Ba¢®lgréain@d gileePidsta dedBréspdbhaihgane thebdequeit tihd he
target frame when the target pixel, in the mxed area where the plurality

of objeehgget Pixed, aneltHWpireRninnehyevedihaekgogurteanaaderr med at the
- 186 backward end side of the foreground object in the direction of
nmoti on phikeaqf andd. An inmage pickup device according to claim22, further
conprising area informati on generator neans for generating area
i nf or mat i on mdenuireyirad id datterctiomgeeams afor detecting a mixture

ratio indicating a mixed state of the plurality of objects

in the real world in connection with the target pixel based

on the relational equations.

20. An image pickup device according to claim 19,
wherein the relational equation generator means generates
the plurality of equations based on a first approximation
which regards, as identical, components of an object which
serves as a foreground, from among the plurality of objects
of the image data contained in the pixel data of the target
pixel and the pixel in the vicinity of the target pixel,
and based on a second approximation which assumes that a
variation in the mixture ratio is linear with respect to
the position of pixels within a mixed area where the

plurality of objects is mixed.

21. An image pickup device according to claim 19,
wherein the relational equation generator means generates
the plurality of equations based on a first approximation

which regards, as identical, components of an object which



a foreground area, a background area, and a m xed area containing a
covered background area and an uncovered background area, wherein the
foreground area is formed of an object, which serves as a foreground, from
anong the plurality of objects in the inmage data, the background area is
formed of an object, which serves as a background, from anong the
plurality of objects in the imge data, and the m xed area is fornmed of

t he covered background area and the uncovered background area.

serves as a foreground, from among the plurality of objects
of the image data contained in the pixel data of the target
pixel and the pixel in the vicinity of the target pixel,
and based on a second approximation which assumes that a
variation in the mixture ratio is planar with respect to
the position of pixels within a mixed area where the

plurality of objects is mixed.

22. An image pickup device according to claim 19,
wherein the mixture ratio detector means detects the
mixture ratio by solving the plurality of relational

equations through the least squares method.

23. An image pickup device according to claim 19,
wherein the background pixel extractor means extracts, as
the background pixel data, the pixel data in the frame
prior to the target frame when the target pixel, in the
mixed area where the plurality of objects is mixed, belongs
to a covered background area formed at the forward end side
of a foreground object in the direction of motion thereof,
while the background pixel extractor means extracts, as the
background pixel data, the pixel data in the frame
subsequent to the target frame when the target pixel, in
the mixed area where the plurality of objects is mixed,

belongs to an uncovered background area formed at the
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backward end side of the foreground object in the direction

of motion thereof.

24. An image pickup device according to claim 22,
further comprising area information generator means for
generating area information identifying, in the image data,
a foreground area, a background area, and a mixed area
containing a covered background area and an uncovered
background area, wherein the foreground area is formed of
an object, which serves as a foreground, from among the
plurality of objects in the image data, the background area
is formed of an object, which serves as a background, from
among the plurality of objects in the image data, and the
mixed area is formed of the covered background area and the

uncovered background area.



