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i mge angpgggAgggect i mge occurs. 25 Hitherto, the processing for dealing

with the state of the background i nage and the noving object has
not been consi dered.
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5 Technical Field

The present invention relates to image processing
apparatuses and methods, and image-capturing apparatuses,
and more particularly, to an image processing apparatus and
method, and an image-capturing apparatus in which a

10 difference between a signal detected by a sensor and the

real world is taken into consideration.

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

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

20 speed is relatively high.

However, when an object is moving in front of a
stationary background, not only does motion blur caused by
the mixture of the moving object itself occur, but also the
mixture of the background image and the object image occurs.

25 Hitherto, the processing for dealing with the mixture state



Di scl osure of Invention 5 The present invention has been nade in view of
the above-described background. Accordingly, it is an object of the
present invention to make it possible to detect the mxture state in an
imge. A first inage processing apparatus of the present 10 invention

i ncl udes: area specifying nmeans for specifying, in correspondence with

i mge data, a mxed area in which foreground object conponents formng a
foreground object and background object conponents form ng a background
object are mxed and a non-m xed areasformed of a foreground area 15
consisting of only the foreground object conponents and a background area
consi sting of onIy t he background object conponents; and m xture-ratio
estimatin stinating, based on the ratio of the width of the

an
o xed aPlathe BapREAEEBH T REHCrPee e G RAP LG BEBEGE 185 RESNBERRg 20
direction of .t.he f.oreground object conponent, the width of the m xed area
bei ng sp88PF&88r89 the area information, to the distance fromthe position
of a designated pixel to the edge of the nixed area in the pr edet er mi ned
direction, a mxture ratio indicating the ratio between the foreground 25

obj ect Cﬁﬁ?QTSEE?eaBg thecRag¢kground object components of the designated
pi xel . e I m processi ng apparatus may further include notion-vector

deteqf i on meanse fore det £C1ANGN 8; SRTHLD MELH Hhaadf i/ he1 LQr &BT oHOd obj ect.

The m xt ure- ratlo est1mating
above-described background. Accordingly, it is an object of

the present invention to make it possible to detect the
mixture state in an image.
A first image processing apparatus of the present

10 invention includes: area specifying means for specifying, in
correspondence with image data, a mixed area in which
foreground object components forming a foreground object and
background object components forming a background object are
mixed and a non-mixed area formed of a foreground area

15 consisting of only the foreground object components and a
background area consisting of only the background object
components; and mixture-ratio estimating means for
estimating, based on the ratio of the width of the mixed
area in a predetermined direction with respect to the moving

20 direction of the foreground object component, the width of
the mixed area being specified by the area information, to
the distance from the position of a designated pixel to the
edge of the mixed area in the predetermined direction, a
mixture ratio indicating the ratio between the foreground

25 object components and the background object components of



5 nmeans may detect the width of the m xed area and the distance fromthe
position of the designated pixel to the edge of the mxed area in the
noving direction of the notion vector, and nay estimate the m xture ratio
based on the ratio of the width of the m xed area to the distance from 10
the position of the designated pixel to the edge of the m xed area. The

i mage processing apparatus may further include noving-direction detection
nmeans for detecting the noving direction of the foreground object. The

m xture-ratio 15 estimati ng nmeans nmay detect the width of the m xed area
and the distance fromthe position of the designated pixel to the edge of
the m xed area in the noving direction, and nay estinate the mxture ratio
based on %he ratio the wi.dth of the mxed area to the distance fromthe
posi tion 8 Fﬁ3198a389.5&§téd pi xel to the edge of the mixed area. The
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distance from the position of the designated pixel to the
edge of the mixed area in the moving direction of the motion
vector, and may estimate the mixture ratio based on the
ratio of the width of the mixed area to the distancé from
10 the position of the designated pixel to the edge of the
mixed area.

The image processing apparatus may further include
moving-direction detection means for detecting the moving
direction of the foreground object. The mixture-ratio

15 estimating means may detect the width of the mixed area and
the distance from the position of the designated pixel to
the edge of the mixed area in the moving direction, and may
estimate the mixture ratio based on the ratio of the width
of the mixed area to the distance from the position of the

20 designated pixel to the edge of the mixed area.

The moving-direction detection means may include
motion-vector generating means for generating a motion
vector based on the area information and the position of the
mixed area in a designated frame and the position of the

25 mixed area in a frame in the vicinity of the designated



5 in correspondence with imge data, a m xed area in which foreground
obj ect conponents form ng a foreground object and background obj ect
conponents form ng a background object are mxed and a non-ni xed area
formed of a foreground area consisting of only the foreground object
conponents and a 10 background area consisting of only the background
obj ect conponents; and a m xture-ratio estimating step of estimating,
based on the ratio of the width of the mxed area in a predeterm ned
direction with respect to the noving- dicection of the foreground object
conponent, the width of 15 the m xed area being specified by the area
information, to the distance fromthe position of a designated pixel to
t he ed of th d ar in.the predetermned direction, a mxture
ratio i% i E&Fi'n ghFﬁg VaPF lB@t%&eﬁoﬁﬁégﬁﬁré@rgﬁﬁ&Ct05P€cP°86HEonents and
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the 5 m x8€e8kB88nd object components forming a foreground object and

background object components forming a background object are
mixed and a non-mixed area formed of a foreground area
consisting of only the foreground object components and a

10 background area consisting of only the background object
components; and a mixture-ratio estimating step of
estimating, based on the ratio of the width of the mixed
area in a predetermined direction with respect to the moving
direction of the foreground object component, the width of

15 the mixed area being specified by the area information, to
the distance from the position of a designated pixel to the
edge of the mixed area in the predetermined direction, a
mixture ratio indicating the ratio between the foreground
object components and the background object components of

20 the designated pixel.

The image processing method may further include a
motion-vector detection step of detecting a motion vector of
the foreground object. In the mixture-ratio estimating step,
the width of the mixed area and the distance from the

25 position of the designated pixel to the edge of the mixed



The i mage processing nethod may further include a noving-direction
detection step of detecting the noving direction of the foreground object.
In the mxture-ratio estimating step, the width of the m xed area and the
10 distance fromthe position of the designated pixel to the edge of the
m xed area may be detected in the noving direction, and the m xture ratio
may be estimated based on the ratio of the wwdth of the m xed area to the
distance fromthe position of the designated pixel to the edge of the 15
m xed area. The noving-direction deteckian step nmay include a

noti on-vector generating step of generating a notion vector based on the
area information and the position of the mxed area in a designated frane
and the position gi%the m xed ,20 area in a franme in the vicinity of the
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f or egs oupd x@BJ g¢lsconponents and a 5 background area consisting of only
t he background object conmponents; and a mi xture-ratio estimating step of

The image processing method may further include a
moving-direction detection step of detecting the moving
direction of the foreground object. In the mixture-ratio
estimating step, the width of the mixed area and the

10 distance from the position of the designated pixel to the
edge of the mixed area may be detected in the moving
direction, and the mixture ratio may be estimated based on
the ratio of the width of the mixed area to the distance
from the position of the designated pixel to the edge of the

15 mixed area.

The moving-direction detection step may include a
motion-vector generating step of generating a motion vector
based on the area information and the position of the mixed
area in a designated frame and the position of the mixed

20 ~area in a frame in the vicinity of the designated frame,
thereby making it possible to detect the moving direction
based on the generated motion vector.

A program of a first recording medium of the present
invention includes: an area specifying step of specifying,

25 in correspondence with image data, a mixed area in which



estimating, based on the ratio of the width of the mxed area in a

predeterm ned direction with respect to the noving direction of the

f oreground object conponent, the width of 10 the m xed area being specified

by the area information, to the distance fromthe position of a designated

pi xel to the edge of the m xed area in the predeterm ned direction, a

m xture ratio indicating the ratio between the foreground object

conponents and the background object components of 15 the designated

pi xel . The program may further includega_nmotion-vector detection step of

detecting a notion vector of the foreground object. In the mxture-ratio

estimating step, the width of the m xed area and the distance fromthe 20
area nmay be
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components; and a mixture-ratio estimating step of
estimating, based on the ratio of the width of the mixed
area in a predetermined direction with respect to the mov;ng
direction of the foreground object component, the width of
10 the mixed area being specified by the area information, to
the distance from the position of a designated pixel to the
edge of the mixed area in the predetermined direction, a
mixture ratio indicating the ratio between the foreground
object components and the background object components of
15 the designated pixel.

The program may further include a motion-vector
detection step of detecting a motion vector of the
foreground object. 1In the mixture-ratio estimating step,
the width of the mixed area and the distance from the

20 position of the designated pixel to the edge of the mixed
area may be detected in the moving direction of the motion
vector, and the mixture ratio may be estimated based on the
ratio of the width of the mixed area to the distance from
the position of the designated pixel to the edge of the

25 mixed area.



m xture ratio may be estimted based on the ratio of the wdth of the

m xed area to the distance fromthe position of the designated pixel to
the edge of the m xed area. 10 The novi ng-direction detection step nmay
include a notion-vector generating step of generating a notion vector
based on the area informati on and the position of the mxed area in a
designated frane and the position of the mxed area in a frane in the
vicinity of the designated frane, 15 thereby making it possible to detect
the noving direction based on the gengrated notion vector. A first program
of the present invention allows a conputer to execute: an area specifying
step of specifying, in correspondence with imge data, a mxed area in
whi ch 20 fore?%ound ob%ect conponents form ng a foreground object and

background obj 8tt PEBAPOHeNEE Fﬁbﬁ@ énﬁéeﬁﬁrGuﬁavbﬁpeéﬂrﬁFEloﬁlxed and a
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mixturelratio may be estimated based on the ratio of the

width of the mixed area to the distance from the position of
the designated pixel to the edge of the mixed area.

10 The moving—direction detection step may include a
motion-vector generating step of generating a motion vector
based on the area information and the position of the mixed
area in a designated frame and the position of the mixed
area in a frame in the vicinity of the designated frame,

15 thereby making it possible to detect the moving direction
based on the generated motion vector.

A first program of the present invention allows a
computer to execute: an area specifying step of specifying,
in correspondence with image data, a mixed area in which

20 foreground object components forming a foreground object and
background object components forming a background object are
mixed and a non-mixed area formed of a foreground area
consisting of only the foreground object components and a
background area consisting of only the background object

25 components; and a mixture-ratio estimating step of



obj ect components and the background object conponents of the designated
pi xel . 10 The program may further include a notion-vector detection step
of detecting a notion vector of the foreground object. In the

m xture-ratio estimating step, the width of the m xed area and the

di stance fromthe position of the designated pixel to the edge of the

m xed 15 area nmay be detected in the noving direction of the notion
vector, and the m xture ratio nay be estinmated based on the ratio of the
width of the mxed area to the distancg from the position of the
designated pixel to the edge of the m xed area. 20 The program may furt her
i nclude a noving-direction detection step of detecting the noving
direction of the fo eground object. In the mxture-ratio estimting step,
the wi dt ﬁsgflm?ﬁénﬁi'xg?a §Fe&QNardet f8 tdPs Pdndder WeRtthet $88i Figsdof t he
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frame in the vicinity o e designated
edge of the mixed area in the predetermined direction, a

mixture ratio indicating the ratio between the foreground
object components and the background object components of
the designated pixel.

10 The program may further include a motion-vector
detection step of detecting a motion vector of the
foreground object. 1In the mixture-ratio estimating step,
the width of the mixed area and the distance from the
position of the designated pixel to the edge of the mixed

15 area may be detected in the moving direction of the motion
vector, and the mixture ratio may be estimated based on the
ratio of the width of the mixed area to the distance from
the position of the designated pixel to the edge of the
mixed area.

20 The program may further include a moving-direction
detection step of detecting the moving direction of the
foreground object. 1In the mixture-ratio estimating step,
the width of the mixed area and the distance from the
position of the designated pixel to the edge of the mixed

25 area may be detected in the moving direction, and the



thereby making it possible to the noving direction based on 10 the
generated notion vector. A first image-capturing apparatus of the present

i nvention includes: imge-capturing neans for outputting a subject inmage-
captured by an inmage-capturing device including a predeterm ned number of
pi xel s, the pixels 15 having a tine integrating function, as image data
formed of a predeterm ned nunber of pixel data; area specifying means for
specifying, in correspondence with the inage data, a mxed area in which
foreground object conponents formng_ag toreground object and background
obj ect conponents form ng a 20 background object are m xed and a non-m xed
area forned of a foreground area consisting of only the foreground object
conmponent § and a background area consisting of only the background object
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i mage- capturi ng appar at'us nay
based on the area information and the position of the mixed

area in a designated frame and the position of the mixed

area in a frame in the vicinity of the designated frame,

thereby making it possible to the moving direction based on
10 the generated motion vector.

A first image-capturing apparatus of the present
invention includes: image-capturing means for outputting a
subject image captured by an image-capturing device
including a predetermined number of pixels, the pixels

15 having a time integrating function, as image data formed of
a predetermined ﬁumber of pixel data; area specifying means
for specifying, in correspondence with the image data, a
mixed area in which foreground object components forming a
foreground object and background object components forming a

20 background object are mixed and a non-mixed area formed of a
foreground area consisting of only the foreground object
components and a background area consisting of only the
background object components; and mixture-ratio estimating
means for estimating, based on the ratio of the width of the

25 mixed area in a predetermined direction with respect to the



not i on-vector detection neans for detecting a notion vector 10 of the
foreground object. The m xture-ratio estinmating neans may detect the width
of the m xed area and the distance fromthe position of the designated

pi xel to the edge of the m xed area in the noving direction of the notion
vector, and nmay estimate the m xture rati o based on the 15 ratio of the
width of the m xed area to the distance from the position of the

desi gnated pixel to the edge of the m xed area. The i nage-capturing
apparatus may further include noving-gjrection detection neans for
detecting the noving 20 direction of the foreground object. The

m xture-ratio estinmating neans may detect the width of the m xed area and
the distance fromthe position of the designated pixel to the edge of the
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notion vector. .
ratio between the foreground object components and the

background object components of the designated pixel.
The image-capturing apparatus may further include
motion-vector detection means for detecting a motion vector
10 of the foreground object. The mixture-ratio estimating
means may detect the width of the mixed area and the
distance from the position of the designated pixel to the
edge of the mixed area in the moving direction of the motion
vector, and may estimate the mixture ratio based on the
15 ratio of the width of the mixed area to the distance from
the position of the designated pixel to the edge of the
mixed area.
The image-capturing apparatus may further include
moving-direction detection means for detecting the moving
20 direction of the foreground object. The mixture-ratio
estimating means may detect the width of the mixed area and
the distance from the position of the designated pixel to
the edge of the mixed area in the moving direction, and may
estimate the mixture ratio based on the ratio of the width

25 of the mixed area to the distance from the position of the



A second i mage processing apparatus of the present 10 invention includes:
area specifying neans for outputting area information used for specifying,
in correspondence with inage data, a mixed area in which foreground object
conponents form ng a foreground object and background object conponents
form ng a background object are m xed; and 15 m xture-ratio estimating
nmeans for estimating a mxture ratio indicating the ratio of the
foreground object conponents and the background object conponents in the
m xed area based on the area informatipn.and the noving direction of the
foreground object by assuming that the m xture ratio 20 changes
substantially linearly with respect to the position of the pixel. The

m xture-rati.o estimting neans nmay, estimate, based on the position on a
segnent WGSITGTERRI % FositiCors@art Fordgesuidesrea consisting of
only the foregﬁound ob%ggt 25 conpgngnt%.and the other .end i s positioned at
a background ME2MOYFBECOREFELPRGGFEEREGTt REABECREY otRELBBEect

conponen . the segnent traversing the m xed area, the m xture ratio of

t he pixe%%gﬁfkegﬁgn aneﬁgrﬁﬁénﬁbE%Pfﬁn SF 8 SEEHEF 2 1Pt ure-rati o
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m xture-ratio estinmating neans may estinmate the
mixed area in a frame in the vicinity of the designated
frame, thereby making it possible to detect the moving
direction based on the generated motion vector.
A second image processing apparatus of the present

10 invention includes: area specifying means for outputting
area information used for specifying, in correspondence with
image data, a mixed area in which foreground object
components forming a foreground object and background object
components forming a background object are mixed; and

15 mixture-ratio estimating means for estimating a mixture
ratio indicating the ratio of the foreground object
components and the background object components in the mixed
area based on the area information and the moving direction
of the foreground object by assuming that the mixture ratio

20 changes substantially linearly with respect to the position
of the pixel.

The mixture-ratio estimating means may estimate, based

on the position on a segment whose one end is positioned at
a foreground area consisting of only the foreground object

25 components and the other end is positioned at a background



m xture ratio of the pixel corresponding to the position on 10 the segnent
based on the position on the segnent obliquely intersecting with the noving
direction of the foreground object. A second inage processing method of
the present invention includes: an area specifying step of outputting 15
area information used for specifying, in correspondence with imge data, a
m xed area in which foreground object conponents formng a foreground

obj ect and background object conponents form ng a background object are

m xed; and a mxture-ratio estimting step of estimating a m xture ratio
20 indicating the ratio of the foreground object conponents and the
background obj ect conponents in the m xed area based on the area
information and the noving direction_ of the foreground object by assum ng
that the 3Rt GBS ETETRINGEY s CATKBAMP] iR Aty SAMPIPEEdFect to the
position_of the 2 ixel. - 13 .In the mxture-ratiq estimating step,
based on e SSFEETS & A9 T8 10 AR MiRGSk gt ertds PIFISG FAddCatC ta
foregrou%% area onS|st|n§&%f on%%athe f oregr.ound o ec% conponent s and
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my be gStiiBedatio of the pixel corresponding to the position on
the segment based on the position on the segment parallel to
the moving direction of the foreground object.
The mixture-ratio estimating means may estimate the
mixture ratio of the pixel corresponding to the position on
10 the segment based on the position on the segment obliquely
intersecting with the moving direction of the foreground
object.
A second image processing method of the present
invention includes: an area specifying step of outputting
15 area information used for specifying, in correspondence with
image data, a mixed area in which foreground object
components forming a foreground object and background object
components forming a background object are mixed; and a
mixture-ratio estimating step of estimating a mixture ratio
20 indicating the ratio of the foreground object components and
the background object components in the mixed area based on
the area information and the moving direction of the
foreground object by assuming that the mixture ratio changes
substantially linearly with respect to the position of the

25 pizxel.



In the m xture-ratio estimating step, the mxture ratio 10 of the pixel
corresponding to the position on the segnent nay be estimated based on the
position on the segnment parallel to the noving direction of the foreground
object. In the mxture-ratio estimating step, the mxture ratio of the

pi xel corresponding to the position on the segnent 15 may be esti mated
based on the position on the segnent obliquely intersecting with the noving
direction of the foreground object. A programof a second recording nmedi um
of the present invention includes: amarea specifying step of outputting
20 area information used for specifying, in correspondence with imge data,
a mxed area in which foreground object conponents foLning S fgreground
obj ect and back und, object conponents form ng a background object are
ni&ed; and a Eﬂ?igﬁr@}FEPFS—EéFFﬂaFFﬁ@méFéBgoFtg?tiPﬁFFagoé f®ture ratio

25 indicati .the ratiq of the foreground gbj.ect cqonponents and - 14 the
backgrouﬁgsg%fggtO@oﬁpgﬁghegﬁ WAORE PRCe GRSt 68 BRSEFIORCS RE & ea
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that the mx

POST L1 0N oBfrbR8AR SPEXE! el oS Mibie L3 83LITAL! 00,5LER. haged on the

pOSiti on on a Sengent whose one en . S p Itroned at a oregr ar ea
Con5|§t'Qgegfc%ﬂ%is%ﬁ%gfQEGQBQQth%bb%%&ground object components,

the segment traversing the mixed area, the mixture ratio of
the pixel corresponding to the position on the segment may
be estimated.
In the mixture-ratio estimating step, the mixture ratio
10 of the pixel corresponding to the position on the segment
may be estimated based on the position on the segment
parallel to the moving direction of the foreground object.
In the mixture-ratio estimating step, the mixture ratio
of the pixel corresponding to the position on the segment
15 may be estimated based on the position on the segment
obliquely intersecting with the moving direction of the
foreground object.
A program of a second recording medium of the present
invention includes: an area specifying step of outputting:
20 area information used for specifying, in correspondence with
image data, a mixed area in which foreground object
components forming a foreground object and background object
components forming a background object are mixed; and a
mixture-ratio estimating step of estimating a mixture ratio

25 indicating the ratio of the foreground object components and



conponents and the other end is positioned at a background 10 area
consisting of only the background object conponents, the segnent
traversing the m xed area, the mxture ratio of the pixel corresponding to
the position on the segnment nay be estimated. In the m xture-ratio
estimating step, the mxture ratio 15 of the pixel corresponding to the
position on the segnent nay be estimated based on the position on the
segnent parallel to the noving direction of the foreground object. In the
m xture-ratio estimating step, the m xqgre ratio of the pixe

corresponding to the position on the segnment 20 may be estinmated based on
the position on the segnent obliquely intersecting with the noving
direction_of th f oregroynd object. A second program of the present

i nvent i ofrP&l PGREIZOUBENPRISC T GOBRRREPES 4R AP&adx&s Pyiedg based on

out puttin 25 area_dnformation used for specifying, in _correspondence wth
- 12 inﬁgg 85?5,lgfﬁfyg&lgpegnﬁnawﬁPgﬁnﬁbFé&ﬁ&&ﬁ&goﬁfeéﬁe conponent s

backor ound SR Sen kS ReFoay g BN AR 2Rer Ry sdR ey erehosr.

backgr ound obj ect” "are-m Xe an

estimti Xt UuRe . ratl indi.cat i ti_,o_of .the fareground object
conponen?gbg%gh{%ﬁéggagEgggg%g g%%gcfgg8%%§n§%t€ '%sﬁﬁéoﬁifgd%éFea based on
the ayeayiintrmation and the noving direction of the foreground object by

assum ng ' that the m xture ratio changes
In the mixture-ratio estimating step, based on the

position on a segment whose one end is positioned at a
foreground area consisting of only the foreground object
components and the other end is positioned at a background
10 area consisting of only the background object components,
the segment traversing the mixed area, the mixture ratio of
the pixel corresponding to the position on the segment may
be estimated.
In the mixture-ratio estimating step, the mixture ratio
15 of the pixel corresponding to the position on the segment
may be estimated based on the position on the segment
parallel to the moving direction of the foreground object.
In the mixture-ratio estimating step, the mixture ratio
of the pixel corresponding to the position on the segment
20 may be estimated based on the position on the segment
obliquely intersecting with the moving direction of the
foreground object.
A second program of the present invention allows a
computer to execute: an area specifying step of ocutputting

25 area information used for specifying, in correspondence with



substantially linearly with respect to a position of the 10 pixel. In the
m xture-ratio estinmating step, based on the position on a segnent whose
one end is positioned at a foreground area consisting of only the
foreground object conponents and the other end is positioned at a
background 15 area consisting of only the background object conmponents,

the segnent traversing the m xed area, the mxture ratio of the pixel
corresponding to the position on the segnment nay be estimated. In the

m xture-ratio estinmating step, the mixigire ratio 20 of the pixel
corresponding to the position on the segnent nay be estinmated based on the
position on the segnent parallel to the noving direction of the foreground

object. I,n the mxture-ratio estinatin ste the m xture ratio of the
pi xel cort@Holiditiy taomtwdp(?ﬁetai gt & %e?fr?érﬁundzpwtbe esti mat ed

based th RSt on t se nent obl.i que |ntersect|ng with the
ma)l\s;iengogl 031% n(?ﬁll I%]%g‘lnfgolae L?r?cfoélﬁ’jdé&bj ":'AEtsg’é‘tﬁinéD b ebdiesd
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i nt egr at | ng nction ata
p'XelSdaE%dl%%%ﬁnﬁp%%!fiﬁ%&o”%%n%he foreground object components and

the background object components in the mixed area based on
the area information and the moving direction of the
foreground object by assuming that the mixture ratio changes
substantially linearly with respect to a position of the
10 pixel.
In the mixture-ratio estimating step, based on the
position on a segment whose one end is positioned at a
foreground area consisting of only the foreground object
components and the other end is positioned at a background
15 area consisting of only the background object components,
the segment traversing the mixed area, the mixture ratio of
the pixel corresponding to the position on the segment may
be estimated.
In the mixture-ratio estimating step, the mixture ratio
20 of the pixel corresponding to the position on the segment
may be estimated based on the position on the segment
parallel to the moving direction of the foreground objectﬂ
In the mixture-ratio estimating step, the mixture ratio
of the pixel corresponding to the position on the segment

25 may be estimated based on the position on the segment



for outputting area information used for specifying, in 10 correspondence
with the image data, a m xed area in which foreground object conponents
form ng a foreground object and background object conmponents form ng a

backgr ound obj
estimating a
15 conponents

ect are mxed; and m xture-ratio estinmating neans for
m xture ratio indicating the ratio of the foreground object
and t he background obj ect conponents in the m xed area based

on the area informati on and the noving direction of the foreground object
by assuming that the mxture ratio chpgges substantially linearly with
respect to a position of the pixel. 20 The m xture-ratio estimating neans

may estimate,
positione

based on the position on a segnent whose one end is
a foreground area consisting of only the foreground object

at
conponent®®Ef e IR TS SSHd NS Wddt thsh P Hing Haagiriaun®E diea consi sti ng

of only the bacﬁﬁ{ound obj ect components, 25 the segnment traversing the

m xed ar e SHE

position on tRe seg

Y MWESTtio of - 17 the pixel corresponding to the
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including a predetermined number of pixels, the pixels

10

15

20

25

having a time integrating function, as image data formed of
a predetermined number of pixel data; area specifying means
for outputting area information used for specifying, in
correspondence with the image data, a mixed area in which
foreground object components forming a foreground object and
background object components forming a background object are
mixed; and mixture-ratio estimating means for estimating a
mixture ratio indicating the ratio of the foreground object
components and the background object components in the mixed
area based on the area information and the moving direction
of the foreground object by assuming that the mixture ratio
changes substantially linearly with respect to a position of
the pixel.

The mixture-ratio estimating means may estimate, based
on the position on a segment whose one end is positioned at
a foreground area consisting of only the foreground object
components and the other end is positioned at a background
area consisting of only the background object components,

the segment traversing the mixed area, the mixture ratio of



intersecting with the noving direction of the foreground 10 object. In
correspondence with image data, a mxed area in which foreground object
conponents form ng a foreground object and background obj ect conponents
form ng a background object are m xed and a non-m xed area forned of a
foreground 15 area consisting of only the foreground object conmponents and
a background area consisting of only the background object conponents are
specified. Based on the ratio of the width of the mxed area in a
predeterm ned direction with respect- i{p the noving direction of the

f oreground object conponent, 20 the width of the m xed area being
specified by the area information, to the distance fromthe position of a
designatﬁgepixel to the ed%E,of the m xed grea in the predeterm ned

di rect i ofr?€aPAFRLuCETEESPETCHGT A0 et BE S IdOR0 e tthiSe s SIME Mor egr ound
obj ect compongnts and the 25, background object conponents of the designated
pi xel is - 18$H§s?? e TAreg ?ﬁ26Wﬁg%P8nh8§88 ?gy §EE$WF§Fn§Pegn )
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backgs ouRl0R6GhoCATREREALS b +hie riirked AR oo B3t I Mt ed based on the
area i nformation

The mixture-ratio estimating means may estimate the
mixture ratio of the pixel corresponding to the position on
the segment based on the position on the segment obliquely
intersecting with the moving direction of the foreground

10 object.

In correspondence with image data, a mixed area in
which foreground object components forming a foreground
object and background object components forming a background
object are mixed and a non-mixed area formed of a foreground

15 area consisting of only the foreground object components and
a background area consisting of only the background object
components are specified. Based on the ratio of the width
of the mixed area in a predetermined direction with respect
to the moving direction of the foreground object component,

20 the width of the mixed area being specified by the area
information, to the distance from the position of a
designated pixel to the edge of the mixed area in the
predetermined direction, a mixture ratio indicating the
ratio between the foreground object components and the

25 background object components of the designated pixel is



and the noving direction of the foreground object by 10 assum ng that the
m xture rati o changes substantially linearly with respect to the position
of the pixel. Wth this arrangenent, the m xture state in an inage can be
detected. 15 Brief Description of the Drawings Fig. 1 illustrates an
enbodi ment of an inmage processing apparatus according to the present

invention. Fig. 2 is a block diagramillustrating the inage processing
apparatus. 20 Fig. 3 illustrates the inmage capturing perfornmed by a

sensor. Fig. 4 illustrates the arrangepgnt of pixels. Fig. 5 illustrates
the operation of a detection device. Fig. 6Aillustrates an i mage obtai ned

by image 25 capturing an object corresponding to a noving foreground and -
19 an(ﬂéé%gméggfesponding to a stationary background. Fig. 6B illustrates
a nodel of an i mage obtai ned by inage-capturing an object corresponding to

_ . : ; _ i 5
2 moving for agroundand.an-ablscl 07 ga00RdLAg 0,8 Stationary B

background. Fig. 771 rates a gro
mi xed ar Ga.cr GRS e dackoruath aned, ANGIALLUINGQUELAd, PGk Qund area.
Fig. 8 illustrates a nodel obtai ned by "éxpanding In e
components forming a foreground object and background object
5 components forming a background object are mixed is output.
A mixture ratio indicating the ratio of the foreground
object components and the background object components in
the mixed area is estimated based on the area information
and the moving direction of the foreground object by
10 assuming that the mixture ratio changes substantially
linearly with respect to the position of the pixel.

With this arrangement, the mixture state in an image

can be detected.

15 Brief Description of the Drawings
Fig. 1 illustrates an embodiment of an image processing
apparatus according to the present invention.
Fig. 2 is a block diagram illustrating the image
processing apparatus.
20 Fig. 3 illustrates the image capturing performed by a
sensor.
Fig. 4 illustrates the arrangement of pixels.
Fig. 5 illustrates the operation of a detection device.
Fig. 6A illustrates an image obtained by image-

25 capturing an object corresponding to a moving foreground and



10 time direction the pixel values of pixels aligned side-by- side in an
i mage obtai ned by inage-capturing an object corresponding to a stationary
foreground and an the object corresponding to a stationary background.

Fig. 9 illustrates a nodel in which pixel values are 15 expanded in the
time direction and the period corresponding to the shutter tine is _
divided. Fig. 10 illustrates a nodel in which pixel values are expanded in

the tine direction and the period corresponding to the shutter tine is
divided. 20 Fig. 11 illustrates a nodelgin which pixel values are expanded
inthe tinme direction and the period corresponding to the shutter tine is
divided. Fig. 12 illustrates an exanple in which pixels in a foreground
area, a back round area, and.a m xed area.,are 25 extracted. - 20 Fig. 13

i | | ust r af8s “PAE e CREFERERT n@éﬁﬁeénSﬁ@%ép§ar¥n@a§k@6@épdobtalned by

d h di ti 14 illustrates a
monal i nowni ohEBckr SLERErAreS®s LofBhGRG RN CHATE| ABtaiRERtPEn and the

per 00, CULABARRILg. pho A NE S UL LBl ided ELgp l 1 ust rates
peri od cge&@aﬁzeu%ngndt 9nt B304 L8 rEsPBnind Y9895 tationary
5 background.
Fig. 7 illustrates a background area, a foreground area,
a mixed area, a covered background area, and an uncovered
background area.

Fig. 8 illustrates a model obtained by expanding in the

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

Fig. 9 illustrates a model in which pixel values are

15 expanded in the time direction and the period corresponding

. to the shutter time is divided.

Fig. 10 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time 1s divided.

20 Fig. 11 illusfrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.

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

25 extracted.



10 Fig. 16 illustrates a nodel in which pixel values are expanded in the
time direction and the period corresponding to the shutter tine is

divided. Fig. 17 illustrates a nodel in which pixel values are expanded in
the tine direction and the period corresponding 15 to the shutter tinme is
divided. Fig. 18 illustrates a nodel in which pixel values are expanded in
the time direction and the period corresponding to the shutter tine is
divided. Fig. 19 is a flowhart illustrating the processing for 20

adjusting the anbunt of notion blur.-Fp@.-20 is a bl ock di agram
illustrating an exanple of the configuration of an area specifying unit
103. Fig. 21 illustrates an i mage when an object corresponding to a
foreground is_noving. . Fig..22 illustrates a . nodel in which pixel values
are - 21 expgﬁgédegnliggsfgﬁgeaiFé@tF8ﬁa§ﬁ8nfﬁépﬁekﬁ5ﬁe€8rPé§ﬁ&ﬁding to
t he shutter, tl j Lvided. . Fig. 23 i].ustrates a.,nodel in which pixe

atla %dc?ﬁ q)btatlﬁldec% ibﬁ’g FRESHIBh B Rlﬁ%elpevraﬁd’dascolrnr nding 5

val ues are expanded Tn e I'Tec
to the SQthghfg%¥%J§hcﬁvided. Fig. 24 illustrates a nodel in which pixe
val ues are expan ed it the time direction and the period corresponding to

the shutter t?@&.i§4dEYEQQQra%E9'azéohghuihr@hg%htB%x%?nggﬁhggsaggr
determ ning the
5 expanded in the time direction and the period corresponding
to the shutter time is divided.

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

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

Fig. 17 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding

15 to the shutter time is divided.

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

Fig. 19 is a flowchart illustrating the processing for

20 adjusting the amount of motion blur.

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

Fig. 21 illustrates an image when an objedt
corresponding to a foreground is moving.

25 Fig. 22 illustrates a model in which pixel values are



10 area. Fig. 26A illustrates an exanple of the result obtained by
specifying the area by the area specifying unit 103. Fig. 26B illustrates
an exanple of the result obtained by specifying the area by the area
specifying unit 103. 15 Fig. 26C illustrates an exanple of the result
obtained by specifying the area by the area specifying unit 103. Fig. 26D
illustrates an exanple of the result obtained by specifying the area by the
area specifying unit 103. Fig. 27 illustrates an exanple of the result
obtained 20 by specifying the area by,{he area specifying unit 103. Fig.
28 is a flowhart illustrating the area specifying processing. Fig. 29 is
a block diagramillustrating another exanple of the configuration of the
area specifying unit 103. 25 Fig. 30 illustrates a nodel in which pixel

val ues af&Pansed dpnihgedime die& oGt ndianee tthen Pavd ocheopaeispending
corresponding to the shytter tine. s divided. Fig. 31 illustrates an
exanplg &P §%ﬁa5%§F5GﬁthW§gé§ devgdeshb s a block diagramillustrating the

5, oont gurat | g0gofad BLIGEL:SPLECL Lnge PAUIAELLIG.RR1( 90,0307, P10, 394
the CalC%&%&hﬁ%doﬁnat%%rkﬁh%thggection and the period corresponding
5 to the shutter time is divided.

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

Fig. 25 illustrates the conditions for determining the

10 area.

Fig. 26A illustrates an example of the result obtained
by specifying the area by the area specifying unit 103.

Fig. 26B illustrates an example of the result obtained
by specifying the area by the area specifying unit 103.

15 Fig. 26C illustrates an example of the result obtained
by specifying.the area by the area specifying unit 103.

Fig. 26D illustrates an example of the result obtained
by specifying the area by the area specifying unit 103.

Fig. 27 illustrates an example of the result obtained

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

Fig. 28 is a flowchart illustrating the area specifying
processing.

- Fig. 29 is a block diagram illustrating another example
of the configuration of the area specifying unit 103.

25 Fig. 30 illustrates a model in which pixel values are



10 value. Fig. 34Aillustrates the calculation of a correlation value.

Fig. 34Billustrates the calculation of a correlation value. 15 Fig. 35
illustrates an exanple of the binary object image. Fig. 36 is a bl ock
diagramillustrating the configuration of a tinme change detector 303. Fig.
37 illustrates determ nations nmade by an area 20 determ ning portion 342.
Fig. 38 illustrates an exanple of determ nations made by the time change
detector 303. Fig. 39 is a flowchart illustrating the area specifying
processing performed by the area specidyi-ng unit 103. 25 Fig. 40 is a
flowchart illustrating details of the area - 23 specifying processing.

Fig. 41 is a block diagramillustrating still another configuration of the

Lfyi At 3,.Fl0...42 i bl ock.diagramllustrati the 5
cont gur StPSRERA"Th B rO g g oPorrron "So Prary, CRELEEPEStLates
motlon_ CceEpeRsathan (el LoRIEq Dy 19 JIRL! on conpensator 381 Flg. 4

illustrates notion conpensation pertorred by the notion conpensator 381.
Fig. 31 illustrates an example of a background image.

Fig. 32 is a block diagram illustrating the
5 configuration of a binary-object-image extracting portion
302.
Fig. 33A illustrates the calculation of a correlation
value.
Fig. 33B illustrates the calculation of a correlation
10 value.
Fig. 34A illustrates the calculation of a correlation
value.
Fig. 34B illustrates the calculation of a correlation
value.
15 Fig. 35 illustrates an example of the binary object
image.
Fig. 36 is a block diagram illustrating the
configuration of a time change detector 303.
Fig. 37 illustrates determinations made by an area
20 determining portion 342.
Fig. 38 illustrates an example of determinations made
by the time change detector 303.
Fig. 39 is a flowchart illustrating the area specifying
processing performed by the area specifying unit 103.

25 Fig. 40 is a flowchart illustrating details of the area



10 Fig. 45 is a flowhart illustrating the area specifying processing.

Fig. 46 is a flowhart illustrating details of the robust processing. Fig.
47 is a block diagramillustrating the 15 configuration of a mxture-ratio
calculator 104. Fig. 48 illustrates an exanple of the ideal mxture ratio
a. Fig. 49 illustrates a nodel in which pixel values are expanded in the
time direction and the period corresponding 20 to the shutter tine is
divided. Fig. 50 illustrates a nodel in which pixel values are expanded in
the tine direction and the period corrgsponding to the shutter tine is
divided. Fig. 51 illustrates a nodel in which pixel values are 25 expanded
inthe time direction and the period corresponding - 24 to the shutter
time is divided., Fig. 52 illustrates a nodel in which pixel values are
expanded Pt 31P9h§r8FP§@PP8h and the period corresponding to the shutter

time is divided, 5,Fig, 53 illpstrates th ing f | cul ating th
mxture ratio % Hotosd PROSRTROARAR: 11 FOOERBLP A FheL prOERREF ng for

Calcu'a?kggfﬁgﬁrgkégﬂr%fr%hgoagéa gb%bi%%ik% %n&%p%%gart i11ustrating the
processing fo

Fig. 42 is a block diagram illustrating the

5 configuration of a robust-processing portion 361.

Fig. 43 illustrates motion compensation performed by a
motion compensator 381.

Fig. 44 illustrates motion compensation performed by
the motion compensator 381.

10 Fig. 45 is a flowchart illustrating the area specifying
processing.

Fig. 46 is a flowchart illustrating details of the
robust processing.

Fig. 47 is a block diagram illustrating the

15 configuration of a mixture-ratio calculator 104.

Fig. 48 illustrates an example of the ideal mixture
ratio o.

Fig. 49 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding

20 to the shutter time is divided.

Fig. 50 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.

Fig. 51 illustrates a model in which pixel values are

25 expanded in the time direction and the period corresponding



10 calculating the mxture ratio a of a pixel belonging to the m xed area.
Fig. 56 is a block diagramillustrating an exanple of the configuration of
a foreground/ background separator 105. Fig. 57A illustrates an input "
i mge, a foreground 15 conponent inmage, and a background conponent i mage.
Fig. 57B illustrates a nodel of an input image, a foreground conponent

i mage, and a background conponent image. Fig. 58 illustrates a nodel in

whi ch pixel values are expanded in the time direction and the period
corresponding 20 to the shutter tine jg divided. Fig. 59 illustrates a
nodel in which pixel values-are expanded in the time direction and the
period corresponding to the shutter tinme is divided. Fig. 60 illustrates a

nmodel in which pixel valyes are .25 expanded in the time direction and the
peri od c&Pr&gﬁoﬁhpﬁéef 350 &5 feVaRiEter tine is divided. Fig. 61 is a

bl ock di L] ' anpl e . of ,the copfiguration of a separating
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5 Fig. 53 illustrates the processing for calculating the
mixture ratio «.

Fig. 54 is a flowchart illustrating the processing for
calculating the mixture ratio o.

Fig. 55 is a flowchart illustrating the processing for

10 calculating the mixture ratio @ of a pixel belonging to the
mixed area.

Fig. 56 is a block diagram illustrating an example of
the configuration of a foreground/background separator 105.

Fig. 57A illustrates an input image, a foreground

15 component image, and a background component image.

Fig. 57B illustrates a model of an input image, a
foreground component image, and a background component image.

Fig. 58 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding

20 to the shutter time is divided.

Fig. 59 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.

Fig. 60 illustrates a model in which pixel values are

25 expanded in the time direction and the period corresponding



10 Fig. 64 is a block diagramillustrating another configuration of the

i mage processi ng apparatus according to the present invention. Fig. 65 is
a block diagramillustrating the configuration of a noving-direction
estimating unit 701. 15 Fig. 66 illustrates bl ock matching of a
notion-vector detector 721. Fig. 67A illustrates an eval uation bl ock.

Fig. 67B illustrates an evaluation block. Fig. 67Cillustrates an

eval uation block. 20 Fig. 67D illustrates an evaluation block. Fig. 68 is
a block diagramillustrating the confgguration of a m xture-ratio
calculator 702. Fig. 69 is a flowhart illustrating the

f or egr ound/ background separation processing. 25 Fig. 70 is a flowchart
illustrating.the nmoving -, 26  direction obtaining processing. Fig. 71 is a
f I owchar t*9 IgCIhL?stsrbé’ﬁ 1S e 4 H9¢SF-or  cal culating the mixture ratio a.
Fig. 72 is a ELOWCEEVt illgztr ti,ng the pr cessing for 5 calculating the
mxture ratio a%of °4 pCx8 PHEFSnIiRGTED fhEUSHEREdnGr 88, SEPRPLI®3°Es a bl ock
di agram ik ustrat.i ti | aot her _ caonfigurati.on of the image processing
apparatu§h§Egg?ﬁ%ﬁggFﬁlqphéﬁng§g aﬁ%%hﬁéﬁgﬂ{tlon ot

Fig. 62A illustrates an example of a separated

5 foreground component image.
Fig. 62B illustrates an example of a separated
background component image.
Fig. 63 is a flowchart illustrating the processing for
separating a foreground and a background.

10 Fig. 64 is a block diagram illustrating another
configuration of the image processing apparatus according to
the present invention.

Fig. 65 is a block diagram illustrating the
configuration of a moving-direction estimating unit 701.

15 Fig. 66 illustrates block matching of a motion-vector
detector 721,

Fig. 67A illustrates an evaluation block.
Fig. 67B illustrates an evaluation block.
Fig. 67C illustrates an evaluation block.

20 Fig. 67D illustrates an evaluation block.

Fig. 68 is a block diagram illustrating the
configuration of a mixture-ratio calculator 702.
Fig. 69 is a flowchart illustrating the

foreground/background separation processing.

25 Fig. 70 is a flowéhart illustrating the moving-



10 Fig. 74 is a flowhart illustrating the foreground/ background
separation processing. Best Mdde for Carrying Qut the Invention Fig. 1
illustrates an enbodi ment of an inage processing 15 apparatus according to
the present invention. A CPU (Central Processing Unit) 21 executes various
types of processing according to prograns stored in a ROM (Read Only
Menory) 22 or in a storage unit 28. Prograns executed by the CPU 21 and
data are stored in a RAM (Random Access 20 Menory) 23 as required. The CPU
21, the ROM 22, and the RAM 23 are cgyected to each other by a bus 24. An
i nput/output interface 25 is also connected to the CPU 21 via the bus 24.
An i nput unit 26, which is forned of a keyboard, a nouse, a m crophone,

and so on. g an og&gut 25 unit 27, which is formed of a display, a
speaker , éﬁ&c §Oo8nobra3ning, progrssidd o the |nput/output interface 25.

Tnput from tﬁéeﬁﬁtpﬁf b1 ¢ B iR eoy DISERERLAG Hhec SRBRERRARE B couna
obt ai ned gic@l%%%ﬂ t?ﬁekhgt%{? %%%%I gy to the output unit 27. The storage

unit 28 connec npu put interface 25 is forned of, for

exanple a hafg?d'§§ 1QQ% ff£95ﬁ§r9r99£§g§r§§ggat@geb r&g ngd

vari ous types (0] conmmuni cat1 on unl comuni Ca es
ext eral c10cdexireagVicaet Rexkt-er Rak 18" caRet a%l&%t:m@ionbﬁntghlt% exanmpl e,

mixed area.

Fig. 73 is a block diagram illustrating still another
configuration of the image processing apparatus according to
the present invention.

10 Fig. 74 is a flowchart illustrating the

foreground/background separation processing.

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

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



t he communi cation unit 29 serves as an obtaining unit for obtaining an
out put of a sensor. Alternatively, a program nmay be obtained via the
comuni cation unit 29 and stored in the storage unit 28. 15 A drive 30
connected to the input/output interface 25 drives a magnetic disk 51, an
optical disc 52, a magneto- optical disk 53, a sem conductor nenory 54, or
the li ke, when such a recording nediumis attached to the drive 30, and
obtains a programor data stored in the corresponding 20 nmedi um The

obt ai ned programor data is transferreghbto the storage unit 28 and stored
therein if necessary. Fig. 2 is a block diagramillustrating the imge
processi ng apparatus. It does not matter mhetrer thedigdixidgal funcééons
of 25 the inmage processing apparatus are inplenmente y hardware - or
sof t war e.ar?né’tog’in'?%tﬁ’i’e 9 53'1? dirRpr R et Hindecfaq fa%cat iThe BRP 17

har dwar e bl oclgc di agrans or soft e functional block diagrans. In t_hi S
speci fi c&EEN, S5 Vi g S 5yl?€sc\j\9%t’r HREF &5 S Sh AFRRM S %h 2obj ect in the

ho | mgS BBBSETRGT A50R 6o P BB e do AMBlb e lodtiedot | ng uni t
101, an o8Pl e W oty o3 AL LE00YRY3CkY qynd 10 separator
5 processing to the output unit 27.

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

10 device via the Internet or another network. 1In this example,
the communication unit 29 serves as an obtaining unit for
obtaining an output of a sensor.

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

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

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

Fig. 2 is a block diagram illustrating the image
processing apparatus.

It does not matter whether the individual functions of

25 the image processing apparatus are implemented by hardware



The object extracting unit 101 extracts a rough inmage object correspondi ng
to a foreground object contained in the input imge, and supplies the
extracted i mage object to a notion detector 102. The object extracting
unit 101 detects, 15 for exanple, an outline of the foreground i mage obj ect
contained in the input inmage so as to extract a rough image object
corresponding to the foreground object. The object extracting unit 101
extracts a rough inmage object corresponding to a background object
contained in the 20 input inmage, and s4pplies the extracted inmage object
to the notion detector 102. The object extracting unit 101 extracts a
rough i mage object corresponding to the background object from for
exanpl e, the difference between the _input inmage and the extracted image
obj ect cOFr ESpdHaTRg FHaito ithe H6r &Josindicreds. of Adisal ternatively, for
exanpl e, the.qghject extracting unit 101 may extract the rough inmage object
cor r espoft§iig -G HE™ F@Ve&?o%ﬁJQWﬁﬁﬁz 16K FHEIT68Gh AtnEgd tsirect

correspo di%%& to t%ﬁ b%fﬁground object fromthe difference between the 5
backgr oud P Crag83dt 88N F*89G™t-i n background menory and the i nput

i mage. The notjo t r-102 calculates_a mption vector qf the roughly
extracted ina%% gg?gcgség%FégﬁgﬁaPhga?ol?ﬁgen?SrgarSGH U6Bfect according to

a teanigUEre%BBRdﬁ%gbkgcgnlgbqgg%hﬁggth%r%ggﬁnkbrega%% %%%%%&%%ﬁ%%’ or
pel -recursive
as an image object.

An input image supplied to the image processing
apparatus is supplied to an object extracting unit 101, an
area specifying unit 103, and a foreground/background

10 separator 105.

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

15 for example, an outline of the foreground image object
contained in the input image so as to extract a rough image
object corresponding to the foreground object.

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

20 input image, and supplies the extracted image object to the
motion detector 102. The object extracting unit 101
extracts a rough image object corresponding to the
background object from, for example, the difference between
the input image and the extracted image object corresponding

25 to the foreground object.



t echni que, and supplies the calcul ated notion vector and the notion-vector
positional information (which is information for specifying the positions
of the pixels corresponding to the notion vector) to the area specifying -
unit 103 and the 15 m xture-ratio cal culator 104. The notion vector output
fromthe notion detector 102 <contains information corresponding to the
anount of novenent V. The notion detector 102 may out put the notion vector
of 20 each inmage object, together with the pixel positional information
for specifying the pixels for the inmgggobject, to the area specifying
unit 103 and the m xture-ratio calculator 104. The anount of novenent v is
a value indicating a 25 positional change in an inmage corresponding to a
nmoving - 30 object in units of the pixel pitch. For exanple, if an object
i mage correspbhdragetdvaivor £§rogHamPe enplheg OPIERt ekaracting dndpl ayed at
a positi 3@ four pixels aviay froma reference frame when it is positioned
in the suyTedi@ntt*FBCnd1q FOURbIMEIT FR\RSTe fORF LIPATKE éhjtéc tthamge
correspogdi ng to the foreground.is 4. The area specifying unit 103
determ n &ﬁe%wﬁ opy e§ec @&d;&%ﬁ&”ﬁ]b&ma@%%a%ur@%eé&“&”@ i xed
area eac Lxel of the input, i bel ongs,, and supplies information 10
i ndi cat i &é’ &ge\/\/r]ﬁa&lfggroéléldgé)gﬂ eﬁ@%ﬁroﬁblt&?gsdl(ﬁgerr&nﬁ?ﬁptb&tween the
5 background image stored in a built-in background memory and
the input image.
The motion detector 102 calculates a motion vector of
the roughly extracted image object corresponding to the
foreground object according to a technique, such as block
10 matching, gradient, phase correlation, or pel-recursive
technique, and supplies the calculated motion vector and the
motion-vector positional information (which is information
for specifying the positions of the pixels corresponding to
the motion vector) to the area specifying unit 103 and the
15 mixture-ratio calculator 104.
The motion vector output from the motion detector 102
contains information corresponding to the amount of movement
V.
The motion detector 102 may output the motion vector of
20 each image object, together with the pixel positional
information for specifying the pixels for the image object,
to the area specifying unit 103 and the mixture-ratio
calculator 104.

The amount of movement v is a value indicating a

25 positional change in an image corresponding to a moving



referred to as "area information") to the mxture-ratio calculator 104 and
t he foreground/ background separator 105. The m xture-ratio cal cul ator 104
calculates the mxture ratio corresponding to the pixels contained in a

m xed area 15 (hereinafter referred to as the "m xture ratio a") based on
the notion vector and the positional information thereof supplied fromthe
notion detector 102, and the area information supplied fromthe area

speci fying unit 103, and supplies the calculated mxture ratio to the 20

f or eground/ background separator 105._Thg oi xture ratio a is a val ue
indicating the ratio of the imge conponents corresponding to the
background object (hereinafter also be referred to as "background
conmponents”) to the pixel value as expressed by equation (j:;%, which is 25
shown bel®RA.ect IR YRS Gledrituiiitiic Rjridithd ESFaretaw ios idepdr at es t he

i nput i mage ir]clt}o. a foreground conponent image forned of only the inmge
conponent e’é‘&ﬂ’?dicr?g"lieosptor?éhf etgjjrcﬂmfd"igﬁﬁlié?ﬂnd (Ferndid vl so be

referredttoa as, "fi%r eog‘r oaté_nd C onents")_ .5 and a background comnmponent i nmage
formed of 6l y* T HE BEKGHS ¢ ShRSHERT O h & G- EHS AW fat i on

:EBB: : gg ﬁ‘ei%%ﬁ%i%en%(atﬁ%r Zf?“(raeaI {%tl (r:% %’Eﬂls’tajtt(];l(r)o?)ﬁﬁfji&an e(r)ntﬁx'%quﬁregql{e[a}#eof (())r(egr ound
conpogents i jrpge dnd a%%n@%@rn%%e%wr%efﬂthelooﬂjr@cgce'image
corresponding to the foreground is 4.

The area specifying unit 103 determines to which of a
foreground area, a background area, or a mixed area each
pixel of the input image belongs, and supplies information

10 indicafing to which area each pixel belongs (hereinafter
referred to as "area information") to the mixture-ratio
calculator 104 and the foreground/background separator 105.
The mixture-ratio calculator 104 calculates the mixture
ratio corresponding to the pixels contained in a mixed area
15 (hereinafter referred to as the "mixture ratio a") based on
the motion vector and the positional information thereof
supplied from the motion detector 102, and the area
information supplied from the area specifying unit 103, and
supplies the calculated mixture ratio to the
20 foreground/background separator 105.

The mixture ratio a is a value indicating the ratio of
the image components corresponding to the background object
(hereinafter also be referred to as "background components")
to the pixel value as expressed by equation (3), which is

25 shown below.



A nore precise foreground and background can be obtained conpared to a
known nethod in which only a foreground and a background are specified
wi t hout considering the m xed area. 15 An input inage supplied to the
i mge processing apparatus is discussed belowwith reference to Figs. 3
through 18. Fig. 3 illustrates inmage capturing perfornmed by a sensor. The
sensor is fornmed of, for exanple, a CCD 20 (Charge-Coupl ed Device) video
canera provided with a CCD area sensor, which is a solid-state _
i mage-capturing device. An object lllygcarresponding to a foreground in the
real world noves, for exanple, horizontally fromthe left to the right,
bet ween an object 112 corresponding to a background 25 and the sensor. -
32 The sensor cagtures t he ingge of the object 111 corresponding to the
foreground t ogBENEPTRPFAURAAPRREGECHRD ERBAEBREL L9925E6BRAFBEEENERRG to the
background. The sensqr outputs the captured inmage in units of franmes. For
exanpl e, *HPHe 1EEFSor GGt FutO TETTONEGe IWHRRE™S0 fed LI 8foRRLY The
exposuretéjne of the sensor. can be 1/30,,secqnd. Th%t exposure %}ne is a
period f oM WHETS KETESRSOT SR & SPORIAS %Yy T °rlel(33ﬁ’tunidnt° J&C&ctri cal
charge until wh t he _.canversi fromthe input light to the electrica
char ge ighfﬁeﬁpﬁggﬁgdélfﬁe%gkﬁgkﬁFg%% s ¢ a|§5%%§@#¥%de?°£$€§S )
5 and a background component image formed of only the
background components based on the area information supplied
from the area specifying unit 103 and the mixture ratio o
supplied from the mixture-ratio calculator 104, and outputs
the foreground component image and the background component
10 image.
A more precise foreground and background can be
obtained compared to a known method in which only a
foreground and a background are specified without
considering the mixed area.
15 An input image supplied to the image processing
apparatus is discussed below with reference to Figs. 3
through 18.
Fig. 3 illustrates image capturing performed by a
sensor. The sensor is formed of, for example, a CCD
20 (Charge—-Coupled Device) video camera provided with a CCD
area sensor, which is a solid-state image-capturing device,
An object 111 corresponding to a foreground in the real
world moves, for example, horizontally from the left to the

right, between an object 112 corresponding to a background

25 and the sensor,.



"shutter time". Fig. 4 illustrates the arrangenent of pixels. In Fig. 4, A
through | indicate the individual pixels. The pixels are disposed on a
pl ane of a corresponding i mage. One 15 detection device corresponding to
each pixel is disposed on the sensor. \Wien the sensor perfornms inmage
capturing, each detection device outputs a pixel value of the
corresponding pixel formng the image. For exanple, the position of the
detection device in the X direction corresponds to the 20 hori zont al
direction on the inmage, while the pasidjdon of the detection device in the
Y direction corresponds to the vertical direction on the imge. As shown
in Fig. 5 the detection device, which is, for exanple, a CCD, converts
i nput 1ight |n o electrical charge 25 durln% period corresponding to a
shutter tine, ﬁdsgPBPEscapﬁgreFhEhEOHWQQ?eG eFB@tPP&&Ftcﬁéige The anount
of charge is e intensity of the |nput i ght and
t he per?S&rfgﬁpﬁﬁl g? %I °§$qr Hﬁg ?ﬂ@t@§Fe§Fi &F@@eS@ uential ly
adds the gle I arge converted he .in to the stored
electrlcaﬁ %Bﬁgg%d&ﬁgng LERE PSS g 3§p% &puﬁdth utttES 5 ne.
That is, e ti I egra t.h | i ght, durin

utg %ﬁ% c%%t%%%d qma@% gy h%its %f %@%&es 9 % FP?%Q 'char ge

peri od corr spon the sAULCer “time and st ores the ereé

CorrQ§poQﬂaneBQth§u%Eg%@ta%f1%@b%g%QQQQg1%O|quheslbe%age%%n%an'dered

that the detection device has
The exposure time of the sensor can be 1/30 second. The

exposure time is a period from when the sensor starts
converting input light into electrical charge until when the
conversion from the input light to the electrical charge is
10 finished. The exposure time is also referred to as a
"shutter time".
Fig. 4 illustrates the arrangement of pixels. 1In Fig.
4, A through I indicate the individual pixels. The pixels
are disposed on a plane of a corresponding image. One
15 detection device corresponding to each pixel is disposed on
the sensor. When the sensor performs image capturing, each
detection device outputs a pixel value of the corresponding
pixel forming the image. For example, the position of the
detection device in the X direction corresponds to the
20 horizontal direction on the image, while the position of the
detection device in the Y direction corresponds to the
vertical direction on the image.
As shown in Fig. 5, the detection device, which is, for
example, a CCD, converts input light into electrical charge

25 during a period corresponding to a shutter time, and stores



an integrating function with respect to tinme. The electrical charge stored
in the detection device is converted into a voltage value by a circuit
(not shown), and the voltage value is further converted into a pixel

val ue, 15 such as digital data, and is output. Accordingly, each pixel

val ue output fromthe sensor is a value projected on a |I|inear space, which
is aresult of integrating a certain three-dinensional portion of the

obj ect corresponding to the foreground or the background with respect to
the shutter 20 tine. The inmage processINg- apparatus extracts significant

i nformati on enbedded in the output signal, for exanple, the mxture ratio
a, by the storage operation of the sensor. The inage processing apparatus

L f | h f .noti
DS e BORYALcBL E7oEiRRy O iRl ??3%3@%89% eezgg%”%g%ce@?t solf .
| i st 1
1255eh”ﬁéﬁ{ﬂﬁﬂﬁ?%?h?%%???% Por BT o e to T Bt PRRY L€ NbadREy ouind
i mge obj.ggt Peéigugfo@ bk Lbystgat 9348 'lgﬂgﬁgegt a' B d by.captyring a

nmovi ng obj ect corresponding to a egr oun atlonary Obj ect

correspoa@baaetgeaugaeggiqyngddﬁlQh§6ﬁlbbk§ikrgt%ﬁar 3 LORge Qaral ned by
capturing a noving object CTorresponding to oregr and an stationary
obj ed cerbfspARIiAGuE01aghi0tBackdr auBded electrical charge during
the period corresponding to the shutter time. That is, the
detection device integrates the input light during the
period corresponding to the shutter time and stores the
electrical charge corresponding to the amount of integrated
10 light. It can be considered that the detection device has
an integrating function with respect to time.

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

15 such as digital data, and is output. Accordingly, each
pixel value output from the sensor is a value projected on a
linear space, which is a result of integrating a certain
three-dimensional portion of the object corresponding to the
foreground or the background with respect to the shutter

20 time.

The image processing apparatus extracts significant
information embedded in the output signal, for example, the
mixture ratio o, by the storage operation of the sensor.

The image processing apparatus adjusts the amount of

25 distortion, for example, the amount of motion blur, caused



Fig. 6Aillustrates an inmage obtained by capturing a noving object
corresponding to a foreground and a stationary object corresponding to a
background. In the exanple shown in Fig. 6A the object corresponding to’
the foreground is 15 noving horizontally fromthe left to the right wth
respect to the screen. Fig. 6B illustrates a nodel obtained by expanding
pi xel values corresponding to one line of the image shown in Fig. 6A in
the tine direction. The horizontal direction shown in 20 Fig. 6B
corresponds to the spatial direction-X4n-Fig. 6A. The values of the

pi xel s in the background area are fornmed only fromthe background
conponents, that is, the inmage conponents corresponding to the background

bj ) h th f, d 25 only
from t he o bbr B conpone'?rx%re' R R L L S i
corr espongi, g@etpgofc*é% 19° #@ *%J %‘itso gf-jusac' %% OfS toﬁ}rgmf'ﬁ;%e' S of the

m xed area ormed ackgroun conponen f or egr ound

conponens s ¢ oSG r;a%s\éal s o S chinkelos 1l e JHoted o Shagfe formed S

fromthe background conpone s and the foregroun ents, St may be

referredobgeat @nddidkObbicRY SR imhe Wpediarea is further classrfred
into a covered background area and an uncovered background area. The

coverd backgrogndear ealiistaafibyednalfagat oBtanBAShYi eBpEALiggPENdi ng to
the leading end in the direction
moving object corresponding to a foreground and a stationary
object corresponding to a background. Fig. 6B illustrates
an image obtained by capturing a moving object corresponding
to a foreground and a stationary object corresponding to a
10 background.

Fig. 6A illustrates an image obtained by capturing a
moving object corresponding to a foreground and a stationary
object corresponding to a background. 1In the example shown
in Fig. 6A, the object corresponding to the foreground is

15 moving horizontally from the left to the right with respect
to the screen,

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

20 Fig. 6B corresponds to the spatial direction X in Fig. 6A.

The values of the pixels in the background area are
formed only from the background_components, that is, the
image components corresponding to the background object.

The values of the pixels in the foreground area are formed

25 only from the foreground components, that is, the image



in which the foreground object is noving, where the background conponents
are gradually covered with the foreground over tine. In contrast, the
uncover ed background area is a mxed 15 area corresponding to the trailing
end in the direction in which the foreground object is noving, where the
background conponents gradually appear over tine. As discussed above, the
i mge containing the foreground area, the background area, or the covered
background area or 20 the uncovered background area is input into the area
specifying unit 103, the m xture-ratiozgalcul ator 104, and the

f or egr ound/ background separator 105 as the input inmage. Fig. 7 illustrates
t he background area, the foreground area, the m xed area, the covered
background area, ,and the 25 uncovere(;llr]r?a ck round area di scussed above. In
t he area§°m99§eqﬁﬁrﬁ&ﬁﬁﬁ%EQHQHﬂg 5 3@’ HEC%A, the backgrouEd
area is a statjonar ortion, the foreground area ;s novi n ortion, the
cover ed backg&hﬁn& épgﬁ 8f ?h@ RF%@S gfeggﬁsméxﬁgr?FSﬁ Fﬁﬁtfgﬁgﬁaes from

e G SR A R
bk oualng Gngl Rl A B TR, IS LIY B 11
'”3995ObE%bQEQH@/HEHQdHHdHBtégﬁﬁdﬂgﬁ%§ﬁaﬁ@ethe foreground components,
it may be referred to as a '"distortion area". The mixed
area is further classified into a covered background area
and an uncovered background area.
The cqvered background area is a mixed area at a
10 position corresponding to the leading end in the direction
in which the foregrouhd object is moving, where the
background components are gradually covered with the
foreground over time.
In contrast, the uncovered background area is a mixed
15 area corresponding to the trailing end in the direction in
which the foreground object is moving, where the background
components gradually appear over time.
As discussed above, the image containing the foreground
area, the background area, or the covered background area or
20 the uncovered background area is input into the area
specifying unit 103, the mixture-ratio calculator 104, and
the foreground/background separator 105 as the input image.
Fig. 7 illustrates the background area, the foreground
area, the mixed area, the covered background area, and the

25 uncovered background area discussed above. In the areas



obj ect corresponding to the stationary foreground and the inage of the

obj ect corresponding to the stationary background. For exanple, as the

pi xel s al i gned si de-by-si de, pi xel s arranged in one line on the screen
can be selected. 15 The pixel values indicated by FO1 through FO4 shown in
Fig. 8 are values of the pixels corresponding to the object of the
stationary foreground. The pixel values indicated by B0l through B04 shown
in Fig. 8 are values of the pixels corresponding to the object of the
stationary background. 20 Tine el apseggfromthe top to the bottomin Fig.
8 in the vertical direction in Fig. 8 The position at the top side of

t he rectangle in Fig 8 corresponds to the tirre at V\ﬂich t he sensor ﬁtarts
convertin n t int el ectrical char and the position at the
bott om si (ﬁp Jtl%‘ég et Ilé“"‘i‘i’ria Iflhg’“’rB dor rl&pcﬁ?ds the tpckanming whi ch
the - 37 conver5|o romthe in ﬁzg_fetl to the electrical charge is

fini shed 2 fat"5 lcﬂnsat ah &P tr‘lc?rﬂ't TSHCURS 132 Bt tfom si de of
o e e S a2
e 1 S M Sl S
the 1§ exREAHAW dny Frd Sred e %aacﬁ'&g%glfn%n Lneea l&f Ll %%xoefd

area is a portion that changes from the foreground to the

background.

Fig. 8 illustrates a model obtained by expanding in the

time direction the pixel values of the pixels aligned side-

10 by-side in the image obtained by capturing the image of the
object corresponding to the stationary foreground and the
image of the object corresponding to the stationary
background. For example, as the pixels aligned side-by-side,
pixels arranged in one line on the screen can be selected.

15 The pixel values indicated by FO0l through F04 shown in
Fig. 8 are values of the pixels corresponding to the object
of the stationary foreground. The pixel values indicated by
BOl through B04 shown in Fig. 8 are values of the pixels
corresponding to the object of the stationary background.

20 Time elapses from the top to the bottom in Fig. 8 in
the vertical direction in Fig. 8. The position at the top
side of the rectangle in Fig. 8 corresponds to the time at
which the sensor starts converting input light into
electrical charge, and the position at the bottom side of

25 the rectangle in Fig. 8 corresponds to the time at which the



the rectangle indicated by "FO1" in Fig. 8 to the right side of the
rectangl e indicated by "B04" is eight tinmes the pixel pitch, i.e., eight
consecutive pixels. Wien the foreground object and the background obj ect
15 are stationary, the light input into the sensor does not change during
the period corresponding to the shutter tinme. The period corresponding to
the shutter tine is divided into two or nore portions of equal periods.
For exanple, if the nunber of virtual divided portions is 4, the nodel
shown 20 in Fig. 8 can be represented §y the nodel shown in Fig. 9. The
nunber of virtual divided portions can be set according to the anount of
novenment v of the object corresponding to the foreground within the
shutter tine. For exanple, the nunber of virtual divided portions is set

to 4 wheFAWELSS Oihddi™ dfheovdiEnt! 3ghts Iptoyide el a5 isd lcseegfondi ng to

- 38 the shutter tjne js divided info four portions. The uppernost line in
Fig. 9 cdr E@M?d['o Y i35t tqkﬁ \Ffl(fé'r?npfeﬁ'ifd%?“f R iR S35 dutths  has
opened. The .second, i in Fig. 9.corresponds, to the second divi ded period
from 5 %ﬁgﬁ%glsdﬁutotf;%q?asre € 'Ilﬁ’esEF rd I9HEF SRR qfé’ esponds
to the thir I Vi period fromwhen the shutter has opened. The fourth
line in Eﬁﬁiﬁ%ﬁkﬁﬁ%%ponds to the fourth divided period fromwhen the

shuttgr has  9RenBdxetd THEwANYH! #14t! B2 atkvhdRd 1 BACERIANGE SRSt Ne
that, for example, the shutter time is equal to the frame
size.
The horizontal direction in Fig. 8 corresponds to the
spatial direction X in Fig. 6A. More specifically, in the
10 example shown in Fig. 8, the distance from the left side of
the rectangle indicated by "FO0l1" in Fig. 8 to the right side
of the rectangle indicated by "B04" is eight times the pixel
pitch, i.e., eight consecutive pixels.
When the foreground object and the background object
15 are stationary, the light input into the sensor does not
change during the period corresponding to the shutter time.
The period corresponding to the shutter time is divided
into two or more portions of equal periods. For example, if
the number of virtual divided portions is 4, the model shown
20 in Fig. 8 can be represented by the model shown in Fig. 9.
The number of virtual divided portions can be set according
to the amount of movement v of the object corresponding to
the foreground within the shutter time. For example, the

number of virtual divided portions is set to 4 when the

25 amount of movement v is 4, and the period corresponding to



of nmovenent v is also hereinafter referred to as the "shutter tine/v".

When t he
input in
conmponen
FO1 by t
correspo
FO2/v is
t he nunb
equal to
of virtu
to the v
vi rtual

backgrou
and t hus,
by divid
Simlarl
t he bac
t he pixe
backgs ou

10

15

20

25

obj ect corresponding to the foreground is stationary, the
to the sensor does not change, 15 and thus, the foreground
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portions,
Qﬂeﬁogﬂgngﬂhtﬁg§/ﬁa%so%%%%h.tOThe third line in Fig. 9
corresponds to the third divided period from when the
shutter has opened. The fourth line in Fig. 9 corresponds
to the fourth divided period from when the shutter has
opened.

The éhutter time divided in accordance with the amount
of movement v is also hereinafter referred to as the
"shutter time/v".

When the object corresponding to the foreground is
stationary, the light input into the sensor does not change,
and thus, the foreground component FOi/v is equal to the
value obtained by dividing the pixel value F0l by the number
of virtual divided portions. Similarly, when the object
corresponding to the foreground is stationary, the
foreground component F02/v is equal to the value obtained by
dividing the pixel value F02 by the number of virtual
divided portions, the foreground component F03/v is equal to
the value obtained by dividing the pixel wvalue F03 by the
number of virtual divided portions, and the foreground
component F04/v is equal to the value obtained by dividing

the pixel value F04 by the number of virtual divided

tions.
nary,
V|d|ng



t he val ue obtai ned by dividing the pixel value BO3 by the nunber of
virtual divided portions, and the background conponent BO4/v is equal to
t he val ue obtai ned by dividing the pixel value B04 by the nunber of '
virtual divided 15 portions. Mirre specifically, when the object _
corresponding to the foreground is stationary, the light corresponding to
the foreground object input into the sensor does not change during the
period corresponding to the shutter tinme. 20 Accordingly, the foreground
conponent FOl/v corresponding to the 39rst portion of the shutter tine/v
fromwhen the shutter has opened, the foreground conponent FO1/v
corresponding to the second portion of the shutter tinme/v fromwhen the

shutter ?Q&t%% ed, the foreground conponent 25 FOl/v corresponding to the
third portion of the shutter - 40 tinme/v fromwhen the shutter has opened,

' . di he f th ti f
The ' shutter FRRs) vFr SRpaRenPAE=SREPPRRONEE bBE b ckagahd fe same

the shutter tine/v €n has sane

val ue. The . 3amRa3R0! I8 g%@/i%p%ﬁqu R4/ Vs’(fn?szox_j rgo 2 the case of FO1/v.

When the object corresponding to ackgroun 5i|onary,at g’light

cor r espoRMdNG @ ,t e DBEHKGRSID LRIGHon P Ho 11 /A O & hensanser /E‘i’l%es not
change during the period corresponding to the shutter tinme. Accordingly,
the 19 baek@kowht 2GHNHIOBGNHiRAW ML M pAK RG 1R HYE iy She number
of virtual divided portions. Similarly, when the object
corresponding to the background is stationary, the
background component B02/v is equal to the value obtained by
dividing the pixel value B02 by the number of virtual

10 divided portions, the background component B03/v is equal to
the value obtained by dividing the pixel value B03 by the
number of virtual divided portions, and the background
component B04/v is equal to the value obtained by dividing
the pixel value B04 by the number of virtual divided

15 portions.

More specifically, when the object corresponding to the
foreground is stationary, the light corresponding to the
foreground object input into the sensor does not change
during the period corresponding to the shutter time.

20 Accordingly, the foreground component F0l/v corresponding to
the first portion of the shutter time/v from when the
shutter has opened, the foreground component F0l/v
corresponding to the second portion of the shutter time/v
from when the shutter has opened, the foreground component

25 FOl/v corresponding to the third portion of the shutter



portion of the shutter time/v fromwhen the shutter has opened, the
background conponent BO1l/v corresponding to the second portion of the
shutter tine/v fromwhen the shutter has opened, the background conponent:
BO1/v corresponding to 15 the third portion of the shutter tine/v from when
the shutter has opened, and the background conponent BOl1l/v corresponding
to the fourth portion of the shutter time/v fromwhen the shutter has
opened become the sanme value. The same applies to B02/v through B04/v. 20
A description is given of the case in which the object corresponding to
the foreground is noving and the object corresponding to the background is
stationary. Fig. 10 illustrates a nodel obtained by expanding in the tine
s in one. 25 line, including a

Cover ed DA DTG Wi THEE Gt Qe |SBARS:bor b e FaF a9 e
movenent VIR GEAA (i diind e, W fafed herdar F dimed that
const ant 81 Gar y- PR e on o HE MR s e (e divhoe (i he.
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frames | nHfd Gaskl.of k@ 1Pixels fromthe |eftnost pixel to the 10 fourth
pi xel belong to the foreground area. In Fig. 10, the

When the object corresponding to the background is
stationary, the light corresponding to the background object
input into the sensor does not change during the period |
corresponding to the shutter time. Accordingly, the

10 background component B01l/v corresponding to the first
portion of the shutter time/v from when the shutter has
opened, the background component B0l/v corresponding to the
second portion of the shutter time/v from when the shutter
has opened, the background component B0l/v corresponding to

15 the third portion of the shutter time/v from when the
shutter has opened, and the background component BOl/v
corresponding to the fourth portion of the shutter time/v
from when the shutter has opened become the same value. The
same applies to B02/v through B04/v.

20 A description is given of the case in which the object
corresponding to the foreground is moving and the object
corresponding to the background is stationary.

Fig. 10 illustrates a model obtained by expanding in
the time direction the pixel values of the pixelslin one

25 line, including a .covered background area, when the object



pixels fromthe fifth pixel to the seventh pixel fromthe left belong to
the m xed area, which is the covered background area. In Fig. 10, the

ri ght most pixel belongs to the background area. 15 The object
corresponding to the foreground is noving such that it gradually covers
t he object corresponding to the background over tinme. Accordingly, the
conponents contained in the pixel values of the pixels belonging to the
covered background area change fromthe background 20 conponents to the
foreground conponents at a certain timg during the period corresponding to
the shutter tinme. For exanple, the pixel value M surrounded by the thick
frame in Fig. 10 is expressed by equation (1) below. M=

B02/ v+B02/ v+FQ7/ v+F06/ v (%@ 25 For exanpl.e, the fifth pixel, 3&?n1the | ef t
cont aj ns CREreFPONGdRRgEouE Sc SRFETERUTEorSe EPYEIN Gt FPEn& 198 itn of the

shutter tjnme/y _.and_foregroynd nponents cqrresponding to ,three partions
of the sh&?teﬁotinépv?l§ndﬂphu %etﬁ@oﬁﬁitG%emQQ%WQBta%bﬁstﬁe f%ﬁpﬁepixe
fromthe left is 1.4. The sixth 5 pixel fromthe | eft contains background
Conponenpge gggpgsﬁgnaiﬁgoF$ Perlo 1t cadnbe assqud %%a% the

WO “por'tirons of “tThe “shutter tine/Vv and

fOregr0“Qﬂlj%%@p%?@teip%?ﬂi%%p%?itt @ Q] o g{dt ii%”%r %%g{i?g bod t“er time/v,

and t hus, e mxtureratio®a © e SiXx 1 xel is 1/2. The

severyh Rlobtho! WaTh! RBnsbht! GeaQRial1S BACKAGOUNY, CAHROBRR CakagRPONI NG
corresponding to the foreground is moving such that it is
positioned four pixels to thé right with respect to a
reference frame when it is displayed in the subsequent frame.
In Fig. 10, the pixels from the leftmost pixel to the
10 fourth pixel belong to the foreground area. In Fig. 10, the
pixels from the fifth pixel to the seventh pixel from the
left belong to the mixed area, which is the covered
background area. In Fig. 10, the rightmost pixel belongs to
the background area.
15 The object corresponding to the foreground is moving
such that it gradually covers the object corresponding to
the background over time. Accordingly, the components
contained in the pixel values of the pixels belonging to the
covered background area change from the background
20 components to the foreground components at a certain time
during the period corresponding to the shutter time.
For example, the pixel value M surrounded by the thick
frame in Fig. 10 is expressed by equation (1) below.
M = B02/v+B02/v+F07/v+F06/v (1)

25 For example, the fifth pixel from the left contains a



portions of the shutter time/v and a foreground conponent corresponding to
one portion of the shutter tine/v, and thus, the mxture ratio a of the
fifth pixel fromthe left is 3/4. It can be assuned that the object
corresponding to the 15 foreground is a rigid body, and the foreground
object is noving with constant velocity such that it is displayed four
pixels to the right in the subsequent frame. Accordingly, for exanple, the
foreground conponent FO7/v of the fourth pixel fromthe left in Fig. 10
corresponding to the first 20 portian g§ the shutter tine/v fromwhen the
shutter has opened is equal to the foreground conponent of the fifth

pi xel fromthe left in Fig. 10 corresponding to the second portion of the
shutter F /v fromwhen the shutter has opened. Simlarly, the foreground
conponen 9F9up§ €&W§Pn?§ttGOFH€SQGP9dP@Uﬁ@ OFFpHFaTRiozf ofhdhsi xt h pi xel

fromthe |ef in Fi 10 corresponding to the third portion of the
shutt er b’ﬁ%ﬁﬁ Fﬁ@ﬁ/%hé %tﬁ repEeusA ﬁ&?gﬁﬁéﬂéﬁ ceFF esRednggteund
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FO6/v of chbReekBbhHing to two portions of the shutter time/v and
foreground components corresponding to two portions of the
shutter time/v, and thus, the mixture ratio o of the sixth
pixel from the left is 1/2. The seventh pixel from the left
10 contains background components corresponding to three
portions of the shutter time/v and a foreground component
corresponding to one portion of the shutter time/v, and thus,
the mixture ratio o of the fifth pixel from the left is 3/4.
It can be assumed that the object corresponding to the
15 foreground is a rigid body, and the foreground object is
moving with constant veiocity such that it is displayed four
pixels to the right in the subsequent frame. Accordingly,
for example, the foreground component F07/v of the fourth
pixel from the left in Fig. 10 corresponding to the first
20 portion of the shutter time/v from when the shutter has
opened is equal to the foreground component of the fifth
pixel from the left in Fig. 10 corresponding to the second
portion of the shutter time/v from when the shutter has
opened. Similarly, the foreground component F07/v is equal

25 to the foreground component of the sixth pixel from the left



pi xel fromthe left in Fig. 10 corresponding to the first portion of the
shutter tine/v fromwhen the shutter has opened is equal to the foreground
conponent of the fourth pixel fromthe left in Fig. 10 corresponding to

t he second 15 portion of the shutter time/v fromwhen the shutter has
opened. Simlarly, the foreground conponent FO6/v is equal to the
foreground conponent of the fifth pixel fromthe left in Fig. 10
corresponding to the third portion of the shutter tine/v fromwhen the
shutter has opened, and the foregroundy3z20 conponent of the sixth pixel
fromthe left in Fig. 10 corresponding to the fourth portion of the shutter
tinmel/v fronlmhen the shutter has opened. It can be assuned that the object

di foregroynd is a_rigid body, and the foreground object
o 5 hourng k- A0 GRS TPOrAOG (5 Shen thige BEn o s S0 SPOHET 44

I th bse t.f Accordin for exanple, the
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conpqpengrEQSQﬁehstﬁgughutkgrtBgsfggggggund conponent of the fourth pixel
fromthe 10 left in Fig. 10 corresponding to the third portion of the

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

10 for example, the foreground component F06/v of the third
pixel from the left in Fig. 10 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is equal to the foreground component of the fourth
pixel from the left in Fig. 10 corresponding to the second

15 portion of the shutter time/v from when the shutter has
opened. Similarly, the foreground component F06/v is equal
to the foreground compohent of the fifth pixel from the left
in Fig. 10 corresponding to the third portion of the shutter
time/v from when the shutter has opened, and the foreground

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

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

25 moving with constant velocity such that it is displayed four



shutter tinme/v fromwhen the shutter has opened, and the foreground
conponent of the fifth pixel fromthe left in Fig. 10 corresponding to the
fourth portion of the shutter tine/v fromwhen the shutter has opened. 15
It can be assumed that the object corresponding to the foreground is a
rigid body, and the foreground object is noving with constant velocity
such that it is displayed four pixels to the right in the subsequent

frame. Accordingly, for exanple, the foreground conponent FO04/v of the

| eft most 20 pixel in Fig. 10 correspongiing to the first portion of the
shutter tine/v fromwhen the shutter has opened is equal to the foreground
conponent of the second pi xel fromthe left in Fig. 10 corresponding to

t he second tlon f hutter ti /v fromwhen the shutter has opened.
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expanding in
pixel from the left in Fig. 10 corresponding to the second

portion of the shutter time/v from when the shutter has
opened. Similarly, the foreground cbmponent FO05/v is equal
to the foreground component of the fourth pixel from the

10 left in Fig. 10 corresponding to the third portion of the
shutter time/v from when the shutter has opened, and the
foreground component of the fifth pixel from the left in Fig.
10 corresponding to the fourth portion of the shutter time/v
from when the shutter:has opened.

15 It can be assumed that the object corresponding to the
foreground is a rigid body, and the fdreground object is
moving with constant velocity such that it is displayed four
pixels to the right in the subsequent frame. Acéordingly,
for example, the foreground component F04/v of the leftmost

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

25 the foreground component F04/v is equal to the foreground



the time direction the pixel values of the pixels in one line including an
uncover ed background area when the object corresponding to the foreground
is noving to the right in Fig. 11. In Fig. 11, the anount of novenent v i's
4. Since 15 one frane is a short period, it can be assuned that the object
corresponding to the foreground is a rigid body noving w th constant
velocity. In Fig. 11, the object image corresponding to the foreground is
noving to the right such that it is positioned four pixels to the right
with respect 20 to a reference frame-w®n-it is displayed in the subsequent
frame. In Fig. 11, the pixels fromthe | eftnost pixel to the fourth pixe
bel ong to the background area. In Fig. 11, the pixels fromthe fifth pixel

to the seventh pixels from.the 25 | eft. bel qng t.0 the m xed area, which is
an uncovéFgﬁopé%g 0525@ rghﬁgdaﬁéiéir$ﬁﬂqi% 1§ A Hﬁhngp pi xel bel ongs
to the fareqr .area. js r i t @ _t.he far.earound which
covers tc%g%%ggégt%lggsﬁgs}%%d%?gleﬁ% %%%Zﬁ%g?&%d s?lsu#oevri %d'%%uch 5 that it
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time. Accordingly, the conponents ontained 1| e pi ues of the
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from when the shutter has opened.

Since the foreground area corresponding to the moving
object contains motion blur as discussed above, it can aiso
be referred to as a "distortion area".

10 . Fig. 11 illustrates a model obtained by expanding in
the time direction the pixel values of the pixels in one
line including an uncovered background area when the object
corresponding to the foreground is moving to the right in
Fig. 11. 1In Fig. 11, the amount of movement v is 4. Since

15 one frame is a short period, it can be assumed that the
object corresponding to the foreground is a rigid body
moving with constant velocity. In Fig. 11, the object image
corresponding to the foreground is moving to the right such
that it is positioned four pixels to the right with respect

20 to a reference frame when it is displayed in the subsequent
frame.

In Fig. 11, the pixels from the leftmost pixel to the
fourth pixel belong to the background area. 1In Fig. 11, the
pixels from the fifth pixel to the seventh pixels from the

25 left belong to the mixed area, which is an uncovered



For exanple, the pixel value M surrounded by the thick frame in Fig. 11
is expressed by equation (2). M = F02/v+FOl/v+B26/v+B26/v (2) For exanple
the fifth pixel fromthe | eft contains 15 background conponents
corresponding to three portions of the shutter tinme/v and a foreground
conponent corresponding to one shutter portion of the shutter tine/v, and
thus, the mxture ratio a of the fifth pixel fromthe left is 3/4. The
sixth pixel fromthe |eft contains background conponents 20 correspondi ng
to two portions of the shutter tine/yv gnd. foreground conponents
corresponding to two portions of the shutter tine/v, and thus, the m xture
ratio a of the sixth pixel fromthe left is 1/2. The seventh pixel from
the left ntai ns a background conponent cqrresponding to one portion 25
of the sPGFgSFOPPﬁeP6e§nd 8 égPourtd +c ShFoFdEMOsA7 PiXed, BEREREFENF o

t hree porﬁ% ns of the shutter tinme/v, and thus, the mxture ratio a of the
sevent h pi OFEGROERE PEFE- is 1/4. Wen equations (1) and (2) are

I d, |, 5 val M, ti 3
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bOdy’SWhEﬁQt'it”Q%'BQaWh%El%OQ%%%@%d from the object corresponding

to the background over time. Accordingly, the components
contained in the pixel values of the pixels belonging to the
uncovered background area change from the foreground
components to the background components at a certain time of
10 the period corresponding to the shutter time.
For example, the pixel value M' surrounded by the thick
frame in Fig. 11 is expressed by equation (2).
M' = F02/v+F01/v+B26/v+B26/v (2)
For example, the fifth pixel from the left contains
15 background components corresponding to three portions of the
shutter time/v and a foreground component corresponding to
one shutter portion of the shutter time/v, and thus, the
mixture ratio o of the fifth pixel from the left is 3/4.
The sixth pixel from the left contains background components
20 corresponding to two portions of the shutter time/v and
foreground components corresponding to two portions of the
shutter time/v, and thus, the mixture ratio o of the sixth
pixel from the left is 1/2. The seventh pixel from the left
contains a background component corresponding to one portion

25 of the shutter time/v and foreground components



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

f oreground conponent FOl/v of the fifth pixel fromthe left in Fig. 11
corresponding to the first portion of the shutter tinme/v fromwhen the
shutter has opened is 15 equal to the foreground conponent of the sixth

pi xel from the left in Fig. 11 corresponding to the second portion of the
shutter tinme/v fromwhen the shutter has opened. Similarly, the foreground
conponent FOl/v is equal to the foreground conponent of the seventh pixel
fromthe left in 20 Fig. 11 correspandjifig.to the third portion of the
shutter tinme/v fromwhen the shutter has opened, and the foreground
conponent of the eighth pixel fromthe left in Fig. 11 corresponding to
the fourth portion of the shutter tinme/v fromwhen the shutter has opened.
- 48 |t COZIACEROREIRAe Ot FAT S @OFBLoRS Odr by SHdtAgn ¢imed V. f @ndlgr ound i s
arigid’ dé, WﬁiCh-ii anin%,mﬁth constant velocity, and the amount of
movenent WUPs ARCARGSEHTSGINE 10 Gy Odx S SeVERE Ty Higgrlo fr@Te SRsoReFt FO2/ v
of the s&xtq 5 pi xel fromthe left in Fig. 11 corresponding to the first
portion ot tﬁe'shutter time/v fromwhen the shutter has opened is equal to

he f f i xel f he | in Fig. 11
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shut ter QgguéoMoggRege §kﬁkgg%g¥hg§2%8%g%§%50%gq,conponent FO2/v is equa

to the foreground conpone pixelr‘fromthe

M=o-B+ E:Fi /v (3)
i

where o is the mixture ratio, B indicates a pixel value of
the background, and Fi/v designates a foreground component.
It can be assumed that the object corresponding to the
10 foreground is-a rigid body, which is moving with constant
velocity, and the amount of movement is 4. Accordingly, for
example, the foreground component F0l/v of the fifth pixel
from the left in Fig. 11 corresponding to the first portion
of the shutter time/v from when the shutter has opened is
15 equal to the foreground component of the sixth pixel from
the left in Fig. 11 corresponding to the second portion of
the shutter time/v from when the shutter has opened.
Similarly, the foreground component F0l/v is equal to the
foreground component of the seventh pixel from the left in
20 Fig. 11 corresponding to the third portion of the shutter
time/v from when the shutter has opened, and the foreground
component of the eighth pixel from the left in Fig. 11
corresponding to the fourth portion of the shutter time/v

from when the shutter has opened.



left in Fig. 11 corresponding to the third portion of the shutter tinme/v
fromwhen the shutter has opened. It can be assuned that the object
corresponding to the 15 foreground is a rigid body, which is noving with"'
constant velocity, and the amount of novement v is 4. Accordingly, for
exanpl e, the foreground conponent FO3/v of the seventh pixel fromthe left
in Fig. 11 corresponding to the first portion of the shutter tine/v from
when the shutter has 20 opened is equal to the foreground conponent of the
eighth pixel fromthe left in Fig. 1}igaorresponding to the second portion
of the shutter tinme/v fromwhen the shutter has opened. It has been
described with reference to Figs. 9 through 25 11 that the nunber of
virtual divided portjons is 4. Tge - 49 nunber of virtual divided portions
cor r esponds tBttE%naH%uﬁfsu%?dnB Bhehbe v OPERREr GPFYESSPRRIARBURP BREnDVerment
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portion of the shutter time/v from when the shutter has
opened is equal to the foreground component of the seventh
pixel from the left in Fig. 11 corresponding to the second
portion of the shutter time/v from when the shutter has

10 opened. Similarly, the foreground component F02/v is equal
to the foreground component of the eighth pixel from the
left in Fig. 11 corresponding to the third portion of the
shutter time/v from when the shutter has opened.

It cén be assumed that the object corresponding to the

15 foreground is a rigid body, which is moving with constant
velocity, and the amount of movement v is 4. Accordingly,
for example, the foreground component F03/v of the seventh
pixel from the left in Fig. 11 corresponding to the first
portion of the shutter time/v from when the shutter has

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

It has been described with reference to Figs. 9 through

25 11 that the number of virtual divided portions is 4. The



the left with respect to a certain frane when it is positioned in the
subsequent frane, the anount of novenent v is set to 6, and the nunber of
virtual divided portions is 15 set to 6. Figs. 12 and 13 illustrate the
relationship of the foreground area, the background area, and the m xed
area which consists of a covered background or an uncovered background,
whi ch are di scussed above, to the foreground 20 conponents and the
background conmponents corresponding to the divided periods of the shutter
time. Fig. 12 illustrates an exanpl e_ifgwhich pixels in the foreground
area, the background area, and the m xed area are extracted from an i nage
contai ning a foreground 25 corresponding to an object moving in front of a
stationary - 50 background, In the exanple shown in Fig. 12, the object
cor r espofi G @& Wérgﬂaégrddd’ﬁ&Q%d%%rétwsof%ﬁ%qumq Fontdle Emeswritng wi t h
respect ta the screen Frame #n+l is _a frame subsequent to frame #n, and
frame 5%nIPVeleRY Vanp GENSEEdddnt T AMGHR tyRifL MOSemanE iWh t he f or egr ound

area, the back r ound ar and , the m xed area are extracted from one of
frames #5X1 g’ dn arl‘fn(f)“"t"ﬁ%“—l’arﬁS’Cr’r‘F‘[‘]l cﬂ‘fa e GF |%°rsré3csl3c°61dd—ngA nmodel
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foregsound i$ie foreground is moving such that it is displayed four
pixels to the right with respect to a certain frame when it
is positioned in the subsequent frame, the amount of
movement v is set to 4. The number of virtual divided
portions is set to 4 in accordance with the amount of
10 movement v. Similarly, when the object corresponding to the
foreground is moving such that it is displayed six pixels to
the left with respect to a certain frame when it is
positioned in the subsequent frame, the amount of movement v
is set to 6, and the number of virtual divided portions is
15 set to 6.

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

20 components and the background components corresponding to
the divided periods of the shutter time.

Fig. 12 illustrates an example in which pixels in the
foreground area, the background area, and the mixed area are

extracted from an image containing a foreground

25 corresponding to an object moving in front of a stationary



novi ng, the pixel values in the foreground area are fornmed of four
different foreground conponents corresponding to the shutter time/v. For
exanple, the leftnost pixel of the 15 pixels in the foreground area shown'
in Fig. 13 consists of FO1l/v, FO2/v, FO3/v, and FO04/v. That is, the pixels
in the foreground contain notion blur. Since the object corresponding to

t he background is stationary, light input into the sensor corresponding to
the 20 background during the shutter tinme does not change. In this case,

t he pixel values in the background areggdo not contain notion blur. The

pi xel values in the m xed area consisting of a covered background area or
an uncovered background area are 25 formed of foreground conponents and
background conmponents.. - 51 A description s _given below of a nodel

obt ai ned PBFFIELYRTdi nd™ FHENE*ARE ISt oft He pildel W@ 08I S the
B o1 ooateq SerpRE S o sl ey ke Dhnred Wed i | mge
cort eSPoRLAS LS SR 3 DY Moo ST Soghen Lhe Tmege
Si do- by- 5 de. TEBTE A171, 2R, poEr PR CEUEROy RO ER T ek B e it Baten  The-
tinme gi r%(ht-ljzorlst he Mixel %U‘M&ieﬁ}ﬁe"i’lrte 3 119nGR %F.nq-ei'.by’ si de
Pixels in the foreground area, the background area, and
the mixed area are extracted from one of frames #n through
#n+2, and the amount of movement v is set to 4. A model
obtained by expanding the pixel values of the extracted
10 pixels in the time direction is shown in Fig. 13.
Since the object corresponding to the foreground is
moving, the pixel values in the foreground area are formed
of four different foreground components corresponding to the
shutter time/v. For example, the leftmost pixel of the
15 pixels in the foreground area shown in Fig. 13 consists of
F0l1/v, F02/v, FO03/v, and F04/v. That is, the pixels in the
foreground contain motion blur.
Since the object corresponding to the background is
stationary, light input into the sensor corresponding to the
20 Dbackground during the shutter time does not change. In this
case, the pixel wvalues in the background area do not contain
motion blur.
The pixel values in the mixed area consisting of a

covered background area or an uncovered background area are

25 formed of foreground components and background components.



in three frames of an imge obtained by capturing an object
to a stationary background and which are
t he franes.

correspondi ng
| ocated at the sane positions in
Frame #n is 15 the frane subsequent to frane #n-1, and frane

#n+l is the frame subsequent to franme #n. The sane applies to the other

franes.

The pi xel

corresponding to the stationary background 20 object. Since the object
corresponding to the background is stationary, the pixel values of the
corresponding pixels in frame #n-1 thgough franme #n+l do not change.

exanpl e,

the pixel in frame #n and the pixel in frame #n+l | ocated at

correspondi ng position of the pixel having the pixel 25 value BO5 in f

#n-1 have theApier va

15 illustrates a nodel obtai
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For example, when the image corresponding to the object is
moving horizontally with respect to the screen, pixels
aligned on the screen can be selected as the pixels aligned
side-by-side. |

Fig. 14 illustratés a model obtained by expanding in
the time direction the pixels which are aligned side-by-side
in three frames of an image obtained by capturing an object
corresponding to a stationary background and which are
located at the same positions in the frames. Frame #n is
the frame subsequent to frame #n-1, and frame #n+l is the
frame subsequent to frame #n. The same applies to the other
frames.

The pixel values B0l through B12 shown in Fig. 14 are
pixel values corresponding to the stationary background
object. Since the object corresponding to the background is
stationary, the pixel values of the corresponding pixels in
frame #n-1 through frame #n+l do not change. For example,
the pixel in frame #n and the pixel in frame #n+l located at
the corresponding position of the pixel having the pixel

value BO5 in frame #n-1 have the pixel value B05.



di spl ayed four pixels to the right in the subsequent frane. Accordingly,
t he anobunt of novenent v is 4, and the nunber of virtual divided portions
is 4. 15 For exanple, the foreground conmponent of the leftnost pixel of -
frame #n-1 in Fig. 15 corresponding to the first portion of the shutter
time/v fromwhen the shutter has opened is F12/v, and the foreground
conponent of the second pixel fromthe left in Fig. 15 corresponding to
the second 20 portion of the shutter tine/v fromwhen the shutter has
opened is also F12/v. The foreground nent of the third pixel fromthe
left in Fig. 15 corresponding to the third portion of the shutter tinme/v
fromwhen the shutter has opened and the foreground conponent of the
fourth pixel from25 the left in Fig. 15 corresponding to the fourth
portion of - B33-the thivserateiervNPeem AREALRAE BHutkBANAdBIOpRNed are
F12/v. The foreground CQnBonent of the leftnost pixel of frame #n-1 in
Fig. 15 &BFr E4PEnatngctdorndhSePokg lsor o 6t Re 195eeh SO LY Fe,E from
when the,shutter has opened is , F11/v._ The faoreground cqnmponent qf the
second piRel 'FEBmiERESRaPE o LERGS PBLAGRERS BndARG g TBna ™ RBASor ti on
of the shutter tine/v fromwien the shutter, has _opened i s also F11/v. The
foregrouﬁ8r58§B8ﬁgﬁFgoF°tﬁefPﬁF95°BP§eF%P oﬁFtngﬁgﬁi%Pntﬁngl?Btlén
corresponding,to.th rth. _porti .Qf .t shutter..tinme/v_ fromwhen the
shut?%r Egg'oééng g?gkg%ly&ﬁe a% %gjgct Q%rrggpondlng”%o a
stationary background and which are located at the same
positions in the frames. The model shown in Fig. 15
contains a covered background area.
In Fig. 15, it can be assumed that the object
10 corresponding to the foreground is a rigid body moving with
constant velocity, and that it is moving such that it is
displayed four pixels to the right in the subsequent frame.
Accordingly, the amount of movement v is 4, and the number
of virtual divided portions is 4.
15 For example, the foreground component of the leftmost
pixel of frame #n-1 in Fig. 15 corresponding to the first
portion of the shutter time/v from when the shutter has
opened 1is Fl2/v, and the foreground component of the second
pixel from the left in Fig. 15 corresponding to the second
20 portion of the shutter time/v from when the shutter has
opened is also F12/v. The foreground component of the third
pixel from the left in Fig. 15 corresponding to the third
portion of the shutter time/v from when the shutter has

opened and the foreground component of the fourth pixel from

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



The foreground conponent of the |eftnost pixel of frame #n-1in Fig. 15
corresponding to the third portion of the shutter tinme/v fromwhen the
shutter has opened is F10/v. 15 The foreground conponent of the second

pi xel fromthe left 1in Fig. 15 corresponding to the fourth portion of the
shutter tinme/v fromwhen the shutter has opened is also F10/v. The
foreground conponent of the leftnost pixel of franme #n-1 in Fig. 15
corresponding to the fourth portion of 20 the shutter tine/v from when the
shutter has opened is FO09/v. Since 1hgyabject corresponding to the
background is stationary, the background conponent of the second pixel
fromthe left of frane #n-1 in Fig. 15 corresponding to the first portion
of the shutter time/v fromwhen the shutter 25 has opened is B01l/v. The
backgr oufrdtec SRFEHERt $18R/VnE TOR Wien Fhe shyditer, §@st RRerett 3f frame #n-1
in Fig. 13 corresponding to the first and second portions of the shutter
time/v fF3R Ywhen the shutter has opened are B02/v. The background
conmponent s of

comonent s Of hicel2unt Bl Ehulh IS sl bt SLeLate Fdybornebigy 19,
[ om uherpL e ILE! °% oSl fies Mhte LA LIS g 10, the
rocord, USRI KoL Lol YRR, SATANEE LU AP e aren
The foreground component of the second pixel from the left
in Fig. 15 corresponding to the third portion of the shutter
time/v from when the shutter has opened is also Fll/v. The
foreground component of the third pixel from the left in Fig.
10 15 corresponding to the fourth portion of the shutter time/v
from when.the shutter has opened is Fll/v.
The foreground component of the leftmost pixel of frame
#n-1 in Fig. 15 corresponding to the third portion of the
shutter time/v from when the shutter has opened is F10/v.
15 The foreground component of the second pixel from the left
in Fig. 15 corresponding to the fourth portion of the
shutter time/v from when the shutter has opened is also
F10/v. The foreground component of the leftmost pixel of
frame #n-1 in Fig. 15 corresponding to the fourth portion of
20 the shutter time/v from when the shutter has opened is F09/v.
Since the object corresponding to the background is
stationary, the background component of the second pixel
from the left of frame #n-1 in Fig. 15 corresponding to the

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

25 has opened is B0l/v. The background components of the third



The fifth through twelfth pixels fromthe left of frame #n-1in Fig. 15
bel ong to the background area, and the pixel values thereof are B04

t hrough B11l, respectively. 15 The first through fifth pixels fromthe left
inframe #n in Fig. 15 belong to the foreground area. The foreground
component in the shutter tine/v in the foreground area of frane #n is any
one of FO5/v through F12/v. It can be assuned that the object
corresponding to the 20 foreground is a rigid body moving with constant
velocity, and that it is noving such ghat the foreground inmage is

di spl ayed four pixels to the right in the subsequent frame. Accordingly,

t he foreground conponent of the fifth pixel fromthe left of frame #n in

Fig. 15 carr ndl 5 first portion of the shutter tinme/v from
whgn t he & 3:% ﬂ'fsthcoﬁé gne piorly 1nfd 3 -hd F SUGEIRRPESDonent  of
the six eI t left in Fi 15 correspqndiing tqg the second
portion f:# Qﬁ)eé Sf]llftst et r‘?e/c\?nffr @rﬂlﬁgr@r?st r?efoﬁ’t?ht g’r tﬁgrfs tdﬂ\{-?r{ﬁ’d :@:‘?I o)
F12/v. The foneqr e f vent romthe le in
Fig. 15 %rres%%n%%QQt% % hﬁa% c(lit port |B(§)) of t nbd ui“r‘?e/v from when

the shut E%Enfptom%%tgp%&ectgaen%methf g)d&%rloﬂ%%erﬂgour f]ztt A 122 gaLh pixel

fromthe le correspo h™ por ti

e ol S s A o
of the shutter time/v from when the shutter has opened are
B03/v.

| In frame #n—-1 in Fig. 15, the leftmost pixel from the
left belongs to the foreground area, and the second through

10 fourth pixels from the left belong to the mixed area, which
is a covered background area.

The fifth through twelfth pixels from the left of frame
#n-1 in Fig. 15 belong to the background area, and the pixel
values thereof are B04 through Bll, respectively.

15 The first through fifth pixels from the left in frame
#n in Fig. 15 belong to the foreground area. The foreground
component in the shutter time/v in the foreground area of
frame #n is any one of F05/v through F12/v.

It can be assumed that the object corresponding to the

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

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



left of frame #n in Fig. 15 corresponding to the second portion of the
shutter tinme/v fromwhen the shutter has opened is F11/v. The foreground
conponent of the sixth 15 pixel fromthe left in Fig. 15 corresponding to -
the third portion of the shutter time/v fromwhen the shutter has opened
is also Fll/v. The foreground conponent of the seventh pixel fromthe left
in Fig. 15 corresponding to the fourth portion of the shutter tine/v from
when the shutter 20 has opened is FIl/v. The foreground conponent of the
fifth pixel fromthe left of frame #ngin_Fig. 15 corresponding to the
third portion of the shutter time/v fromwhen the shutter has opened is
F10/v. The foreground conponent of the sixth 25 pixel fromthe left in Fig.
15 corresponding to the fourth - 56 portion of the shutter tine/v from
when t he FafutdRshethd s Sfed iy Frysgropnd fenmrprsintd cdorfdsnent of t he
fifth pixel .framthe left of franme #n in Fig. 15 corresponding to the
fourth psrtiTh Porshd =iutthe Yabte/ AP fridh FYHE P IKliNErthdd opened i s

o oo S SRNSS OGRS AR TE g U, gralienary, (he
Lo oy A e LS 57 R0, B SO SRl (4 Rt e
pi xel 5]c r%"é'\/tetﬁetrll %fig(eqf ffrro?t{mc}fén l'er%é:'lgl EJi5g cqd ecsoorornedsipno%dti%g to the

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

has opened and the foreground component of the eighth pixel

from the left in Fig. 15 corresponding to the fourth portion

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

10 F12/v.

The foreground component of the fifth pixel from the
left of frame #n in Fig. 15 corresponding to the second
portion of the shutter time/v from when the shutter has
opened is F1l1l/v. The foreground component of the sixth

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

20 has opened is Fll/v.

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

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



the first and second portions of the shutter tinme/v from when the shutter
has opened are B0O6/v. The background conponents of the eighth pixel from
the left of frame #n in 15 Fig. 15 corresponding to the first through third
portion of the shutter time/v fromwhen the shutter has opened are

BO7/v. In frame #n in Fig. 15, the sixth through eighth pixels fromthe

| eft belong to the m xed area, which is a covered 20 background area. The
ninth through twelfth pixels fromthe left of frame #n in Fig. 15 bel ong
to the background area, and the pixel ggal ues thereof are BO8 through Bll
respectively. The first through ninth pixels fromthe left in frane 25
#n+l in Fig. 15 belong to the foreground area. The - 57 foreground
conponent in the shutter tine/v in the foreground area of frame #n+l is

any one BPTESPPvOLNtBEgRPLERF. tHhiteddn fﬁéma§’§@|‘r’e&hiehéﬂ“uttﬁ€r05‘1aéct

corresponding to th reground is a ri |d body novi wi t h_const.ant
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Since the object corresponding to the background is
stationary, the background component of the sixth pixel from
the left of frame #n in Fig. 15 corresponding to the first
portion of the shutter time/v from when the shutter has

10 opened is B05/v. The background components of the seventh
pixel from the left of frame #n in Fig. 15 corresponding to
the first and second portions of the shutter time/v from
when the shutter has opened are B06/v. The background
components of the eighth pixel from the left of frame #n in

15 Fig. 15 corresponding to the first through third portion of
the shutter time/v from when the shutter has opened are
BO7/v.

In frame #n in Fig. 15, the sixth through eighth pixels
from the left belong to the mixed area, which is a covered

20 Dbackground area.

The ninth through twelfth pixels from the left of frame
#n in Fig. 15 belong to the background area, and the pixel
values thereof are B08 through Bll, respectively.

The first through ninth pixels from the left in frame

25 #n+l in Fig. 15 belong to the foreground area. The



second portion of the shutter tine/v fromwhen the shutter has opened is
al so F12/v. The foreground conponent of the eleventh pixel fromthe |eft
in Fig. 15 corresponding to the 15 third portion of the shutter tinme/v from
when the shutter has opened and the foreground conponent of the twelfth
pixel fromthe left in Fig. 15 corresponding to the fourth portion of the
shutter tinme/v fromwhen the shutter has opened are F12/v. 20 The
foreground conponent of the ninth pixel fromthe left of frame #n+l in
Fig. 15 corresponding to the second _ppjtion of the shutter time/v from
when the shutter has opened is F11/v. The foreground conponent of the
tenth pixel fromthe left in Fig. 15 corresponding to the third 25 portion
of the shutter tine/v fromwhen the shutter has - 58 opened is also Fl1l/v.
The f or edPEEIFOEEFp SREWCTSI L HE e PaMtoF tdmef/ Mokt Fhe &oregromng 15
corresponding to the fourth portion of the shutter tlne/v from when the
shutter %88 Gferd&dmes #Iﬂﬂll\}s S‘n‘Yh(?nPoPéng@l}r{d’ EERSENE 18/ Vi-he ninth pi xel
fromthe Ief& of frsne #n+1 F g % orrespondlng to .the thlrd portion
of the shutte tFﬁE/ S POAFRRENERAE & atPBaeﬁascoaﬁs BANALNE15Py Ehhe
foregrou d t of, the.te tgIy i xel fromthe | n Fi
correspo% § £0 Y ésfgu ﬁﬁlfo% t%@ﬁlgﬁ s RS nﬁlﬁ§ﬁ9%ﬂF€h1mhen t he
ShUtt§r Q%% t%B%n§q 1% %E%Qnglg ubh E%% %9%%r%%r%°”%PQE%be°E the ninth
displayed four pixels to the right in the subsequent frame.
Accordingly, the foreground component of the ninth pixel
from the left of frame #n+l in Fig. 15 corresponding to the
first portion of the shutter time/v from when the shutter
10 has opened is F12/v, and the foreground component of the
tenth pixel from the left in Fig. 15 corresponding to the
second portion of the shutter time/v from when the shutter
has opened is also Fl2/v. The foreground component of the
eleventh pixel from the left in Fig. 15 corresponding to the
15 third portion of the shutter time/v from when the shutter
has opened and the foreground component of the twelfth pixel
from the left in Fig. 15 corresponding to the fourth portion
of the shutter time/v from when the shutter has opened are
Fl2/v.
20 The foreground component of the ninth pixel from the
left of frame #n+l in Fig. 15 corresponding to the second
portion of the shutter time/v from when the shutter has
opened is Fll/v. The foreground component of the tenth

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

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



pi xel fromthe left of frame #n+l in Fig. 15 corresponding to the fourth
portion of the shutter tine/v fromwhen the shutter has opened is F09/v.
15 Since the object corresponding to the background is stationary, the
background conmponent of the tenth pixel from the left of frame #n+l in
Fig. 15 corresponding to the first portion of the shutter tinme/v from when
the shutter has opened is B09/v. The background conponents of the el eventh
20 pixel fromthe left of franme #n+1l in Fig. 15 corresponding to the first
and second portions of the shutter timgdv_from when the shutter has opened
are B10/v. The background conponents of the twelfth pixel fromthe left of
frame #n+l in Fig. 15 corresponding to the first through third portion 25
of the shutter tinme/v fromwhen the shutter has opened are - 59 Bll/v. 1In
frame #nPPenedriig. ai50 FHd /Vent AhEn QRGNS aPmForand rforhene | ef t

bel ong to.the m xed area, which is a ,covered _background area. 5 Fig. 16 is
a m)dgl G- SR ha B %68t 5084 &fftadti §39 t He COEGSEMREieGmonddes from
t he pi xe | | ustrates a_nodel obtained by

| | h i Fig. 15. Fig. .17
expandi n&o:{%t eSlli’gsrtt|9‘Vr‘?w|g1 I(’j"lr}fr é"lé% 5iluttﬁ§|rgit>3'§\es/lvvﬁr&‘f‘ FOED 5 SFUETEE- by - si de

10 in th franes, Qf i ,mage obtained by capturing an object
correspo%%%n&pfgeg %Srggﬁ drid that is noving to the right in
5 The foreground component of the ninth pixel from the

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

10 portion of the shutter time/v from when the shutter has
opened is also F10/v. The foreground component of the ninth
pixel from the left of frame #n+l in Fig. 15 corresponding
to the fourth portion of the shutter time/v from when the
shutter has opened is F09/v.

15 Since the object corresponding to the background is
stationary, the baékground component of the tenth pixel from
the left of frame #n+l in Fig. 15 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is B09/v. The background components of the eleventh

20 pixel from the left of frame #n+l in Fig. 15 corresponding
to the first and second portions of the shutter time/v from
when the shutter has opened are B10/v. The background
components of the tweifth pixel from the left of frame #n+l
in Fig. 15 corresponding to the first through third portion

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



Fig. 17 together with an object corresponding to a stationary background
and which are located at the sanme positions in the frames. The nodel shown
in Fig. 17 15 contains an uncovered background area. In Fig. 17, it can be
assunmed that the object corresponding to the foreground is a rigid body
noving with constant velocity, and that it is nmoving such that it is

di spl ayed four pixels to the right in the subsequent frane. 20 Accordingly,
t he amount of novenent v is 4. For exanple, the foreground conponent of the
| eft nost pixel of frame #n-1 in Fig gy corresponding to the first

portion of the shutter tine/v fromwhen the shutter has opened is F13/v,
and the foreground conponent of the second 25 pixel fromthe left in Fig.
17 correspogding to the second - 60 portion of the shutter tinme/v from
when t heBehditer has opened is also F13/v. The foreground conponent of the

third pixel fromthe Left in Eiqg. corresponding to the third portion
of the shutteint here P6i1ﬁﬂeﬁlghe}§huF%§rt 3§ 5t368H88 5KaLlERB foreground
conmponent_.of .the fourth pixel _from the lLeft .in Fig. 17 cqrresponding to

t he fourpﬁxﬁéPtggﬁmOF%etﬁ§§§h&F gpgtFﬁBF@efFBﬁFﬁh@%eﬁhewﬁﬁﬁktéF fas opened
are F13/ r onent of the second pixel fromthe 10 left
of frame® X9%Q?nggfgg&%¥%§o%%g§ponding to the first portion of the shutter

tine/y fron1mp§8.t@g §Qu£tﬁ5dgﬁsof an image obtained by extracting
the foreground components from the pixel values shown in Fig.
15.
Fig. 17 illustrates a model obtained by expanding in
the time direction the pixels which are aligned side-by-side
10 in three frames of an image obtained by capturing an object
corresponding to a foreground that is moving to the right in
Fig. 17 together with an object corresponding to a
stationary background and which are located at the same
positions in the frames. The model shown in Fig. 17
15 contains an uncovered background area.

In Fig. 17, it can be assumed that the object
corresponding to the foreground is a rigid body moving with
constant velocity, and that it is moving such that it is
displayed four pixels to the right in the subsequent frame.

20 Accordingly, the amount of movement v is 4.

For example, the foreground component of the leftmost
pixel of frame #n-1 in Fig. 17 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is F13/v, and the foreground component of the second

25 pixel from the left in Fig. 17 corresponding to the second



opened is F14/v. The foreground conponent of the third pixel fromthe left
in Fig. 17 corresponding to the second portion of the shutter tine/v from
when the shutter has 15 opened is also F14/v. The foreground conponent of
the third pixel fromthe left in Fig. 17 corresponding to the first
portion of the shutter tine/v fromwhen the shutter has opened is F15/v.
Si nce the object corresponding to the background is 20 stationary, the
background conmponents of the |eftnost pixel of franme #n-1 in Fig. 17
correspondi ng to the second through _fggrth portions of the shutter tine/v
fromwhen the shutter has opened are B25/v. The background conponents of
the second pixel fromthe left of frame #n-1 in Fig. 17 25 c](c)rresagndi nﬁ
to the third and fourth portions of the - 61 shutter tinme/v fromwhen the
shutter R GHh&EF dhe BIdIRECT THEYat KWl Lorishehtutdier B@s hird pi xel
fromthe |eft 17 correspondi ng to the fourthcfortlon
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of F1§/VOFEQ.%PQHKF%$E ‘foreground component of the fourth pixel from
the left in Fig. 17 corresponding to the fourth portion of
the shutter time/v from when the shutter has opened are
F13/v.
The foreground component of the second pixel from the
10 left of frame #n-1 in Fig. 17 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is Fl4/v. The foreground cgmponent of the third
pixel from the left in Fig. 17 corresponding to the second
portion of the shutter time/v from when the shutter has
15 opened is also Fl4/v. The foreground component of the third
pixel from the left in Fig. 17 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is F15/v.
Since the object corresponding to the background is
20 stationary, the background components of the leftmost pixel
of frame #n-1 in Fig. 17 corresponding to the second through
fourth portions of the shutter time/v from when the shutter
has opened are B25/v.7 The background components of the
second pixel from the‘left of frame #n-1 in Fig. 17

25 corresponding to the third and fourth portions of the



The | eftnost pixel through the fourth pixel fromthe Ileft of frame #n in
Fig. 17 belong to the background area, and the pixel values thereof are
B25 t hrough B28, 15 respectively. It can be assuned that the object
corresponding to the foreground is a rigid body noving wi th constant
velocity, and that it is noving such that it is displayed four pixels to
the right in the subsequent frame. Accordingly, the 20 foreground conponent
of the fifth pixel fromthe left of frame #n in Fig. 17 corresponding to
the first portion of the shutter tine/y; fxromwhen the shutter has opened is
F13/v, and the foreground conponent of the sixth pixel fromthe left in
Fig. 17 corresponding to the second portion of the 25 shutter tine/v from
when the shutter has opened is also - 62 F13/v. The foreground conponent
of the s&PSFERIpILLBR/Fr diom herefhs [$hytger hagoonensshdtify B2 he t hird
portion ﬁ& bhe shutter tine/v frO@nwhen he shutter has opened and the
f or egr oundSc BRAFEIERLIG SORROZIEGHt © Tpith& ¥ P eleffirom, herilgft pf
correspondi_ng to the faurth_portion of the shutter tinme/v fromwhen the
800 are RBa/ v e HRoReR IR Worhpn SRUIGH RS SR Wi xel
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the third pixel belong to the mixed area, which is an

uncovered background area.

The fourth through twelfth pixels from the left of
frame #n-1 in Fig. 17 belong to the foreground area. The

10 foreground component éf the frame is any one of F13/v
through F24/v.

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

15 respectively.

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

20 foreground component of the fifth pixel from the left of
frame #n in Fig. 17 corresponding to the first portion of
the shutter time/v from when the shutter has opened is F13/v,
and the foreground component of the sixth pixel from the

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

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



portion of the shutter time/v fromwhen the shutter has opened is also
F14/v. The foreground conponent of the eighth pixel fromthe left in Fig.
17 corresponding to the 15 first portion of the shutter tinme/v from when
the shutter has opened is F15/v. Since the object corresponding to the
background is stationary, the background conponents of the fifth pixel
fromthe left of franme #n in Fig. 17 corresponding to the 20 second t hrough
fourth portions of the shutter time/v from when the shutter has opened are
B29/v. The background conponents of_thg sixth pixel fromthe left of frame
#n in Fig. 17 corresponding to the third and fourth portions of the
shutter tinme/v fromwhen the shutter has opened are 25 B30/v. The
background conmponent of the seventh pixel from- 63 the left of frane #n
in Fig F£3ddrredpondiof§Ire Kk COBROMSN & ithe sfevanths misedr ﬁrlr?rﬁ’e]/c yffL om
when the shutt has _,opened is B31/v. In frame #n_in Fig. 17, the fift
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5 Fig. 17 corresponding to the fourth portion of the shutter
time/v from when the shutter has opened are F13/v.

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

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

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

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

20 second through fourth portions of the shutter time/v from
when the shutter has opened are B29/v. The background
components of the sixth pixel from the left of frame #n in
Fig. 17 corresponding to the third and fourth portions of

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

25 B30/v. The background component of the seventh pixel from



The | eft nost pixel through the eighth pixel fromthe left of frame #n+l in
Fig. 17 belong to the background area, and the pixel values thereof are
B25 t hrough B32, 15 respectively. It can be assuned that the object
corresponding to the foreground is a rigid body noving wi th constant
velocity, and that it is noving such that it is displayed four pixels to
the right in the subsequent frame. Accordingly, the 20 foreground conponent
of the ninth pixel fromthe left of frame #n+l in Fig. 17 corresponding to
the first portion of the shutter timedy fromwhen the shutter has opened
is F13/v, and the foreground conponent of the tenth pixel fromthe left in
Fig. 17 corresponding to the second portion of the 25 shutter tine/v from
The foreground conponent

when the_shutter has openeq is also - 64 F13/v.

of the el eﬁite%tppgelfrlaf“&m%nt HE Feft il €O r PPodsr e pondiley foatithe t hird
portion of __t. utter tine/v fromwhen the shutter has opened and the
foregrouﬁgrgéggo%gn%hgfS%Hg%ﬁﬁeﬁﬁﬁﬁ/ﬁi%5P“¥P%ﬁ¥% 9 suttershgisg. 17
correspongdi to.t f,ourth portion of the shutter tinme/v fromwhen the
shutter ﬁggﬂggeﬁgdgggégF13/v. The foreground conponent of the tenth pixel
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correspondi ng to the second

is an uncovered background area.

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

10 the period of the shutter time/v is any one of F1l3/v through
F20/v.

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

15 respectively.

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

20 foreground component of the ninth pixel from the left of
frame #n+l in Fig. 17 corresponding to the first portion of
the shutter time/v from when the shutter has opened is F13/v,

and the foreground component of the tenth pixel from the

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

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



portion of the shutter time/v fromwhen the shutter has opened is also
F14/v. The foreground conponent of the twelfth pixel fromthe left in Fig.
17 corresponding to the 15 first portion of the shutter time/v fromwhen -
the shutter has opened is F15/v. Since the object corresponding to the
background is stationary, the background conponents of the ninth pixel
fromthe left of frane #n+l in Fig. 17 corresponding to the 20 second
through fourth portions of the shutter tinme/v from when the shutter has
opened are B33/v. The background conpgpents of the tenth pixel fromthe
left of frame #n+l in Fig. 17 corresponding to the third and fourth
portions of the shutter time/v fromwhen the shutter has opened are 25
B34/v. The background conponent of the eleventh pixel from- 65 the left
of frame ALY i n Thieg FOrPIEeMnss soRmoRgto ofthéhe Glavensdr rnlmel?ffrtome -
shutter tinme/v fromwhen the shutter has opened is B35/v. I.n frame #n+l in
Fig. 17, Te 1fitht A% ArGugh /e lCaF&ISIRONS 15 dios Hheprahirdl pemtion pify. h17
bel ong tqQ.the.m xed area, ich is an.uncovered background area. The
twel fth gﬁhxeeﬁh%l%r%rt %é'mleéf"t \%%fomf PRTE AR Si?‘r‘ﬂtﬁegr. 3P7 WENGHg S0 | i
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time/v from when the shutter has opened are Fl13/v.
The foreground component of the tenth pixel from the
left of frame #n+l in Fig. 17 corresponding to the first
portion of the shutter time/v from when the shutter has
10 opened is Fl4/v. The foreground component of the eleventh
pixel from the left in Fig. 17 corresponding to the second
portion of the shutter time/v from when the shutter has
opened is also Fl4/v. The foreground component of the
twelfth pixel from the left in Fig. 17 corresponding to the
15 first portion of the shutter time/v from when the shutter
has opened is F15/v.
Since the object corresponding to the background is
stationary, the background components of the ninth pixel
from the left of frame #n+l in Fig. 17 corresponding to the
20 second through fourth portions of the shutter time/v from
when the shutter has opened are B33/v. The background
components of the tenth pixel from the left of frame #n+l1 in
Fig. 17 corresponding to the third and fourth portions of

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

25 B34/v. The background component of the eleventh pixel from



extracting the foreground conponents fromthe pixel values shown in Fig.
17. Referring back to Fig. 2, the area specifying unit 103 15 specifies
flags indicating to which of a foreground area, a background area, a
covered background area, or an uncovered background. area the individual
pi xel s of the input imge belong by using the pixel values of a plurality
of frames, and supplies the flags to the m xture-ratio cal culator 104 20
as the area information. The m xture-ratio cal cul ator 104 cal cul ates the
m xture ratio a for each pixel contaiged.in the m xed area based on the
pi xel values of a plurality of frames and the area information, and
supplies the cal cul ated nixture ratio a to 25 the foreground/ background
separ at or, The f asqund/back round separator 105 extracts the

10
f or egr ourr®® ci‘?ﬁ&n@%t frﬁﬁ‘@e i TG -oft orﬂ%Frte’r%OF’éilrJ@@r cg@ng eﬁorrpongnt s
and the und  conpaonen con5|st ng of only the bac oun
conponent's b§@e8°5ﬁlfﬁg % f@@ gg%& F%@%ﬁ Iﬁﬁqm|Whﬁn0¢hPr§ﬁ§§%the ar ea
i nformati Qn, ggg Ehg ggre ratio a, and outputs the foreground conponent
i mge anh acngou cdnponent inage The foreground/ background

separation pregesslig. ¢Rei| ehMEdabyy ihe b unae proceeslog. 2pRaraLys s

described 10 bel ow w eren n step

S11, 4 hepmpbian rdehechar 1102 &%‘%ﬁb@tﬁ% %eEQBbOQ VROt Wed area,
which is an unco&ered background area.

The twelfth pixel from the left of frame #n+l in Fig.
17 belongs to the foreground area. The foregroﬁnd component
in the shutter time/v in the foreground area of frame #n+1l

10 is any one of F13 through F16, respectively.

Fig. 18 illustrates a model of an image obtained by
extracting the foreground components from the pixel values
shown in Fig. 17.

Referring back to Fig. 2, the area specifying unit 103

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

20 as the area information.

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

25 the foreground/background separator 105.



the image object corresponding to the foreground object according to a
techni que, such as bl ock matching, gradient, phase correlation, or

pel -recursive technique, and supplies 15 the cal cul ated notion vector and "
the notion-vector positional information to the area specifying unit 103
and the mxture-ratio calculator 104. In step S12, the area specifying
unit 103 executes area specifying processing, based on an input image, for
20 generating area information indicating to which of a foreground area, a
background area, a covered background g@area, or an uncovered background
area each pixel of the input imge belongs. Details of the area specifying
processing are given below The area specifying unit 103 25 supplies the

t ed f t t t tio - calculator 104. In
Step S12 ?LE%'?QggrgE%e%»ﬁ?;ﬁaéaaESs%ég”%%yé‘éeﬁera@esf ct3sed en<trie i npu
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in the order of
ratio &, and outputs the foreground component image and the

background component image.
The foreground/background separation processing
performed by the image processing apparatus is described
10 Dbelow with reference to the flowchart of Fig. 19. 1In step
S11, the motion detector 102 calculates a motion vector of
the image object corresponding to the foreground object
according to a technique, such as block matching, gradient,
phase correlation, or pel-recursive technique, and supplies
15 the calculated motion vector and the motion-vector
positional information to the area specifying unit 103 and
the mixture-ratio calculator 104.
In step S12, the area specifying unit 103 executes area
specifying processing, based on an input image, for
20 generating area information indicating to which of a
'foreground area, a background area, a covered background
area, or an uncovered background area each pixel of the
input image belongs. Details of the area specifying
processing are given below. The area specifying unit 103

25 supplies the generated area information to the mixture-ratio



the foreground area, the mxed area, and the background area in the
direction of the notion vector, it is determined that the mxed area is a
covered background area. If the input 15 inmage is disposed in the order of
the background area, the mxed area, and the foreground area in the
direction of the notion vector, it is determned that the mxed area is an
uncover ed background area. In step S13, the mxture-ratio cal culator 104 20
calculates the mxture ratio a for each pixel contained in the m xed area
based on the notion vector and the posgtional information thereof. Details
of the m xture ratio calcul ating processing are given bel ow The

m xture-ratio calculator 104 supplies the calculated mxture ratio a to 25
t he fore%r - 68 In step S14, the

ung/ ack r%und separator 105.
foregroun&ﬁﬁg ﬁ%@&hﬂ& separator 105 extracts the foregrouRd conponents and
t he back t romthe_input inmage bas on the area
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separation processing are discussed

covered background area or an uncovered background area)
each pixel of the input image belongs. 1In this case, the
foreground/background separator 105 determines based on the
direction of the motion vector whether the mixed area is a

10 covered background area or an uncovered background area.
For example, if the input image is disposed in the order of
the foreground area, the mixed area, and the background area
in the direction of the motion vector, it is determined that
the mixed area is a covered background area. If the input

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

In step S13, the mixture-ratio calculator 104

20 calculates the mixture ratio o for each pixel contained in
the mixed area based on the motion vector and the positional
information thereof. Details of the mixture ratio
calculating processing are given below. The mixture-ratio
calculator 104 supplies the calculated mixture ratio a to

25 the foreground/background separator 105.



bel ow. As descri bed above, the inmge processing apparatus is able to
calculate the mxture ratio a and to separate the 15 foreground and the
background based on the calculated m xture ratio a. The configuration of
each of the area specifying unit 103, the m xture-ratio cal cul ator 104,
and the foreground/ background separator 105 is described below. 20 Fig. 20
is a block diagramillustrating an exanple of the configuration of the
area specifying unit 103. The area specifying unit 103 shown in Fig. 20
does not use a notion vector. A frameggepory 201 stores an input inmage in
units of frames. Wien the inmage to be processed is frame #n, the 25 frane
menory 201 stores frane #n-2, which is the frame two - 69 frames before
frame #n, frage #n-1, which is the frane one frane before frane -#n, frane
#n, frame #n+tD" RAEPhSLLS  t hBe £PLRETOHBIY PAREIZPLEE PERAESERr LP&ne #n+2,
which is the frane t frames after frame #n. 5 A stationary/ noving
det er ni niSAGSFES ﬁ%%—rfgrr(?é’d’éi GePaRSndis At RarkHoMId of franme #n+2
| ocat ed at ne ¢ osi.tion _as .a .designated pixel of frame #n in which

t

the area otmtg \e/r\)r%snc NS BEYNGIAE PN S%ads the pi xel
oL e o SR B O U et A g e ol e
absol 4it e £¥3leis A d Momponent image based on the extracted foreground
components and also synthesizes the background component
image based on the extracted background components. The
foreground/background separator 105 outputs the foreground
component image and the background component image, and the

10 processing is then completed. Details of the
foreground/background separation processing are discussed
below.

As described above, the image processing apparatus is
able to calculate the mixture ratio a and to separate the

15 foreground and the background based on the calculated
mixture ratio a.

The configuration of each of the area specifying unit
103, the mixture-ratio calculator 104, and the
foreground/background separator 105 is described below.

20 Fig. 20 is a block diagram illustrating an example of
the configuration of the area specifying unit 103. The area
specifying unit 103 shown in Fig. 20 does not use a motion
vector. A frame memory 201 stores an input image in units
of frames. When the image to be processed is frame #n, the

25 frame memory 201 stores frame #n-2, which is the frame two



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

determ ning portion 202-1 determ nes whether the absol ute value of the

di fference between the 15 pixel value of frame #n+2 and the pixel val ue of:
frame #n+l 1is greater than a preset threshold Th. If it is determ ned
that the difference is greater than the threshold Th, a stationary/noving
determ nation indicating "noving" is supplied to an area determ ning
portion 203-1. If it is 20 determ ned that the absol ute val ue of the

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

pi xel ~value of the pixel of frame #n+l is smaller than or equal to the
threshold Th, the stationary/nmoving deternining portion 202-1 supplies a
statlonar /nDV|n%6% et erJm nati on |nd|cat 25 "stationary" to the area

det er mi niff§For & rame #7g  fxame rb r Wish i dérerfmamien@nsorti on

202-2 re i xel. valu he designated p er of frame #n in which
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ol valkegphosBeat ersmEeatttanen heghteboVahie oL gL B0 10
If it ispdetar paned bFathlehe idRI0IGH & rame #n+2 located at the same

position as a designated’pixel of frame #n in which the area
to which the pixel belongs is determined, and reads the
pixel value of the pixel of frame #n+l located at the same

10 position of the designated pixel of frame #n from the frame
memory 201, and calculates the absolute value of the
difference between the read pixel values. The
stationary/moving determining portion 202-1 determines
whether the absolute value of the difference between the

15 pixel value of frame #n+2 and the pixel value of frame #n+1
is greatér than a preset threshold Th. If it is determined
that the difference is greater than the threshold Th, a
stationary/moving determination indicating "moving" is
supplied to an area determining portion 203-1. If it is

20 determined that the absolute value of the difference between
the pixel value of the pixel of frame #n+2 and the pixel
value of the pixel of frame #n+l is smaller than or equal to
the threshold Th, the stationary/moving determining portion
202-1 supplies a stationary/moving determination indicating

25 "stationary" to the area determining portion 203-1.



val ue of

the difference between the pixel values is greater than the

threshold Th, a stationary/noving determ nation indicating "noving"

supplied to the area determ ning 15 portion 203-1 and an area deternm ning
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memory 201, and calculates the absolute value of the

difference between the pixel values. The stationary/moving
determining portion 202-2 determines whether the absolute
value of the difference between the pixel value of frame
#n+l and the pixel value of frame #n is greater than the
preset threshold Th. If it is determined that the absolute
value of the difference between the pixel values is greater
than the threshold Th, a stationary/moving determination
indicating "moving" is supplied to the area determining
portion 203-1 and an area determining portion 203-2.
If it is determined that the absolute value of the
difference between the pixel value of the pixel of frame
#n+l and the pixel value of the pixel of frame #n is smaller
than or equal to the threshold Th, the stationary/moving
determining portion 202-2 supplies a stationary/moving
determination indicating "stationary" to the area
determining portion 203-1 and the area determining portion
203-2.

A stationary/moving determining portion 202-3 reads the

pixel value of the designated pixel of frame #n in which the
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indicating "nmoving" is supplied to the area determning portion 203-2 and
an area determning portion 203-3. If it is determned that the absolute
value of the difference 15 between the pixel value of the pixel of franme #n
and the pixel value of the pixel of frame #n-1 is smaller than or equal
to the threshold Th, the stationary/noving determ ning portion 202-3
supplies a stationary/nmoving determnation indicating "stationary” to the
area determ ning portion 203 20 2 and the area determ ning portion 203-3. A
stationary/ moving determning portion 202-4 reads the pixel value of the

pi xel of frame #n-1 located at the same position as the designated pixe

of franme #n in which the area to which the pixel belongs is determ ned,
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1 and the pixel value of frame #n-2'1s greater than the preset t shol d

Th. If i enfordetzann ned (dhatedlng absolditssamalue i dde didfer ence bet ween

the pixel values is greater than the threshold Th, a stationary/noving
det er & natiifde rkhdendictatdetg tHEOWIRET iva 1Pl | ethd G Hd18 M8 ARKAMY Ni NG
portion 203-3. If it is determ ned that the absol ute val ue
determining portion 202-3 determines whether the absolute
value of the difference between the pixel value of frame #n
and the pixel value of frame #n-1 is greater than the preset
threshold Th. 1If it is determined that the absolute value
10 of the difference between the pixel values is greater than
the threshold Th; a stationary/moving determination
indicating "moving" is supplied to the area determining
portion 203-2 and an area determining portion 203-3. If it
is determined that the absolute value of the difference
15 Dbetween the pixel value of the pixel of frame #n and the
pixel value of the pixel of frame #n-1 is smaller than or
equal to the threshold Th, the stationary/moving determining
portion 202-3 supplies a stationary/moving determination
indicating "stationary" to the area determining portion 203-
20 2 and the area determining portion 203-3.
A stationary/moving determining portion 202-4 reads the
pixel value of the pixel of frame #n-1 located at the same
position as the designated pixel of frame #n in which the

area to which the pixel belongs is determined, and reads the

25 pixel value of the pixel of frame #n-2 located at the same



of the difference between the pixel value of the pixel of franme #n-1 and
the pixel value of the pixel of frane #n-2 is smaller than or equal to the
threshold Th, the 15 stationary/noving determ ning portion 202-4 supplies a
stationary/ noving determination indicating "stationary” to the area
determ ning portion 203-3. Wen the stationary/ noving determ nation
supplied from the stationary/noving determ ning portion 202-1 indicates

20 "stationary" and when the stationary/ noving determ nation supplied from
the stationary/ noving determning port7®mn-202- 2 indicates "noving", the
area determning portion 203-1 determ nes that the designated pixel of
frame #n belongs to an uncovered background area, and sets "1", which

0 cal e AL Ahe e el B e Lel et o wegrened haggrand |

73 area, 1n an uncovere a rou
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from the stationar erm ni ng portion dtes 5 "nmovi ng"
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stationary/ noving determning portion I cates i‘onary'™, the
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#n does not belong to an uncovered background area, sets , which 10

i ndi cat esralit@t dfhendedigrairetdd XRltwdees vhd NelaNG iR s Wehened
background area, in the uncovered-background-area
1l and the pixel value of frame #n-2 is greater than the
preset threshold Th. If it is determined that the absolute
value of the difference between the pixel values is greaﬁer
than the threshold Th, a stationary/moving determination
10 indicating "moving" is supplied to the area determining
portion 203-3. If it is determined that the absolute value
of the difference between the pixel value of the pixel of
frame #n-1 and the pixel value of the pixel of frame #n-2 is
smaller than or equal to the threshold Th, the
15 stationary/moving determining portion 202-4 supplies a
stationary/moving determination indicating "stationary" to
the area determining portion 203-3.
When the stationary/moving determination supplied from
the stationary/moving determining portion 202-1 indicates
20 "stationary" and when the stationary/moving determination
supplied from the stationary/moving determining portion 202-
2 indicates "moving", the area determining portidn 203-1
determines that the designated pixel of frame #n belongs to
an uncovered background area, and sets "1", which indicates

25 that the designated pixel belongs to an uncovered background



determining flag associated with the designated pixel. The area deternining
portion 203-1 supplies the uncovered-background-area determning flag in
which "1" or 15 "0" is set as discussed above to a _ ‘
determning-flag-storing frame nenory 204. \Wen the stationary/noving
determ nation supplied from the stationary/ noving determ ning portion
202-2 indicates "stationary" and when the stationary/ noving determ nation
20 supplied fromthe stationary/ nmoving determ ning portion 202- 3 indicate
"stationary", the area determ ning pery¥gon 203-2 determ nes that the

desi gnated pixel of frame #n belongs to the stationary area, and sets "1",
whi ch indicates that the pixel belongs to the statLonﬁrydarea, |nda el
stationary-area_ 25 deternni fl.ag asspciated, with the desi gnhated pixel.
-74m%e%%%ﬁ%&%%@ﬁ%%%ﬁ%ﬁ%ﬁﬁam h
stationar A : 1.3 N rgi 2-2 i ndicates "noving" or en the
stati onarag/g m&a%d;glgﬂﬂrﬂa ?ioe%%inuagcp%ngjdlxﬁlo‘m the stationary/ nmoving

na . "6~ Sifppi & Fom the mving
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203-2 determ nes that S xel rame #n S long to

the statigRAlt Ai%hardIhaVilyy 'RreMiihd Ml.GalsES 2dNat tha Lol does not

belong to the stationary ared, in the stationary-area determning flag

assoch at echoditny 't e Whedeimgnated iRintdly/mBa Ry e d8LAHENIdg portion 203-2

supplies the
supplied from the stationary/moving determining portion 202-
2 indicates "stationary", the area specifying unit 203-1
determines that the designated pixel of frame #n does nof
belong to an uncovered background area, and sets "0", which

10 indicates that the designated pixel does not belong to an

uncovered background area, in the uncovered-background-area
determining flag associated with the designated pixel.

The area determining portion 203-1 supplies the
uncovered-background-area determining flag in which "1" or

15 "0" is set as discussed above to a determining—flag—storing
frame memory 204.

When the stationary/moving determination supplied from
the stationary/moving determining portion 202-2 indicates
"stationary" and when the stationary/moving determination

20 supplied from the stationary/moving determining portion 202-
3 indicate "stationary", the area determining portion 203-2
determines that the designated pixel of frame #n belongs to
the stationary area, and sets "1", which indicates that the
pixel belongs to the stationary area, in a stationary-area

25 determining flag associated with the designated pixel.



stationary-area determning flag in which "1" or "0" is set as discussed
above to the determning-flag-storing frame nenory 204. 15 Wien the
stationary/ noving determ nation supplied from the stationary/ noving
determ ning portion 202-2 indicates "noving" and when the _
stationary/ noving determ nation supplied fromthe stationary/ noving
determ ning portion 202- 3 indicate "noving", the area determ ning portion
203-2 20 determ nes that the designated pixel of frame #n belongs to the
novi ng area, and sets "1", which indicates that the designated pixe

bel ongs to the noving area, in a noving- area determning flag associated
with the designated pixel. Wen the stationary/ noving determ nation

lied f I, / I, 1, Ni ti .2Q2-.2 i ndi cat es
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The area determ ning portion 203-2 Supplies the noving- erm ni ng
flag 5n whiigdichteommo¥ing® ,Sehedsiredl seuesad Moy &dr@ ithe 203-2
determ ning-flag-storing frame nmenory

determines that the designated pixel of frame #n does not

belong to the stationary area, and sets "0", which indicates

that the pixel does not belong to the stationary area, in

the stationary-area determining flag associated with the

10 designated pixel.

The area determiﬁing portion 203-2 supplies the
stationary-area determining flag in which "1" or "0" is set
as discussed above to the determining-flag-storing frame
memory 204.

15 When the stationary/moving determination supplied from
the stationary/moving determining portion 202-2 indicates
"moving" and when the stationary/moving determination
supplied from the stationary/moving determining portion 202-
3 indicate "moving", the area determining portion 203-2

20 determines that the designated pixel of fréme #n belongs to
the moving area, and sets "1", which indicates that the
designated pixel belongs to the moving area, in a moving-
area determining flag associated with the designated pixel.

When the stationary/moving determination supplied from

25 the stationary/moving determining portion 202-2 indicates



204. \When the stationary/noving determ nation supplied from the
stationary/ noving determ ning portion 202-3 indicates 15 "novi ng" and when
the stationary/noving determ nation supplied fromthe stationary/ noving
determ ning portion 202- 4 indicate "stationary", the area determ ning
portion 203-3 determ nes that the designated pixel of franme #n belongs to
a covered background area, and sets "1", which indicates 20 that the

desi gnat ed pi xel belongs to the covered background area, in a

cover ed- background-area determ ning f1ag —~associated with the designated
pi xel . When the stationary/noving determ nation supplied from the
stationary/ noving determ ning portion 202-3 indicates 25 "stationary" or
when t he,stati,onary/ novin de%grninathon - 7 uppl i ed fromthe

" 6 2
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204.
that the pixel does not belong to the moving area, in the
moving-area determining flag associated with the designated
pixel.
The area determining portion 203-2 supplies the moving-
10 area determining flag in which "1" or "Q0" is set as
discussed above to the determining-flag-storing frame memory
204.
When the stationary/moving determination supplied from
the stationary/moving determining portion 202-3 indicates
15 "moving" and when the stationary/moving determination
supplied from the stationary/moving determining portion 202-
4 indicate "stationary", the area determining portion 203-3
determines that the designated pixel of frame #n belongs to
a covered background area, and sets "1", which indicates
20 that the designated pixel belongs to the covered background
area, in a covered-background-area determining flag
associated with the designated pixel.
When the stationary/moving determination supplied from
the stationary/moving determining portion 202-3 indicates

25 "stationary" or when the stationary/moving determination



The determ ning-flag-storing franme nenory 204 thus stores the
uncover ed- background-area determning flag supplied fromthe area

determ ning portion 203-1, the 15 stationary-area determning flag supplied
fromthe area determ ning portion 203-2, the noving-area determ ning flag
supplied fromthe area determning portion 203-2, and the

cover ed- background-area determ ning flag supplied fromthe area

determ ning portion 203-3. 20 The determ ning-flag-storing frame nenory 204
supplies the uncovered-background-arepsdetermining flag, the
stationary-area determ ning flag, the noving-area determning flag, and

t he covered- background area determning flag stored therein to a

th he 2 t h r 205 nerates area i nformatiaon
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information t eterm nin storing frane nmenmory 206

deter§1nhﬁﬁlEE%QsSEﬂEEth%r@@%1%%@%%& %QQeit%B%% b3 %QQO ol f or mation
supplied fromthe synthesizer 2 ' so outputs the a ea % ¥ or mat i on
stored thkekeirBd background area, in the covered- -background-area '
determining flag associated with the designated pixel.
The area determining portion 203-3 supplies the
covered-background-area determining flag in which "1" or "0"
10 is set as discussed above to the determining-flag-storing
frame memory 204.
The determining-flag-storing frame memory 204 thus
stores the uncovered-background-area determining flag
supplied froh the area determining portion 203-1, the
15 stationary-area deterﬁining flag supplied from the area
determining portion 203-2, the moving-area determining flag
supplied from the area determining portion 203-2, and the
covered-background-area determining flag supplied from the
area determining portion 203-3.
20 The determining-flag-storing frame memory 204 supplies
the uncovered-background-area determining flag, the
stationary-area determining flag, the moving-area
determining flag, and the covered-background-area
determining flag stored therein to a synthesizer 205. The

25 synthesizer 205 generates area information indicating to



An exanpl e of the processing performed by the area specifying unit 103 is
descri bed below with reference to Figs. 21 through 25. 15 Wen the object
corresponding to the foreground is noving, the position of the inmge '
corresponding to the object on the screen changes in every frame. As shown
in Fig. 21, the inmage corresponding to the object |ocated at the position
indicated by Yn(x,y) in frame #n is positioned 20 at Yn+l (x,y) in frame
#n+l, which is subsequent to frame #n. A nodel obtained by expanding in
the time direction the pixel values-of7the pixels aligned side-by-side in
the noving direction of the inage corresponding to the foreground object
is shown in Fig. 22. For exanple, if the 25 noving direction of the inmage

cor respongi. tq the - 78 foreqground object is rizgontal with respect to
the scr egﬁl}% ﬁ% %&eluns?ﬁg\ﬁﬁ%dﬁ%ﬁc&grff'{dg afer‘?ddre]cl OBt R Y | di ng
in the ti i J he pi xel. val f.the pixels disposed._an i ne

si de- by- stl eg{oﬁqﬁtgln%%ie;a.’ f%l )%t%ﬁe Cl%lvlr%g:seldg rcg(rgerpO rl{ldl sareec?uéalaci%o 13%6%1 ine in
frame #n+l. e f.Qr.egr.ou c RENt-S -6 i ng. t.o j.ect

cont ai ne&eilr?ny%ebggce?ﬁ leir%;i(lléel %{E%%t he 1 %%t%?%ﬁ%%g x%e rct)e%eert?ﬁerﬁl%gft in

]fr ame #n £35e  CQHeAisRAY iigh AR a3t @e@éﬁ%lin]i%i] *ﬂ%@h tth*ég nfo%%f&-%%@ah pi xel
romthe left in frame #n+l. In franme #n, t'he piXels belongi'ng to the
coversd determining flag, and the covered-background-area
determining flag supplied from the determining-flag-storing
frame memory 204, and supplies the area information to a
determining-flag-storing frame memory 206. |
The determining-flag-storing frame memory 206 stores

10 the area information supplied from the synthesizer 205, and
also outputs the area information stored therein.

An example of the processing performed by the area
specifying unit 103 is described below with reference to
Figs. 21 through 25.

15 When the object corresponding to the foreground is
moving, the position of the image corresponding to the
object on the screen changes in every frame. As shown in
Fig. 21, the image corresponding to the object located at
the position indicated by ¥n(x,y) in frame #n is positioned

20 at ¥Yn+l(x,y) in frame #n+l, which is subsequent to frame #n.

A model obtained by expanding in the time direction the
pixel values of the pixels aligned side-by-side in the
moving direction of the image corresponding to the

foreground object is shown in Fig. 22. For example, if the

25 moving direction of the image corresponding to the



background area are the el eventh through thirteenth pixels fromthe left,
and the pixels belonging to the uncovered background area are the second
through fourth pixels from15 the left. In frame #n+l, the pixels bel onging
to the covered background area are the fifteenth through seventeenth
pixels fromthe left, and the pixels belonging to the uncovered background
area are the sixth through eighth pixels fromthe left. 20 In the exanple
shown in Fig. 22, since the foreground conponents contained in frane #n
are noved by four pixels in frame #n+yg the anmount of novenent v is 4. The
nunber of virtual divided portions is 4 in accordance with the amount of
novenment v. 25 A description is now given of a change in pixel values - 79
of the pixels belgf othe mxed area in the frames before and after a

desi gnat éf 5% g’lbgl 't 38 R 3R s HethoifishEdlo ¥ ddvrersFeBuckgr ound
inf #n . n.which t b ound i ti, d the, t of
moverent 4 MRS FAREGT dihd 1% 28 A & MOdS e R OGRS ent h
i xel s fr.gm.t eft. ... S t t. of t is 4, the fift th
Phrough Sy dafieh a3 eis® ohd R Ey PaTRSHrain ale¥idne wn1
contain ol Jg%?Q%p%anﬁgngygguﬁijyl éxﬂong to the 10 background area
S

The fifteenth through seventeent h-pixe fromthe left in franme #n-2,
whichsis one bgferg fpame(#B-line in frame #n is equal to the line

in frame #n+l.

The foreground components corresponding to the object
contained in the second pixel to the thirteenth pixel from
the left in frame #n are contained in the sixth pixel

10 through the seventeenth pixel from the left in frame #n+1.

In frame #n, the pixels belonging to the covered
background area are the eleventh through thirtéenth pixels
from the left, and the pixels belonging to the uncovered
background area are the second through fourth pixels from

15 the left. 1In frame #n+l, the pixels belonging to the
covered background area are the fifteenth through
seventeenth pixels from the left, and the pixels belonging
to the uncovered background area are the sixth through
eighth pixels from the left.

20 In the example shown in Fig. 22, since the foreground
components contained in frame #n are moved by four pixels in
frame #n+l, the amount of movement v is 4. The number of
virtual divided portions is 4 in accordance with the amount
of movement v.

25 A description is now given of a change in pixel values



contain only background conponents and belong to the background area.

Si nce the object corresponding to the background is 15 stationary, the

pi xel value of the fifteenth pixel fromthe left in frame #n-1 does not
change fromthe pixel value of the fifteenth pixel fromthe left in frane
#n-2. Simlarly, the pixel value of the sixteenth pixel fromthe left in
frame #n-1 does not change fromthe pixel value of the 20 sixteenth pixel
fromthe left in frame #n-2, and the pixel value of the seventeenth pixel
fromthe left in frame #n-1 does not Thange fromthe pixel value of the
seventeenth pixel fromthe left in frame #n-2. That is, the pixels in
frame #n-1 and frame #n-2 25 corresponding to the pixels belonging to the

covered - f8Q:he3 ci%%rl%u%%l%r (;ai&ép n cgfngé{rsetcahg%lgqc%eyﬁlé%ﬁ}lfe round

conponents an e pi xel ereo s ngly, the

absol ut e palue %EdtQ?EQr eg&gggtggk%p%q amce pixel values is al nost 0.

Thus, the stationary/noving erm hation ‘made for the pi xels in frane

#n- 1 and framg, #ng2 §9rreﬁeoaqikegsteewﬁgeggeka bel.gpgl-ag to the m xed

area in frame #n Dy thé statlonary/novin termning portion 202-4 is
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in frame #n contaln foreground conponents, the pixel “values thereof are
di f f eg ents thiadnb9sendf theddotttl of movement v in the foreground is
4 are the fifteenth through seventeenth pixels from the left.
Since the amount of movement v is 4, the fifteenth through
seventeenth frames from the left in the previous frame #n-1
contain only background components and belong to the
10 background area. The fifteenth through se&enteenth pixels
from the left in frame #n-2, which is one before frame #n-1,
contain only background components and belong to the
background area.
Since the object corresponding to the background is
15 stationary, the pixel value of the fifteenth pixel from the
left in frame #n-1 does not change from the pixel value of
the fifteenth pixel from the left in frame #n-2. Similarly,
the pixel value of the sixteenth pixel from the left in
frame #n-1 does not change from the pixel value of the
20 sixteenth pixel from the left in frame #n-2, and the pixel
value of the seventeenth pixel from the left in frame #n-1
does not change from the pixel value of the seventeenth
pixel from the left in frame #n-2.
That is, the pixels in frame #n-1 and frame #n-2

25 corresponding to the pixels belonging to the covered



consi sting of only background conponents. Accordingly, the

stationary/ noving determ nation nade for the pixels belonging to the m xed
area in frame #n and the 15 corresponding pixels in frame #n-1 by the
stationary/noving determning portion 202-3 is "noving". \Wen the
stationary/noving determnation result indicating "noving" is supplied
fromthe stationary/noving determning portion 202-3, and when the
stationary/ noving 20 determ nation result indicating "stationary" is
supplied fromthe stationary/ noving dgjermning portion 202-4, as

di scussed above, the area determning portion 203-3 determ nes that the
correspondi ng pi xels belong to a covered background area. 25 In Fig. 24,
in frame,#n in which the background is - 81 stationary_ and the anmount of
movenment PFCKATPHBYt Br&Fr dndTrBe AN CRESHSEerS OBAYaPRE#ITRUBR uncover ed
backgr ound areaﬁsre tge Eecond #hroigh fo%%th pi xels fromthe left. Since
“the anolRTPERERETenBRE TRPsPAXeLh¥3dBESHEPEREREGRr B3t FRAPLE's 5 from t he
left in the subsequent.fra ntl contain_on bhackground. c onents and
bel ong t%CFﬁé 638%5(0%%8 35%8&”Fﬁ Vﬁ}gﬁe°§n$%% ﬁﬁ%%ﬁgﬁgc§uﬁ§3gggﬁt to frame
#n+l, th e h.fo i xel s m |_eft .contain onl
backgrouﬁgg gg%%%ng%?gggn gbgpggagtg'thgkkgdk%gguﬁgagﬁégég§dm§§ﬁg t he

obj eof ngg&gﬁggpﬁ%ggrr# AabiBe B2CKAROPRGCNS 17! 2LaRRAWK-1! AP ¥Gheval ue of
#n—-2 corresponding to the pixels belonging to the mixed area
in frame #n by the stationary/moving determining portion
202-4 is "stationary".
Since the pixels belonging to the covered background

10 area in frame #n contain foreground components, the pixel
values thereof are different from those of frame #n-1
consisting of only background components. Accordingly, the
stationary/moving determination made for the pixels
belonging to the mixed area in frame #n and the

15 corresponding pixels in frame #n-1 by the stationary/moving
determining portion 202-3 is "moving".

When the stationary/moving determination result
indicating "moving" is supplied from the stationary/moving
determining portion 202-3, and when the stationary/moving

20 determination result indicating "stationary" is supplied
from the stationary/moving determining portion 202-4, as
discussed above, the area determining portion 203-3
determines that the corresponding pixels belong to a covered
background area.

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



left in frame #n+2 does not change fromthe pixel value of the second

pi xel fromthe left in frame #n+l. Simlarly, the pixel value of the third
pi xel fromthe left in frame 15 #n+2 does not change fromthe pixel value"
of the third pixel fromthe left in frame #n+l1l, and the pixel value of the
fourth pixel fromthe left in frame #n+2 does not change fromthe pixe

val ue of the fourth pixel fromthe left in frame #n+l. 20 That is, the

pi xels in frame #n+l1 and frame #n+2 corresponding to the pixels bel ongi ng
to the uncovered background area in fgame #n consist of only background
conmponents, and the pixel values thereof do not change. Accordingly, the
absol ute value of the difference between 25 the pixel values is al nost O.
Thus, the statlonary/nDV|n - 82 determnation nmade for the pixels in
frame #nSi a&ﬁ&nﬁrré(rrénd#ﬁbf IS G FRY FEth e Ptk &ihe BOTGUFONES & =t he
nlxed arga _in #n by t.he statlonary/nnngg determ ning portion 202-1
is "stationd hﬁ'pl§ SnEE R NN s e UBTRVES IFRUEFe PEE 2 Egr ound

I I th f
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pi xels i g bpamRe#REELDY ot RS k/bsRARHTYRL #n+1 contain only

background components and belong to the background area. 1In
frame #n+2, which is subsequent to frame #n+1l, the second
through fourth pixels from the left contain only background
components and belong to the background area.

10 Since the object corresponding to the background is
stationary, the pixel value of the second pixel from the
left in frame #n+2 does not change from the pixel value of
the second pixel from the left in frame #n+1. Similarly,
the pixel value of the third pixel from the left in frame

15 #n+2 does not change from the pixel value of the third pixel
from the left in frame #n+l, and the pixel value of the
fourth pixel from the left in frame #n+2 does not change
from the pixel value of the fourth pixel from the left in
frame #n+1.

20 That is, the pixels in frame #n+l and frame #n+2
corresponding to the pixels belonging to the uncovered
background area in frame #n'consist of only background
components, and the pixel values thereof do not change.
Accordingly, the absolute value of the difference between

25 the pixel values is almost 0. Thus, the stationary/moving



determ ning portion 202-2 is "noving". \Wen the stationary/ noving
determnation result indicating "noving" is supplied fromthe
stationary/nmoving 15 determ ning portion 202-2, and when the

stationary/ noving determ nation result |nd|cat|ng "stationary" is supplied
fromthe stationary/ noving determ ning portion 202-1, as discussed above,
the area determ ning portion 203-1 determ nes that the correspondi ng

pi xel s bel ong to an 20 uncovered background area. Fig. 25 illustrates
determ nation conditions for franme #ngymade by the area specifying unit
103. When the determnation result for the pixel in frame #n-2 | ocated at
the sane image position as a pixel in frane #n to be 25 processed and for

t he pixel,in fra 1 |loc t the - same position as the pixel in
frame #n9ede r%ﬁé’l’\/ %t % Wéxtfétserlrﬁ Fdamsh Hdduland drafge pixel in

frame #n the i xel,.in fra #n 1 d at, the sa i mage p05|t|on
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area. Whén the termnation resu

pi xel |n2%@aqeignm%taqg%5 % (Al the same image position as the pixel in
frame #n is stationary, when 10 the deternmination result for the pixe

in frame #n aQ@nEQethQ'ﬁgkeiQ beaBRg#AY! thotAkedndbyvbREqSBIRkLTBARqPOSI tion

as
area in frame #n contain foreground components, the pixel

values thereof are different from those of frame #n+1
consisting of only background components. Accordingly, the
stationary/moving determination made for the pixels
10 belonging to the mixed area in frame #n and the
corresponding pixels in frame #n+l by the stationary/moving
determining portion 202-2 is "moving".
When the stationary/moving determination result
indicating "moving" is supplied from the stationary/moviﬂg
15 determining portion 202-2, and when the stationary/moving
determination result indicating "stationary" is supplied
from the stationary/moving determining portion 202-1, as
discussed above, the area determining portion 203-1
determines that the corresponding pixels belong to an
20 uncovered background area.
Fig. 25 illustrates determination conditions for frame
#n made by the area specifying unit 103. When the
determination result for the pixel in frame #n-2 located at
the same image position as a pixel in frame #n to be

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



the pixel in frame #n is stationary, the area specifying unit 103

determ nes that the pixel in frame #n belongs to the stationary area. 15
When the determnation result for the pixel in frame #n and the pixel in"
frame #n-1 located at the sane inage position as the pixel in frame #n is
noving, and when the determnation result for the pixel in frame #n and
the pixel in frane.#n+l |ocated at the sane inmage position as the 20 pi xel
in frame #n is noving, the area specifying unit 103 determ nes that the

pi xel in frame #n belongs to the nmovingsy area. Wien the determ nation
result for the pixel in frame #n and the pixel in frame #n+l | ocated at
the sanme image 25 position as the pixel in frame #n is noving, and when the

- 84 determination result for the pixel in frame #n+l |ocated at. the sane
i mage po?iaﬁeoﬁ%éocllﬁ’él BiSx &h's r?lf’ﬁ‘ej'nem#rgrm e 1 SpiSEAt HoRaYan@ i +2
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covered background area.

When the determination result for the pixel in frame #n
and the pixel in frame #n-1 located at the same image
position as the pixel in frame #n is stationary, and when

10 the determination result for the pixel in frame #n and the
pixel in frame #n+l1 located at the same image position as
the pixel in frame #n is stationary, the area specifying
unit 103 determines that the pixel in ffame #n belongs to
the stationary area.

15 When the determination result for the pixel in frame #n
and the pixel in frame #n-1 located at the same image
position as the pixel in frame #n is moving, and when the
determination result for the pixel in frame #n and the pixel
in frame #n+l located at the same image position as the

20 pixel in frame #n is moving, the area specifying unit 103
determines that the pixel in frame #n belongs to the moving
area.

When the determination result for the pixel in frame #n
and the pixel in frame #n+l located at the same image

25 position as the pixel in frame #n is moving, and when the



uncovered background area are indicated in white. In Fig. 26C the pixels
which are determned to belong to a noving area are indicated in white. In
Fig. 26D, the 15 pixels which are determned to belong to a stationary
area are indicated in white. Fig. 27 illustrates the area information
indicating the mxed area, in the formof an inmage, selected fromthe area
information output fromthe determ ning-flag-storing frame 20 nenory 206.
In Fig. 27, the pixels which are determined to belong to the covered
background area or the uncovered backgsound area, i.e., the pixels which
are determned to belong to the m xed area, are indicated in white. The
area information indicating the m xed area output fromthe 25

and 1 he SRFT SRR T o H TS U7 Aot Rled hy AT 01k | IR SAG fut
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the uncovered background area.
Figs. 26A through 26D illustrate examples of the area
determination results obtained bf the area specifying unit
103. 1In Fig. 26A, the pixels which are determined to belong
10 to a covered background area are indicated in white. In Fig.
26B, the pixels which are determined to belong to an
uncovered background area are indicated in white.
In Fig. 26C, the pixels which are determined to belong
to a-moving area are indicated in white. 1In Fig. 26D, the
15 pixels which are determined to belong to a stationary area
are indicated in white. |
Fig. 27 illustrates the area information indicating the
mixed area, in the form of an image, selected from the area
information output from the determining-~flag-storing frame
20 memory 206. In Fig. 27, the pixels which are determined to
belong to the covered background area or the uncovered
background area, i.e., the pixels which are determined to
belong to the mixed area, are indicated in white. The area

information indicating the mixed area output from the

25 determining-flag-storing frame memory 206 designates the



determ nation result is stationary, the process proceeds to step S203 in
whi ch the stationary/noving determ ning portion 202-2 determ nes whet her
the determnation result for the 15 pixel in franme #n and the pixel in
frame #n+l |located at the sanme position is stationary. If it is determ ned
in step S203 that the determnation result for the pixel in frame #n and
the pixel in frame #n+l |ocated at the sane position is stationary, the
process 20 proceeds to step S204. In step S204, the area determ ning
portion 203-2 sets "1", which indicategsthat the pixel to be processed
bel ongs to the stationary area, in the stationary- area determning flag
associated with the pixel to be processed. The area determ ning portion
203-2 su s the 25 s%sﬁionar.-are determning flag to the

determ‘ni')“llgrlé‘l-e | 852 §6d 8rpﬁ§t¥P§ﬁe Moy 208X HFE £hE JHMECESs B oceeds
o ster, B pobtibhel RURETLISL L o SR02 AN e et nation
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obtains an image of frame #n-2 through frame #n+2 including

frame #n.

In step 5202, the stationary/moving determining portion

202-3 determines whether the determination result for the

10 pixel in frame #n-1 and the pixel in frame #n located at the
same position is stationary. If it is determined that the
determination result is stationary, the process proceeds to
step 5203 in which the stationary/moving determining portion
202-2 determines whether the determination result for the

15 pixel in frame #n and the pixel in frame #n+l located ét the
same position is stationary.

If it is determined in step S203 that the determination
result for the pixel in frame #n and the pixel in frame #n+1l
located at the same position is stationary, the process

20 proceeds to step S5204. In step S204, the area determining
portion 203-2 sets "1", which indicates that the pixel to be
processed belongs to the stationary area, in the stationary-
area determining flag associated with the pixel to be

processed. The area determining portion 203-2 supplies the

25 stationary-area determining flag to the determining-flag-



In step S205, the stationary/ noving determ ning portion 202-3 determ nes
whet her the determnation result for the pixel in franme #n-1 and the pixe
in frame #n located at the 15 sanme position is noving. If it is determ ned
that the determ nation result is nmoving, the process proceeds to step
S206 in which the stationary/noving determ ning portion 202- 2 determ nes
whet her the determnation result for the pixel in frame #n and the pixe
in frame #n+l |located at the sane 20 position is noving. If it is
determned in step S206 that the deterggnation result for the pixel in
frame #n and the pixel in frane #n+l1 |ocated at the same position is

novi ng, the process proceeds to step S207. In step S207, the area
deterniniQ%rporthn 25 203-2 ts "1" éﬁpiCh i ndi cates that the pixel to be
- 87 précesddy &8Iy ngTet e iBF A98E SRAARESE R0 &SR mi ni ng
flag ass%%b%ted with the pixel to be processed. The area determ ning area
203-2 supplies the noving-area determning flag to the
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step S208. If it is erm ne h result
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position is stationary, "o I's ‘determned in p . .
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#n+l located at the sane poSition is stationary, the pixel in frame #n
does determined in step S203 that the determination result for
the pixel in frame #n and the pixel in frame #n+l1 located at
the same position is moving, the pixel to be processed does
not belong to a stationary area. Accordingly, the
10 processing of step S204 is skipped, and the process proceeds
to step S205.

In step S205, the stationary/moving determining portion
202-3 determines whether the determination result for the
pixel in frame #n-1 and the pixel in frame #n located at the

15 same position is moving. If it is determined that the
determination result is moving, the process proceeds to step
5206 in which the stationary/moving determining portion 202-
2 determines whether the determination result for the pixel
in frame #n and the pixel in frame #n+l located at the same

20 position is moving.

If it is determined in step S206 that the determination
result for the pixel in frame #n and the pixel in frame #n+1
located at the same position is moving, the process proceeds
to step S207. In step S207, the area determining portion

25 203-2 sets "1", which indicates that the pixel to be



not belong to a noving area. Accordingly, the processing of step S207 is
ski pped, and the process proceeds to step S208. In step S208, the
stationary/ noving determining portion 15 202-4 determ nes whet her the
determ nation result for the pixel in frame #n-2 and the pixel in frane
#n-1 located at the same position is stationary. If it is determ ned that
the determnation result is stationary, the process proceeds to step S209
in which the stationary/ noving determ ning 20 portion 202-3 determ nes
whet her the determination result for ghepixel in frane #n-1 and the pixe
in frame #n |ocated at the sanme position is noving. If it is determned in
step S209 that the determnation result for the pixel in frame #n-1 and
the pixel in frame #g 25 |l ocated gt the sanme position is noving, the

process BFrOEEEFST P§30oNGS I 8PVFRY 7 i&%ep l@za\f‘é{e t"??é’llé‘tge‘ét’)-’cf@t erm ni ngcI
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#n-1 located at the sane position is noving, or i
If it is determined in step S205 that the determination

result for the pixel in frame #n-1 and the pixel in frame #n
located at the same position is stationary, or if it is
determined in step S206 that the determination result for
10 the pixel in frame #n and the pixel in frame #n+1 located at
the same position is stationary, the pixel in frame #n does
not belong to a moving area. Accordingly, the processing of
step S207 is skipped, and the process proceeds to step $208.
In step 5208, the stationary/moving determining portion
15 202-4 determines whether the determination result for the
pixel in frame #n-2 and the pixel in frame #n-1 located at
the same position is stationary. 1If it is determined that
the determination result is stationary, the process proceeds
to step 5209 in which the stationary/moving determining
20 portion 202-3 determines whether the determination result
for the pixel in frame #n-1l and the pixel in frame #n
located at the same position is moving.
If it is determined in step S209 that the determination
result for the pixel in frame #n~1 and the pixel in frame #n

25 located at the same position is moving, the process proceeds



determined in step S209 that the pixel in frame #n-1 and the pixel in
frame #n located at the same position is stationary, the pixel in frame #n
does not belong to a covered 15 background area. Accordingly, the ‘
processing of step S210 is skipped, and the process proceeds to step S211.
In step S211, the stationary/moving deternmning portion 202-2 determ nes
whether the determnation result for the pixel in frame #n and the pixe

in frame. #n+l located at the 20 sanme position is noving. If it is
determined in step S211 that the deteggination result is noving, the
process proceeds to step S212 in which the stationary/noving determnning
portion 202-1 determ nes whether the determnation result for the pixel in
frame #n+l and t 5 pixel in n+2 | ocated at, the same position is
- 89 stat) oan:éarpygeuquz' i &I} SR ésrriﬁ'ac{icﬁlen S SRS ROt U i nagi on
result f 3 ixel,d,n fra #n+|, and t ixel in frame #n+2 |ocated at
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step S21 1,1 tio 03-1 sets "1", which indicates
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frame nenory 204, an
supplies the covered-background-area determining flag to the

determining-flag-storing frame memory 204, and the process
proceeds to step S211.
If it is determined in step S208 that the determination
10 result for the pixel in frame #n-2 and the pixel in frame
#n-1 located at the same position is moving, or if it is
determined in step S209 that the pixel in frame #n-1 and the
pixel in frame #n located at the same position is stationary,
the pixel in frame #n does not belong to a covered
15 background area. Accordingly, the processing of step S210
is skipped, and the process proceeds to step S211.
In step S211, the stationary/moving determining portion
202-2 determines whether the determination result for the
pixel in frame #n and the pixel in frame #n+l located at the
20 same position is moving. If it is determined in step S211
that the determination result is moving, the process
proceeds to step S212 in which the stationary/moving
determining portion 202-1 determines whether the
determination result for the pixel in frame #n+l1 and the

25 pixel in frame #n+2 located at the same position is



the process proceeds to step S214. If it is determned in step S211 that
the determnation result for the pixel in frame #n and the pixel in franme
#n+l 15 located at the sane position is stationary, or if it is determ ned
in step S212 that the determnation result for the pixel in frame #n+l and
the pixel in frame #n+2 is noving, the pixel in framne #n does not bel ong
to an wuncovered background area. Accordingly, the processing of 20 step
S213 is skipped, and the process proceeds to step S214. |In step S214, the
area specifying unit 103 determ nes _whgther the areas of ‘all the pixels in
frame #n are specified. If it is determned that the areas of all the

pi xels in frame #n are not yet specified, the process 25 returns to step

S202, and the area specifying processing is - 90 repeated for the
renaininfﬁ%%&ﬂ%ﬁrﬁf it is determned in step S214 that the areas of all
the pixels in_frane.#n are specified, the process proceeds tq step S215.

In step 8215,I%hétsﬁﬁtﬁ§§ﬁf@ﬁnfggageﬁéﬁﬁt§§1@ &hed iHheodpdeTBH Niatdiodat i ng
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portion 203-1 sets "1", which indicates that the pixel to be
processed belongs to an uncovered background area, in the
uncovered-background-area determining flag associated with
the pixel to be processed. The area determining portion
10 203-1 supplies the uncovered-background-flag determining
flag to the determining-flag-storing frame memory 204/ and
the process proceeds to step S214.
If it is determined in step S211 that the determination
result for the pixel in frame #n and the pixel in frame #n+1
15 located at the same position is stationary, or if it is
determined in step S212 that the determination result for
the pixel in frame #n+l and the pixel in frame #n+2 is
moving, the pixel in frame #n does not belong to an
uncovered background area. Accordingly, the processing of
20 step 5213 is skipped, and the process proceeds to step S214.
In step S214, the area specifying ﬁnit 103 determines
whether the areas of all the pixels in frame #n are
specified. If it is determined that the areas of all the

pixels in frame #n are not yet specified, the process

25 returns to step 5202, and the area specifying processing is



area information in the determning-flag-storing frame nenory 206. The
processing is then conpleted. As di scussed above, the area specifying unit
103 is 15 capable of generating area information indicating to which of -
the noving area, the stationary area, the uncovered background area, or

t he covered background area each of the pixels contained in a frane

bel ongs. The area specifying unit 103 may apply logical ORto 20 the area
i nformation corresponding to the uncovered background area and the area
information corresponding to the caveyged. background area so as to generate
area information corresponding to the m xed area, and then may generate
area information consisting of flags indicating to 25 which of the noving

area, the station%ré area, or the mxed_- 91 area the individual pixels
cont ai ned®PRERE FPEMENGeFF6AG L™ Lfe R 1XRd Sobj ect corresponding to the

f d h . t the area specifying unit 103 is able _to_specify
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uncovered-background-area determining flag and the covered-
background—area.determining flag stored in the determining-
flag-storing frame memory 204, and also generates area
information indicating to which of the uncovered background
10 area, the stationary area, the moving area, or the covered
background area each pixel belongs, and sets the generated
area information in the determining-flag-storing frame
memory 206. The processing is then completed.
As discussed above, the area specifying unit 103 is
15 capable of generating area information indicating to which
of the moving area, the stationary area, the uncovered
background area, or the covéred background area each of the
pixels contained in a frame belongs.
The area specifying unit 103 may apply logical OR to
20 the area information corresponding to the uncovered
background area and the area information corresponding to
the covered background area so as to generate area
information corresponding to the mixed area, and then may

generate area information consisting of flags indicating to

25 which of the moving area, the stationary area, or the mixed



However, the above-described area specifying processing can be applied
even if the image corresponding to the background area contains notion.

For exanple, if the image 15 corresponding to the background area is _
uniformy noving, the area specifying unit 103 shifts the overall inmge in
accordance with this notion, and perforns processing in a manner simlar
to the case in which the object corresponding to the background is .
stationary. If the imge corresponding 20 to the background area contains
locally different notions, the area-specifying unit 103 selects the pixels
corresponding to the notions, and executes the above- described processing.
Fig. 29 is a block diagramillustrating anotherTﬁxanpgg 25 of the_f .
configuration_of the are eci fying unit, 103., The - area specifying
uni t %03 S5 BV aglgéél’?%ts gtﬁoem%f"“?ﬁﬂ i'h W tlorame ket ound i mage
generator 301,ge erates,a_ ba round _inage corresponding to an input

Kk
i mge, and supp igsgtﬁgjﬁgﬁeggg§859889§P urk@ Fh%ggoF@gg%HPﬁaPﬁﬁoﬁject 5

i mage extsagt fi 3 The . r.Qu j nage enerator 301 extracts,
f or exarr:)ﬁr e, #i @gee “objec ecclﬁlegg%&&ng%johgf%%gp%r?% ctt%:
cont ai neg,d4 1P J : generates the background i mage. An
exanpl e g}dvgntr?}]oa%glle%ogﬁoarién yl%} anding inthe time 10 direction the

pi xel sval ues QEePE*@ESSEEE9@9Qn§iqgiQy1§bd§silegh%ongﬂkggtdk%gcgkgg of an
i mage corresponding to a
information indicating the moving area as the area
information indicating the foreground area, and cutputs the
area information indicating the stationary area as the area
information indicating the background area.

10 The embodiment has been described, assuming that the
object corresponding to the background is stationary.
However, the above-described area specifying processing can
be applied even if the image corresponding to the background
area contains motion. For example, if the image

15 corresponding to the background area is uniformly moving,
the area specifying unit 103 shifts the overall image in
accordance with this motion, and performs processing in a
manner similar to the case in which the object corresponding
to the background is stationary. If the image corresponding

20 to the background area contains locally different motions,
the area specifying unit 103 selects the pixels
corresponding to the motions, and executes the above-
described processing.

Fig. 29 is a block diagram illustrating another example

25 of the configuration of the area specifying unit 103. The



foreground object is shown in Fig. 30. For exanple, if the noving
direction of the inmage corresponding to the foreground object is
horizontal with respect to the screen, 15 the nodel shown in Fig. 30 is a
nodel obtai ned by expanding the pixel values of pixels disposed
side-by-side on a single line in the time domain. In Fig. 30, the line in
frame #n is the same as the line in frame #n-1 and the line in frame #n+l.
20 In frane #n, the foreground conponents corresponding to the object
contained in the sixth through seventegnth pixels fromthe left are
contained in the second through thirteenth pixels fromthe left in frame
#n-1 and are also contained in the tenth through twenty-first pixel from
the left in frane, 25 #n+l ., - n _franme #n- t he plxels bel onging to
the coveP&F® SREKGISIRT drdd 300 VR ST 1 1% ﬁgwst MY SR 1R pi xel s

fromthe |
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pi xel s belonging to
generator 301 extracts, for example, an image object

corresponding to a background object contained in the input
image, and generates the background image.
An example of a model obtained by expanding in the time

10 direction the pixel values of pixels aligned side-by-side in
the moving direction of an image corresponding to a
foreground object is shown in Fig. 30. For example, if the
moving direction of the image corresponding to the
foreground object is horizontal with respect to the screen,

15 the model shown in Fig. 30 is a model obtained by expanding
the pixel values of pixels disposed side-by-side on a single
line in the time domain.

In Fig. 30, the line in frame #n is the same as the
line in frame #n-1 and the line in frame #n+1.

20 In frame #n, the foreground components corresponding to
the object contained in the sixth through seventeenth pixels
from the left are contained in the second through thirteenth
pixels from the left in frame #n-1 and are also contained in
the tenth through twenty-first pixel from the left in frame

25 #n+l.



uncover ed background area are the tenth through twelfth pixels fromthe
left. In frame #n-1, the pixels belonging to the background 15 area are
the first pixel fromthe left, and the fourteenth through twenty-first
pixels fromthe left. In frame #n, the pixels belonging to the background
area are the first through fifth pixels fromthe left, and the eighteenth
through twenty-first pixels fromthe left. In frame #n+l, 20 the pixels

bel onging to the background area are the first through ninth pixels from
the left. An exanple of the backgroundggnmage corresponding to the exanple
shown in Fig. 30 generated by the background image generator 301 is shown
in Fig. 31. The background i nage 25 consists of the pixels corresponding to
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5 the left. In frame #n, the pixels belonging to the covered
background area are the fifteenth through seventeenth pixels
from the left, and the pixels belonging to the uncovered
background area are the sixth through eighth pixels from the
left. In.frame #n+l, the pixels belonging to the covered
10 background area are the nineteenth through twenty-first
pixels from the left, and the pixels belonging to the
uncovered background area are the tenth through twelfth
pixels from the left.
In frame #n-1, the pixels belonging to the background
15 area are the first pixel from the left, and the fourteenth
through twenty-first pixels from the left. 1In frame #n, the
pixels belonging to the background area are the first
through fifth pixels from the left, and the eighteenth
through twenty-first pixels from the left. In frame #n+1,
20 the pixels belonging to the background area are the first
through ninth pixels from the left.
An example of the background image corresponding to the
example shown in Fig. 30 generated by the background image
generator 301 is. shown in Fig. 31. The background image

25 consists of the pixels corresponding to the background



background i mage generator 301 and the input inmage so as to generate a
correl ation value, and supplies the generated correlation value to a

t hreshol d- val ue processor 322. 15 The correl ati on-val ue cal cul ator 321
applies equation (4) to, for exanple,.3x3-background i mage bl ocks havi ng
X4 at the center, as shown in Fig. 33A, and to, for exanple,

3x3- background i nage bl ocks having Y4 at the center which corresponds to

t he background i mage bl ocks, as shown in Fig. 20 33B, thereby calculating a
correl ation value corresponding to Y48 = 8 E(M_X)E(yi _Y) Correlation
-value i=08 2 8 2 E(MX) OY(Yi-Y) i_-0i=0(4) - 95 9 8 (5) (6) The
correl ation-val ue cal cul ator 321 supplies the <correlation value calcul ated
for each pixel as djscussed 5 above tq the threshol d-val ue processor 322.

Al t er nat PPAREE 1t RE% GRS BOToFNHAIE CAIRER QWPORERtfpForresponding
to the foreground object.

The binary-object-image extracting portion 302
generates a binary object image based on the correlation
S5 Dbetween the background image and the input image, and
supplies the generated binary object image to a time change
detector 303,
Fig. 32 is a block diagram illustrating the
configuration of the binary-object-image extracting portion

10 302. A correlation-value calculator 321 calculates the
correlation between the background image supplied from the
background image generator 301 and the input image so as to
generate a correlation value, and supplies the generated
correlation value to a threshold-value processor 322.

15 The correlation-value calculator 321 applies equation
(4) to, for example, 3x3-background image blocks having X,
at the center, as shown in Fig. 33A, and to, for example,
3x3-background image blocks having Y, at the center which
corresponds to the background image blocks, as shown in Fig.

20 33B, thereby calculating a correlation value corresponding

to Y,.
8 __. 8 __
Y(Xi-X)Y(Yi-Y)
Correlation value = 8"=° - "=°8 = (4)
\/Z(Xi—ff) . S(Yi-F)
=0 i=0



apply equation (7) to, for exanple, 3x3-background i mge blocks having X4
at the center, as showmn in Fig. 34A, and to, for exanple, 3x3-background
i mge bl ocks having Y4 at the 10 center which corresponds to the background
i mge bl ocks, as shown in Fig. 34B, thereby cal cul ating the sum of

absol ute values of differences corresponding to Y4 8 Sum of absol ute

val ues of differences =1 I(Xi - Yi)l (7) i-a The correl ation-val ue

cal cul ator 321 supplies the sum 15 of the absolute val ues of the

di fferences cal cul ated as descri bed abgye-to the threshol d-val ue processor
322 as the correlation value. The threshol d-val ue processor 322 conpares
the pixel value of the correlation image with a threshold th0. If the 20
correlation value is smaller than or equal to the threshold thO, 1 is set

in the pixel ue of the binary object image. - 96 |If the correlation
val ue is grea than the threshold thO 0 is set in the pixel value of
t he blnaﬂ9=b i mge. The threshol d-val ue processor 322 then ggyputs
t he bi nary obj i mge whose pixel value is set to O or 1. The threshold

5 val ue proceg sor 322 may store the threshold thOtherein in advance, or
may use the tg; %hold thO input froman external source. Fig. 35

iIIustraE?s t i nary object imge
(6)

The correlation-value calculator 321 supplies the

correlation value calculated for each pixel as discussed
5 above to the threshold-value processor 322.

Alternatively, the correlation-~value calculator 321 may
apply equation (7) to, for example, 3x3-background image
blocks having X, at the center, as shown in Fig. 34A, and to,
for example, 3x3-background image blocks having Y, at the

10 center which corresponds to the background image blocks, as
shown in Fig. 34B, thereby calculating the sum of absolute

values of differences corresponding to Y,.

8
Sum of absolute values of differences = }S|Oﬁ_— YDI (7)

i=0

The correlation-value calculator 321 supplies the sum
15 of the absolute values of the differences calculated as
described above to the threshold-value processor 322 as the
correlation value.
The threshold-value processor 322 compares the pixel
value of the correlation image with a threshold th0. If the
20 correlation value is smaller than or equal to the threshold

th0, 1 is set in the pixel value of the binary object image.



corresponding to the nodel of the input imge shown in Fig. 10 30. In the
bi nary object image, 0 is set in the pixel values of the pixels having a

hi gher correlation with the background image. Fig. 36 is a bl ock diagram’
illustrating the <configuration of the tinme change detector 303. Wen 15
determning the area of a pixel in frame On, a frame nmenory 341 stores a
bi nary object image of franme #n-1, franme On, and franme #n+1 supplied from
t he bi nary-object-inage extracting portion 302. An area determ ning
portion 342 determ nes the area of 20&ach pixel of frane On based on the
bi nary object inmage of franme #n-1, frame On, and franme #n+l so as to
generate area information, and outputs the generated area i nformation.

Fig 37 t det t,

porti on 32 Hna L Ee%ﬁféﬁa%aa{si&?e%%qrh 55 E?gfeo% 3 Age in
f On Lh t tion 34: at th
ol gnat G381 TA" T 17 s AL BAR2 T PHhE SRR S P RS mert The

desi gnat edicrigh oL 1R Biraflek ol 8l LURGE ddt Jésareqr#%m A ;‘ﬂ;delc%en the

correspondi ng pi xel nary obj ect e In and

uhen t he ine@fes GPRARALIG S Xeh o iLhe %rm Q}}J et ITRIGHR AR nvl S
, e area determning portion 342 determ nes that t S|gnated pi xel
in framey#nvael2eeestse rt B2 of H=§0Id &1RA threshold th0 therein in
advance, or may use the threshold th0 input from an external
source.
Fig. 35 illustrates the binary object image
corresponding to the model of the input image shown in Fig.
10 30. In the binary object image, 0 is set in the pixel
values of the pixels having a higher correlation with the
background image.
Fig. 36 is a block diagram illustrating the
configuration of the time change detector 303. When
15 determining the area of a pixel in frame #n, a frame memory
341 stores a binary object image of frame #n-1, frame #n,
and frame #n+l supplied from the binary-object-image
extracting portion 302.
An area determining portion 342 determines the area of
20 each pixel of frame #n based on the binary object image of
frame #n-1, frame #n, and frame #n+l so as to generate area
information, and outputs the generated area information.
Fig. 37 illustrates the determinations made by the area
determining portion 342. When the designated pixel of the

25 Dbinary object image in frame #n is 0, the area determining



When the designated pixel of the binary object inage in 10 frame #n is 1,
and when the correspondi ng pixel of the binary object imge in frane #n-1
is 0, the area determning portion 342 determ nes that the designated
pixel in frame #n belongs to a covered background area. Wen the
desi gnated pi xel of the binary object imge in 15 frane #n is 1, and when
the correspondi ng pi xel of the binary object inage in frame #n+l is 0, the
area determining portion 342 determ nes that the designated pixel in frame
#n belongs to an uncovered backgroundoarea. Fig. 38 illustrates an exanple
of the determinations 20 nmade by the time change detector 303 on the
bi nary object inage corresponding to the nodel of the input imge shomnhin
Fig. 30. The.ti hange det ect qr. _303.. deter.mines that the first throug
fifth Di >P1é_ﬁr§°lf°rno 42 atEting s %&’r‘?gc ﬁi?%ecfeosﬁggnﬁecoec{ R 45 Kt %rdh since
the corr j.n ixel jnary object image in frame #n are 0. -
FRARRG IR 48 Balind ittt

98 The tine ange ermnes that the sixth through ninth

Dol s of CThelRehe theDRLeaGnhatNG 1HBTOKE Sl BIRLILOUR] AoInalBog Do

pi xel s of the binary objec In frame the carr éspondi ng

Pt S PR, 8 Anelld TR MRS S B0 e s Lhal
for egs oumd narea oBRe tiRRgY %8l $rfnd fe-hi nar i ORIRCtHdRA e
corresponding pixel of the binary object image in frame #n+1
is 1, the area determining portion 342 determines that the
designated_pixel in frame #n belongs to the foreground area.
When the designated pixel of the binary object image in
10 frame #n is 1, and when the corresponding pixel of the
binary object image in frame #n-1 is 0, the area determining
portion 342 determines that the designated pixel in frame #n
belongs to a covered background area.
When the deéignated pixel of the binary object image in
15 frame #n is 1, and when the corresponding pixel of the
binary object image in frame #n+l is 0, the area determining
portion 342 determines that the designated pixel in frame #n
belongs to an uncovered background area.
Fig. 38 illustrates an example of the determinations
20 made by the time change detector 303 on the binary object
image corresponding to the model of the input image shown in
Fig. 30. The time change detector 303 determines that the
first through fifth pixels from the left in frame #n belong
to the background area since the corresponding pixels of the

25 binary object image in frame #n are 0.



in frame #n are 1, the corresponding pixels in frame #n-1 10 are 1, and the
corresponding pixels in frame #n+1 are 1. The tine change detector 303
determ nes that the fourteenth through seventeenth pixels fromthe |eft

bel ong to the covered background area since the pixels of the binary
object image in frane #n are 1, and the corresponding 15 pixels in frame
#n-1 are 0. The tine change detector 303 determ nes that the eighteenth
through twenty-first pixels fromthe left belong to the background area
since the corresponding pixels of the gpinary object image in frame #n are
0. 20 The area specifying processing perforned by the area specifying unit
103 is described below wth reference to the flowhart of Fig. 39. In step

S301, the background i e generator f t he area specifying unit 103

extracts, for§g§xgﬁﬂ@enﬁgﬁgen§§3e85féc§§§o é§ﬁ3ﬁ@@ﬁgt@&tat@§t@dﬁ$@nd 25t

bj ect t d t e S ein ut i.ma 0o as to
obl et CURSARE A B ATIE HSF Sl AP ORI g o 0 ag

generate a groun |nage an i mage

he bi | t.e 3 th
}o?n;rs oHéEeb(r:%éI-l rrage ext rgsg’tl ng %haec q‘gaolﬁor:ﬁ)é ?cullna‘?rgyss jgo‘?sfr elln}ﬁqeoﬁ val ue
between tihe d,0pl . TBGE ANd Ihe, gés%lrng thr TGP SUBD)J o T he

background i mage gener at or 301 acc exanpl e U ati on
di scussedinuiit iy deefoerence to Figs. 33A and 33B. In step S303

The time change detector 303 determines that the tenth
fhrough thirteenth pixels from the left belong to the
foreground area since the pixels of the binary object image
in frame #n are 1, the corresponding pixels in frame #n-1

10 are 1, and the corresponding pixels in frame #n+l are 1.

The time change detector 303 determines that the
fourteenth through seventeenth pixels from the left belong
to the covered background area since the pixels of the
binary object image in frame #n are 1, and the corresponding

15 pixels in frame #n-1 are 0. |

The time change detector 303 determines that the
eighteenth through twenty-first pixels from the left belong
to the background area since the corresponding pixels of the
binary object image in frame #n are 0.

20 The area specifying processing performed by the area
specifying unit 103 is described below with reference to the
flowchart of Fig. 39. 1In step S301, the background image
generator 301 of the area specifying unit 103 extracts, for
example, an image object corresponding to a background

25 object contained in an input image based on the input image



t he bi nary-object-inage extracting portion 302 conputes a 10 bi nary object
image fromthe correlation value and the threshold thO by, for exanple,
conparing the correlation value with the threshold thO 'In step S304, the
ti me change detector 303 executes the area determ ning processing, and the
processing is conpleted. 15 Details of the area determ ning processing in
step S304 are described below with reference to the flowhart of Fig. 40.
In step S321, the area determ ning portion 342 of the tine change detector
303 determ nes whether the designated gpixel in frame #n stored in the
frame menory 341 is 0. If 20 it is determned that the designated pixel in
frame #n is 0, the process proceeds to step S322. In step S322, it is

determ ne that t he desi gnat i xel frame #n eIon s to t he backgr ound
area, an %t RE Prodsdsi RS & ?’c?r%lgertoé’d’ mgge; & prt"igln“ee‘o‘9 estep S321

that the i t ixel .in fr 1 h ce roceeds to
step 832#%% %%de?) %([%r%uﬁjlz§mat%e ar e;ﬁ’ debtlé’l'arﬁyn|Qﬁ°g§J qt‘ %42 of the
time de m nes whet her the deS|gnated pi xel in frame
#n store |n gﬁE%%t r%géﬁb§§ﬁg4l is 1, and whether the corresponding

pixel in frampn#pelyi §302, ! fnbt b&ﬁagyggbg%@tn?ﬂa bhak,hg deajgnated pixel

inframe #n is 1 and the'correspon I xel r ame t he

process RG0SR0 SheR19324 & RRA 23324 vlatldé et ldH ned tl*}&}ut the

designated pixel in franme #n belongs to the covered
image and the background image supplied from the background

image generator 301 according to, for example, calculation
discussed with reference to Figs. 33A and 33B. 1In step S303,
the binary-object-image extracting portion 302 computes a
10 binary object image from the correlation value and the
threshold thO0 by, for example, comparing the correlation
value with the threshold thoO.
In step S304, the time change detector 303 executes the
area determining processing, and the processing is completed.
15 Details of the area determining processing in step S304
are described below with reference to the flowchart of Fig.
40. In step S321, the area determining portion 342 of the
time change detector 303 determines whether the designated
pixel in frame #n stored in the frame memory 341 is 0. If
20 it is determined that the designated pixel in frame #n is 0,
the process proceeds to step $322. 1In step S$322, it is
determined that the designated pixel in frame #n belongs to
the background area, and the processing is completed.
If it is determinea in step S321 that the designated

25 pixel in frame #n is 1, the process proceeds to step $323.



background area, and the processing is conpleted. 10 If it is determned in
step S323 that the designated pixel in franme #n is 0, or that the
corresponding pixel in frame #n-1 is 1, the process proceeds to step S325.
In step S325, the area determ ning portion 342 of the tinme change

detector 303 determ nes whet her the designated pixel in 15 frame #n stored
inthe frame nenory 341 is 1, and whether the corresponding pixel in frane
#n+l is 0. If it is determned that the designated pixel in frame #n is 1
and the corresponding pixel in fraomei#ptl- is O, the process proceeds to
step S326. In step S326, it is determned that 20 the designated pixel in
frame #n belongs to the uncovered background area, and the processing is

conpl ete determ ned i ste 8325 t hat, t he designated , pixel in
frame #nqlns 6’ |S3?ﬁ3 e &P ng RAr LN ¥ %@ﬁﬁbf St he

por t on %&%@d%efﬁﬁtﬁ%‘“’éﬁéﬁe el Ste ’?%?f 3% SRR FHREI
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area-5th@eQ@Q%ﬁh@H”@h@%e%het@%sﬁ%%%&%@.pH@%hg 1QURY: S %m 9's Yheyncovered
background area each pi xel

the corresponding pixel in frame #n-1 is 0, the process
proceeds to step S324. 1In step S324, it is determined that
the designated pixel in frame #n belongs to the covered |
background area, and the processing is completed.

10 If it is determined in step S323 that the designated
pixel in frame #n is 0, or that the corresponding pixel in
frame #n-1 is 1, the process proceeds to step $325. In step
5325, the area determining portion 342 of the time change
detector 303 determines whether the designated pixel in

15 frame #n stored in the frame memory 341 is 1, and whether
the corresponding pixel in frame #n+l is 0. If it is
determined that the designated pixel in frame #n is 1 and
the corresponding pixel in frame #n+l is 0, the process
proceeds to step $326. In step S326, it is determined that

20 the designated pixel in frame #n belongs to the uncovered
background area, and ﬁhe processing is completed.

If it is determined in step S$325 that the designated
pixel in frame #n is 0, or that the corresponding pixel in
frame #n+l is 1, the process proceeds to step S$327. 1In step

25 5327, the area determining portion 342 of the time change



of the input inmage bel ongs, and generates area information 10 correspondi ng
to the specified result. Fig. 41 is a block diagramillustrating anot her
configuration of the area specifying unit 103. The area specifying unit
103 shown in Fig. 41 uses a notion vector and positional information

t hereof supplied fromthe notion 15 detector 102. The sane el enents as
those shown in Fig. 29 are designated with |ike reference nunerals, and an
expl anation thereof is thus omtted. A robust-processing portion 361
generates a robust binary object imageibased on binary object inmages of N
20 frames supplied fromthe binary-object-imge extracting portion 302,
and outputs the robust binary object inage to the tinme change detector 303.

Fig. 42 i ran1|IIustrat the configuratiaqn of the
r obust - ngE€§%P 58% %l&ﬁFﬂéf es) thed déﬁﬁﬁﬁggﬁﬁﬁ‘ £ df5difsat es for

the noti 02, bi i mages franmes based on the
not i on v%(%t %r OIA%& ttﬁe%p%am i 6real’ 4nﬁifc§rrr?€t| &?Cfﬁé}ee(ﬁr SN S om t he
notion dety % %gz and outputs a notion-conpensated binary object inage
to a smntcﬁ é%% The notion conpensation perfornmed by the notion

compensator 381 &958hSEHaSaHobEl Oty 5%56&@%}%%9@ ufiX@Mpbes jghown | n
igs. 43 and 44. It 1Is nom/assuhe for exa t € area’ In frame #n
is tosbeapnecessepec N based on the correlation value between the
input image and the corresponding background image, to which
of the foreground area, the background area, the covered
background area, or the uncovered background area each pixel
of the input image belongs, and generates area information
10 corresponding to the specified result.

Fig. 41 is a block diagram illustrating another
configuration of the area specifying unit 103. The area
specifying unit 103 shown in Fig. 41 uses a motion vector
and positional information thereof supplied from the motion

15 detector 102. The same elements as those shown in Fig. 29
are designated with like reference numerals, and an
explanation thereof is thus omitted.

A robust-processing portion 361 generates a robust
binary object image based on binary object images of N

20 frames supplied from the binary-object-image extracting
portion 302, and outputs the robust binary object image to
the time change detector 303.

Fig. 42 is a block diagram illustrating the

configuration of the robust-processing portion 361. A

25 motion compensator 381l compensates for the motion of the



bi nary object images of frane #n-1, frame #n, and frane #n+l 10 shown in
Fig. 43 are input, the notion conpensator 381 conpensates for the notion of
the binary object inage of frame #n-1 and the binary object image of frane
#n+l, as indicated by the exanple shown in Fig. 44, based on the notion
vector supplied fromthe notion detector 102, and 15 supplies the

not i on- conpensat ed bi nary object imges to the switch 382. The switch 382
out puts the notion-conpensated binary object inage of the first frame to a
frame nmenory 383-1, and outputs the ggbi an-conpensated bi nary object inmage
of the 20 second frame to a frame nenory 383-2. Simlarly, the swtch 382
out puts the notion-conpensated binary object inmages of the third through

N-1)-th frame to.frame nenories 383-3 through 383-(N-1), and outputs the
Emti z)n- c BBERaPEd eimari 9esnPdc Y ifﬁé‘&\?soibatsl‘?gi IR% IS I8 558 R nenory

383-N. 25_The,f . 383-1 stares . the i on- canpensated . - 103
bi nary o%fgcshﬁagggl %B%é ATSETRARE Qﬁﬁféﬁﬁgﬁhﬂﬁiﬁgﬁ Gt &d%i nary

bj ect i i,ghti td 384-1.. _The franme nenor 3-2 stores
Che ot Bptagho SReHRT 102 PUd Shetlite e oPYios SRTRe T Serh DBt Yout put s

t he stored. bi.nar j ect, Js e a weighting portion 384-2. Simlarly,
t he frang)ggrg%r %@gg§8%@3%t tF?r"”é’ug gg%( N-1) store the notion-conpensated

bi nary obj ect vy gagge:10h tbfipehBhEdohnpRYEBAMLbyt Bkl ABRSonand ouUtpULS the

stored binary
compensator 381 is discussed below with reference to

examples shown in Figs. 43 and 44. It is now assumed, for
example, that the area in frame #n is to be processed. When
binary object images of frame #n-1, frame #n, and frame #n+1

10 shown in Fig. 43 are input, the motion compensator 381
compensates for the motion of the binary object image of
frame #n-1 and the binary object image of frame #n+l, as
indicated by the example shown in Fig. 44, based on the
motion vector supplied from the motion detector 102, and

15 supplies the motion-compensated binary object images to the
switch 382.

The switch 382 outputs the motion-compensated binary
object image of the first frame to a frame memory 383-1, and
outputs the motion-compensated binary object image of the

20 second frame to a frame memory 383-2. Similarly, the switch
382 outputs the motion-compensated binary object images of
the third through (N-1)-th frame to frame memories 383-3
through 383-(N-1), and outputs the motion-compensated binary
object image of the N-th frame to a frame memory 383-N.

25 The frame memory 383-1 stores the motion-compensated



obj ect imges to weighting portions 384-3 through 384-(N-1). 10 The frame
menory 383-N stores the notion-conpensated binary object inage of the N-th
frame, and outputs the stored binary object imge to a weighting portion
384-N. The weighting portion 384-1 nultiplies the pixel value of the

not i on- conpensat ed bi nary object inmage of the first 15 frame supplied from
the frame nenory 383-1 by a predeterm ned weight W, and supplies a .

wei ghted binary object image to an accumulator 385. The wei ghting portion
384-2 multiplies the pixel value of th@®3meti on-conpensated binary object

i mge of the second frame supplied fromthe 20 frame nmenory 383-2 by a
predeterm ned wei ght w2, and supplies the weighted binary object inmage to

th |_at 385.. Li kew h i ghti ortiopns 384-3 through
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frame menory 383-N"by a predeterm ned wei and supplies the weighted
bi nary objieelry BRYRO indakR %%C%”Weéitg@{ti%-portion 384-2.

Similarly, the frame memories 383-3 through 383-(N-1)
store the motion-compensated binary object images of the
third through (N-1)-th frames, and outputs the stored binary
object images to weighting portions 384-3 through 384-(N-1).

10 The frame memory 383-N stores the motion-compensated binary
object image of the N-th frame; and outputs the stored
binary object image to a weighting portion 384-N.

The weighting portion 384-1 multiplies the pixel value

of the motion-compensated binary object image of the first

15 frame supplied from the frame memory 383-1 by a
predetermined weight wl, and supplies a weighted binary
object image to an accumulator 385. The weighting portion
384-2 multiplies thé pixel value of the motion-compensated
binary object image of the second frame supplied from the

20 frame memory 383-2 by a predetermined weight w2, and
supplies the weighted binary object image to the accumulator
385.

Likewise, the weighting portions 384-3 through 384- (N-
1) multiply the pixel values of the motion-compensated

25 Dbinary object images of the third through (N-1)-th frames



The accunul at or 385 accunul ates the pixel values of the 10

not i on- conpensat ed bi nary object imges nmultiplied by the weights w
t hrough wN of ,the first through N-th frames, and conpares the accunul ated
pi xel ( _
bi nary object image. As di scussed above, the robust-processing portion 361

15 generates a robust binary object imge from N binary object inages,

supplies it to the tine change detector 303. Accordingly, the area
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supplied from the frame memory 383-N by a predetermined
weight wN, ‘and supplies the weighted binary object image to
the accumulator 385,

The accumulator 385 accumulates the pixel values of the
motion-compensated binary object images multiplied by the
weights wl through wN of the first through N-th frames, and
compares the accumulated pixel value with the predetermined
threshold thO, thereby generating the binary object image.

As discussed above, the robust-processing portion 361
generates a robust binary object image from N binary object
images, and supplies it to the time change detector 303.
Accordingly, the area specifying unit 103 configured as
shown in Fig. 41 is able to specify the area more precisely
than that shown in Fig. 29 even if noise is contained in the
input image.

The area specifying processing performed by the area
specifying unit 103 configured as shown in Fig. 41 is
described below with reference to the flowchart of Fig. 45.
The processings of step S341 through step S343 are similar

to those of step S301 through step S303 discussed with



40, and an explanation thereof is thus omtted. 10 Details of the robust
processi ng corresponding to the processing of step S344 in Fig. 45 are
given belowwith reference to the flowhart of Fig. 46. In step S361, the
notion conpensator 381 perforns the notion conpensation of an input binary
obj ect i mge based on the notion vector and 15 the positional information
t hereof supplied fromthe notion detector 102. In step S362, one of the
frame nenories 383-1 through 383-N stores the correspondi ng
not i on- conpensated binary object ipmagessupplied via the switch 382. In
step S363, the robust-processing portion 361 20 determ nes whet her N binary
object images are stored. If it is determned that N binary object inmages
S361,. and the processing for

t stared, th t tQ,st
conpensatFAG-FOFSt hE EI GTOUFTERE Bindry otiect Firdge “#Rd2Petia 9Bt ocessi ng

for stori the bin obj e ijmage are 25 repeated. - 106 If it is
deterningggfﬁostéﬁ %§é§ Pﬁé&gﬁdbinary object 1images are stored, the

process procegds S S3 i LC ighting is, perf d. In step
S364, the meigﬁtfﬁgp %%??rogge3gﬂ?§@%hEBugﬁgééﬂgnPﬁﬁF?P%|gggﬁe

corr espopdi 5:hLn ] [ by the weights w through wN. In
step S36Egk?%gmgcgﬁﬁu?§¥8gQ3§§B§%g§%§§étes the N weighted binary object

images. In step $866. sthe, accuMUi AL Okn 383 98BLALES 3081 PAL¥orms the

area determining processing, and the processing is completed.
Details of the processing of step S$345 are similar to the
processing discussed with reference to the flowchart of Fig.
40, and an explanation thereof is thus omittéd.

10 Details of the robust processing corresponding to the
processing of step S344 in Fig. 45 are given below with
reference to the flowchart of Fig. 46. 1In step S361, the
motion compensator 381 performs the motion compensation of
an input binary object image based on the motion vector and

15 the positional information thereof supplied from the motion
detector 102. 1In step S362, one of the frame memories 383-1
through 383-N stores the corresponding motion-compensated
binary object image supplied via the éwitch 382.

In step S363, the robust-processing portion 361

20 determines whether N binary object images are stored. If it
is determined that N binary object images are not stored,
the process returns to step S361, and the processing for
compensating for the motion of the binary object image and
the processing for storing the binary object image are

25 repeated.



obj ect imge fromthe accunul ated i mages by, for exanple, 10 conparing the
accunul ated value with a predeterm ned threshold thl, and the processing is
conpl eted. As discussed above, the area specifying unit 103 configured as
shown in Fig. 41 is able to generate area information based on the robust
bi nary object inmage. 15 As is seen fromthe foregoing description, the area
specifying unit 1.03 is able to generate area information indicating to
whi ch of the noving area, the stationary area, the uncovered background
area, or the covered background areaj@ach pixel contained in a frane
bel ongs. 20 Fig. 47 is a block diagramillustrating the configuration of
the m xture-ratio calculator 104. A m xed- area-wi dth detector 401 detects
the wi dth of e.m xed ,area ,to which the i gnat ed pi,xel bel gngs by using
t he pi xel inti?véglé§ FﬁEeEWFPeBaéBdSSﬁptﬁg%grg aFnNoBﬁﬁFF@nOQQﬁgFied 25
fromthe.area _specifying unit 103 and the notion vector - 107 the
l?\a:%r?fso%r%t iS50 e 68 BRSS9 Hr5iRGHe GHHotS P 6é‘?}‘gs[‘l(acltnor 102. The

posi tiona
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In step S365, the accumulator 385 accumulates the N
weighted binary object images.

In step S366, the accumulator 385 generates a binary
object image from the accumulated images by, for example,

10 comparing the accumulated value with a predetermined
threshold thl, and the processing is completed.

As discussed above, the area specifying unit 103
configured as shown in Fig. 41 is able to generate area
information based on the robust binary object image.

15 As is seen from the foregoing description, the area
specifying unit 103 is able to generate area information
indicating to which of the moving area, the stationary area,
the uncovered background area, or the covered background
area each pixel contained in a frame belongs.

20 Fig. 47 is a block diagram illustrating the
configuration of the mixture-ratio calculator 104. A mixed-
area-width detector 401 detects the width of the mixed area
to which the designated pixel belongs by.using the pixel
interval as the unit based on the area information supplied

25 from the area specifying unit 103 and the motion vector and



supplied fromthe m xed-area-w dth detector 401 and the 10 notion vector
and the positional information thereof supplied fromthe notion detector
102. The straight-line applying portion 402 calculates the mxture ratio a
of the designated pixel based on the ratio of the wdth of the m xed area
to the distance fromthe designated pixel to the 15 pixel positioned at the
edge of the mxed area. Since it can be assuned that the object o
corresponding to the foreground is noving with constant velocity within
the shutter tinme, the mxture ratio_aigf the pixels belonging to a m xed
area exhibits the followi ng 20 characteristics. That is, the mxture ratio
a linearly changes according to the posi ti onal changF in thﬁ pi xel s. Lf

t he positional change i xel s is one-dinensional, a _change |n t he
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time of the or egroun n exanple o %"deal mixture ratio (X is shown

in Fig. 48. Fhe gradight-1iQk gﬁﬁlwﬁa' pBLXt HRe 463t £Q18u10¢bRC he

ratio of the width of the mixed area to the distance from
the designated pixel to the pixel positioned at the edge of
the mixed area based on the mixed-area-width information
supplied from the mixed-area-width detector 401 and the

10 motion vector and the positional information thereof
supplied from the motion detector 102. The straight-line
applying portion 402 calculates the mixture ratio a of the
designated pixel based on the ratio of the width of the
mixed area to the distance from the designated pixel to the

15 pixel positioned at the edge of the mixed area.

Since it can be assumed that the object éorresponding
to the foreground is moving with constant velocity within
the shutter time, the mixture ratio o of the pixels
belonging to a mixed area exhibits the following

20 characteristics. That is, the mixture ratio o linearly
changes according to the positional change in the pixels.
If the positional change in the pixels is one-dimensional, a
change in the mixture ratio @ can be represented linearly.
If the positional change in the pixels is two-dimensional, a

25 change in the mixture ratio o can be represented on a plane.



m xed area can be represented by the reciprocal of the 10 anmount of

novenment v. As shown in Fig. 48, the ideal mxture ratio (X has the value
of 1 in the background area, the value of 0 in the foreground area, and
the value of greater than O and smaller than 1 in the m xed area. 15 The
processing of the mxture-ratio calculator 104 is described below with
reference to Figs. 49 through 53. Fig. 49 illustrates a nodel in which

pi xel val ues corresponding to an image including a covered background area
and havi ng the anmount of novenent v _ofjgpg are expanded 20 in the tine
direction and the period corresponding to the shutter tine is divided. The
rel ati onship anong the pixel value Mk of a designated pixel belonging to
the covered b ckgrou d area frame #n, the pixel value Bx  of the pixe
bel ongi ng to §5t 8c?6F68ﬁd°5r83e ﬁrﬁpﬁnés#ﬁhfr$orF&sﬁéﬁdpﬁg to the -
109 desi nated f frame #n, and the nlxture rat 0 ax of

desi gnat & 1™ é’l efﬁ’réaé:stedj%feesdi?ﬁqld}g( AU Sgr PR x"s(83) wher e

X |nd|cates psitian in .t.he coordinate aX| x in 5 the noving
direction, J]%Ppydgsﬁvglﬁla?t &5 T ECATHGY o 45 °Fdr¥egr ound conponent s

contained in Lhg Bi-xgl x8 g %LetnﬁxtQ%zlgg%&%d P18l noRlde 30 11T ustrates
C glxe val ues Y

a nodel in whi
5 proportional to the amount of movement v within the shutter

time of the foreground.
An example of the ideal mixture ratio o is shown in Fig.
48. The gradient 1 of the ideal mixture ratio o in the
mixed area can be represented by the reciprocal of the
10 amount of movement v.

As shown in Fig. 48, the ideal mixture ratio o has the
value of 1 in the background area, the value of 0 in the
foreground area, and the value of greater than 0 and smaller
than 1 in the mixed area.

15 The processing of the mixture-ratio calculator 104 1is
described below with reference to Figs. 49 through 53.

Fig. 49 illustrates a model in which pixel values
corresponding to an image including a covered background
area and having the amount of movement v of 4 are expanded

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

The relationship among the pixel value Mx of a
designated pixel belonging to the covered background area of
frame #n, the pixel value Bx of the pixel belonging to the

25 background area of frame #n-1 corresponding to the



corresponding to an i mage including an uncovered background 10 area and
havi ng the anobunt of novenent v of 4 are expanded in the tinme direction and
the period corresponding to the shutter tine is divided. Simlarly, the
rel ati onship anong the pixel value Mk of a designated pixel belonging to

t he uncovered background 15 area of frame #n, the pixel value Bx of the

pi xel belonging to the background area of frane #n+l corresponding to the
desi gnat ed pi xel of franme #n, and the m xture ratio ax of the designated
pi xel can be expressed by equation (8)ggAs shown in Figs. 49 and 50, when

t he amount of 20 novenent is indicated by v, the wwdth of the mxed area in
the noving direction of the foreground object can be determ ned by
subtracting .one fron1th t of nmovenment v. For exanple, in Fig. 49, the
pi xel s b&E ﬁ&nﬁ(}efjo 8%8?@5‘%&6’1«9%&% S XFITS FiRt 18n O ©Ft he si xth
t hr ough §5 % ht h eI f&pn1th | eft, and the w dth of th covered - 110
backgr ourfd®a 3 lgélaf Elf((? h&3R L'?é‘lprﬁ?stsﬁéi B A 18 tas the unit.

In Fig. 49, t QUL of movenent v is 4, and the ﬁ%dth of the covered
backgr ound area |s equa o the result obtained by § tracting one fromthe
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backgroun area o rame #n are the rou

left,5 andnhGoWidigh adf-oLhe uncavner &4 designates the sum of the

foreground components contained in the pixel value of the
designated pixel.
Fig. 50 illustrates a model in which pixel values
corresponding to an image including an uncovered background
10 area and having the amount of movement v of 4 are expanded
in the time direction and the period corresponding to the
shutter time is divided.
Similarly, the relationship among the pixel value Mx of
a designated pixel belonging to the uncovered background
15 area of frame #n, the pixel value Bx of the pixel belonging
to the background area of frame #n+l corresponding to the
designated pixel of frame #n, and the mixture ratio ax of
the designated pixel can be expressed by equation (8).
As shown in Figs. 49 and 50, when the amount of
20 movement is indicated by v, the width of the mixed area in
the moving direction of the foreground object can be
determined by subtracting one from the amount of movement v.
For example, in Fig. 49, the pixels belonging to the
covered background area of frame #n are the sixth through

25 eighth pixels from the left, and the width of the covered



background area is found to be 3 by using the pixel interval 10 as the
unit. In Fig. 50, the anmount of novenent v is 4, and the width of the
uncover ed background area is equal to the result obtained by subtracting-
one fromthe amount of novenment v. \Wien the anobunt of novenent is
indicated by v, the 15 mxture ratio a of the pixel which is positioned on
the straight line in the direction of the notion vector, which belongs to
t he covered background area of frame #n, and which is |ocated adjacent to
the pixel belonging to the backgroungigrea (the pixel at the |eading end
of the nmotion 20 vector) can be determ ned by equation (9). a = (v-1) /v
(9) For exanple, the mxture ratio a of the fourth pixel fromthe |eft of

frame #n_shown in Fig. 51 is 3/4 when the anmount of novenment v is 4. 25
When t hePaREERPUBE ADFEmESt TPEnAndrcRted BY Wsifie the pixedi ipfeavadtio (X
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In Fig. 50, the pixels belonging to the uncovered
background area of frame #n are the fifth through seventh
pixels from the left, and the width of the uncovered
background area is found to be 3 by using the pixel interval

10 as the unit. In Fig. 50, the amount of movement v is 4, and
the width of the uncovered background area is equal to the
result obtained by subtracting one from the amount of
movement v. |

When the amount of movement is indicated by v, the

15 mixture ratio a of the pixel which is positioned on the
straight line in the direction of the motion vector, which
belongs to the covered backgrodnd area of frame #n, and
which is located adjacent to the pixel belonging to the
background area (the pixel at the leading end of the motion

20 vector) can be determined by equation (9).

o = (v-1)/v (9)

For example, the mixture ratio a of the fourth pixel
from the left of frame #n shown in Fig. 51 is 3/4 when the
amount of movement v is 4.

25 When the amount of movement is indicated by v, the



to the pixel belonging to the background area. 10 For exanple, when the
anount of novenent v is 4, the mxture ratio a of the third pixel fromthe
left in franme On shown in Fig. 51 is 1/2, which is equal to the val ue
obtai ned by subtracting 1/4 fromthe mxture ratio a of the fourth pixel
fromthe left of frame On. 15 Simlarly, when the anmount of novenent is
indicated by v, the mxture ratio a of the third pixel fromthe pixel

bel ongi ng to the background area, which is positioned on the straight |ine
in the direction of the notion vectarj3and which belongs to the covered
background area of frame On can 20 be determ ned by subtracting 2/v from
the mxture ratio (X of the pixel which is positioned on the straight |ine
in the direction of the notion vector, which belongs to the covered

backgr oufid*&MEE &R HPaffe Ogg,t%(f‘?\%n@h Rixqlodaay Wi flernl hedad g xel

bel ongi ng tq.the background area. ,25,Fqr exanpl.e, en the anount of
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can be cal cul ated by equation
the pixel which is positioned on the straight line in the
direction of the motion vector, which belongs to the covered
background area of frame #n, and which is located adjacent
to the pixel belonging to the background area.

10 For example, when the amount of movement v is 4, the
mixture ratio a of the third pixel from the left in frame #n
shown in Fig. 51 is 1/2, which is equal to the wvalue
obtained by subtracting 1/4 from the mixture ratio o of the
fourth pixel from the left of frame #n.

15 Similarly, when the amount of movement is indicated by
v, the mixture ratio o of the third pixel from the pixel
belonging to the background area, which is positioned on the
straight line in the direction of the motion vector, and
which belongs to the covered background area of frame #n can

20 be determined by subtracting 2/v from the mixture ratio a of
the pixel which is positioned on the straight line in the
direction of the motion vector, which belongs to the covered
background area of frame #n, and which is located adjacent
to the pixel belonging to the background area.

25 For example, when the amount of movement v is 4, the



(10) based on the distance x. 10 ax = (v-1) /v-xs (1/v) (10) Simlarly,
when the anmount of novenent is indicated by v, the mxture ratio a of the
pi xel which is positioned on the straight line in the direction of the
notion vector, which belongs to the uncovered background area of franme #n,
15 and which is |located adjacent to the pixel belonging to the background
area (the pixel at the trailing end of the notion vector) can be

determ ned by equation (11). a = (v-1) /v (11) For exanple, when the anount
of novenment v is 4, the 20 m xture_rayipro_a of the second pixel fromthe
left in frame #n is 3/4. \Wen the amount of novenent is indicated by v,
the mxture ratio a of the second pixel fromthe pixel belonging to the
backgr ound area which is positioned on the straight 25 |ine in the

di rect i oI UFe HR5tI%0R Pctide Séﬁ’d’%iﬂ:“ﬁi‘el frem fdiodgs & dn Heamscover ed

background area of, franme can _be ternlned subtracting 1/v fromthe
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vV is 4, g%ure ratio t he "fromthe left in frame #n
5 Accordingly, the mixture ratio dx of the pixel

belonging to the covered background area when the distance
from this pixel to the pixel adjacent to the pixel belonging
to the background area is x can be calculated by equation
(10) based on the distance x.
10 ox = (v-1)/v-xe(1l/v) (10)
Similarly, when the amount of movement is indicated by
v, the mixture ratio a of the pixel which is positioned on
the straight line in the direction of the motion vector,
which belongs to the uncovered background area of frame #n,
15 and which is located adjacent to the pixel belonging to the
background area (the pixel at the trailing end of the motion
vector) can be determined by equation (11).
oa = (v-1)/v (11)
For example, when the amount of movement v is 4, the
20 mixture ratio o of the second pixel from the left in frame
#n is 3/4.
When the amount of movement is indicated by v, the
mixture ratio o of the second pixel from the pixel belonging
to the background area, which is positioned on the straight

25 line in the direction of the motion vector, and which



shown in Fig. 52 is 1/2, which is equal to the value 10 obtained by
subtracting 1/4 fromthe mxture ratio a of the second pixel fromthe |eft
in frame #n. Likew se, when the anount of novenent is indicated by v, the
m xture ratio a of the third pixel fromthe pixel belonging to the
background area, which is positioned on the 15 straight line in the
direction of the notion vector, and which belongs to the uncovered
background area of frame #n can be determ ned by subtracting 2/v fromthe
m xture ratio a of the pixel which-d g1gositioned on the straight line in
the direction of the notion vector, which belongs to the 20 uncovered
background area of frane #n, and which is Iocataﬁ adj acent to tpe pi xel t
bel ongi ng, 1,0t he .ba round area, .For. exanp| e en.the a nt of novenen
Vis 2 ?qr?el%nr#xt%r géi’%ag}%ocoéf%o%ec{ ek rﬁuﬁpcjpiaﬁfee?a fHorh R 1%t °3™h BS ane  #n
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short adjacent to thé pixel belonging to the background area.
For example, when the amount of movement v is 4, the
mixture ratio o of the third pixel from the left in frame #n
shown in Fig. 52 is 1/2, which is equal to the value
10 obtained by subtracting 1/4 from the mixture ratio a of the
second pixel from the left in frame #n.

Likewise, when the amount of movement is indicated by v,
the mixture ratio o of the third pixel from the pixel
belonging to the background area, which is positioned on the

15 straight line in the direction of the motion vector, and
which belongs to the uncovered background area of frame #n
can be determined by subtracting 2/v from the mixture ratio
o of the pixel which is positioned on the straight line in
the direction of the motion vector, which belongs to the

20 uncovered background area of frame #n, and which is located
adjacent to the pixel belonging to the background area.

For example, when the amount of movement v is 4, the
mixture ratio o of the fourth pixel from the left in frame
#n shown in Fig. 52 is 1/4, which is equal to the value

25 obtained by subtracting 1/2 from the mixture ratio o of the



it can be assuned that the object corresponding to the 10 foreground is a
rigid body noving with constant velocity wthin the shutter tine.
Accordingly, it can also be assuned that the mxture ratio in the m xed
area linearly changes on the straight line in the noving direction. Thus,
according to the above-described calculation 15 nethod for the mxture
ratio (X, the mxture ratio can be calculated with sufficiently high
precision. Fig. 53 illustrates the cal culation processing for the mxture
ratio (x in an i nmage. Wien the anount 19f4 movenent is indicated by v, and
when 20 the designated pixel is a pixel belonging to a covered background
area, the mxture ratio (X of the pixel positioned on the straight line in
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(12) based on the distance x.
oax = (v-1)/v-xe (1/v) (12)
Generally, since the shutter time is sufficiently short,
it can be assumed that the object corresponding to the
10 foreground is a rigid body moving with constant velocity
within the shutter time. Accordingly, it can also be
assumed that the mixture ratio in the mixed area linearly
changes on the straight line in the moving direction.
Thus, according to the above-described calculation
15 method for the mixture ratio a, the mixture ratio can be
calculated with sufficiently high precision.
Fig. 53 illustrates the calculation processing for the
mixture ratio @ in an image.
When the amount of movement is indicated by v, and when
20 the designated pixel is a pixel belonging to a covered
background area, the mixture ratio o of the pixel positioned
on the straight line in the moving direction and positioned
at the trailing end of the moving direction is indicated by
1/v, and the mixture ratio o of the pixel positioned on the

25 straight line in the moving direction and positioned at the



when the designated pixel is a pixel belonging to the 10 covered background
area, the mxture ratio a5 of the pixel positioned on the straight line in
the noving direction at the |leading end of the noving direction is '
determned to be 5/6, and the mxture ratio al positioned on the straight
line in the noving direction at the trailing end of the 15 noving direction
is determned to be 1/6. The m xture ratios a2, a3, and a4 of the pixels
between the pixel at the |leading end of the noving direction and the
pi xel at the trailing end of the now Rgsdirection can be Ilinearly
cal cul ated in correspondence with the pixel 20 positions with a gradient of
1/v, and are determned to be 2/6, 3/6, and 4/6, respectively. Wen the
anount of nmovenent js jndicated by v, and when the designated pixel is a
pi xel bel'6H§HRG tec?djt P‘Peg Gg'teo%’r"édﬁ/ﬁéﬁ?g’r%ﬁ’d & d@digaded Rvur@vativo a of
t he pi xel ., posi.tioned 25 on the straight line in the noving direction at the
Iead?ng -Th%lgllxétr?5eofat§ﬁgsw&/i g &% g’clt’ﬁec}'r? RO SHHANFH AR tP%e 1/v, and the
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calculated with a gradient of 1/v (by proportional
calculations).

For example, when the amount of movement v is 6, and
when the designated pixel is a pixel belonging to the

10 covered background area, thé mixture ratio a5 of the pixel
positioned on the straight line in the moving direction at
the leading end of the moving direction is determined to be
5/6, and the mixture ratio ol positioned on the straight
line in the moving direction at the trailing end of the

15 moving direction is determined to be 1/6.

The mixture ratios a2, a3, and a4 of the pixels between
the pixel at the leading end of the moving direction and the
pixel at the trailing end of the moving direction can be
linearly calculated in correspondence with the pixel

20 positions with a gradient of 1/v, and are determined to be
2/6, 3/6, and 4/6, respectively.

When the amount of movement is indicated by v, and when
the designated pixel is a pixel belonging to the uncovered
background area, the mixture ratio o of the pixel positioned

25 on the straight line in the moving direction at the leading



cal cul ations). 10 The processing for calculating the m xture ratio a
performed by the m xture-ratio calculator 104 is described below wth
reference to the flowhart of Fig. 54. In step S401, the

m xture-ratio-wi dth detector 401 obtains the area information supplied
fromthe area 15 specifying unit 103. In step S402, the m xture-ratio-width
detector 401 and the straight-1ine applying portion 402 obtain the notion
vector and the positional information thereof supplied fromthe notion
detector 102. In step S403, the straight-+ine applying portion 402 20
designates a pixel. In step S404, the straight-line applying portion 402
determ nes whether the designated pixel belongs to the foreground area

b d f the d t ed
ixel belBget ShenoviaRe RaRRF Rreds ARG SRUDELS Tt Beeddd 1 83%1 3585505 i n
h d.th to - 117
s siésqx‘t?lr%%‘t@ GelS e b1 Bolsde 300 D% 20 SRR TeRe B0 Tires
not bel ogaet ouﬁ ALEdLR QyRd grceachet ta%a&&q%gS%n g?gcg%gsm%%l% ep S406. In

step $40 e st alg T ne ying portion term nes whet her the

desi gnat gd rBexghn bel a@%rmnfehetgaglégwuw (3.2 TARS 80 A0 LNS 42163 o
i nformati on. is determ ned that the designated pixel bel'ongs to the
backgs oung %h@apﬂ@@spb@%@%ioﬁreﬁc%%d%h%o stBRgR407 i@ Whi GRe moving
direction between the pixel at the leading end of the moving
direction and the pixel at the trailing end of the moving
direction can be linearly calculated (by proportional
calculations).
10 The processing for calculating the mixture ratio a
performed by the mixture-ratio calculator 104 is described
below with reference to the flowchart of Fig. 54.
In step S401, the mixture-ratio-width detector 401
obtains the area information supplied from the area
15 specifying unit 103. In step S402, the mixture-ratio-width
detector 401 and the straight-line applying portion 402
obtain the motion vector and the positional information
thereof supplied from the motion detector 102.
In step S403, the straight-line applying portion 402
20 designates a pixel. In step S404, the straight-line
applying portion 402 determines whether the designated pixel
belongs to the foreground area based on the area information.
If it is determined that the designated pixel belongs to the
foreground area, the process proceeds to step S405 in which

25 0 is set in the mixture ratio, and the process proceeds to



1 is set inthe mxture ratio a. The process then proceeds 10 to step
S409. If it is determned in step S406 that the designated pixel does not
bel ong to the background area, the process proceeds to step S408. In step -
S408, the straight-line applying portion 402 executes processing for
calculating the 15 mixture ratio a of the pixel belonging to the m xed
area, and the process proceeds to step S409. Details of the processing for
calculating the mxture ratio a of the pixel belonging to the mxed area
are given below In step S409, the straight-1ine applying portion 402 20
stores the calculated mxture ratio a in correspondence with the
designated pixel. In step S410, the straight-1line applying portion 402
det ermi ne whet% r the m xture ratios a have been calculated for the whole
frane. ¢t ermi ned that the mixture 25 ratios a have not been
cal cul ated fo&stgg whol e frane rocess returns to step S403 in
i xel

whi ch anot her lFsde§§F5&P€QtE§ %ééég§45ﬁet596cé§§iﬁ&SFSPaééﬁpulating
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m xture rati os a. e
5 applying portion 402 determines whether the designated pixel
belongs to the background area based on the area information.
If it is determined that the designated pixel belongs to_the
background area, the process proceeds to step S407 in which
1 is set in the mixture ratio a. The process then proceeds
10 to step $409.

If it is determined in step S406 that the designated
pixel does not belong to the background area, the process
proceeds to step S408. 1In step S408, the straight-line
applying portion 402 executes processing for calculating the

15 mixture ratio a of the pixel belonging to the mixed area,
and the process proceeds to step S409. Details of the
processing for calculating the mixture ratio o of the pixel
belonging to the mixed area are given below.

In step S409, the straight-line applying portion 402

20 stores the calculated mixture ratio @ in correspondence with
the designated pixel.

In step S410, the straight-line applying portion 402
determines whether the mixture ratios o have been calculated

for the whole frame. If it is determined that the mixture

25 ratios & have not been calculated for the whole frame, the



processing is then conpleted. A description is given, with reference to the
flowhart 10 of Fig. 55, of the processing for calculating the mxture
ratio a of the pixel belonging to the m xed area perforned by the

m xed-area-w dth detector 401 and the straight-line applying portion 402
corresponding to the processing of step $S408. 15 In step S421, the

m xed-area-wi dth detector 401 determnes the width of the mxed area in
the noving direction of the notion vector based on the notion vector and
the positional information thereof supplged fromthe npotion detector 102
and the area information supplied from 20 the area specifying unit 103.
The m xed-area-w dth detector 401 supplies t he mﬁdth of the mxed area to

t he strai ht- | i ne ,appl | orti 402 a e d area-w dth
inforrratlon eﬁerrﬁg?gtpsy ﬁ%l eatéi’tda"fg"l eCraIpc"ti"i‘s‘:i‘te’“sthe wi dt h of
the m xe A %%elaa%%dr%?)ﬁaetrﬁ%g |110%de¢335l5 q_g‘othe rmthcn Ve%éeth- 1_19 I n

step $42 e strai gh I ne applying portion e di stance
fromthe i, gha i xgl to the edge of the nixed area in the noving
dlrectlogﬂ%?ugﬁégﬁgigbn ‘'vector. 5 In step S423, the straight-1ine applying

portion 402 det gemigeaetlendhshansestbpmsting daskonabefiRiyel to the edge
of the mxed area in the direction oppoSite to the
5 ratios o have been calculated for the whole frame, the
process proceeds to step S411 in which the straight-line
applying portion 402 outputs the mixture ratios a. The
processing is then completed.
A description is given, with reference to the flowchart

10 of Fig. 55, of the processing for calculating the mixture
ratio @ of the pixel belonging to the mixed area performed
by the mixed-area-width detector 401 and the straight-line
applying portion 402 corresponding to the processing of step
5408.

15 In step S421, the mixed-area-width detector 401
determines the width of the mixed area in the moving
direction of the motion vector based on the motion vector
and the positional information thereof supplied from the
motion detector 102 and the area information supplied from

20 the area specifying unit 103. The mixed-area-width detector
401 supplies the width of the mixed area to the straight-
line applying portion 402 as the mixed-area-width
information. The mixed-area-width detector 401 may
calculate the width of the mixed area based on the magnitude

25 of the motion vector.



nmoving direction of the notion vector. In step S424, the straight-Iine

appl ying portion 402 10 cal culates the m xture ratio a based on the area
information and the ratio of the width of the m xed area to the distance
fromthe designated pixel to the edge of the m xed area. The processing is
then conpl eted. For exanple, when the designated pixel belongs to the 15
covered background area, the straight-line applying portion 402 cal cul ates
the m xture ratio a according to the calculation expressed by equation
(10) based on the ratio of the w dthiafg the m xed area to the distance
fromthe designated pixel to the edge of the m xed area in the noving 20
direction of the notion vector. For exanple, when the designated pixel

bel to th back d th rai ght -1ine appl.ying

ort1 on 402 cafcilaPes ehe ke d %%a-g 6 L4™5c GEPAVAGSt 8°tr|’ié°n 382l at on d
{ d |0 of .25 the f the m xe

:?(E;etszeﬁ]eb@é i s'ltﬁgensjc S(J??n%) t‘%%scee gisel gna e ate>€ielpltxom‘(|t he etg’gee of the

M xed ar e dihandidiatd A APAGSIAR L ity MG (i &G Lo, 9l g, ot ] on

vector. As discussed above e mxture-ratio calcu ator
cal cul at e de 41i xture ratio a, which indicates a feature quantlty
correspondi ng to each pixel, based on the area information supplied from

the agea specirhykRgpuBub3]108ne straight-line applying portion 402
determines the distance from the designated pixel to the
edge of the mixed area in the direction opposite to the
moving direction of the motion vector.

In step 5424, the straight-line applying portion 402

10 calculates the mixture ratio o based on the area information
and the ratio of the width of the mixed area to the distance
from the designated pixel to the edge of the mixed area.

The processing is then completed.

For example, when the designated pixel belongs to the

15 covered background area, the straight-line applying portion
402 calculates the mixture ratio @ according to the
calculation expressed by equation (10) based on the ratio of
the width of the mixed area to the distance from the
designated pixel to the edge of the mixed area in the moving

20 direction of the motion vector.

For example, when the designated pixel belongs to the
uncovered background area, the straight-line applying
portion 402 calculates the mixture ratio o according to the
calculation expressed by equation (12) based on the ratio of

25 the width of the mixed area to the distance from the



and the notion vector and the positional information thereof supplied from
the notion detector 102. 10 By using the mxture ratio a, it is possible to
separate the foreground conponents and the background conponents contai ned
in the pixel value while maintaining the information of the notion blur
contained in the image corresponding to the noving object. 15 If the inage
is synthesized based on the mxture ratio a, it is possible to create an

i mge containing notion blur which matches the speed of the noving object
and which faithfully reflects the reglhogwarl d. The foreground/ background
separator 105 is discussed 20 below Fig. 56 is a block diagram
illustrating an exanple of the configuration of the foreground/ background

separator, 105. The input .imge supplied to the foreground/ background
separ at oﬁj%@qa&eﬂléﬁ’ﬁp 1 B AihFpomixsd 6Fe2 48 $hMd ch 602, and a

switch 604. The area inf.Qrmgti suppl.ied 25 from the area specifying unit
103 and indicSatidy Otpr?é)s-loffg%o i%ﬁ\‘eoﬂﬁg’ﬁ% défretctﬁq‘oéb\Peq' UG Bund ar ea

and the ypequered background area is supplied to the separating portion
601. The area’information indicating the foreground area is supplied to

R L R A e e ey
M Xt ug e- 1;3hie0 + LAY ALY 1% s SUAR ied P Oé,h%vh%.ec%ari%dir&t%%r tai on 601.
feature quantity corresponding to each pixel, based on the
area information supplied from the area specifying unit 103,
and the motion vector and the positional information thereof
supplied from the motion detector 102.

10 By using the mixture ratio a, it is possible to
separate the foreground components and the background
components contained in the pixel value while maintaining
the information of the motion blur contained in the image
corresponding to the moving object.

15 If the image is synthesized based on the mixture ratio
o, it is possible to create an image containing motion blur
which matches the speed of the moving object and which
faithfully reflects the real world.

The foreground/background separator 105 is discussed

20 Dbelow. Fig. 56 is a block diagram illustrating an example
of the configuration of the foreground/background separator
105. The input image supplied to the foreground/background
separator 105 is supplied to a separating portion 601, a
switch 602, and a switch 604. The area information supplied

25 from the area specifying unit 103 and indicating the



The separating portion 601 separates the foreground conponents fromthe

i nput i nmage based on the area 10 information indicating the covered
background area, the area information indicating the uncovered background
area, and the mxture ratio (X, and supplies the separated foreground
conponents to a synthesizer 603. The separating portion 601 also separates
t he background conponents fromthe input 15 i mage, and supplies the
separ at ed background conponents to a synthesizer 605. The switch 602 is

cl osed when a pixel corresponding te 1khe-foreground is input based on the
area information indicating the foreground area, and supplies only the

pi xel s 20 corresponding to the foreground contained in the input image to

t he synt he smntch 604 .i s .closed when a pjx correspondlng to
the bgckg'r 3o atmnnﬁf a?s&&voeﬁ%%@aﬂ@af%%ﬁr&ﬁ R s CRGOF F9e

i I 25 th
backgr ound ReBurl PR, S S’ %dtngcgepé R SR e SRS 258 608, The
syt hes! 6fe Q03 sunidieRAsH:A onediaund AMANLo L Pge diased on the

f oreground conponents suppl ed separ at’i § portfgﬁ 601 and the

pi xel s ceuppIneadicdd the ha r2uf ¢oegr ound %%%' 20 PR 4 %;]Hltc%f g? and
out puts the synthesized foreground conponent |nage I nce t gr ound
ar ea and thize biicked odneR ade aN@uppMad@Ro e switch 604.

The mixture ratio o supplied from the mixture-ratio
calculator 104 is supplied to the separating portion 601.

The separating portion 601 separates the foreground
components from the input image based on the area

10 information indicating the covered background area, the area
information indicating the uncovered background area, and
the mixture ratio a, and supplies the separated foreground
components to a synthesizer 603. The separating portion 601
also separates the background components from the input

15 image, and supplies the separated background components to a
synthesizer 605.

The switch 602 is closed when a pixel corresponding to
the foreground is input based on the area information
indicating the foreground area, and supplies only the pixels

20 corresponding to the foreground contained in the input image
to the synthesizer 603.

The switch 604 is closed when a pixel corresponding to
the background is input based on the area information
indicating the background area, and supplies only the pixels

25 corresponding to the background contained in the input image



synt hesi zer 603 applies, for exanple, logical ORto the foreground
components and the foreground pixels, thereby 10 synthesizing the
foreground conponent image. In the initializing processing executed at the
start of the synthesizing processing for the foreground conponent image,
the synthesizer 603 stores an inmage whose pixel values are all 0 in a
built-in frame nmenory. Then, in the 15 synthesi zing processing for the
foreground conponent imge, the synthesizer 603 stores the foreground
conmponent image (overwites the previjgys i mage by the foreground conponent
image). Accordingly, O is stored in the pixels corresponding to the
background ar ea in the foreground 20 conponent image output fromthe

synt hesi ‘§H§ synt hesi zer 605 synthesizes a background conponent

i mage based ‘onponents supplied fromthe separating

t 601 th l.s corr gspon to the _ background supplied from
fﬁ; saptch GSEge g %h?%ﬁf? 2§Y§3hF%é &t7ed EadﬁgFgﬁﬁd CORBBRERLT i mage.
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synt hesi zer %? 05 stores an 1 mage whose pi X
synthesized foreground component image. Since the

foreground area and the mixed area do not overlap, the

synthesizer 603 applies, for example, logical OR to the

foreground components and the foreground pixels, thereby
10 synthesizing the foreground component image.

In the initializing processing executed at the start of
the synthesizing processing for the foreground component
image, the synthesizer 603 stores an image whose pixel
values are all 0 in a built-in frame memory. Then, in the

15 synthesizing processing for the foreground component image,
the synthesizer 603 stores the foreground component image
(overwrites the previous image by the foreground component
image) . Accordingly, 0 is stored in the pixels
corresponding to the background area in the foreground

20 component image output from the synthesizer 603.

The synthesizer 605 synthesizes a background component
image based on the background components supplied from the
separating portion 601 and the pixels corresponding to the
background supplied from the switch 604, and outputs the

25 synthesized background component image. Since the



values are all O in a built-in frame nenory. Then, in the synthesizing
processing for the background conmponent image, 10 the synthesizer 605
stores the background conponent inmage (overwites the previous image by
the background conponent image). Accordingly, O is stored in the pixels
corresponding to the foreground area in the background conponent image
out put fromthe synthesizer 605. 15 Fig. 57A illustrates the input imge
input into the foreground/ background separator 105 and the foreground
conponent image and the background coRpanent inmage output fromthe

f or egr ound/ background separator 105. Fig. 57B illustrates a nodel
corresponding to the input i mge input 20 into the foreground/ background

separato and the ore und conponent |nage and the background
conponen %ﬁg Pfﬁﬁﬂﬁﬁ% Fﬁﬁﬁﬁ [APadi&fr QAT l$dpartdtcor 105. Fi g.

57A is a _S¢ C d| ran1|IIustr t|n mage . t @ be di spl ayed, and
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t he background area and roun onen S contained xel s
of the +the synthesizing processing for the background component

image, the synthesizer 605 stores an image whose pixel
values are all 0 in a built-in frame memory. Then, in the
synthesizing processing for the background component image,

10 the synthesizer 605 stores the background component image
(overwrites the previous image by the background component
image) . Accordingly, 0 is stored in the pixels
corresponding to the foreground area in the background
component image output from the synthesizer 605.

15 Fig. 57A illustrates the input image input into the
foreground/background separator 105 and the foreground
component image and the background component image output
from the foreground/background separator 105. Fig. 57B
illustrates a model corresponding to the input image input

20 into the foreground/background separator 105 and the
foreground component image and the background component
image output from the foreground/background separator 105.

Fig. 57A is a schematic diagram illustrating the image
to be displayed, and Fig. 57B is a model obtained by

25 expanding in the time direction the pixels disposed in one



m xed area. As shown in Figs. 57A and 57B, the foreground conponent 10
i mage output fromthe foreground/ background separator 105 consists of the
pi xel belonging to the foreground area and the foreground conponents
contained in the pixels of the mxed area. The pixel values of the pixels
in the mxed area are 15 separated into the background conponents and the
foreground conponents by the foreground/ background separator 105. The
separ at ed background conponents formthe background conponent. inmage
together with the pixels belonging toiphe- background area. The separated
foreground conponents form 20 the foreground conponent inage together with
the pixels belonging to the foreground area. As di scussed above, in the
val ues of the pixels correspondi ng

f d i mage, __the pixel
o the  DACEQIBUNHCAREa HFePSat it0 6 ORI 3 fEanC BSOrRRFaPTee 25 are
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5 image output from the foreground/background separator 105
consists of the pixels belonging to the background area and
the background components contained in the pixels of the
mixed area.
As shown in Figs. 57A and 57B, the foreground component
10 image output from the foreground/background separator 105
consists of the pixel belonging to the foreground area and
the foreground components contained in the pixels of the
mixed area.
The pixel values of the pixels in the mixed area are
15 separated into the background components and the foreground
components by the foreground/background separator 105. The
separated background components form the background
component image together with the pixels belonging to the
background area. The separated foreground components form
20 the foreground component image together with the pixels
belonging to the foreground area.
As discussed above, in the foreground component image,
the pixel values of the pixels corresponding to the
background area are set to 0, and significant pixel values

25 are set in the pixels corresponding to the foreground area



. by the separating portion 601 for separating the foreground conponents
and t he background conponents fromthe pixels 10 belonging to the m xed
area. Fig. 58 illustrates a nodel of an inmage indicating foreground
conponent s and background conponents in tw franmes including a foreground
object moving fromthe left to the right in Fig. 58. In the nodel of the

i mge shown in 15 Fig. 58, the anmount of novenent v is 4, and the nunber of
virtual divided portions is 4. In frane #n, the | eftnost pixel and the
fourteenth through eighteenth pixels hbgomthe |eft consist of only the
background conmponents and belong to the background area. In 20 frane #n,
the second through fourth pixels fromthe left contain the background
conponents and the fqreground conponents, and belong to the uncovered
backgr ouAG9ar88. PrFele ZRE TASPOPRE Tl &Perftle MirGGyRIEs - t SdAidagilyel s from -
the left _contain background conponents and foreground conponents, 25 and
bel ong t&ntﬁgecbﬁg 85°%§9k§PH@ﬁ&e§Fe&maﬂﬁ'fF@ﬁbpﬁﬁﬁltﬁ@lﬂefz@f fohet h
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corresponding to the mixed area.

- A description is given below of the processing executed
by the separating portion 601 for separating the foreground
components and the background components from the pixels

10 belonging to the mixed area.

Fig. 58 illustrates a model of an image indicating
foreground components and background components in two
frames including a foreground object moving from the left to
the right in Fig. 58. 1In the model of the image shown in

15 Fig. 58, the amount of movement v is 4, and the number of
virtual divided portions is 4.

In frame #n, the leftmost pixel and the fourteenth
through eighteenth pixels from the left consist of only the
background components and belong to the background area. In

20 frame #n, the second through fourth pixels from the left
contain the background components and the foreground
components, and belong to the uncovered background area. 1In
frame #n, the eleventh through thirteenth pixels from the
left contain background components and foreground components,

25 and belong to the covered background area. In frame #n, the



bel ong to the uncovered background area. In frane #n+l, the fifteenth
t hrough seventeenth pixels fromthe left contain 10 background conponents
and foreground conponents, and belong to the covered background area. In
frame #n+l, the ninth through fourteenth pixels fromthe left consist of
only the foreground conponents, and belong to the foreground area. Fig. 59
illustrates the processing for separating the 15 foreground conponents
fromthe pixels belonging to the covered background area. In Fig. 59, (xl
t hrough al8 indicate m xture ratios-ofi2the individual pixels of frame #n.
In Fig. 59, the fifteenth through seventeenth pixels fromthe |eft bel ong
to the covered background area. 20 The pixel value Cl15 of the Elfgeenth

pi xel fr | eft 2 #n carn. be expressed by e uatlon 13 Cl5 =
|315/v+|:£/11 tﬁ‘oé; vﬂ‘—"ﬁ?/& (%"&}@I ﬂf’&/ %?Fﬂ—e@f‘/ t-of only "the
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t he pi xel vakye h ft t e fro me #n-1. The
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5 the background components, and belong to the background area.
In frame #n+l, the sixth through eighth pixels from the left
contain background components and foreground components, and
belong to the uncovered background area. In frame #n+l, the
fifteenth through seventeenth pixels from the left contain

10 background components and foreground components, and belong
to the covered background area. In frame #n+l, the ninth
through fourteenth pixels from the left consist of only the
foreground components, and belong to the foreground area.

Fig. 59 illustrates the processing for separating the

15 foreground components from the pixels belonging to the
covered background area. 1In Fig. 59, al through al8
indicate mixture ratios of the individual pixels of frame #n.
In Fig. 59, the fifteenth through seventeenth pixels from
the left belong to the covered background area.

20 The pixel value Cl5 of the fifteenth pixel from the
left in frame #n can be expressed by equation (13):

C1l5

]

B15/v+F09/v+FQ8/v+F07/v

0158B15+F09/v+F08/v+F07/v

il

0158P15+F09/v+F08/v+F07/v (13)

25 where al5 indicates the mixture ratio of the fifteenth pixel



f15 = F09/v+F08/v+F07/v = Cl15-al15P15 (14) Simlarly, the sumfl1l6 of the
foreground conponents of the sixteenth pixel fromthe left in frame #n can
be 10 expressed by equation (15), and the sumf17 of the foreground ‘
conponents of the seventeenth pixel fromthe left in frame #n can be
expressed by equation (16). f16 = Cl6-al 6P16 (15) f17 = C17-al7P17 (16)
15 In this manner, the foreground conponents fc contained in the pixel

val ue C of the pixel belonging to the covered background area can be
expressed by equation (17): fc = CaPq1261Z) where P designates the pixel
val ue of the corresponding 20 pixel in the previous franme. Fig. 60
illustrates the processing for separating the foreground conponents from

t he pi xel s bel onging tq the uncovered background area. In Fig. 60, al
through &F8™ ithGi d&td mirxEFABer i 0@n6F PilRe dosdionades thiex@ikedf frane #n.
25 In Fig._.60, the secqQ t hrough fqurth pixels fromthe left - 128 bel ong
to the u%€&€§r85 Q@k%ﬁ%&ﬁ&n e%?x? e IFioRetheallgd tod2 SfvafRe #8adond pi xel
fromthe | el bt Nl halPs ¥ Cofle DB BABE SRR BpSALRLE OB (1B 5 02

fifteenth pixel from the left in frame #n can be expressed

5 Dby equation (14) based on equation (13).

f15 FO9/v+F08/v+F07/v

Cl5-al15eP15 (14)
Similarly, the sum f16 of the foreground components of
the sixteenth pixel from the left in frame #n can be
10 expressed by equation (15), and the sum fl17 of the
foreground components of the seventeenth pixel from the left

in frame #n can be expressed by equation (16).

£f16 = Cl6-—-0al6ePl6 (15)
£17 = C17-a17eP17 (16)
15 In this manner, the foreground components fc contained

in the pixel value C of the pixel belonging to the covered
background area can be expressed by equation (17):

fc = C-oaeP (17)

where P designates the pixel value of the corresponding
20 pixel in the previous frame.

Fig. 60 illustrates the processing for separating the
foreground components from the pixels belonging to the
uncovered background area. In Fig. 60, al through al8
indicate mixture ratios of the individual pixels of frame #n.

25 In Fig. 60, the second through fourth pixels from the left



= a2B02+F01/v = a2N02+F01/v (18) where a2 indicates the m xture ratio of
the second pixel fromthe left in franme #n, and NO2 desi gnates the pixel
val ue of the second pixel fromthe left in frame #n+l. 10 The sum f02 of
t he foreground conponents of the second pixel fromthe left in frame #n
can be expressed by equation (19) based on equation (18). f02 = FOl/v =
C02-a2N02 (19) 15 Simlarly, the sumf03 of the foreground conponents of
the third pixel fromthe left in frame #n can be expressed by equation
(20), and the sumf04 of the foregraundg conponents of the fourth pixel
fromthe left in frame #n can be expressed by equation (21). 20 f03 =
C03-a3N03 (20) f04 = C04-a4N04 (21) In this manner, the foreground
conponent s fu contained in the pixel value C of the pixel belonging to the

uncover eIk Grod P dMePventbhdasksedl #eequation (22): 25 fu = C aN
(22) - 129 re N_designate he pi xel val ue of the correspondi ng pixel
inthe subsegﬁgﬁtpﬁﬁgﬁeYgiged%Qéu§§e&hﬁbﬁféPth@l§€6aﬁépﬂn§hﬁoﬁ@ﬁén 601 is
able to i3 &arra%ee ﬁ@rpecafno "Fd re(gcupnrde scsoerg)%nye netqsua{c tr ioonr]l tne8 )p:I xel s

C02 = B02/v+B02/v+B02/v+F01l/v
5 = 020B02+F01l/v
= 020N02+F01/v (18)
where a2 indicates the mixture ratio of the second pixel
from the left in frame #n, and N0O2 designates the pixel
value of the second pixel from the left in frame #n+1.

10 The sum f02 of the foreground components of the second
pixel from the left in frame #n can be expressed by equation
(19) based on equation (18).

f02 = FOl/v
= C02-0.2eN02 (19)

15 Similarly, the sum f03 of the foreground components of
the third pixel from the left in frame #n can be expressed
by equation (20), and the sum £04 of the foreground
components of the fourth pixel from the left in frame #n can
be expressed by equation (21).

20 f03 = CO03-0.3eN0O3 (20)

£04

C04-0.4eN04 _ (21)

In this manner, the foreground components fu contained
in the pixel value C of the pixel belonging to the uncovered
background area can be expressed by equation (22):

25 fu = C-aeN (22)



5 belonging to the m xed area and the background conponents fromthe

pi xel s belonging to the m xed area based on the information indicating th
covered background area and the infornation indicating the uncovered
background area contained in the area information, and the m xture ratio a
10 for each pixel. Fig. 61 is a block diagramillustrating an exanpl e of
the configuration of the separating portion 601 for executing the
above-described processing. An image input into the separating portion 601
is supplied to a franme 15 nmenory 621, 138d_the area information indicating
the covered background area and the uncovered background area supplied
fromthe mxture-ratio calculator 104 and the mxture ratio a are ﬁupplied
to a separation processing block 622. The frame nmenory 621 stores the input
i mages Pﬁ’ g & deg ignatesngdie Wigrtla irlafe o e srgdeseemdiad rame #n,
the frane mary 621 stores frane #n-1, which is the frame one frane

bef ore fPaRE #i" f néu%ﬁFQ%%Tqrgﬁﬁ?e#n+l, which is the frane one frane

f f #n. The f 1 | th ‘respondi n ixels 25
?ntfian;agﬁ-1?ngé§8ur%g8aggg?%£ng &ngggg5g EBgSEB%ggégoﬁoi iggagﬁﬁocessing
bl ock 622. i rocessing bl ock 622 liies the _.calculations
di ggusseiow?g{éﬁariggg gﬁi?g%to%e%%é)z{n%%oénﬁgnt?ﬁ%o farFOﬁE S B X¢dues of the

Coer§po%%h%%gﬁhée%% Eﬂéf%ﬂg%d#gl%a and the background components

from the pixels belonging to the mixed area based on the

information indicating the covered background area and the

information indicating the uncovered background area

contained in the area information, and the mixture ratio o
10 for each pixel.

Fig. 61 is a block diagram illustrating an example of
the configuration of the separating portion 601 for
executing the above-described processing. An image input
into the separating portion 601 is supplied to a frame

15 memory 621, and the area information indicating the covered
background area and the uncovered background area supplied
from the mixture-ratio calculator 104 and the mixture ratio
o are supplied to a separation processing block 622.

The frame memory 621 stores the input images in units

20 of frames. When a frame to be processed is frame #n, the
frame memory 621 stores frame #n-1, which is the frame one
frame before frame #n, frame #n, and frame #n+l, which is
the frame one frame after frame #n.

The frame memory 621 supplies the corresponding pixels

25 in frame #n-1, frame #n, and frame #n+l1 to the.separation



5 frame #n, and franme #n+l supplied fromthe frame nmenory 621 based on the
area information indicating the covered background area and the uncovered
background area and the mxture ratio a so as to separate the foreground"
conmponents and the background conponents fromthe pixels belonging to 10
the m xed area in franme #n, and supplies themto a frane nenory 623. The
separation processing block 622 is forned of an wuncovered area processor
631, a covered area processor 632, a synthesizer 633, and a synthesi zer
634. 15 Amultiplier 641 of the uncevened-area processor 631 nultiplies
the pi xel value of the pixel in frame #n+l supplied fromthe frane nenory
621 by the m xture ratio a, and outputs the resulting pixel value to a
switch 642. The, whé Ggézls cl osed when the pixel of frame #n 20

(cor r espBRACHRGSE8% REOGEX8R%n frame #n+l) supplled fron1the frame nmenory

621 bel h d_back d the pixel val
mul i pl 1 00 by PReS VAT B S0F oPF o Ao CRpPF BT P TR LM ?ﬁﬁie? 641 to a

cal cul al 051043 0L b BUALNGSLASH S3fe TR val U%lobta' d Y it pl yi ng

the 25 pixel valu nlxtu - 131 a

out put fLgm Eaemgﬁneéél%f' $hed o‘:’:q:leg equng?hgfl%a'gg LA ageogRoent s of

t he pi xel value of the corresponding x rame culator 643
subt ract $-hhe @ﬁgkgh@”@@a&@”ﬂﬂﬂ@”%%pplled from the frame memory 621

based on the area information indicating the covered
background area and the uncovered background area and the
mixture ratio o so as to separate the foreground components
and the background components from the pixels belonging to

10 the mixed area in frame #n, and supplies them to a frame
memory 623,

The separation processing block 622 is formed of an
uncovered area processor 631, a covered area processor 632,
a synthesizer 633, and a synthesizer 634.

15 A multiplier 641 of the uncovered area processor 631
multiplies the pixel value of the pixel in frame #n+1
supplied from the frame memory 621 by the mixture ratio a,
and outputs the resulting pixel value to a switch 642. The
switch 642 is closed when the pixel of frame #n

20 (corresponding to the pixel in frame #n+1l) supplied from the
frame memory 621 belongs to the uncovered background area,
and supplies the pixel value multiplied by the mixture ratio
o supplied from the multiplier 641 to a calculator 643 and
the synthesizer 634. The value obtained by multiplying the

25 pixel value of the pixel in frame #n+l by the mixture ratio



5 supplied fromthe switch 642 fromthe pixel value of the pixel in frane
#n supplied fromthe frane nenory 621 so as to obtain the foreground
conponents. The cal cul ator 643 supplies the foreground conponents of the"
pi xel in frame #n Dbelonging to the uncovered background area to the 10
synt hesi zer 633. A nmultiplier 651 of the covered area processor 632
multiplies the pixel value of the pixel in frame #n-1 supplied fromthe
frame nenory 621 by the m xture ratio a, and outputs the resulting pixel
value to a switch 652. The 15 switch 6§32 Ls cl osed when the pixel of frame
#n (corresponding to the pixel in frame #n-1) supplied fromthe frame
menory 621 belongs to the covered background area, and supplies the pixel
supplied fromthe multiplier 651

val ue nultiglied %é the m xture r%tio,a

to a cal FuPHEBP 655 OB GNENEWEGCEy Ritke sz EFAUGTAL STite tPalthe BBCATIROYTEy

mul tiplying the i xel .yalue of the pixel in frame #n-1 by the m xture
ratio aCS&PBBFnFEoﬁgtﬁéesﬁﬂfgﬁ ggguﬁsogqﬁkﬁaFQﬁfeﬁgoP NHaPREPIURG
conmponent.s _of %he pi xel value of the corresponding pixel in frame #n. 25
The cal ctl&t"6r 653 subtracts the background conponents - 132 supplied from

the swtch 65@hérg%%&ggagé§e%%ggﬁggtgggkgthgiégékégoaﬂgngoﬁﬁ éggg%ied from

the frame nenory ' or egr ound cofnpone e

cal ci at QpB93eqS¥RBhI BRel BF1k0HEGROURYROTRENEALE10T,2008 Bipxghei n frame #n

pixel in frame #n supplied from the frame memory 621 so as
to obtain the foreground components. The calculator 643
supplies the foreground components of the pixel in frame #n
belonging to the uncovered background area to the

10 synthesizer 633.

A multiplier 651 of the covered area processor 632
multiplies the pixel value of the pixel in frame #n-1
supplied from the frame memory 621 by the mixture ratio «,
and outputs the resulting pixel value to a switch 652. The

15 switch 652 is closed when the pixel of frame #n
(corresponding to the pixel in frame #n-1) supplied from the
frame memory 621 belongs to the covered background area, and
supplies the pixel value multiplied by the mixture ratio o
supplied from the multiplier 651 to a calculator 653 and the

20 synthesizer 634. The value obtained by multiplying the
pixel value of the pixel in frame #n-1 by the mixture ratio
o output from the switch 652 is equivalent to the background
components of the pixel value of the corresponding pixel in
frame #n.

25 The calculator 653 subtracts the background components



5 belonging to the covered background area to the synthesizer 633. The
synt hesi zer 633 conbi nes the foreground conponents of the pixels bel onging
to the uncovered background area in frame #n and supplied fromthe ‘
calculator 643 with the 10 foreground conponents of the pixels belonging to
the covered background area and supplied fromthe cal culator 653, and
supplies the synthesized foreground conponents to the frame menmory 623.
The synthesizer 634 combines the background conponents 15 of the pixels
bel ongi ng to the uncovered backgroundiarea in franme #n and supplied from
the switch 642 with the background conponents of the pixels belonging to
the covered background area and supplied fromthe switch 652, and

PPl AU SRS Daska it Fomanante (e Lhe LA 30, ey o023
componenaugl S1e o 3 S e Slert o, e TR 0,200 L 14 o e
sLored | UPUANY 3T MUIET Beflorie P s, IS e e 1
area in fshamA 8y B lfto'rje'gzrjor{'lgmdt %n@o)ﬁtelﬁrt% IS it%ea’piv)\aailcr}.ni r}q:ia?naet G5 ! he
5 Dbelonging to the covered background area to the synthesizer
633.
The synthesizer 633 combines the foreground components
of the pixels belonging to the uncovered background area.in
frame #n and supplied from the calculator 643 with the
10 foreground components of the pixels belonging to the covered
background area and supplied from the calculator 653, and
supplies the synthesized foreground components to the frame
memory 623.
The synthesizer 634 combines the background components
15 of the pixels belonging to the uncovered background area in
frame #n and supplied from the switéh 642 with the
background components of the pixels belonging to the covered
background area and supplied from the switch 652, and
supplies the synthesized background components to the frame
20 memory 623.
The frame memory 623 stores the foreground components
and the background components of the pixels in the mixed
area of frame #n supplied from the separation processing

block 622,

25 The frame memory 623 outputs the stored foreground



5 feature quantity, the foreground conponents and the background
conponents contained in the pixel values can be conpletely separated. The
synt hesi zer 603 conbi nes the foreground conponents ‘of the pixels in the
m xed area in frame #n output fromthe 10 separating portion 601 with the
pi xel s belonging to the foreground area so as to generate a foreground
conponent inmage. The synthesizer 605 conbi nes the background conponents
of the pixels in the mxed area in frame #n output fromthe separating
portion 601 with the pixels 15 bel ongiiyg to the background area so as to

generate a background conponent inmage. Fig. 62A illustrates an exanple of
the foreground conponent image corresponding to frame #n in Fig. 58. Fig.
62B iIIu%§r tes an eﬁg | e of the background conponent image 20
correspondiig 16 ft i35y 8y thy g 3193t e iexd bl e of

the fore u c onent.. i mage correspondi to frame #n in Fig. 58. The
| ef t nost g{)hloexe%l %and t ae&f ruorutr%%nci%nppcweé{)tsf r%r?ngft}}‘?e RgqLs ddhsing morxsshly the
backgrou onponsn fore the 25 foreground and the background are

separateggx%hgpkhus?ﬁiﬁﬁL- 134 pixel values are set to 0. The second and

oo B eL v R ek Iaguts bhe VUCoLSEd UaBKELRAC e before
backgsourdature quantity, the foreground components and the
background components contained in the pixel values can be
completely separated.

The synthesizer 603 combines the foreground components
of the pixels in the mixed area in frame #n output from the

10 separating portion 601 with the pixels belonging to the
foreground area so as to generate a foreground component
image. The synthesizer 605 combines the background
components of the pixels in the mixed area in frame #n
output from the separating portion 601 with the pixels

15 belonging to the background area so as to generate a
background component image.

Fig. 62A illustrates an example of the foreground
component image corresponding to frame #n in Fig. 58. Fig.
62B illustrates an example of the background component image

20 corresponding to frame #n in Fig. 58.

Fig. 62A illustrates an example of the foreground
component image corresponding to frame #n in Fig. 58. The
leftmost pixel and the fourteenth pixel from the left
consist of only the background components before the

25 foreground and the background are separated, and thus, the



5 conponents are set to O, and the foreground conponents are naintai ned.
The el eventh through thirteenth pixels fromthe I|eft belong to the covered

background area before the foreground and the background
Accordingly, the background conponents are set to 0, and
conponents are maintained. The fifth through tenth pixels

are separ at ed.
t he foreground 10
fromthe left

consi st of only the foreground conponents, which are thus maintained. Fig.
62B il lustrates an exanpl e of the background conponent image correspondi ng
to frame #n in Fig. 58. The 15 |eftnmgly pi xel and the fourteenth pixel
fromthe left consist of only the background conponents before the
foreground and the background are separated, and thus, the background
conponent s _ar.e i ntained. The s&cond through fourth pixels fromthe |eft

bel ong P0*FS VR YGHcETE 8§ Hdck

round area before the foreground and the

, i he _f d t

packar ound, g, senatalec focardLaoly, et oneor gund comenents are set
i i h db

L eenthoplel s Cianiee il BSlana o e covsred Backoround arce ©

before the or egroun e backgrou

135 thephak gggggda?gngggggg§eg[e 3%50&%5339 dt%%ebg%%ggrougq conponents

are maintainéd. The fifth throu

h tenth "fromthe=l

8PP consi st of

only § hecbapedearad ¢emRaReRtso,a0da HAWS £ RiXE Maluasnise 38t to 0.

maintained. The eleventh through thirteenth pixels from the

left belong to the covered background area before the

foreground and the background are separated. Accordingly,

the background components are set to 0, and the foreground

10 components are maintained. The fifth through tenth pixels

from the left consist of only the foreground components,

which are thus maintained.

Fig. 62B illustrates an example of the background

component image corresponding to frame #n in Fig.
15 leftmost pixel and the fourteenth pixel from the
consist of only the background components before
foreground and the background are separated, and

background components are maintained.

58. The
left
the
thus, the

The second through fourth pixels from the left belong

20 to the uncovered background area before the foreground and

the background are separated. Accordingly, the foreground

components are set to 0, and the background components are

maintained. The eleventh through thirteenth pixels from the

left belong to the covered background area before the

25 foreground and the background are separated. Accordingly,



5 The processing for separating the foreground and the background executed
by the foreground/ background separator 105 is described below with
reference to the flowhart of Fig. 63. In step S601, the frane nenory 621
of the separating portion 601 obtains an input inmge, and stores 10 frane
#n for which the foreground and the background are separated together with
the previous frame #n-1 and the subsequent frame #n+l. In step S602, the
separation processing block 622 of the separating portion 601 obtains area
information supplied 15 fromthe m-xtgse-ratio calculator 104. In step
S603, the separation processing block 622 of the separating portion 601
obtains the mxture ratio a supplied fromthe m xture- ratio cal cul ator

631 t t 20 th
soir b R 5 SRR BT, R S 0 o e
I a on e
oncover ed Maskataund 4 g3 SRl bham e Lo ey G2 baged on Lhe

processo&rgﬁltgét&gg%sco%él%Qe Eor groynd, conponent s, frg&@%@&egléel val ues

[efe]
of the - i xel's bel ongin UNCOVEre bac rou i ed

fron1thetgh§netgg lxe§2%aq%§%d Q% the e . |nfornat|on and the mxture
ratio a. In step S606, the covered area processor 632 extracts

5 The processing fqr separating the foreground and the
background executed by the foreground/background separator
105 is described below with reference to the flowchart of
Fig. 63. 1In step S601, the frame memory 621 of the
separating portion 601 obtains an input image, and stores
10 frame #n for which the foreground and the background are
separated together with the previous frame #n-1 and the
subsequent frame #n+1.
In step S602, the separation processing block 622 of
the separating portion 601 obtains area information supplied
15 from the mixture-ratio calculator 104. 1In step S603, the
separation processing block 622 of the separating portion
601 obtains the mixture ratio o supplied from the mixture-
ratio calculator 104.
In step S604, the uncovered area processor 631 extracts
20 the background components from the pixel values of the
pixels belonging to the uncovered background area supplied
from the frame memory 621 based on the area information and
the mixture ratio a.
In step S605, the uncovered area processor 631 extracts

25 the foreground components from the pixel values of the



5 the background conponents fromthe pixel values of the pixels belonging
to the covered background area supplied fromthe frane nenory 621 based on
the area information and the mixture ratio a. In step S607, the covered
area processor 632 extracts 10 the foreground conponents fromthe pixel

val ues of the pixels belonging to the covered background area supplied
fromthe frame nenory 621 based on the area information and the m xture
ratio a. In step S608, the synthesizer 633 conbines the 15 foreground
conmponents of the pixels belonging tojglge- uncovered background area
extracted in the processing of step S605 with the foreground conponents of
the pixels belonging to the covered background area extracted in the

processi ng of step S6Q7. The synthesized foreground 20 conmponents are
suppl i ed pgé‘etlﬁetbfgr?ﬂ?éé‘igzé:ro . VATV eLRtt RESKAROUSER FRd FMPRd®S nes t he

i xel s bel ongi to the foregraouynd area supplied vig the switch 602 with
Phe forgéggggggcgﬁﬁgﬁeﬁfgo§ D %ﬁe%aﬁﬁgﬁﬁphg%§éﬁéﬁﬁtFﬁ&ﬁ&ﬂ%ﬁ%ﬂ? a@@% so as
to gener : r cqomponent image. 25 In step S609, the synt hesi zer
634 conb?%%s%ﬁ 35?%1%%Qq€agkground conponents of the pixels belonging to

LIS, PhcopereinbaeLnr oung ALhg BELERCLOD:LA BUECRLORERE00LR LaRLED S004

with the backgroun npohgnts 0 Xé ongin Vered
backas oupgl cabad koLt edmpdnk®s from the pixel values of the

pixels belonging to the covered background area supplied
from the frame memory 621 based on the area information and
the mixture ratio a.
In step S607, the covered area processor 632 extracts
10 the foreground components from the pixel values of the
pixels belonging to the covered background area supplied
from the frame memory 621 based on the area information and
the mixture ratio a.
In step S608, the synthesizer 633 combines the
15 foreground components of the pixels belonging to the
uncovered background area extracted in the processing of
step S605 with the foreground components of the pixels
belonging to the covered background area extracted in the
processing of step S607. The synthesized foreground
20 components are supplied to the synthesizer 603. The
synthesizer 603 further combines the pixels belonging to the
foreground area supplied via the switch 602 with the
foreground components supplied from the separating portion
60l so as to generate a foreground component image.

25 In step 56092, the synthesizer 634 combines the



5 processing of step S606. The synthesized background conponents are
supplied to the synthesizer 605. The synthesizer 605 further conbines the
pi xel s belonging to the background area supplied via the switch 604 with
the background conponents supplied fromthe separating portion 10 601 so
as to generate a background conponent image. |In step S610, the synthesizer
603 outputs the foreground conponent image. In step S611, the synthesizer
605 out puts the background conponent inage. The processing is then

conpl eted. 15 As discussed above, thei1Boreground/ background separator 105
is able to separate the foreground conponents and the background
conponents fromthe input inmge based on the area information and the

i xt t d tputs th d t i i sting of
only t he PRSKEECHINd SoBPEBFBERets t&%&%%%%ﬂ%aa%é%ﬁﬁ%c&iﬁ Ent | mage h

i sti I d ts. FiLg. 64 i strates anot her
cont1 qur S BesPd hatRG-BARG0LAC SATRUNAY In T pSbaass Y Bife pr ocent

inventiOgtepTg%Oql%q%ﬂt§F§ig%b Br%%nhh%%ﬁg%Q%WQsi%fFE%eiéi%%ﬁgindicated 25

by like reference nunerals, and an explanation thereo 8 thus
Onitted-bél@ﬁ&ﬁﬂ%‘@br%ﬁk'QBV@%@H”%EbQ%r%%ng%Q%ag%Q%&%%ﬁ§dain”Qh%on vect or

corresponding 'to a foreground object base area I nformation supplied
fromg hepateasspag by BeepNs60503 The synthesized background
components are supplied to the synthesizer 605. The
synthesizer 605 further combines the pixels belonging to the
background area supplied via the switch 604 with the
background components supplied from the separating portion

10 601 so as to generate a background component image.

In step S610, the synthesizer 603 outputs the
foreground component image. In step S611, the synthesizer
605 outputs the background component image. The processing
is then completed.

15 As discussed above, the foreground/background separator
105 is able to separate the foreground components and the
background components from the input image based on the area
information and the mixture ratio o, and outputs the
foreground component image consisting of only the foreground

20 components and the background component image consisting of
only the background components.

Fig. 64 illustrates another configuration of the image
processing apparatus according to the present invention.
The elements similar to those shown in Fig. 2 are indicated

25 by like reference numerals, and an explanation thereof is



5 and an input inmage, and also extracts the noving direction fromthe
notion vector so as to supply the extracted noving direction to a .

m xture-ratio calculator 702. The noving- direction estimating unit 701 is
able to output the generated notion vector. 10 The m xture-ratio

cal cul ator 702 calculates the mxture ratio a for each pixel based on the
area information supplied fromthe area specifying unit 103 and the noving
direction supplied fromthe noving-direction estinmating unit 701, and
supplies the cal culated mxture rati-oimgo the 15 foreground/ background
separator 105. Fig. 65 is a block diagramillustrating the configuration
of the noving-direction estimating unit 701. A novi ng-vector detector 721
generates.,a ot i . & ctor based on the area information supplied fromthe
area specf?ylng it 103 and the |nput i mge. More specifically, when

t he designate i rane #n bel ongs to the ver ed background area,
t he notlgn vegt%réqggtelngtfff ERHERS n&h“@&ﬁIﬁéﬁ GﬁnﬁFééﬁscérrespondlng

to the q§§5 #n_ based on the. area 25 nfo mat i on of
frame #n anci' #n+l stt?%ﬁ!loed‘ref(yrpo ijhr}:f3 aérljea _PW VHELiG k%Pi Cg(ﬁ? For

exanmpl e, A% W dnfa thidh 56.1?3 %.Q-:‘bdasf{< ARl J{le%Ckﬁp cﬁvfyl ”h%idchfjmgfat ed
pi xel belonging to the cove éﬁ' ac groun area at’the cem
contasnlquihﬁlhﬁﬁKHJQMgﬁe, and also extracts the moving direction
from the motion vector so as to supply the extracted moving
direction to a mixture-ratio calculator 702. The moving-
direction estimating unit 701 is able to output the
generated motion vector.

10 The mixture-ratio calculator 702 calculates the mixture
ratio a for each pixel based on the area information
supplied from the area specifying unit 103 and the moving
direction supplied from the moving-direction estimating unit
701, and supplies the calculated mixture ratio o to the

15 foreground/background separator 105.

Fig. 65 is a block diagram illustrating the
configuration of the moving-direction estimating unit 701.
A moving-vector detector 721 generates a motion vector based
on the area information supplied from the area specifying

20  unit 103 and the input image.

More specifically, when the designated pixel of frame
#n belongs to the covered background area, the motion-vector
detector 721 extracts an estimation block corresponding to
the designated pixel from frame #n based on the area

25 information of frame #n and #n+l supplied from the area



5 area and the foreground area is extracted. In Fig. 66, A indicates the
desi gnated pi xel, B designates the estinmation block, and C represents the
search area. In Fig. 66, D indicates the foreground area, E designhates
t he background area, F represents the covered 10 background area, and G
i ndi cates the uncovered background area. The notion-vector detector 721
detects the covered background area of frane #n+l having the sane
configuration as that of the covered background area contained in the 15
extracted estimation block. For exanphieg as shown in Fig. 66, the
notion-vector detector 721 searches the search area of franme #n+l
corresponding to the estimation block in frame #n, and detects the covered
background area,of frane §n+l havi ng the 20 sane configuration as that of
t he coveFBBCBSXQBSOHHHtaF d' contained in the extracted estimation bl ock.
The notion-vegtor detector 721%calcul es t? notion ,vector correspondi ng
& B8 1980 SERCE

to the desi gnat ed®HTRRT € ba3Bd®HR"E he" oF FREMBIET PRt | ock of
f # .th .25 th i ti .of th t ect ed d
baokgr oult aPda chF " 88015RaPRY UG <R0BEl bR i85 He £ Ae R B o et or

G R A L e
NDOt1 - VEEEAr and the foreground area is extracted.

In Fig. 66, A indicates the designated pixel, B
designates the estimation block, and C represents the search
area. In Fig. 66, D indicates the foreground area, E
designates the background area, F represents the covered

10 Dbackground area, and G indicates the uncovered background
area.

The motion-vector detector 721 detects the covered
background area of frame #n+l having the same configuration
as that of the covered background area contained in the

15 extracted estimation block.

For example, as shown in Fig. 66, the motion-vector
detector 721 searches the search area of frame #n+l
corresponding to the estimation block in frame #n, and
detects the covered background area of frame #n+l having the

20 same configuration as that of the covered background area
contaihed in the extracted estimation block.

The motion-vector detector 721 calculates the motion
vector corresponding to the designated pixel based on the

position of the estimation block of frame #n on the screen

25 and the position of the detected covered background area of



5 detector 721 sets the length of one side of the estimation block to

tw ce |longer than the anount of novenent v (wdth of the m xed area). For
exanple, as shown in Fig. 67A it is now assuned that the designated pixel
is positioned at the edge of the 10 m xed area. In this case, if the

| ength of one side of the estimation block is set to twice |onger than the
anount of novenent v, the estimation block contains the background area
and the m xed area, and the outline of the mxed area to be detected
becomes clear. 15 Simlarly, as showniigg Eig. 67B, it is now assuned that
the designated pixel is positioned at the center of the mxed area. In
this case, if the length of one side of the estimation block is set to
twice lo t he estination bI cont ai ns

th t of t
t he back%&&&ﬁd gglapga%gﬁggFﬁ%eﬁlxeﬁ neggt!QHGVFW§O6Uﬂqyﬁ§t8F t%ﬁ m xed
b t d bec t t h JFig., 67C, it
Cs now g?&%ﬁ&% “EhE: cPhetdace .éni?»retaoaf‘y%%%oiraism RdRen IPrliESdde of the
m xed ar a. a Bogfhé %?%%ctﬁ%nt@%le%n one side of the 25 estinmation
o .

bl ock is se safe Iengt h as t the - 141 anount of nobvenent v,

ei ther of theAQagﬁg&gugﬁeﬁigg 0@7Ah§?dph¥§d gheanb e BRL CRRLEI Ned Tn the

estimati on bl ock utlrne o e M Xed area et ect ed becones

uncl efr. gelkkkeWwrsep1a8.3R0WRC N ehig8n 8%Donket SlifcN@W agued ;that Jhhe

block to twice longer than the amount of movement v (width
of.the mixed area).

For example, as shown in Fig. 67A, it is now assumed
that the designated pixel is positioned at the edge of the

10 mixed area. In this case, if the length of one side of the
estimation block is set to twice longer than the amount of
movement v, the estimation block contains the background
area and the mixed area, and the outline of the mixed area
to be detected becomes clear.

15 Similarly, as shown in Fig. 67B, it is now assumed that
the designated pixel is positioned at the center of the
mixed area. 1In this case, if the length of one side of the
estimation block is set to twice longer than the amount of
movement v, the estimation block contains the background

20 area and the mixed area, and the outline of the mixed area
to be detected becomes clear.

In contrast, as shown in Fig. 67C, it i1s now assumed
that the designated pixel is positioned at the edge of the
mixed area. In this case, if the length of one side of the

25 estimation block is set to the same length as that of the



5 designated pixel is positioned at the center of the mxed area. In this
case, if the length of one side of the estimation block is set to the sane
| ength as that of the anount of novenent v, either the background area or
the mxed area is not contained in the estimation block, and the 10
outline of the mxed area to be detected becones unclear. As discussed
above, by setting the length of one side of the estimation block to twce
| onger than the amobunt of novenent v, the notion-vector detector 721 is
able to reliably detect the covered-bagkground area of franme #n+l 15
havi ng the sane configuration as that of the estimtion block. Wen the
desi gnat ed pi xel of frane #n belongs to the wuncovered background area, the

i on- d t 72 tract timati bl ock corresponding to
the dosi SHGLRE %%eﬁpﬁémep%oxﬁ?Féﬁﬁein%%aiég'Eﬁckﬁﬁoafééagﬁ@opﬁaﬁggn of
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t he desi gnated pi xel based on t osi'tion of the estimation bl'ock o

frame #ngeBibhatear geRe1ad bBEiRIBhELOR Ok nkheedebeched cHacaygLAd
background area
area. In this case, if the length of one side of the
estimation block is set to the same length as that of the
amount of movement v, either the background area or the
mixed area is not contained in the estimation block, and the
10 outline of the mixed area to be detected becomes unclear.

As discussed above, by setting the length of one side
of the estimation block to twice longer than the amount of
movement v, the motion-vector detector 721 is able to
reliably detect the covered background area of frame #n+1

15 having the same configuration as that of the estimation
block.

When the designated pixel of frame.#n belongé to the
uncovered background area, the motion-vector detector 721
extracts an estimation block corresponding to the designated

20 pixel from frame #n based on the area information of frame
#n and frame #n+l supplied from the area specifying unit 103.

The motion-vector detector 721 detects the uncovered
background area of frame #n+l having the same configuration
as that of the uncovered background area contained in the

25 extracted estimation block.



5 of frame #n+l on the screen. The notion-vector detector 721 outputs the
cal cul ated notion vector, and also supplies it to the noving-direction
sel ector 722. Wen the designated pi xel of frame #n belongs to the
foreground area, the notion-vector detector 721 extracts an 10 estimation
bl ock corresponding to the designated pixel fromthe input inage of frane
#n. The notion-vector detector 721 provides natching between the
estimation block of the input inage of frane #n and the input image of
frame #n+l, and generates the notioniyector based on the position of the
15 estimation block of the input imge of frame #n and the position of the
i mge of frame #n+l that has been matched wth the estimtion bl ock. The
not i on-vect or etec 721 etect th tion ctor, based.on the area
"ot ormat Fon’of PR EoE PG T SaRAL anBEoC50E of 206 Ess&aisanahsraaglPﬂ this
case, the tion-vector detector 721 does not need
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err|n nmovi ng-dl rectli on
sel ec§ or oF22 @xle’ aals B%et%QV%@QéQnﬁecﬁ%@pH%&A%Qed@@@dqndetector 721
outputs the calculated motion vector, and also supplies it
to the moving-direction selector 722.
When the designated pixel of frame #n belongs to the
foreground area, the motion-vector detector 721 extracts an
10 estimation block corresponding to the designated pixel from
the input image of frame #n. The motion-vector detector 721
provides matching between the estimation block of the input
image of frame #n and the input image of frame #n+l1, and
generates the motion vector based on the position of the
15 estimation block of the input image of frame #n and the
position of the image of frame #n+l that has been matched
with the estimation block.
The motion-vector detector 721 may detect the motion
vector based on the area information of the foreground area
20 or the background area. In this case, the motion-vector
detector 721 does not need the input image.
Alternatively, the motion-vector detector 721 may
detect the motion vector by performing matching on the whole

screen for the covered background area, the uncovered

25 background area, the foreground area, or the background area.



5 vector supplied fromthe notion-vector detector 721, and outputs the
extracted noving direction. For exanple, the noving-direction selector 722
extracts horizontal vector conponents and vertical vector conponents from
the nmotion vector, and cal cul ates the absolute value of 10 the horizontal
vector conponents and the absolute value of the vertical vector

conponents. The noving-direction selector 722 selects one of the .

hori zontal vector conponents and the vertical vector conponents having a
greater absolute value. The noving-dijyecti on sel ector 722 outputs the 15
direction corresponding to the sel ected vector conponents as the noving
direction. The noving direction my take one of thg val ues, Lor exanpgeé 0
i ndi cati the left, 1 indicating the right, 2 indicating the top, an

i ndi cat i [11%‘ (HE HIEM B¢ |“H>ttlrﬂ“g“’r€eﬁﬁi>efr IRIREYRII gk ATtV 7e8’d mat i ng

unit 701, s .able t.o detect the notion vector and al so outputs the noving
directio##{ i{§§¢%3ﬁﬁ§Q§'block diagramillustrating the configuration of

(e xtur e AR SALGULAL 01 BoeT ZRges Lt detector a1
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direcsiOwed%a¥ﬂ§d5$ﬁﬂéa“éﬂgﬁ'@H@'Mbéﬁdﬁﬂvééﬁbfﬁﬁééggédﬁ3%HY} atyt and
outputs the extracted moving direction.

For example, the moving-direction selector 722 extracts
horizontal vector components and vertical vector components
from the motion vector, and calculates the absolute value of

10 the horizontal vector components and the absolute value of
the vertical vector components. The moving-direction
selector 722 selects one of the horizontal vector components
and the vertical vector components having a greater absolute
value. The moving-direction selector 722 outputs the

15 direction corresponding to the selected vector components as
the moving direction.

The moving direction may take one of the values, for
example, 0 indicating the left, 1 indicating the right, 2
indicating the top, and 3 indicating the bottom.

20 In this manner, the moving-direction estimating unit
701 is able to detect the motion vector and also outputs the
moving direction.

Fig. 68 is a block diagram illustrating the
configuration of the mixture-ratio calculator 702. A mixed-

25 area—-width detector 741 detects the width of the mixed area



S supplies the detected width to a straight-line applying portion 742 as
the m xed-area-width information. The straight-1line applying portion 742
calculates the ratio of the width of the m xed area to the distance from-
t he designated pixel to the pixel of the background area 10 adjacent to the
m xed area based on the m xed-area-w dth i nformation supplied fromthe

m xed-area-w dth detector 741 and the noving direction supplied fromthe
novi ng-direction estimating unit 701. The straight-1ine applying portion
742 calculates the mxture ratio of- tijh desi gnat ed pi xel based 15 on the
ratio of the wwdth of the m xed area to the distance fromthe designated
pi xel to the pixel of the background area adjacent to the m xed area. The

f or egr ound/ backgr qund separati on processin erformed by the image

Wi refar 0 . : . 1, . _
speci fyi %&eel}ﬁallﬁgfleecﬁ%\é\% %;aarseea st %}ﬁ/laﬁge%rlﬁbfg?ﬁarvﬁo?;fé?? 25dan i nput
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portion 742 as the mixed-area-width information.

The straight-line applying portion 742 calculates the
ratio of the width of the mixed area to the distance from
the designated pixel to the pixel of the background area

10 adjacent to the mixed area based on the mixed-area-width
information supplied from the mixed-area-width detector 741
and the moving direction supplied from the moving-direction
estimating unit 701. The straight-line applying portion 742
calculates the mixture ratio of the designated pixel based

15 on the ratio of the width of the mixed area to the distance
from the designated pixel to the pixel of the background
area adjacent to the mixed area.

The foreground/background separation processing
performed by the image processing apparatus configured as

20 shown in Fig. 64 is described below with reference to the
flowchart of Fig. 69.

In step S701, the area specifying unit 103 executes
area specifying processing, based on an input image, for
generating area information indicating to which of a

25 foreground area, a background area, a covered background



5 simlar to those of the processing of step S12, and an expl anation
thereof is thus omtted. In step S702, the noving-direction estimating unit
701 detects the noving direction based on the area information supplied’
fromthe area specifying unit 103. Details of the 10 noving-direction
detection processing are described below. The noving-direction estinmating
unit 701 supplies the noving direction to the mxture-ratio cal cul ator

702. In step S703, the mxture-ratio cal culator 702 calculates the m xture
ratio a for each pixel contained in- i2sthe m xed area based on the noving
direction supplied from the noving-direction estimating unit 701 and the
area information supplied fromthe area specifying unit 103. Details of

the m xture-ratio cal cul ati on Erocessi;% area are_ discussed bel ow. The
i xt ur e- PaERo C3l B0l HP6PVESRIsBAFKPIESURE efeac &Rl Ridg InPkt Gh€ ratio a to

t he foreground/background separator 105. Details of the processing of step
S703 aregnEPﬁiﬁgFgﬁo Fﬁ8§gsof &h@ Br68eSPPRG YA NG 8318130 aﬁ&pgﬁle%

| ti th f i th om tt o t S704, th .
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explanation thereof is thus omitted.

In step S702, the moving-direction estimating unit 701
detects the moving direction based on the area information
supplied from the area specifying unit 103. Details of the

10 moving-direction detection processing are described below.
The moving-direction estimating unit 701 supplies the moving
direction to the mixture-ratio calculator 702.

In step S703, the mixture-ratio calculator 702

calculates the mixture ratio o for each pixel contained in

15 the mixed area based on the moving direction supplied from
the moving-direction estimating unit 701 and the area
information supplied from the area specifying unit 103.
Details of the mixture-ratio calculation processing area are
discussed below. The mixture-ratio calculator 104 supplies

20 the calculated mixture ratio o to the foreground/background
separator 105. Details of the processing of step S703 are
similar to those of the processing of step S13, and an
explanation thereof is thus omitted.

In step S704, the foreground/background separator 705

25 extracts the foreground components and the background



5 based on the extracted background conponents. The foreground/background
separator 105 outputs the foreground conponent inege and the background
conponent image, and the processing is then conpleted. Details of the

processi ng of

step S704 are simlar to those of the processing of step

S14, 10 and an expl anation thereof is thus omtted. As discussed above, the
i mage processing apparatus configured as showmn in Fig. 64 is able to

separate the

foreground and the background. The novi ng-directi on obtaining

processing perfornmed by 15 the noving4dgi rection estimating unit 701 is

descri bed bel

ow wth reference to the flowhart of Fig. 70. In step S721,

t he noti on-vector detector 721 obtains the input inmage of a designated

frame and the input
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foreground/background separator 105 outputs the foreground

component image and the background component image, and the

processing is then completed. Details of the processing of

step

5704 are similar to those of the processing of step S14,

10 and an explanation thereof is thus omitted.

As discussed above, the image processing apparatus

configured as shown in Fig. 64 is able to separate the

foreground and the background.

The moving-direction obtaining processing performed by

15 the moving-direction estimating unit 701 is described below

- with

reference to the flowchart of Fig. 70.

In step S721, the motion-vector detector 721 obtains

the input image of a designated frame and the input image of

the frame subsequent to the designated frame.

20

In step S722, the motion-vector detector 721 obtains

the area information of the designated frame and the area

information of the frame subsequent to the designated frame.

In step 5723, the motion-vector detector 721 designates

a pixel. 1In step S$724, the motion-vector detector 721

25 determines whether the designated pixel belongs to the



5 process then proceeds to step S737. If it is determned in step S724 that
t he designated pixel does not belong to the stationary area, the process
proceeds to step S726. In step S726, the notion-vector detector 721

det erm nes whet her the designated pixel belongs 10 to the covered
background area based on the area information of the designated frame. If
it is determned in step S726 that the designated pixel belongs to the
covered background area, the process proceeds to step S727. In step S727,
the notion-vector detector 721 creatqg7an estimation block 15 contai ning
the covered background area, the foreground area, and the background area.
In step S728, the notion-vector detector 721 provides matchi ng between the

estimtio l.ock and the area information jindicating the covered
backgr ouﬁg:aqﬁ‘roéﬁlré’f &1 %aasr?éi S ddfuatea o nirmpsighatfeda ane. 20 For

exanpl e, the notion-vector detectqr 721 calculates the square suns of the
errors be ev?/eleqr{lattﬁé{'efsrﬁn}?ati g[rft bitocie %Wﬁ%@%éﬂ%gﬁt%% si ze as
t hat of St ion, block within the search area of the area
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moti 08 VeeieRASEE 0D 1N ARSI Y M@ estimtion block of the
designated frame and the position of "the
If it is determined in step S724 that the designated
pixel does not belong to the stationary area, the process
proceeds to step S726. 1In step S726, the motion-vector
detector 721 determines whether the designated pixel belongs

10 to the covered background area based on the area information
of the designated frame. If it is determined in step S726
that the designated pixel belongs to the covered background
area, the process proceeds to step S727. 1In step S727, the
motion-vector detector 721 creates an estimation block

15 containing the covered background area, the foreground area,
and the background area. In step S$728, the motion-vector
detector 721 provides matching between the estimation block
and the area information indicating the covered background
area of the frame subsequent to the designated frame.

20 For example, the motion-vector detector 721 calculates
the square sums of the errors between the estimation block
and the areas having the same size as that of the estimation
block within the search area of the area information of the
frame subsequent to the designated frame, and selects the

25 area within the search area having the minimum square sum of



5 matched covered background area of the franme subsequent to the

desi gnated frane, and the process proceeds to step S737. If it is
determned in step S726 that the designated pixel does not belong to the
covered background area, the process proceeds to step S730. In step S730,
the notion- 10 vector -detector 721 determ nes whether the designated pixel
bel ongs to the uncovered background area based on the area information of
the designated frame. If it is determned in step S730 that the designated
pi xel belongs to the uncovered backgrouygd-area, the process 15 proceeds to
step S731. In step S731, the notion-vector detector 721 creates an
estimation bl ock containing the wuncovered background area, the foreground
area, and.,the__background area. In step S732, the notion-vector detector
721 provi‘i&s SF&CERing bet ween the estimation bl ock and the 20 area

_ : el ; b he f
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subsequent to the designated frame, and selects the area within the search
ar ea flavimdg chir@ FovleFeld HARE oA Qfreal RE @WDOETamd sHiRRqEES3: thhe

not i on-vector detector 721 generates
the designated frame, and the process proceeds to step S737.
If it is determined in step S726 that the designated
pixel does not belong to the covered background area, thé
process proceeds to step S730. In step S730, the motion-

10 vector detector 721 determines whether the designated pixel
belongs to the uncovered background area based on the area
information of the designated frame.

If it is determined in step S730 that the designated
pixel belongs to the uncovered background area, the process

15 proceeds to step §731. In step S731, the motion-vector
detector 721 creates an estimation block containing the
uncovered background area, the foreground area, and the
background area. In step S732, the motion-vector detector
721 provides matching between the estimation block and the

20 area information indicating the uncovered background area of
the frame subsequent to the designated frame.

For example, the motion-vector detector 721 calculates
the square sums of the errors between the estimation block

and the areas having the same size as that of the estimation

25 block within the search area of the area information of the



5 a notion vector based on the position of the estimation block of the
desi gnated frane and the position of the matched uncovered background area
of the franme subsequent to the designated frame. The process then proceeds
to step S737. 10 If it is determned in step S730 that the designated

pi xel does not belong to the uncovered background area, it can be proved
that the designated pixel belongs to the foreground area. The process thus
proceeds to step S734 in which the notion-vector detector 721 creates an
estimation 15 block in the designatedifamane of the input inage. In step
S735, the notion-vector detector 721 provides matching between the
estimation bl ock of the designated frane and the input image of the frane

subseque 0 the designated frane. .For ex | e, the tioon-vector detector
721 cal Cter'Itratmees S%et%ee%g:q&éjr et}%%gesdfgri%cgr %'b&weﬁ’?%qfé:seﬁhermti on

bl ock and. the .i e . portiaons.having,the sane size., as that of the

estimati o%%ebal g’clktrﬁ\imglt H:?“a & SEart eagrh 2 6 ?Eﬁ]ee PHPU Y e e st 9% 95 ane

subsequent, f @ the [designated frame, and selects the image portion within

t he search area having the mninmum 25 square sumof the errors. - 150 |In
step S736, the,metipnzygst okydel 8¢t ar-4 nat a-gotign _vector based
on the positioﬁ of ?he estimation gﬁocéégggtﬁgﬁgggpéng edgngﬁg%gﬁd t he

posi ton 0Mdthen RRiRed JakRee ROTdHO DR dilks fJRmm suhsaqentfo the
block of the designated frame and the position of the
matched uncovered background area of the frame subsequent to
the designated frame. The process then proceeds to step.
S737.

10 If it 1s determined in step S730 that the designated
pixel does not belong to the uncovered background area, it
can be proved that the designated pixel belongs to the
foreground area. The'process thus proceeds to step S734 in
which the motion-vector detector 721 creates an estimation

15 Dblock in the designated frame of the input image. In step
8735, the motion-vector detector 721 provides matching
between the estimation block of the designated frame and the
input image of the f:ame subsequent to the designated frame.

For example, the motion-vector detector 721 calculates

20 the square sums of the errors between the estimation block
and the image portions having the same size as that of the
estimation block within the search area of the input image
of the frame subsequent to the designated frame, and selects
the image portion within the search area having the minimum

25 square sum of the errors.



5 designated franme. The process then proceeds to step S737. In step S737,
the notion-vector detector 721 determ nes whether the notion vectors have
been generated for all the pixels of the designated franme. If it is '
determ ned that the notion vectors have not been generated for all the 10
pi xel s of the designated frame, the process returns to step S723 in which
the subsequent pixel is selected to repeat the processing for generating a
notion vector. If it is determned in step S737 that the notion vectors
have been generated for all the pixel 35¢f the 15 designated frame, the
process proceeds to step S738. In step S738, the notion-vector detector
721 supplies the notion vectors to the noving-direction selector 722, and
al so out puts the m)tigg8 ectg%s. In step S739, the noving-direction

sel ector 722 28 §&RBr b enGCdt PECVPEAE T h 488 CER Tt RE LnBENER2FESt or S
ot g it SO YBREeRoPAREs G e e tdiferh Sdhe A hFect | ons, and
ot bt OB o YRS et (5% 37 TR st el it SR movi g - 151
Gescri bodBiiare AR Bortithn JF IR Mol Sl ualt oners o motion
vectogs afad iiRwiRY H Gl OR% PYrocess then proceeds to step S737.

In step S737, the motion-vector detector 721 determines
whether the motion vectors have been generated for all the
pixels of the designated frame. If it is determined that
the motion vectors have not been generated for all the

10 pixels of the designated frame, the process returns to step
S723 in which the subsequent pixel is selected to repeat the
processing for generéting a motion vector.

If it is determined in step S737 that the motion
vectors have been generated for all the pixels of the

15 designated frame, the process proceeds to step S738. In
step S738, the motion-vector detector 721 supplies the
motion vectors to the moving-direction selector 722, and
also outputs the motion vectors.

In step S739, the moving-direction selector 722

20 generates moving directions based on the motion vectors
supplied from the motion-vector detector 721. 1In step S740,
the moving-direction selector 722 outputs the generated
moving directions, and the processing is completed.

As described above, the moving-direction estimating

25 unit 701 is able to generate motion vectors and moving



5 using the inmages and the area information of the designated frane and the
frame subsequent to the designated frane. Alternatively, the notion-vector
estimating unit 701 may generate notion vectors and noving directions by
using the imges and the area information of the designated frane and 10
the frame prior to the designated frame. The m xture-ratio cal cul ation
processing performed by the mxture-ratio calculator 702 is described
below with reference to the flowhart of Fig. 71. In step S761, the

m xture-ratio-width detector 741 15 gbtains the area information supplied
fromthe area specifying unit 103. In step S762, the m xture-ratio-width
detector 741 and the straight-line applying portion 742 obtain the noving
directio i ed Lron1the V|n direction estimating unit 701. 20 In
step S76§lrF 18PFa Sﬁ?dIPHe PH& pBPEeSn 2782 thge ditGRat es a pixel . In
step S764 fthe %tralght-llne applylng portion 742 determ nes whet her the
deS|gnaté8 BFQS Belongs to the foreground area based on the area

nrormet on rLlnkl deefoh s ted DALt e g5 et edpLcel belgng o e

25 foreground” area, ess proce

set in tg;q Abyr eaa%ggg mg@qohh%eg%%sa B 918%%@' 43 re2t98, §7%9 It it

i's deternlned I'n at the eS|gna 58S not Vong to
the f§reg§9HBdtﬁEe§mabQ§ BhACERE area information of the designated

frame and the frame subsequent to the designated frame.
Alternatively, the motion-vector estimating unit 701 may
generate motion vectors and moving directions by using the
images and the area information of the designated frame and

10 the frame prior to the designated frame.

The mixture-ratio calculation processing performed by
the mixture-ratio calculator 702 is described below with
reference to the flowchart of Fig. 71.

In step S761, the mixture-ratio-width detector 741

15 obtains the area information supplied from the area
specifying unit 103. In step S762, the mixture-ratio-width
detector 741 and the straight-line applying portion 742
obtain the moving direction supplied from the moving-
direction estimating unit 701.

20 In step 5763, the straight-line applying portion 742
designates a pixel. 1In step S764, the straight-line
applying portion 742 determines whether the designated pixel
belongs to the foreground area based on the area information.
If it is determined that the designated pixel belongs to the

25 foreground area, the process proceeds to step S765 in which



5 proceeds to step S766. In step S766, the straight-line applying portion
742 determ nes whet her the designated pixel belongs to the background area
based on the area information. |If it is determ ned that the designated

pi xel belongs to the background area, the process proceeds to step S767 in
which 10 1 is set in the mxture ratio a. The process then proceeds to
step S769. If it is determned in step S766 that the designated pixel does
not belong to the background area, the process proceeds to step S768. In
step S768, the straight-line 15 appkyingg portion 742 executes processing
for calculating the mxture ratio a of the pixel belonging to the m xed
area, and the process proceeds to step S769. Details of the processing

for cal cuyl ati the mxture.ratio _a.of the pjxel belonging to the m xed
ar ea are%dggcggge&nbe SWTIFFUET S OS?BQFWAugaﬁnﬁﬁ%ﬂﬂﬁﬁiHﬂ?%%ﬁﬂ%ﬂW@

portion 742 gggges the calculated m xture ratio a in correspondence with
t he designaf% piXel. In step S770, the straight-line applying portion 742

whote frame T TE 13 4ararm hed that “PReche A Pt Ciggotpiiradd ave n

whol e frane. eterm ne e mxtuare - have not

e GRS bk, LR (eSS ARLUCRS BRSTHER ST
the n Xpebeekdsl @olstep S766. In step S766, the straight-line
applying portioﬁ 742 determines whether the designated pixel
belongs to the background area based on the area information.
If it is determined that the designated pixel belongs to the
background area; the process proceeds to step S767 in which

10 1 is set in the mixture ratio a. The process then proceeds
to step S769.

If it is determined in step S766 that the designated
pixel does not belong to the background area, the process
proceeds to step S768. In step S768, the straight-line

15 applying portion 742 executes processing for calculating the
mixture ratio a of the pixel belonging to the mixed area,
and the process proceeds to step S769. Details of the
processing for calculating the mixture ratio @ of the pixel
belonging to the mixed area are described below.

20 In step S769, the straight-line applying portion 742
stores the calculated mixture ratio @ in correspondence with
the designated pixel.

In step S770, the straight-line applying portion 742
determines whether the mixture ratios o have been calculated

25 for the whole frame. If it is determined that the mixture



51f it is determned in step S770 that the mxture ratios a have been
cal cul ated for the whole franme, the process proceeds to step S771 in which
the straight-line applying portion 742 outputs the m xture ratios a. The"
processing is then conpleted. 10 A description is given below, with _
reference to the flowhart of Fig. 72, of the processing for calcul ating
the mxture ratio a of the pixel belonging to the m xed area perfornmed by
the m xed-area-wi dth detector 741 and the straight-line applying portion
742 corresponding to the 15 processi-ngsaf -step S768. In step S781, the

m xed-area-w dth detector 741 determnes the width of the mxed area in
the noving direction of the notion vector based on the noving direction

suppl i ed fron1t§$ nDV| dlrectlo e Q%@ un|t 701 and 20 the area

i nf or mat X6 5o h@d'ef @gcé’é@tﬁ f %g’d i h fﬂ?@‘ed the .
m xed- ar t.h tor | £5 1 wi. dt t e m.xed area to e
strai ght %I%lo\#éa%asppr%ﬁ‘%é pg‘rot |Son %%6] g‘lrﬁ}&&flo - RS i or mation. In

step S782.1the 5t q:g)eg.lt%) a'tngth%o r)él 2 t gt'f%%;fézlcal 3% det ergi nes t he

di stance fromthe ate HnQI%g m xed area in

the novi pg x@HeCtda@no kN step 8783 t he stralght-llne appl yi ng portion 742
determ nes the distance fromthe designated pixel to the edge of the m xed

area n the directi 99 @PREShiRebOihNStep S770 that the mixture
ratios o have been calculated for the whole frame, the
process proceeds to step S771 in which the straight-line
applying portion 742 outputs the mixture ratios a. The
processing is then completed.

10 A description is given'below, with reference to the
flowchart of Fig. 72, of the processing for calculating the
mixture ratio o of the pixel belonging to the mixed area
performed by the mixed-area-width detector 741 and the
straight-line applying portion 742 corresponding to the

15 processing of step S768.

In step S781, the mixed-area-width detector 741
determines the width of the mixed area in the moving
direction of the motion vector based on the moving direction
supplied from the moving—direction estimating unit 701 and

20 the area information supplied from the area specifying unit
103. The mixed-area-width detector 741 supplies the width
of the mixed area to the straight-~line applying portion 742
as the mixed-area-width information.

In step 5782, the straight-line applying portion 742

25 determines the distance from the designated pixel to the



5 moving direction. In step S784, the straight-line applying portion 742
calcul ates the mxture ratio a based on the area information and the ratio
of the wwdth of the m xed area to the distance fromthe designated pixe

to the edge of the m xed area. 10 The processing is then conpleted. As

di scussed above, the mxture-ratio calculator 702 is able to calculate the
mxture ratio a, which is a feature quantity corresponding to each pixel
based on the area information supplied fromthe area specifying unit 103
and 15 the noving direction supplied fisam-the noving-direction estimating
unit 701. Fig. 73 is a block diagramillustrating still another
configuration of the inage processing apparatus according to éhe.presegt

i nvention.. Th ne el.ements as .thgose shown in 20 Fig. 64 are designate
wWith I k%drg-egf g’er%éléa H‘t}ﬁ‘eercglasr,eaaﬁ&’ g':ﬁle Bt HPTheof is thus onitted.
In the image pro [ ppar at h _kn Fig. 73, the novin gIFQCFIOH

i s input fron?gnggégesﬁg?’sgh§c§§r$ﬁ§ﬂgrgéngpggpzyFﬁa BHFF1?639§ eC|hf|es155
each of jX el f: i.n i e as .the foreground area, the -
backgr outr?%ecaerrﬁg,n@(?? etth%e%rjﬁs;g%aaer ggfon{a%%s G%ﬁllgg? téer({eé’q’ﬁe#f g:lpnd:?]ieon

M xed ar cadsach kel el o e Gt R, %02 and Tt he
f or egs oundihackaiWwed ion. |

In step S784, the straight-line applying portion 742
calculates the mixture ratio a based on the area information
and the ratio of the width of the mixed area to the distance
from the designated pixel to the edge of the mixed area.

10 The processing is then completed.

As discussed above, the mixture-ratio calculator 702 is
able to calculate the mixture ratio o, which is a feature
quantity corresponding to each pixel, based on the area
information supplied from the area specifying unit 103 and

15 the moving direction supplied from the moving-direction
estimating unit 701.

Fig. 73 is a block diagram illustrating still another
configuration of the image processing apparatus according to
the present invention. The same elements as those shown in

20 Fig. 64 are designated with like reference numerals, and an
explanation thereof is thus omitted.

In the image processing apparatus shown in Fig. 73, the
moving direction is input from an external source.

The area specifying unit 103 specifies each of the

25 pixels of the input image as the foreground area, the



5 separator 105. The m xture-ratio calculator 702 cal culates the m xture
rati o a of each pixel based on the area information supplied fromthe area
speci fying unit 103 and the noving direction supplied fromthe external
source, and supplies the 10 calculated m xture ratio a to the

f oreground/ background separator 105. The foreground/ background separator
105 separates the input image into the foreground conponent inmage
consisting of only the foreground conponents and the background 15
conponent image consisting of only thesbaekground conponents based on the
area information supplied fromthe area specifying unit 103 and the

m xture ratio a supplied from the m xture-ratio cal cul ator 702, and

out puts the.foreground Q ent ge and the background component i mage.
% The' 1+ BRERERAUM ARG r oGRd CBBp B PR 8Rsc 2001 AGPERAERORRED by the | mhge

processi gg AR aLUS | £ARLLOUEE F%gyhgggwgf4tthgggggrggage%gggbgggge'OW

with reférence t

Speci fyi ng, gkgua§3ggsgfoeqstheZQlaaaeg 2 Haes] DR ,| 198,268 SRECT{ying

proceSS|ng génerating area Informatio to whi ch of

the forggreund. 2683, Eagcgaa%a&ou@@ ahaathgh%ogggﬁaﬁﬁdpﬁa%aaquﬂﬁd area, or
t he uncovered background area each pi xel he 1" nput 1 mage "bel ongs. The
area-§pe§bBXkagoynuble3 suppl i es

The mixture-ratio calculator 702 calculates the mixture
ratio o of each pixel based on the area information supplied
from the area specifying unit 103 and the moving direction
supplied from the external source, and supplies the

10 calculated mixture ratio a to the foreground/background
separator 105.

The foreground/background separator 105 separates the
input image into the foreground component image consisting
of only the foreground components and the background

15 component image consisting of only the background components
based on the area information supplied from the area
specifying unit 103 and the mixture ratio a supplied from
the mixture-ratio calculator 702, and outputs the foreground
component image and the background component image.

20 The foreground/background separation processing
performed by the image processing apparatus configured as
shown in Fig. 73 1is described below with reference to the
flowchart of Fig. 74.

In step S801, the area specifying unit 103 performs,

25 Dbased on the input image, area specifying processing for



5 the generated area information to the m xture-ratio calculator 702. In
step S802, the m xture-ratio calculator 702 calculates the mxture ratio a
for each pixel contained in the m xed area based on the externally input "
noving 10 direction and the area information supplied fromthe area
specifying unit 103. The m xture-ratio cal culator 104 supplies the
calculated m xture ratio a to the foreground/ background separator 105. In
step S803, the foreground/ background separator 105 15 extracts the
foreground conponents and the backgroygg _conponents fromthe input inmage
based on the area information and the m xture ratio a, and synthesizes the
f oreground conponent inmage based on the extracted foreground conponents
and al so synt hesi zes the background conponent 20 i mage_ based on the

extract e§® SEE@FBEnBrEBHﬁBﬁéﬁpétl?ﬁelnﬂéFé&ﬂB@n&PbH@&&Po@ﬁdt§@parator 105
out put s he foreﬁround co e and the back%round conmponent_ i mage,

i M
and the BFSEEQE ﬂgafgaco Fe Qﬁkgﬁgugpséﬁgéedtgﬁoﬁé erre Pﬁﬁ&@rBP89e35|ng
apparatus_ 25 con ured as s .. 73 is able to rate the - 157
or she 4 PRkl

f or egr oulid®and°fh aBRSPHﬁﬁ& A4E8c FPHEI Pt e P h*f'fe width of
th d d | cul at e the.distan .
de§|ghgngP§?§gW5§o ?%e ed 32 O#RFC% red aE% glPhsPﬁg%elhgosuppﬁles

5 the generated area information to the mixture-ratio
calculator 702.

In step $S802, the mixture-ratio calculator 702
calculates the mixture ratio a for each pixel contained in
the mixed area based on the externally input moving

10 direction and the area information supplied from the area
specifying unit 103. The mixture-ratio calculator 104
supplies the calculated mixture ratio o to the
foreground/background separator 105.

In step S803, the foreground/background separator 105

15 extracts the foreground components and the background
components from the input image based on the area
information and the mixture ratio &, and synthesizes the
foreground component image based on the extracted foreground
components and also synthesizes the background component

20 image based on the extracted background components. The
foreground/background separator 105 outputs the foreground
component image and the background component image, and the
processing is completed.

As discussed above, the image processing apparatus

25 configured as shown in Fig. 73 is able to separate the



5 direction of the noving vector, or the width of the mxed area is
determ ned to calculate the distance fromthe designated pixel to the edge
of the m xed area in the noving direction. However, the mxture ratio can
be cal culated by the processing described with reference to Fig. 55 or 72
by 10 determ ning the above-described width of the m xed area and the
distance in any direction other than the direction orthogonal to the
notion vector or the nmoving direction. For exanple, the mixture ratio can
be cal cul ated by the processing desc&gged with reference to Fig. 55 or 72
by 15 determining the width of the mxed area and the distance of .the
designated pixel to the edge of the mixed area in the direction parallel
to the nmotion vector or the nDV|ng direction. Alternatively, the m xture

ratio caﬁoﬁ€gqﬂﬁ“9uﬁépe&hﬁy I ¥eEssi ng described with reference to Fig.
20 55 or 72 b ter n|n the width of the m xed area and the distance
fromthe deS|éﬁaS§8 F?BI E5CriBeddge ¥hifRethexwddthr e4 theamdredct i on

obliquely inters ctln he tlon ctor, or the nDV|n di rection.
That i s, ¥’ltrﬁae"’l miox 6§ rrg“&nleﬁl elaftc?r é:gﬁ‘eoﬁﬁc? Ectfrops onent s
form ng QL§Qr0 bject and t he round 158 .object conponents
f or i ng '{d%%l (‘:ak%rog’ng‘ g'bj Sct-sr &% @%a%ﬁl% Eﬁﬁﬁeéis&fﬁd‘eﬁﬁ‘e t&het h the image
data 4&s %R?%b%ﬁ%% o%n%h%hﬁ v%%%av%%t%&na rOQ IS wd t é%ké?Fn ssum ng

that The mxture ratio ind cat ng thé ratio of “ ect
area is determined to calculate the distance from the

designated pixel to the edge of the mixed area in the moving
direction. However, the mixture ratio can be calculated by
the processing described with reference to Fig. 55 or 72 by
10 determining the above-described width of the mixed area and
the distance in any direction other than the direction
orthogonal to the motion vector or the moving direction.
For example, the mixture ratio can be calculated by the
processing described with reference to Fig. 55 or 72 by
15 determining the width of the mixed area and the distance of
the designated pixel to the edge of the mixed area in the
direction parallel to the motion vector or the moving
direction. Alternatively, the mixture ratio can be
calculated'by the processing described with reference to Fig.
20 55 or 72 by determining the width of the mixed area and the
distance from the designated pixel to the edge of the mixed
area in a direction obliquely intersecting with the motion
vector or the moving direction.
That is, the mixed area in which the foreground object

25 components forming the foreground object and the background



5 conponents to the foreground object conponents in the m xed area changes
substantially linearly with respect to the position of the pixel, the

m xture ratio is estimated based on the area information and the noving
direction of the foreground object. with this arrangenent, the m xture
state 10 in the imge can be detected. In this case, based on the position
on a segnent whose one end is positioned at the foreground area consisting
of only the foreground object conponents and the other end is positioned
at the background area consisting ot asBy-the 15 background obj ect
conponents, the segnent traversing the mxed area, the mxture ratio of a
pi xel corresponding to the position on the segnent can be estimated. Al so,

based on % osi ti on a.,se t rallel to_ the.moving direction of the
foregrouﬁ gggﬁegpr%ﬁgn§5xfﬁfgg%%bt&%t%@Co r&“ﬁﬁx€%3§6¥%ékﬁbﬁﬂﬁﬁ& 0 t he

posi ti on c%@rtegglo JRAIRNL, 163N he q.ﬁ%%&i[%%a YN ek %;SdEd s g position

11
on a segnent obliquely ‘intersectin t he Vi ng rection of the

f or 291 0uRd 620l 3Glm N8 AT X! Wi kAl | 018Erd Bl Rls CALLESRAAL ngl O Lhe 25

position on the segment can be estimte : een described in
whi ch the ;B 2430 Qndilctitisel the Hhe ikl 19 HaeKRATkHOWRd scoponent s

contained in the pixel values. 'However, the mxture ratio a nay be set to
the rati eosbohle thoregrond ceipensdt S5 taicdathonenitie in the mixed
area changes substantially linearly with respect to the
position of the pixel, the mixture ratio is estimated based
on the area information and the moving direction of the
foreground object. With this arrangement, the mixture state
10 in the image can be detected.

In this case, based on the position on a segment whose
one end is positioned at the foreground area consisting of
only the foreground object components and the other end is
positioned at the background area consisting of only the

15 background object components, the segment traversing the
mixed area, the mixture ratio of a pixel corresponding to
the position on the segment can be estimated.

Also, based on the position on a segment parallel to
the moving direction of the foreground object, the mixture

20 ratio. of a pixel corresponding to the position on the
segment can be estimated.

Further, based on the position on a segment obliquely
intersecting with the moving direction of the foreground
object, the mixture ratio of a pixel corresponding to the

25 position on the segment can be estimated.




5 pi xel values. It has al so been described in which the noving direction
of the foreground object is set to the direction fromthe left to the
right. However, the noving direction is not restricted to the
above-descri bed direction. 10 In the above description, a real-space inmage
having a three-dinensional space and tine axis information is projected
onto a tine space having a two-di nensional space and tine axis information
by using a video canera. However, the present invention is not restricted
to this exanple, and 15 can be appliedsi9o_the follow ng case. Wen a
greater amount of first information in one-dinensional space is projected
onto a smaller anmobunt of second information in a two- dinensional space,

di stortion generated by the projection can be corrected, significant
i nformation cah géseQFﬁacﬁéa?r? egr 18 WBLE n&hEr BLXitHEGe rakACHR is

synt hesi zed. . The . sensor, is not restricted to a CCD, and nmay be _anot her
type of 55%5519, ct’fagsloa osfgltls"c?- S’Fé‘t‘@rioﬁ’é’éje-c%nlﬂnitﬁg PaRdeed gn exarrpIDe,
a BBD (Bugket .Bri.gade Device), a C Charge I njection Device), or a CP
(Charge BrEnPig 2 dalioe) - Thirey MamR e e iy Vet Aokt ©

Sem condyct k). .- 0 0, Ahe sensor does not have tq be a_sensor in

whi ch dggegéfoﬁagégi85?%%Feféfﬁgﬁ8§€ O PRRSHEE %%ﬁ}%ﬁﬁfdbéna%hfbnsor in

whi chg detggtiion gevicces are arranged in one line. A recording nmediumin
whi ch a program for performng

It has also been described in which the moving
direction of the foreground object is set to the direction
from the left to the right. However, the moving direction
is not restricted to the above-described direction.

10 In the above description, a real-space image having a
three-dimensional space and time axis information is
projected onto a time space having a two-dimensional space
and time axis information by using a video camera. However,
the present invention is not restricted to this example, and

15 can be applied to the following case. When a greater amount
of first information in one-dimensional space is projected
onto a smaller amount of second information in a two-
dimensional space, distortion generated by the projection
can be corrected, significant information can be extracted,

20 or a more natural image can be synthesized.

The sensor is not restricted to a CCD, and may be
another type of sensor, such as a solid-state image-
capturing device, for example, a BBD (Bucket Brigade Device),
a CID (Charge Injection Device), or a CPD (Charge Priming

25 Device), or a CMOS (Complementary Metal Oxide Semiconductor).



5 the signal processing of the present invention is recorded may be forned
of a package nediumin which the programis recorded, which is distributed
for providing the programto a user separately fromthe conputer, as shown
in Fig. 1, such as the magnetic disk 51 (including a floppy (registered 10
trade nane) disk), the optical disc 52 (including a CD-ROM (Conpact
Disc-Read Only Menory) and a DVD (Digital Versatile Disc)), the

magnet o-opti cal disk 53 (including MD (Mni- Disc) (registered trade
nanme)), or the sem conductor nmenory_ %4q The recording nedium may al so be
formed of the ROM 22 15 or a hard disk contained in the storage unit 28 in
which the programis recorded, such recording nmedi um being provided to

the user while being prestored in the conputer. The steps formng the
program PeE8rdédei FeRSPECHPEENHO thiBdVEmtRaPehe srBs@redncMhdsdl ogical |y
according to the 20 orders described in the specification. However, they do

not havEStECheCBxEEYLERSI ATE EFETIEd &8 FafR&F1%an@nth8pynky Be execuLed
urrently or.individually. lLndustri.al Applicability 25 According to the
[ rst | na8REPEnin phtEh, Betkrtdtho Beviges Bitott ToRE Y SfuPEeetare i n an

i mage. Accordjn o _the second invention, it _is possible t detect the
m xture stateAi%eé%r%ﬁ% e@ggl&%zlndﬁﬁiﬁ% a' progrBR Fo? performing

5 the signal processing of the present invention is recorded
may be formed of a package medium in which the program is
recorded, which is distributed for providing the program to
a user separately from the computer, as shown in Fig. 1,
such as the magnetic disk 51 (including a floppy (registered

10 trade name) disk), the optical disc 52 (including a CD-ROM
(Compact Disc-Read Only Memory) and a DVD (Digital Versatile
Disc)), the magneto-optical disk 53 (including MD (Mini-
Disc) (registered trade_name)), or the semiconductor memory
54. The recording medium may also be formed of the ROM 22

15 or a hard disk contained in the storage unit 28 in which the
program is recorded, such recording medium being provided to
the user while being prestored in the computer.

The steps forming the program recorded in a recording
medium may be executed chronologically according to the

20 orders described in the specification. However, they do not
have to be executed in a time-series manner, and they may be

executed concurrently or individually.

Industrial Applicability

25 According to the first invention, it is possible to



1. An inmage processing apparatus for processing imge data which is fornmed
of a predeterm ned nunber of pixel data obtained by an inmage-capturing
device including a 5 predeterm ned nunber of pixels, the pixels having a
time integrating function, said inage processing apparatus conprising:
area specifying neans for specifying, in correspondence wth the inmge
data, a m xed area in which foreground object 10 conponents formng a
foreground object and background object conmponents form ng a background
object are m xed and a non- m xed areagfhornmed of a foreground area
consisting of only the foreground object conponents and a background area
consisting of only the background object conponents; and 15 m xture-ratio

estinatigg ne%n? for estimatin hased gn a ratio of a width of the m xed
area in S°pFEdetBPnMAEGLTE PEE ?oﬁanPhlPQQﬁect to a noving direction of

the foregroupd object onent of th xed ar bei ng

speci fied by t 1S3 lnglﬁ?ggﬂ%t?%ﬁong l%Yﬁ? t3Rcet %rbﬁ1@@sﬁlB§§|F?on of a
desi gnat e o] e h e area in the predeterm ned
dlrectloﬁgtgbﬁlk %rggggﬁgg S%g %cg aé gﬁégFatuo bet ween the foreground
obj ect conponents and the background obj ect conmponents of the designated

pi xel . 25 2. An inmage processing apparatus according to claiml1, - 163
further conprising notion-vector detection neans for



detecting a notion vector of the foreground object, wherein said

m xture-ratio estinmating neans detects the wdth of the m xed area and the
di stance fromthe position 5 of the designated pixel to the edge of the

m xed area in the noving direction of the notion vector, and estimtes the
m xture ratio based on the ratio of the width of the mxed area to the

di stance fromthe position of the designated pixel to the edge of the

m xed area. 10 3. An inmge processing apparatus according to claim1,
further conprising noving-direction_dggecti on neans for detecting the
noving direction of the foreground object, wherein said m xture-ratio
estimati ng neans detects the width of the m xed area and the distance from
the position 1S of the designated pixel to the edge of the mxed area in
the noving direction, and estimates#Wd'hi xture ratio based on the ratio
of the width_of ,the m xed area to the distance fromthe position of the
desi gnat &d pPRefMBgSt RECEGGE 0L AREATAYEd IRFe RT OSESE 108 11FE5e BtGcessi ng
apparatu%h§%%oggi to cl rei.n n%-dLre ti.on detection

im 3,  whe ai d Vi
means conprises fﬁgg;gchoPrﬁgﬁ§F§PFH§ WE&WE%FOP g&t&Fat Fd3a noti on
b . i.nf i h i ti f th i xed i
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integrating function, -said image processing apparatus
comprising:
area specifying means for specifying, in correépondence
with the image data, a mixed area in which foreground object
10 components forming a foreground object and background object
components forming a background object are mixed and a non-
mixed area formed of a foreground area consisting of only
the foreground object components and a background area
consisting of only the background object components; and
15 mixture-ratio estimating means for estimating, based on
a ratio of a width of the mixed area in a predetermined
direction with respect to a moving direction of the
foreground object component, the width of the mixed area
being specified by the area information, to a distance from
20 a position of a designated pixel to an edge of the mixed
area in the predetermined direction, a mixture ratio
indicating the ratio between the foreground object
components and the background object components of the
designated pixel.

25 2. An image processing apparatus according to claim 1,



generated notion vector. 5. An inage processing nethod for an inmge
processing apparatus for processing imge data which is formed of a 5
predet er mi ned nunber of pixel data obtained by an i nage capturing device
including a predeterm ned nunber of pixels, the pixels having a tine
integrating function, said inmage processing nethod conprising: an area
specifying step of specifying, in 10 correspondence with the inage data, a
m xed area in which foreground object conmponents form ng a foreground
obj ect and background object conponengs form ng a background object are
m xed and a non-m xed area fornmed of a foreground area consisting of only
t he foreground object conponents and a 15 background area consisting of
only thﬁgb%%§ round ohj ect conponents; and a mxture-ratio estimating step
I )
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pixels  of the designated pixel to the edge of the mixed area in the
moving direction of the motion vector, and estimates the
mixture ratio based on the ratio of the width of the mixed
area to the distance from the position of the designated
pixel to the edge of the mixed area.
100 3. An image processing apparatus according to claim 1,
further comprising moving-direction detection means for
detecting the moving direction of the foreground object,
wherein said mixture-ratio estimating means detects the
width of the mixed area and the distance from the position
15 of the designated pixel to the edge of the mixed area in the
moving direction, and estimates the mixture ratio based on
the ratio of the width of the mixed area to the distance
from the position of the designated pixel to the edge of the
mixed area.
20 4. An image processing apparatus according to claim 3,
wherein said moving-direction detection means comprises
motion-vector generating means for generating a motion
vector based on the area information and the position of the

mixed area in a designated frame and the position of the

25 mixed area in a frame in the vicinity of the designated



6. An image processing nethod according to claim5, further conprising a
noti on-vector detection step of detecting a notion vector of the
foreground object, 5 wherein, in said mxture-ratio estinmating step, the
wi dth of the m xed area and the distance fromthe position of the
designated pixel to the edge of the m xed area are detected in the noving
direction of the notion vector, and the mxture ratio is estimted based
on the ratio of the 10 width of the m xed area to the distance fromthe
position of the designated pixel ta tlgg edge of the m xed area. 7. An

i mge processing nethod according to claim5, further conprising a

nmovi ng-di rection detection step of detecting the noving direction of the
foreground object, 15 wherein, in said mxture-ratio estimating step, the
wi dth of Qfﬁé‘ejm }%ﬁr&béfa d&t¢ CHE Wi LMy i Aimee s thaged or tihe
designated pixel to the edge of the m xed area are detected in the noving
diregtioﬁ?n%ﬁa%Fﬁe“ﬁF%PﬁrE%Féﬁro is estimated based on the ratio of the
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in a designate rane an e position of the mxed a
capturing device including a predetermined number of pixels,

the pixels having a time integrating function, said image
processing method comprising:
an area specifying step of specifying, in
10 correspondence with the image data, a mixed area in which
foreground object components forming a foreground object and
background object components forming a background object are
mixed and a non-mixed area formed of a foreground area
consisting of only the foreground object components and a
15 Dbackground area consisting of only the background object
components; and
a mixture-ratio estimating step of estimating, based on
a ratio of a width of the mixed area in a predetermined
direction with respect to a méving direction of the
20 foreground object component, the width of the mixed area
being specified by the area information, to a distance from
a position of a designated pixel to an edge of the mixed
area in the predetermined direction, a mixture ratio
indicating the ratio between the foreground object

25 components and the background object components of the



a frame in the vicinity of the designated frane, thereby detecting the
novi ng direction based on the generated notion vector. 5 9. A recording
medi umin which a conputer-readabl e program for processing i mrage data
which is formed of a predeterm ned nunber of pixel data obtained by an

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

pi xel s having a time integrating function, is recorded, said 10 program
conprising: an area specifying step of specifying, in correspondence wth
the image data, a mxed area in which,gsoreground object conponents form ng
a foreground object and background object conponents form ng a background
obj ect are 15 m xed and a non-m xed area forned of a foreground area
consisting of only the foreground object conponents and a background area
consi sti r‘?%séﬁn&iﬂes?‘ fH&Sdackgr ound obj ect conponents; and a mixture-ratio
estimating step of estimating, based on 20 a ratio of a width of the m xed
area in & pr édetBFenEF CCHSSHEOG 8P thioch aceFeEng ¢ IRl (difuedtiesn of

Ll oL Shoung o) ot camonent . (e L of uhe 1 xed area being
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foreggound Ob%ﬁggein, in said mixture-ratio estimating step, the
width of the mixed area and the distance from the position
of the designated pixel to the.edge of the mixed area are
detected in the moving direction of the motion vector, and
the mixture ratio is estimated based on the ratio of the

10 width of the mixed aréa to the distance from the position of
the designated pixel to the edge of the mixed area.

7. An image processing method according to claim 5, further
comprising a moving-direction detection step of detecting
the moving direction of the foreground object,

15 wherein, in said mixture—ratio estimating step, the
width of the mixed area and the distance from the position
of the designated pixel to the edge of the mixed area are
detected in the moving direction, and the mixture ratio is
estimated based on the ratio of the width of the mixed area

20 to the distance from the position of the designated pixel to
the edge of the mixed area.

8. An image processing method according to claim 7, wherein
said moving—direction detection step comprises a motion-—-

vector generating step of generating a motion vector based

25 on the area information and the position of the mixed area



conponents and the background object conponents of the designated pixel.
10. A recording nediumaccording to claim9, wherein: 5 said program
further conprises a notion-vector detection step of detecting a notion
vector of the foreground object; and in said mxture-ratio estimating
step, the wdth of the mxed area and the distance fromthe position of
the 10 designated pixel to the edge of the m xed area are detected in the
noving direction of the notion vector, and the mnmixture ratio is estinmated
based on the ratio of the wwdth of _thggnmixed area to the distance fromthe
position of the designated pixel to the edge of the m xed area. 15 11. A
recordi ng medium according to claim9, wherein: said progrﬁn1further
conprises_a _nmoving-direction detection step of detecting the noving
dlrgctloﬁnoﬁ ﬁél%PBFESrSﬁﬁEGOBPQCFheaﬁ@SFﬁl§§I&fnﬁ%@UFéxﬁgtﬁéeésﬂPnatlng f
step, the dth o 20 .m,xed ar and t.he distance fromthe position o
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nmovi ng digt the.m xture ratio,is ase on t 16 ratio o
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desi gnat gd . ES to the 25 edge of the m xed area. - 168 12. A recording
medi um according to claim 11, wherein said

5 9. A recording medium in which a computer-readable program
for processing image data which is formed of a predetermined
number of pixel data obtained by an image-capturing device
including a predetermined number of pixels, the pixels
having a time integrating function, is recorded, said

10 program comprising:
an area specifying step of specifying, in
correspondence with the image data, a mixed area in which
foreground object components forming a foreground object and
background object components forming a background object are
15 mixed and a non-mixed area formed of a foreground area
consisting of only the foreground object components and a
background area consisting of only the background object
components; and
a mixture-ratio estimating step of estimatiﬁg, based on
20 a ratio of a width of the mixed area in a predetermined
direction with respect to a moving direction of the
foreground object component, the width of the mixed area
being specified by the area information, to a distance from
a position of a designated pixel to an edge of the mixed

25 area in the predetermined direction, a mixture ratio



novi ng-direction detection step conprises a notion-vector generating step
of generating a notion vector based on the area information and the
position of the m xed area in a 5 designated frame and the position of the
m xed area in a franme in the vicinity of the designated frane, thereby
detecting the noving direction based on the generated notion vector. 13. A
program for allow ng a conputer that processes image 10 data which is
formed of a predeterm ned nunber of pixel data obtained by an

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

pi xel s having a tine integrating function, to execute: an area specifying
step of specifying, in 15 correspondence with the image data, a m xed area
in which, K foreground_object conponents form ng a foreground object and
backgr our@935Rednde Ssoreitie Pativiasy dheadegreanayrshjoddtecdre i xed and a
non-m xed area fornmed of a foreground area consisting of only the
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t he back r%und g%%ect ﬁonponents; and a mxture-ratio estinmating step of
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detection step of detecting a motion vector of the
foreground object; and
in said mixture-ratio estimating step, the width of the
mixed area and the distance from the position of the
10 designated pixel to the edge of the mixed area are detected
in the moving direction of the motion vector, and the
mixture ratio is estimated based on the ratio of the width
of the mixed area to the distance from the position of the
designated pixel to the edge of the mixed area.
15 11. A recording medium according to claim 9, wherein:
said program further comprises a moving-direction
detection step of detecting the moving direction of the
foreground object; and
in said mixture-ratio estimating step, the width of the
20 mixed area and the distance from the poéition of the
designated pixel to the edge of the mixed area are detected
in the moving direction, and the mixture ratio is estimated
based on the ratio of the width of the mixed area to the
distance from the position of the designated pixel to the

25 edge of the mixed area.



a position of a designated pixel to an edge of the m xed area in the
predeterm ned direction, a mxture ratio indicating the ratio between the
foreground object 5 conponents and the background object conponents of the
desi gnated pixel. 14. A program according to claim 13, further conprising a
noti on-vector detection step of detecting a notion vector of the
foreground object, 10 wherein, in said mxture-ratio estimting step, the
wi dth of the m xed area and the distance fromthe position of the

desi gnated pixel to the edge of the-mpggd-area are detected in the noving
direction of the notion vector, and the mxture ratio is estimted based
on the ratio of the 15 width of the m xed area to the distance fromthe

posi ti on .qf he designated nixel to the edge aof .the mxed area. 15 A
progr am &%dorle ng 10 cid Mef3 T GTFed q:%i sqﬂr‘?gmbel]Tm\ﬂ%r?gt-%nr &&li%n
detectio .ep _of. [ t he .novi di rect.ion of the foreground object,
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area 25 to the distance fromthe position of the designated pixel to 170
the eslge wfs i@ t8Xeda#cfAnd the position of the mixed area in a
frame in the vicinity of the designated frame, thereby
detecting the moving direction based on the generated motion
vector.
13. A program for allowing a computer that processes image
10 data which is formed of a predetermined number of pixel data
obtained by an image-capturing device including a
predetermined number of pixels, the pixels having a time
integrating function, to execute:
an area specifying step of specifying, in
15 correspondence with the image data, a mixed area in which
foreground object components forming a foreground object and
backgrbund object components forming a background object are
mixed and a non-mixed area formed of a foreground area
consisting of only the foreground object components and a
20 background area consisting of only the background object
components; and
a mixture-ratio estimating step of estimating, based on
a ratio of a width of the mixed area in a predetermined
direction with respect to a moving direction of the

25 foreground object component, the width of the mixed area



16. A program according to claim 15, wherein said noving- direction
detection step conprises a notion-vector generating step of generating a
notion vector based on the 5 area information and the position of the m xed
area in a designated frane and the position of the mxed area in a frane
in the vicinity of the designated franme, thereby detecting the noving
direction based on the generated notion vector. 10 17. An inmage-capturing
apparatus conprising: inmage-capturing nmeans for outputting a subject inage
captured by an i mage-capturing devieeliedcl-uding a predeterm ned nunber of
pi xel s, the pixels having a tine integrating function, as inage data
formed of a 15 predeterm ned number of pixel data; area, specifying nmeans
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designated pixel.

14. A program according to claim 13, further comprising a

motion-vector detection step of detecting a motion vectof of

the foreground object,

10 wherein, in said mixture-ratio estimating step, the
width of the mixed area and the distance from the position
of the designated pixel to the edge of the mixed area are
detected in the moving direction of the motion vector, and
the mixture ratio is estimated based on the ratio of the

15 width of the mixed area to the distance from the position of
the designated pixel to the edge of the mixed area.

15. A program according to claim 13, further comprising a
moving—-direction detection step of detecting the moving
direction of the foreground object,

20 wherein, in said mixture-ratio estimating step, the
width of the mixed area and the distance from the position
of the designated pixel to the edge of the mixed area are
detected in the moving direction, and the mixture ratio is
estimated based on the ratio of the width of the mixed area

25 to the distance from the position of the designated pixel to




bei ng specified by the area information, to a distance from a position of
a designated pixel to an edge of the mxed area in the predeterm ned
direction, a mxture ratio 5 indicating the ratio between the foreground
obj ect conponents and t he background object conponents of the designated
pi xel . 18. An inmage-capturing apparatus according to claim17, further
conprising notion-vector detection neans for 10 detecting a notion vector
of the foreground object, wherein said mxture-ratio estimating nmeans
detects the wdth of the m xed area ang the distance fromthe position of
t he designated pixel to the edge of the mxed area in the noving direction
of the notion vector, and estimates the 15 m xture ratio based on the ratio
of the wwdth of the m xed kK area to the distance fromthe position of the
desi gnat &8¢ 5998 Ofo HiRe MdF§E 6 %he mi xed area. 19. An inmge- capturing
apparatus accqQrding to claim.17, further caqnprising noving-direction
det ect | orl rmahs FEGETa50 SEEPEET T HohE MR rig /0 MHEEE gh S6F & S YHSgr ound
obj ect, wher z:iin S%'I[e(% mxture-ratio estimmali n?rlogﬁans_ detects the width of
the m xe§*&FEL 8RN SBRE “HiSPaREED: FOIRFHE Fodi OO §HHE desi gnat ed pi xel
to the e%g f .t i, xed in_th novi di rectiqn, and estinmates the
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designated frame and the position of the mixed area in a
frame in the vicinity of the designated frame, thereby
detecting the moving direction based on the generated motion
vector.
10 17. An image-capturing apparatus comprising:
image-capturing means for outputting a subject image
captured by an image-capturing device including a
predetermined number of pixels, the pixels having a time
integrating function, as image data formed of a
15 predetermined number of pixel data;
area specifying means for specifying, in correspondence
with the image data, a mixed area in which foreground object
components forming a foreground object and background object
components forming a background object are mixed and a non-
20 mixed area formed of a foreground area consisting of only
the foreground object components and a background area
consisting of only the background object components; and
mixture-ratio estimating means for estimating, based on
a ratio of a width of the mixed area in a predetermined

25 direction with respect to a moving direction of the



m xed area. 20. An inmage-capturing apparatus according to claim19,
wherein said noving-direction detection neans conprises 5 notion-vector
generating means for generating a notion vector based on the area
information and the position of the mxed area in a designated frane and
the position of the mxed area in a frane in the vicinity of the
designated frane, thereby detecting the noving direction based on the 10
generated notion vector. 21. An inmage processing apparatus for processing
imge data which is formed of a predat/arm ned nunber of pixel data
obt ai ned by an image-capturing device including a predeterm ned nunber of
pi xel s, the pixels having a tinme 15 integrating function, said inage
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components and the background object components of the
designated pixel.
18. An image-capturing apparatus according to claim 17,
further comprising motion-vector detection means for
10 detecting a motion veétor of the foreground object,
wherein said mixture-ratio estimating means detects the
width of the mixed area and the distance from the position
of the designated pixel to the edge of the mixed area in the
moving direction of the motion vector, and estimates the
15 mixture ratio based on the ratio of the width of the mixed
area to the distance from the position of the designated
pixel to the edge of the mixed area.
19. An image-capturing apparatus according to claim 17,
further comprising moving-direction detection means for
20 detecting the moving direction of the foreground object,
wherein saild mixture-ratio estimating means detects the
width of the mixed area and the distance from the position
of the designated pixel to the edge of the mixed area in the
moving direction, and estimates the mixture ratio based on

25 the ratio of the width of the mixed area to the distance



changes substantially linearly with respect to a position of the pixel.
22. An image processing apparatus according to claim?21, 5 wherein said

m xture-ratio estimting nmeans estinates, based on a position on a segnent
whose one end is positioned at a foreground area consisting of only the
foreground object conponents and the other end is positioned at a
background area consisting of only the background object conmponents, 10
the segnment traversing the mxed area, the mxture ratio of the pixel
corresponding to the position on the gggnment. 23. An inage processing
apparatus according to claim22, wherein said mxture-ratio estimating
neans estimates the mxture ratio of the pixel corresponding to the

position on 15 the segnent based on t.he posjti.on on the se nt parallel to
Phe movi g Sl 0 RS GR @he h sy AR R0 2 S TGt Gtbaditng
apparatus_ .,according to claim22, wherein said mxture-ratio estimating
nmeans estfited e nmixture ratio of the pi xel corresponding to the
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vector based on the area information and the position of the
mixed area in a designated frame and the position of the
mixed area in a frame in the vicinity of the designated
frame, thereby detecting the moving direction based on the
10 generated motion vector.
21. An image processing apparatus for processing image data
which is formed of a predetermined number of pixel data
obtained by an image-capturing device including a
predetermined number of pixels, the pixels having a time
15 integrating function, said image processing apparatus
comprising:
area specifying means for outputting area information
used for specifying, in correspondence with the image data,
a mixed area in which foreground object components forming a
20 foreground object and background object components forming a
background object are mixed; and
mixture-ratio estimating means for estimating a mixture
ratio indicating the ratio of the foreground object
components and the background object components in the mixed

25 area based on the area information and a moving direction of



integrating function, said inmage processing nethod conprising: an area
specifying step of outputting area information 5 used for specifying, in
correspondence with the inage data, a m xed area in which foreground

obj ect components form ng a foreground object and background obj ect
conponents formng a background object are m xed; and a m xture-ratio
estimating step of estimating a mxture 10 ratio indicating the ratio of
t he foreground object conmponents and the background object conponents in
the m xed area based on the area infqgmpmati on and a noving direction of

t he foreground object by assum ng that the m xture ratio changes
substantially linearly with respect to a position of 15 the pixel. 26. An
i mge praqcgessi ng nethod according to claim?25, wherein, in said

i x?ur e- 1At d ok rr?é’tri%é’%teé:ﬁ' hﬁ’g@esdgué‘ﬁr’é‘ U t5heh Bk @ <& FfEnt© whose one
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on a position on a segment whose one end is positioned at a
foreground area consisting of only the foreground object
components and the other end is positioned at a background
area consisting of only the background object components,
10 the segment traversing the mixed area, the mikture ratio of
the pixel corresponding to the position on the segment.
23. An image processing apparatus according to claim 22,
wherein said mixture-ratio estimating means estimates the
mixture ratio of the pixel corresponding to the position on
15 the segment based on the position on the segment parallel to
the moving direction of the foreground object.
24. An image processing apparatus according to claim 22,
wherein said mixture-ratio estimating means estimates the
mixture ratio of the pixel corresponding to the position on
20 the segment based on the position on the segment obliquely
intersecting with the moving direction of the foreground
object.
25. An image processing method for processing image data
which is formed of a predetermined number of pixel data

25 obtained by an image-capturing device including a



ratio of the pixel corresponding to the position on the segnent is
estimated based on the position on the segnent parallel to the noving
direction of the foreground object. 5 28. An image processing net hod
according to claim26, wherein, in said mxture-ratio estimting step, the
m xture ratio of the pixel corresponding to the position on the segnent
is estinmated based on the position on the segnent obliquely intersecting
with the noving direction of the 10 foreground object. 29. A recording

medi umin which a conputer-readabl e prnggram for processing i mage data
which is formed of a predeterm ned nunber of pixel data obtained by an

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

pi xel s 15 having a ti integrating function, is recorded, said program
conpri si MFEAGt é’di%ﬁg’aétfﬁg‘eolfs ot PutRIXRL 8y in8 & etn  used

for specifyin i,n carrespondence with the i nage data, ..a mxed area in

whi ch forléé:re(%#?c}:ld‘(ﬂ n%%%néﬁﬂ%%d’? %H}%d‘i%ﬁ’cf[nobj ect and

backgroquF%ghgpt conmponents formng a background object are m xed; and a
at o

m xture-r esqqﬁuing step of estimating a m xture ratio indicating the

ratio of the Laregeauad phigehy SQEBOBENGS AN LR Aackor oyl abi ogt

conponents in the mx sed on the aréa~i nformati on and a novi ng
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a mixed area in which foreground object components forming a
foreground object and background object components forming a
background object are mixed; and

a mixture-ratio estimating step of estimating a mixture

10 ratio indicating the ratio of the foreground object
components and the background object components in the mixed
area based on the area information and a moving direction of
the foreground object by assuming that the mixture ratio
changes substantially linearly with respect to a position of

15 the pixel.
26. An image processing method according to claim 25,
wherein, in said mixture-ratio estimating step, based on a
position on a segment whose one end is positioned at a
foreground area consisting of only the foreground object

20 components and the other end is positioned at a background
area consisting of only the background object components,
the segment traversing the mixed area, the mixture ratio of
the pixel corresponding to the position on the segment is
estimated.

25 27. An image processing method according to claim 26,



changes substantially linearly with respect to a position of the pixel.
30. A recording nmedium according to claim?29, wherein, in 5 said
m xture-ratio estimting step, based on a position on a segnment whose one
end is positioned at a foreground area consisting of only the foreground
obj ect conmponents and the other end is positioned at a background area
consisting of only the background object conponents, the segnent 10
traversing the m xed area, the mxture ratio of the pixel corresponding to
the position on the segnent is estimatied. -~ 31. A recordi ng nedi um accordi ng
to claim30, wherein, in said mxture-ratio estimating step, the mxture
ratio of the pixel corresponding to the position on the segnent is 15
esti mat ed _based on the position on the segnent parallel tqQ the noving
directi oM TE Gk 0t SRt UB RS 92 96 b P TR Urheacbordiafy to
cl ai m 30, ngrei wJdn_said mxture-ratio estinmating step, the m xture
Fati o of THEC S A iRtk v RIS foai T oP T LI Syt i s 20
esti mat ed _based an the .positiaqn on,the _segment, obliquel intersecting with
the novi gsg(':‘%‘erngcctJ'ls’or'la 0 lITﬁwedf (;.Draesgerdouor{ld t%oegjpeocstl.tjﬁf %,53 p‘%ibeg rs’a‘:“rf*;l““fed'}*e;C al | owi ng
a conput ey .f.or Pr Qeessi NG, dJy (%% mhi chei,s forned of a, predet.erm ned
nunber o apla%éengt%as&]fsgnodbt al edcf' y&al\rllg}i n%get-snceap ourr?%rgoud%c{/iopb@ %chtc'l uding a
- 1775 pradet oninped MY &1 Y %l thod N U 28Ry NAY I NG &, dTe
wherein, in said mixture-ratio estimating step, the mixture
ratio of the pixel corresponding to the position on the
segment is estimated based on the position on the segment
obliquely intersecting with the moving direction of the
10 foreground object.
29. A recording medium in which a computer-readable program
for processing image data which is formed of a predetermined
number of pixel data obtained by an image-capturing device
including a predetermined number of'pixels, the pixels
15 having a time integrating function, is recorded, said
program comprising:
an area specifying step of outputting area information
used for specifying, in correspondence with the image data,
a mixed area in which foreground object components forming a
20 foreground object and background object components forming a
background object are mixed; and
a mixture-ratio estimating step of estimating a mixture
ratio indicating the ratio of the foreground object
components and the background object components in the mixed

25 area based on the area information and a moving direction of



integrating function, to execute: an area specifying step of outputting
area information wused for specifying, in correspondence wth the inage
data, 5 a mxed area in which foreground object conmponents form ng a

f oreground object and background object conponents formng a background
object are m xed; and a mxture-ratio estimating step of estimating a

m xture ratio indicating the ratio of the foreground object 10 conponents
and the background object conponents in the mxed area based on the area
information and a noving direction of 176he foreground object by assum ng
that the mxture ratio changes substantially linearly with respect to a
position of the pixel. 15 34. A program according to claim33, wherein, in

said mxture-ratio estimating,step, based on a position on a_ .segnent
whose oné"End TECHE: SRAEH B PO SOhd M od M GHETE g S onl y ¢ he
foreground _ohj ect conponent.,s.and the. other end is sitioned. at a
backgrour(fd aélggés’ & %E:Ep q:r%ﬁlé“fy ;dnoer%r)}yt e acrlggsrpoetfﬁcgq;@njaeaosc}&ﬁﬁ&&ﬁ s, the
segnent t%%a 8LsiNg the mxed area, the mxture ratio of the pixe

correspon |né to the position on the segnent is estimted. 35. A program

accor di n@Ot._O 9\' -e@o%%l" \H‘ﬁ(e -ir{'Jm ia%c%eljdq. gm%t Lelh 'irnﬁt2i90. %teirrgaﬁli,ng.nSt ep, the
m xture ratio of the 25 plxgﬁ corresponéﬁng to ?he posi tion on'the segnent
is - 478 5,88 ifT&ied 2398d PR lt&aRATH I PN e S MmNty Rakaldnelont &
segment whose one end is positioned at a foreground area
consisting of only the foreground object components and the
other end is positioned af a background area consisting of
only the background object components, the segment
10 traversing the mixed area, the mixture ratio of the pixel
corresponding to the position on the segment is estimated.
31. A recording medium according to claim 30, wherein, in
said mixture-ratio estimating step, the mixture ratio of the
pixel corresponding to the position on the segment is
15 estimated based on the position on the segment parallel to
the moving direction of the foreground object.
32. A recording medium according to claim 30, wherein, in
said mixture-ratio estimating step, the mixture ratio of the
pixel corresponding to the position on the segment is
20 estimated based on the position on the segment obliquely
intersecting with the moving direction of the foreground
object.
33. A program for allowing a computer for processing image
data which is formed of a predetermined number of pixel data

25 obtained by an image-capturing device including a



the noving direction of the foreground object. 36. A programaccording to
claim34, wherein, in said mxture-ratio estinmating step, the mxture

ratio of the 5 pixel corresponding to the position on the segnent is
estimated based on the position on the segnent obliquely intersecting with
the nmoving direction of the foreground object. 37. An inage-capturing
apparatus conprising: 10 inmge-capturing neans for outputting a subject

i mge captured by an imge-capturing device including a predeterm ned
nunber of pixels, the pixels having-aiame integrating function, as inmage
data forned of a predeterm ned nunber of pixel data; 15 area specifying
nmeans for outputting area information used for specifying, in

correspondence with the i e data, m xed area in which foreground
obj ect c&rfpeoﬁe;%rénlfrbercpi%ﬂ“rg& fOr YUt o eec‘fl’é%ds D?fc‘f(]grf%%dt 7 ect
conponent, i qr.ou ohj e re mxed; and 20 m xture-ratio
estimati n%#&gﬂ%ﬁ%ﬁ fe"gﬁctnl&g{r} 'nggoa %%(cfp%(:reg ratio indicating the ratio of

(he for etroundsotlact orComIE s A0 e hackgrawd ol selcamangnt < 1

the m xed area based novi Ng ion of
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substantially linearly th" respect toa position of - 1 e pixel.
5 a mixed area in which foreground object components forming a
foreground object and background object components forming a
background object are mixed; and
a mixture-ratio estimating step of estimating a mixture
ratio indicating the ratio of the foreground object

10 components and the background object components in the mixed
area based on the area information and a moving direction of
the foreground object by assuming that the mixture ratio
changes substantially linearly with respect to a position of
the pixel.

15 34. A program according to claim 33, wherein, in said
mixture-ratio estimating step, based on a position on a
segment whose one end is positioned at a foreground area
consisting of only the foreground object components and the
other end is positioned at a background area consisting of

20 only the background object components, the segment
traversing the mixed area, the mixture ratio of the pixel
corresponding to the position on the segment is estimated.
35. A program according to claim 34, wherein, in said
mixture-ratio estimating step, the mixture ratio of the

25 pixel corresponding to the position on the segment is



38. An image-capturing apparatus according to claim37, wherein said

m xture-ratio estinmating neans estinmates, based on a position on a segnent
whose one end is positioned at a 5 foreground area consisting of only the
f oreground obj ect conponents and the other end is positioned at a
background area consisting of only the background object conponents, the
segnent traversing the m xed area, the mxture ratio of the pixe
corresponding to the position on the segnment. 10 39. An i mage-capturing
apparatus according to claim 38, wheneign-said m xture-ratio estinmating
means estimates the mxture ratio of the pixel corresponding to the
position on the segnent based on the position on the segnent parallel to

t he noving directjon of the foreground object. 15 40. An inmge-capturing
appar at u§% R %%Sc?dm% rﬁrf%,p%%"é} AR i SEmfte: rpﬁ"?aoﬂé@t it%hti ng
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mixture-ratio estimating step, the mixture ratio of the
5 pixel corresponding to the position on the segment is
estimated based on the position on the segment obliguely
intersecting with the moving direction of the foreground
object.
37. An image-capturing apparatus comprising:

10 image-capturing means for outputting a subject image
captured by an image-capturing device including a
predetermined number of pixels, the pixels having a time
integrating function, as image data formed of a
predetermined number of pixel data;

15 area specifying means for outputting area information
used for specifying, in correspondence with the image data,
a mixed area in which foreground object components forming a
foreground object and background object components forming a
background object are mixed; and

20 mixture-ratio estimating means for estimating a mixture
ratio indicating the ratio of the foreground object
components and the background object components in the mixed
area based on the area information and a moving direction of
the foreground object by assuming that the mixture ratio

25 changes substantially linearly with respect to a position of
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the pixel.

38. An iﬁage—capturing apparatus according to claim 37,
wherein said mixture-ratio estimating means estimates, based
on a position on a segment whose one end is positioned at a
foreground area consisting of only the foreground object
components and the other end is positioned at a background
area consisting of only the background object components,
the segment traversing the mixed area, the mixture ratio of
the pixel corresponding to the position on the segment.

39. An image-capturing apparatus according to claim 38,
wherein said mixture-ratio estimating means estimates the
mixture ratio of the pixel corresponding to the position on
the segmeﬁt based on the position on the segment parallel to
the moving direction of the foreground object.

40. An image—capturing apparatus according to claim 38,
wherein said mixture-ratio estimating means estimates the
mixture ratio of the pixel corresponding to the position on
the segment based on the position on the segment obliquely
intersecting with the moving direction of the foreground

object.



