APPARATUS 5 Technical Field The present invention rel ates Q@

processi ng apparatuses and net hods, and inmge-capturing apparatuses, and
nore particularly, to an inmage processing apparatus and nethod, and an

i mage- capturing apparatus in which a 10 difference between

detected by a sensor and the real world is taken into coanﬂwmmM“\“L
Background Art A technique for detecti&g i nci dents occurri e

real world by a sensor and for proceSsirng sanpl ed data out put *fH#8m t he

i mge sensor is wdely used. For exanple, notion blur occurs in an inage
obt ai ned by capturing an object noving in front of a predeterm ned
stationary background with a vi deDEcgreEPaION t he noving 20 speed is

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

st at i onalYIAGEC PHROSESE, I Nto A BRARA TiiGe $\NTo MEGH AR, u ANDa USBRGERACARTIUER INGKt ur e of
the noving object itself occur, but also the mxture of the background

i mage ané%?ﬁ@ﬂﬁ&sect i mmge occurs. 25 Hitherto, a process for handling the
m xture state of the *G00002* background i nage and the noving object has
not been considered. Disclosure of Invention

DESCRI PTI ON | MAGE PROCESSI NG APPARATUS AND METHOD, AND | Mﬁ% %PE@ 8 8

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 inqidents 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, a process for handling the mixture state of the
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5 The present invention has been nmade in view of the above-described
background. Accordingly, it is an object of the present invention to nake
it possible to detect an area in which the mixture occurs. An inage
processi ng apparatus of the present invention 10 includes notion
conpensati on neans for conpensating for the notion of franmes of inage
data; and area detection neans for detecting a m xed area based on the

di fference between the pixel data at the corresponding position in the
noti on- conpensated franmes. 15 The ared detection neans may detect the

m xed area to which at |east pixel data bel ongs when the difference is
greater than or equal to a threshold. The area detection neans may further
detect, Bessdymnind empoyealamcharige mdvine deieact etbanined ws@a, a covered 20
background area in which a foreground object conponent corresponding to a
f or egr ourpnsictesambs over tinme and an uncovered background area in which a
background object conponent corresponding to a background increases over
time. The area detection nmeans may further detect, based on a 25 notion
vector caorresponding to the pixel data in each of the frames, a covered
backgrouﬁ&%ﬁ%ﬁfqﬁﬁ\ﬂﬁ(ﬁ?%@ﬁ?ﬁ%mround obj ect component corresponding to a
f oreground |nc eases over tine and_an uncovered background area in which a

backgPound objt pE@ﬁﬁ@ﬁeﬁPV€6¢P€§p@ﬁ§iﬁ&eﬁoméd@aémgﬁéﬁﬁﬁOfStmﬁtreases over
time. The b'or\rra e srcorclebssc\ rl)gaca}?rfroruar}cijs rkagcgruéﬂ]gelry,l nlcg uldse an object of
the present invention to make it possible to detect an area
in which the mixture occurs.
An image processing apparatus of the present invention

10 includes motion compensation means for compensating for the
motion of frames of image data; and area detection means for
detecting a mixed area based on the difference between the
pixel data at the corresponding position in the motion-—
compensated frames.

15 The area detection means may detect the mixed area to
which at least pixel data belongs when the difference is
greater than or equal to a threshold.

The area detection means may further detect, based on
temporal change of the detected mixed area, a covered

20 background area in which a foreground object component
corresponding to a foreground increases over time and an
uncovered background area in which a background object
component corresponding to a background increases over time.

The area detection means may further detect, based on a

25 motion vector corresponding to the pixel data in each of the



notion vector detection neans for detecting the notion vector. The inmage
processi ng apparatus may further include 10 m xture-ratio cal cul ation
means for calculating a mxture ratio indicating the state in which the
objects are mixed in the pixel data. The inmage processing apparatus nmay
further include separation neans for separating at |east a foreground
obj ect 15 conponent corresponding to a foreground fromthe pixel data of
the m xed area based on the m xture ratjio. The imge processing apparatus
may further include notion-blur adjd%f%ﬁb means for adjusting the anount
of notion blur in the separated foreground object conponent. 20 The i nmage
processi ng apparatus may further include synthesizing neans for

synt hesi zi muesotderovkeséd ashobjesind vatda t he wepel a4 efb fogegieand obj ect
conponent based on the mxture ratio. The notion conpensati on nmeans nay
perform mitjest @Snmaneensahroeshynding ttogs af pesdpheidl 1dicoa®s@s ound a
desi gnated frane so that a background object in the designated frane is
di sposed Qfex Helmarangiade| upesvef et backyheundckgeauin wijectain t he

peri pheral franme. The area detection neans nmay detect at |east the m xed
ar ea basRPYFIBUE ehTeel ePrErdReMe O X FRSPond brg corrpe nsat kgl pend pher al
frame _and the designated frame. The area detection neans may be provi ded
with st atROFRBSFITRIHY BEter mi nati on neans for performng a

The image processing apparatus may further include
motion vector detection means for detecting the motion
vector.

The image processing apparatus may further include

10 mixture-ratio calculation means for calculating a mixture
ratio indicating the state in which the objects are mixed in
the pixel data.

The image processing apparatus may further include
separation means for separating at least a foreground object

15 component corresponding to a foreground from the pixel data
of the mixed area based on the mixture ratio.

The image processing apparatus may further include
motion-blur adjusting means for adjusting the amount of
motion blur in the separated foreground object component.

20 The image processing apparatus may further include
synthesizing means for synthesizing another desired object
with the separated foreground object component based on the
mixture ratio.

The motion compensation means may perform motion

25 compensation by shifting a peripheral frame around a



stationary or noving determ nation based on the difference 10 between the
pi xel data at the correspondi ng pixel position in the notion-conpensated
peripheral franme and the designated frane. Based on the determ nation of
the stationary/noving determ nation neans, the area detection neans nay
detect in which of a foreground area fornmed of 15 only a foreground object
conponent formng the foreground object in the plurality of objects, a
background area formed of only a back%round obj ect component formng the
background object, or the m xed area t*hé pi xel position is. The area
detection neans may specify an uncovered 20 background area and a covered
background area in the m xed area based on the determ nation of the

st at i onarddsimrated dRister swttiet reanckdiruniepRs@d hacka ound area being
formed at the trailing end in the direction in which the foreground object

i s novi ngldsidrietad xacthney eas dipandkran e haokg il ases teimcad or med at
the leading end in the direction in which the foreground object is noving.
An i mage treodessignpuret i exft tire firee geantipheseilt | frramd NclTikeSae 10t | ON
conpensating step of conpensating for the notion of franmes of inage data,
and an ardsteftian napist aprp dftelt et iRpst Mibediiared desedaved hm
difference between the pixel data at the correspondi ng position in the
moti on- detpéhddiesakatvash e fdd ameunenpatiath patidoheseld area to
whi ch at east pjxel data belongs may be detected when the difference 10

|
i s great dfaft Wuddesignated S

The area detection means may be provided with
stationary/moving determination means for performing a
stationary or moving determination based on the difference

10 between the pixel data at the corresponding pixel position
in the motion-compensated peripheral frame and the
designated frame. Based on the determination of the
stationary/moving determination means, the area detection
means may detect in which of a foreground area formed of

15 only a foreground object component forming the foreground
object in the plurality of objects, a background area formed
of only a background object component forming the background
object, or the mixed area the pixel position is.

The area detection means may specify an uncovered

20 Dbackground area and a covered background area in the mixed
area bésed on the determination of the stationary/moving
determination means, the uncovered background area-being
formed at the trailing end in the direction in which the
foreground object is moving in the mixed area, the covered

25 Dbackground area being formed at the leading end in the



In the area detecting step, a covered background area in which a

f oreground obj ect conponent corresponding to a foreground increases over
time and an uncovered background area in which a background obj ect
conponent corresponding to 15 a background increases over tinme may further
be detected based on tenporal change of the detected m xed area. In the
area detecting step, a covered background area in which a foreground

obj ect conponent corresponding to a fg{eground i ncreases over tinme and an
uncover ed background 20 area in which & background obj ect conponent
corresponding to a background increases over tinme may further be detected
based on a notion vector corresponding to the pixel data in each of the
frames. Tereatdgsn pimoodsisiing-het fuade gmyurfdirddiprct nicd utkevin®@5 noti on vect or
detecting step of detecting the notion vector. The image processi ng net hod
may further idg itege priocessdnamiedheoal ofl dthien g retsem tofi noaindiloat i ng a

m xture ratio indicating the state in which the objects are mxed in the
pi xel datidclBidae 4 mafel @r cospdnga sth ok emyo f wwanmensacinglefer tepar at i ng
step of separating at |east a foreground object conponent corresponding to
a foregr diftidan orh theane st danage glatide ankeh saeee gkl bing hetep xt ure
ratio, The i mage proceSS|ng met hod may further include a 10 notion-blur

adj usPi n@ S1§F L RY AT W%&ﬁﬁe%fomﬁh%rﬁlﬁ%ﬁe@% tPRLWRSRAr at ed
{ gg?gggu%%eoglefetl Cé)arg)onaetntthghc?oérnea B IchloaneSch)sniqtlnc% hlorgi {rl_?g/ IIlCl)JgJJECr)}IeI
compensated frames.
In the area detecting step, the mixed area to which at
least pixel data belongs may be detected when the difference
10 1is greater than or equal to a threshold.
In the area detecting step, a covered background area
in which a foreground object component corresponding to a
foreground increases over time and an uncovered background
area in which a background object component corresponding to
15 a background increases over time may further be detected
based on temporal change of the detected mixed area.
In the area detecting step, a covered background area
in which a foreground object component corresponding to a
foreground increases over time and an uncovered background
20 area in which a background object component corresponding to
a background increases over time may further be detected
based on a motion vector corresponding to the pixel data in
each of the frames.
The image processing method may further include a

25 motion vector detecting step of detecting the motion vector.



synt hesi zi ng step of synthesizing another desired object wth the
separated foreground object conponent based on the 15 mxture ratio. In
the notion conpensating step, notion conpensation nmay be performed by
shifting a peripheral frane around a designated frame so that a background
object in the designated franme is disposed at the sane pixel position as

20 the background object in the peripheral frane. In the area detecting
step, at least the m xed area may be detected based on the difference

bet ween the noti on-conpensat ed periﬁhé%é1 frame and the designated frane.
The area detecting step may include a stationary/noving 25 determ ning
step of performng a stationary or noving determ nation based on the

di fference bettheenntiye proelesddha matthioke magr rfesored Hgglivdgel aposition in
the notion- conpensated peripheral frame and the designated frane. In the
area det exit¥tyrestregtia tcaayu leet ides estteyl difaisesrll mrnldathind aletettmm@ti on in the
stationary/noving determning step in which of a foreground area fornmed of
only a f cragroumiiehiers Ywmpoiate fromhiigh ttie fariegtumcobpiesxd iimt he
plurality of objects, a background area fornmed of only a background object
conmponentti ¥Ry tdLaackgr ound object, 10 or the nixed area the pi xel

position is. |In the area detecting step, an uncovered background area and
a covered bacKgfodHdIs &FaCesHedmeddos a vimdpmiders jeslided ahased on t he

determ nation in the statjonary/ noving deternining step, the uncovered
backgrcnuﬁfparatlng step of separating at least a foreground object

component corresponding to a foreground from the pixel data
of the mixed area based on the mixture ratio.

The image processing method may further include a

10 motion-blur adjusting step of adjusting the amount of motion
blur in the separated foreground object component.

The image processing method may further include a
synthesizing step of synthesizing another desired object
with the separated foreground object component based on the

15 mixture ratio.

In the motion compensating step, motion compensation
may be performed by shifting a peripheral frame around a
designated frame so that a background object in the
designated frame is disposed at.the same pixel position as

20 the background object in the peripheral frame. In the area
detecting step, at least the mixed area may be detected
based on the difference between the motion-compensated
peripheral frame and the designated frame.

The area detecting step may include a stationary/moving

25 determining step of performing a stationary or moving



15 area being formed at the trailing end in the direction in which the
foreground object is noving, the covered background area being fornmed at
the leading end in the direction in which the foreground object is noving.
A programin a recording nmediumof the present 20 invention includes a
nmot i on conpensating step of conpensating for the notion of frames of inmage
data; and an area detecting step of detecting a m xed area based on the

di fference between the pixel data at the corresponding position in the

nmot i on- conpensated frames. 25 In the ar'ea detecting step, the mixed area to
whi ch at | east pixel data belongs may be detected when the difference is
greater than or equal to a threshold. In the area detecting step, a covered
backgr ourstk termei na i avhiles e faor egreo uhict T ende donmpananttcorgiasgondtitg to a
5 foreground increases over tine and an uncovered background area in which
a backgr aihdhshjatresppuhiond  wictele gponidi i tim  thdaekgranmnd i ncreases over
time may further be detected based on tenporal change of the detected

m xed ar TR SFFehRer diearl fyanemnd Yoy etesil dreatian olirener ealn 10 i n
whi ch a fqQreground object conponent corresponding to a foreground

i ncr easesTHR/ 1T 3 AL ERRE 0 FiRreridd Msae ke slatectaddasedimrcithe backgr ound

objecé copponent correspondi ng to  a background increases over tine nmay
furthar 6@%&‘8&%&%&%&% SF Ao XSO ¢ e teapviiding $teR Her pi xel

ng:?oir 4 w]h51c s O:I threeg}crroahrlrle 'arTehae Pgr?géfnggagnf#rg hfecfrégnrcguurfide a motion
object component forming the foreground object in the
plurality of objects, a background area formed of only a
background object component forming the background object,
10 or the mixed area the pixel position is.

In the area detecting step, an uncovered background
area and a covered background area in the mixed area may be
specified based on the determination in the
stationary/moving determining step, the uncovered background

15 area being formed at the trailing end in the direction in
which the foreground object is moving, the covered
background area being formed at the leading end in the
direction in which the foreground object is moving.

A program in a recording medium of the present

20 invention includes a motion compensating step of
compensating for the motion of frames of image data; and an
area detecting step of detecting a mixed area based on the
difference between the pixel data at the corresponding

position in the motion-compensated frames.

25 In the area detecting step, the mixed area to which at



detecting step of detecting the notion vector. The program may further
include a mxture-ratio calculating step of calculating a mxture ratio
indicating 20 the state in which the objects are mxed in the pixel data.
The program may further include a separating step of separating at |east a
f oreground object conponent corresponding to a foreground fromthe pixel
data of the m xed area based on the m xture ratio. 25 The program nmay
further include a notion-blur adjustin% step of adjusting the anount of
notion blur in the separated foregrourd object conponent. The program nay
further include a synthesizing step of synthesizing another desired object
with the separated 5 foreground object conponent based on the m xture

ratio. I|lreaste pintdlordamerisatganguast i datidcied WD SEHd Qi £ fEvedtes
performed by shifting a peripheral frame around a designated frame so that
a backgr dihdmssten than e dagighdted forlamslicldli sposed at the sane pi xel
position as 10 the background object in the peripheral frame. In the area
det ecting steph &hel ezxse desesibiad step,may dovedede baekgrasad ardzhe

di fference between the notion-conpensated peripheral frame and the

desi gnat ed® MEifR aTH® ReEWet evianf stapananti mo ks eorstiatg draray/ novi ng
15 determ ning step of performng a stationary or noving determnation
based>on YHEFHFHEr it i8RV ehe e dnd @ unmovered draadspontidig pi xel

position in the tiqQn- quensated peri pheral franme and the designated
frame. | /#f€ad 1n which a background object component corresponding to

a background increases over time may further be detected
based on temporal change of the detected mixed area.
In the area detecting step, a covered background area
10 in which a foreground object component corresponding to a
foreground increases over time and an uncovered background
area in which a background object component corresponding to
a background increases over time may further be detected
based on a motion vector corresponding to the pixel data in
15 each of the frames.
The program may further include a motion vector
detecting step of detecting the motion vector.
The program may further include a mixture-ratio
calculating step of calculating a mixture ratio indicating
20 the state in which the objects are mixed in the pixel data.
The program may further include a separating step of
separating at least a foreground object component
corresponding to a foreground from the pixel data of the
mixed area based on the mixture ratio.

25 The program may further include a motion-blur adjusting



the area detecting step, it may be detected based on the 20 determ nation
in the stationary/ noving determning step in which of a foreground area
formed of only a foreground object conmponent form ng the foreground object
inthe plurality of objects, a background area forned of only a
background obj ect conponent form ng the background object, 25 or the m xed
area the pixel positionis. - 10 In the area detecting step, an uncovered
background area and a covered background area in the m xed area may be
specified based on the determinationr the stationary/noving determ ning
step, the uncovered background 5 area being forned at the trailing end in
the direction in which the foreground object is noving, the covered

backgr ourskegr esf bl Nngs f Digrethatandient eselimer W hut hen ©hd eedp oPs ¢ &g Whi ch
the foreground object is noving. A program of the present invention causes
a conput efortagrdithexssidet acomporentconpensati ng step of conpensating for
the notion of franmes of inage data; and an area detecting step of

det ecting a nmiThed pacgx araged dutthe diifffenelc e Bomwesi dibey pveg) At a at
the corresponding position in the notion- conpensated franes. 15 In the
area det et¥HE St a9 tanothaedlesisced ohjich with | Hastsepasdtedt a bel ongs
may be detected when the difference is greater than or equal to a

t hr esRol EOYSFRH NG k) @l exanprRteRased overithe baickyroaindhai@a i n whi ch

a foreground object conmponent corresponding to a
In the motion compensating step, motion compensation

may be performed by shifting a peripheral frame around a
designated frame so that a background object in the
designated frame is disposed at the same pixel position as

10 the background object in the peripheral frame. 1In the area
detecting step, at least the mixed area may be detected
based on the difference between the motion~compensated
peripheral frame and the designated frame.

The area detecting step may include a stationary/moving

15 determining step of performing a stationary or moving
determination based on the difference between the pixel data
at the corresponding pixel position in the motion-
compensated peripheral frame and the designated frame. 1In
the area detecting step, it may be detected based on the

20 determination in the stationary/moving determining step in
which of a foreground area formed of only a foreground
object component forming the foreground object in the
plurality of objects, a background area formed of only a
background object component forming the background object,

25 or the mixed area the pixel position is.



20 foreground increases over tinme and an uncovered background area in which
a background obj ect conponent corresponding to a background increases over
time may further be detected based on tenporal change of the detected

m xed area. In the area detecting step, a covered background area 25 in
whi ch a foreground object conponent corresponding to a - 11 foreground

i ncreases over tinme and an uncovered background area in which a background
obj ect conmponent corresponding to a b?ékground i ncreases over tinme nmay
further be detected based on a notion~vector corresponding to the pixel
data in S each of the franmes. The program may further include a notion
vector detecting step of detecting the notion vector. The program nmay
further include d&he sinese dedtdat i realstidpgt iang Siceredfed Waid@tdur@ a mi xture
ratio indicating 10 the state in which the objects are m xed in the pixel

dat a. Thejsog@granamovereddradinptauted aseparmat ihg siepd ddresapsy abé ng at

| east a foreground object conponent corresponding to a foreground fromthe
pi xel datspesfifiird based en cthdadeteomindteion xtiurttheatio. is The program
may further include a notion-blur adjusting step of adjusting the anmpunt
of not i orfHtionar ¥ feosiaparda eer mimig roterl ob)edncwnpond ntacigweoywrdgr am
may further include a synthesizing step of synthesizing another desired
obj ect widhfa Reidhafres 2t f%’r%gt?mwﬁl%j %‘L(%/ nigen et repiseen oin t he

nixturelwgféh the foreground object is moving, the covered
background area being formed at the leading end in the
direction in which the foreground object is moving.
A program of the present invention causes a computer to

10 execute a motion compensating step of compensating for the
motion of frames of image data; and an area detecting step
of detecting a mixed area based on the difference between
the pixel data at the corresponding position in the motion-
compensated frames.

15 In the area detecting step, the mixed area to which at
least pixel data belongs may be detected when the difference
is greater than or equal to a threshold.

In the area detecting step, a covered background area
in which a foreground object component corresponding to a

20 foreground increases over time and an uncovered background
area in which a background object component corresponding to
a background increases over time may further be detected
based on temporal change of the detected mixed area.

In the area detecting step, a covered background area

25 in which a foreground object component corresponding to a



In the notion conpensating step, notion conpensation may be performed by
shifting a peripheral frame around a designated franme so that a background
object in the designated frame is disposed at the sane pixel position as
2S the background object in the peripheral frane. In the area - 12
detecting step, at |least the m xed area may be detected based on the

di fference between the notion-conpensated peripheral frame and the
designated frane. The area detecting_si p may include a stationary/ noving
5 determining step of performing a stattonary or noving deternination
based on the difference between the pixel data at the correspondi ng pixel
position in the notion- conpensated peripheral franme and the desi gnated
frame. | rforeyrcureh idetmctsawy staap,tiinte nd s detesteatebasatk@orodrhe 10
determnation in the stationary/ noving determning step in which of a

f or egr oursdr @ dan dviadd aofbagrigr curfc radresn dcomylsiremtt conpoysgdndiorgritng t he
foreground object in the plurality of objects, a background area fornmed of
only a RBaddgrsihrinshjicareafifforrsifr floma mpy Haltdwgroumeohitest |, 15 or

t he nixe% area the pixel position is. In the area detecting step, an

uncover ePAFEK Groth & Bl VAREF GRS PBUER dihdhe ealtel tdrtariited area

may b speci fi based on the determnation in the stationary/noving
deterﬁim%ﬂﬁ%fﬁg,QQK§Hﬁﬁ%ﬂered background 20 area being forned at the

trailing end &g the direction_in,_which the foreground object is noving,
t he covered e program may further include a motion vector

detecting step of detecting the motion vector.
The program may further include a mixture-ratio
calculating step of calculating a mixture ratio indicating

10 the state in which the objects are mixed in the pixel data.

The program may further include a separating step of
separating at least a foreground object component
corresponding to a foreground from the pixel data of the
mixed area based on the mixture ratio.

15 The program may further include a motion-blur adjusting
step of adjusting the amount of motion blur in the separated
foreground object component.

The program may further include a synthesizing step of
synthesizing another desired object with the separated

20 foreground object component based on the mixture ratio.

In the motion compensating step, motion compensation
may be performed by shifting a peripheral frame around a
designated frame so that a background object in the
designated frame is disposed at the same pixel position as

25 the background object in the peripheral frame. 1In the area



background area being fornmed at the leading end in the direction in which
the foreground object is noving. An inmage-capturing apparatus of the
present invention 25 includes image-capturing means for outputting a
subject - 13 image captured by an inmge-capturing device including a
predeterm ned nunber of pixels having a tine integrating function as image
data consisting of a predeterm ned nunber of pixel data; notion .
conpensati on nmeans for conpensating 5 éor the notion of franes of image
data; and area detection neans for det cting, based on the di fference
between the pixel data at the corresponding position in the notion-
conpensated frames, a mxed area fromthe image data in which a plurality
of obj ectdetaratitigestdm tdte readt vidid duiatsl Idravhindy itse oi@ides as the

i mge data. The area detection nmeans nmay detect the m xed area to which at
| east pi xesathten Bleonmyst fmmdd e aivdeat ertoe net i gi-aadmseddrredr equal to a
threshol d. The area detection neans may further detect, based on 15

t enpor al R&FReil tfreanetand ddaridest gnated af mover ed  background area in
whi ch a foreground obj ect conponent corresponding to a foreground

i ncreases ovethIﬁﬁeén@e§ﬁ0t&ﬁ@b@§ﬁﬁdHE%@K@K@W@@ & & aityd olsizet e agk gr ound

obj ec onent, correspondi ng to a background increases over tinme. 20 The
ar ea éeté%%ﬁﬂﬁmﬁﬁﬁﬁk fUr RFE USRS |2 bl rp Y QﬁanNﬂW%ctgr

| data |n e ch of the franes, a covere
gggrkg?gg% ah:hW{Fl ¥ c? fference between the pixel data

at the corresponding plxel position in the motion-
compensated peripheral frame and the designated frame. 1In
the area detecting step, it may be detected based on the
10 determination in the stationary/moving determining step in
which of a foreground area formed of only a foreground
object component forming the foreground object in the
plurality of objects, a background area formed of only a
background object component forming the background object,
15 or the mixed area the pixel position is.

In the area detecting step, an uncovered background
area and a covered background area in the mixed area may be
specified based on the determination in the
stationary/moving determining step, the uncovered background

20 area being formed at the trailing end in the direction in
which the foreground object is moving, the covered
background area being formed at the leading end in the
direction in which the foreground object is moving.

An image-capturing apparatus of the present invention

25 includes image-capturing means for outputting a subject



obj ect conponent corresponding to a foreground increases over time and an
uncover ed background area in which a 25 background object conponent
corresponding to a background - 14 increases over tine. The _
i mage-capturing apparatus may further include notion vector detection
nmeans for detecting the notion vector. 5 The image-capturing apparatus nay
further include mxture-ratio calculation means for calculating a mxture
ratio indicating the state in which the. objects are mxed in the pixel
data. The image-capturing apparatus nay~further include 10 separation neans
for separating at |east a foreground object conponent corresponding to a
foreground fromthe pixel data in the mxed area based on the m xture
rati o. THandgmgeriapted ibyy appbmaderscagtyuf g hieviee! Lgel udidid on- bl ur
adj usting neans for adjusting the amount of 15 notion blur in the
separ at ePHARBUIRED b} wehe T onpapione ] s Ty image- Chpd uin gy eppatat us my
further include synthesizing means for synthesizing another desired object
with the SEHEFARET oo Rl dbfertizbippnenta esede oot ired mwthee ratio.
20 The notjon conpensation neans nmay performnotion conpensation by
shifting &f Riphetaliar Meel e RPN S afekory e anss ff@meccsmr_mm?atm@?pkgr ound
. : . ) : o as

ob) eCtS ! nfc;[rhethedeféginoax;[. eodf f%ﬁanrseé Soigl isn?a(ljgseedda?éa,:[ haencfaa[rl‘?ea?I ci(gtec?t?fénl °

means for detecting, based on the difference between the

pixel data at the corresponding position in the motion-

compensated frames, a mixed area from the image data in

which a plurality of objects are mixed in the real world and

10 which is obtained as the image data.

The area detection means may detect the mixed area to
which at least pixel data belongs when the difference is
greater than or equal to a threshold.

The area detection means may further detect, based on

15 temporal change of the detected mixed area, a covered
background area in which a foreground object component
corresponding to a foreground increases over time and an
uncovered background area in which a background object
component corresponding to a background increases over time.

20 The area detection means may further detect, based on a
motion vector corresponding to the pixel data in each of the
frames, a covered background area in which a foreground
object component corresponding to a foreground increases
over time and an uncovered background area in which a

25 background object component corresponding to a background



t he background object in the peripheral franme. The area 25 detection neans
may detect at | east the m xed area based on the difference between the
noti on- conpensat ed peri pheral frame and the designated frane. The area _
detection neans nmay be provided with stationary/noving determ nation neans
for performng a 5 stationary or noving determ nati on based on the
difference between the pixel data at the correspondi ng pixel position in
t he notion-conpensated peripheral frang,and the designated frane. Based on
the determ nation of the stationaryng%iﬁg determ nati on neans, the area
detection 10 neans may detect in which of a foreground area fornmed of only
a foreground object conponent form ng the foreground object in the

pl uralityirfredgesctoyem thiaokgr ound area fornmed of only a background obj ect
conponent form ng the background object, or the m xed area the pixel
position is. IbeThmageeaagdiedmioomprearsusaynagpaifthean imdader ed
background area and a covered background area in the m xed area based on

t he det eMfAHRT ore@fon et ignargadmpvion deftet mnathomaerbes, the
uncover ed background area being forned at the trailing end in the

di recti o’§9F%%hi ch the 20 foreground object is noving in the nixed area,
the covered bhackground area bheing fornmed at the |eading end in the
direction in \Eﬁiec MAIE TGRSR BBEATYSs Iaok i Ty thade Tstliusie of frames of

i mage data i.s_conpensate fof% .and a m xed area is-detected based on the

di f f er endS HHVESHP 5 G on Jte3ti r eI P PR i BHEHIF t he

ot i on ratio indicating the state in which the objects are mixed in
the pixel data.
The image-capturing apparatus may further include

10 separation means for separating at least a foreground object
component corresponding to a foreground from the pixel data
in the mixed area based on the mixture ratio.

The image-capturing apparatus may further include
motion-blur adjusting means for adjusting the amount of

15 motion blur in the separated foreground object component.

The image-capturing apparatus may further include
synthesizing means for synthesizing another desired object
with the separated foreground object component based on the
mixture ratio.

20 The motion compensation means may perform motion
compensation by shifting a peripheral frame around a
designated frame so that a background object in the
designated frame is disposed at the same pixel position as
the background object in the peripheral frame. The area

25 detection means may detect at least the mixed area based on



- 16 conpensated frames. This enables a m xed area in which mxture occurs
to be detected. 5 Brief Description of the Drawings Fig. 1 illustrates an
enbodi nent of a signal processing apparatus according to the present
invention. Fig. 2 is a block diagramillustrating the signal processing
apparatus. 10 Fig. 3 illustrates the inmage capturing perfornmed by a

sensor. Fig. 4 illustrates the arrangenent of pixels. Fig. 5 illustrates
the operation of a detection device. _ E%g._GA illustrates an inage obtained
by i mage 15 capturing an object corresponding to a novi ng foreground and

an object corresponding to a stationary background. Fig. 6B illustrates a
nodel of an inmage obtained by image-capturing an object corresponding to a
nmovi ng fregtbliferemte dre b et thve rmespomnd ogpéos @t ed apé onstiyra 20

background. Fig. 7 illustrates a background area, a foreground area, a
m xed arefrare cwbridh iRekiymaed afeame and an uncovered background ar ea.
Fig. 8 illustrates a nodel obtained by expanding in the 25 tinme direction

the pixel val J&¢ Gres wetecdliig e agisdenadyy be prowidisl iwitem i mage obt ai ned
by inage_ggggfgég¥§;ﬁgé%géxﬁetermination means for performing a
5 stationary or moving determination based on the difference
between the pixel data at the corresponding pixel position
in the motion-compensated peripheral frame and the
designated frame. Based on the determination of the
stationary/moving determination means, the area detection

10 means may detect in which of a foreground area formed of
only a foreground object component forming the foreground
object in the plurality of objects, a badkground area formed
of only a background object component forming the background
object, or the mixed area the pixel position is.

15 The area detection means may specify an uncovered
background area and a covered background area in the mixed
area based on the determination of the stationary/moving
determination means, the uncovered background area being
formed at the trailing end in the direction in which the

20 foreground object is moving in the mixed area, the covered
background area being formed at the leading end in the
direction in which the foreground object is moving.

The motion of frames of image data is compensated for,
and a mixed area is detected based on thg difference between

25 pixel data at the corresponding position in the motion-



corresponding to a stationary foreground and an the object corresponding

to a stationary background. Fig. 9 illustrates a nodel in which pixel
values are 5 expanded in the tinme direction and the period correspondi ng
to the shutter tine is divided. Fig. 10 illustrates a nodel in which pixel

val ues are expanded in the tinme direction and the period corresponding to
the shutter tine is divided. 10 Fig. 11 illustrates a nodel in which pixel
values are expanded in the tine direction and the period corresponding to
the shutter tinme is divided. Fig. 12‘iﬂﬁu§trates an exanple in which pixels
in a foreground area, a background area, and a m xed area are 15
extracted. Fig. 13 illustrates the relationships between pixels and a
nodel obtedmeehdyt ek ponaiheng. t he pi xel values in the tine direction. Fig

14 illustrates a nodel in which pixel values are 20 expanded in the tine
direction and Tite perebde e mespahdingn itro whiecks mitdtarrd igwuirs didvimted.

Fig. 15 illustrates a nodel in which pixel values are expanded in the tine
di recti ordefiricte. peri od corresponding to the shutter time is divided. 25
Fig. 16 illustrates a nodel in which pixel values are - 18 expanded in the
time direction and the period corresponding to the shutter tine is
dIVId%d' Brief Description of the Drawings

Fig. 1 illustrates an embodiment of a signal processing
apparatus according to the present invention.

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

10 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-

15 capturing an object corresponding to a moving foreground and
an object corresponding to a stationary background.

Fig. 6B illustrates a model of an image obtained by
image-capturing an object corresponding to a moving
foreground and an object corresponding to a stationary

20 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

25 time direction the pixel values of pixels aligned side-by-



Fig. 17 illustrates a nodel in which pixel values are expanded in the tine
direction and the period corresponding 5 to the shutter tine is divided.
Fig. 18 illustrates a nodel in which pixel values are expanded in the tine
direction and the period corresponding to the shutter tine is divided.
Fig. 19 is a flowhart illustrating the processing for 10 adjusting the
amount of notion blur. Fig. 20 is a block diagramillustrating the
configuration of an area specifying unL% 103. Fig. 21 is a block diagram
illustrating the configuration of the afea specifying unit 103 in nore
detail. 15 Fig. 22 illustrates a process nmade by a notion capturing
portion 222. Fig. 23 illustrates an i nage when an object corresponding to
a foregraint iin roviingpgdight 2hdd IHistineties capmdeing moiwiehedd xel val ues
are 20 expanded in the tinme direction and the period corresponding to the
shutter tdomredspatidinded.o B gt@dS drldmstiatearcumbdald ian Whehpjeet val ues
are expanded in the tinme direction and the period corresponding to the
shutt er tdarrdspatidiirgedio 26 Fiali@@any hestkgtaema. nodel in which pixel
values are - 19 expanded in the time direction and the period
correspondi ngFige Phéldngitratesi gemogedi vindedhiahi gixel ivallusisr atres t he
conditions for determning the_ '
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 is divided.
10 Fig. 11 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.
Fig. 12 illustrates an example in which pixels in a
foreground area, a background area, and a mixed area are
15 extracted.
Fig. 13 illustrates the relationships between pixels
and a model obtained by expanding the pixel values in the
time direction.
Fig. 14 illustrates a model in which pixel values are
20 expanded in the time direction and the period corresponding
to the shutter time is divided.
Fig. 15 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding

to the shutter time is divided.

25 Fig. 16 illustrates a model in which pixel values are



area. 5 Fig. 28A illustrates an exanple of the result obtained by
specifying the area by the area specifying unit 103. Fig. 28B illustrates
an ‘exanpl e of the result obtained by specifying the area by the area
specifying unit 103. Fig. 28C illustrates an exanple of the result obtained
10 by specifying the area by the area specifying unit 103. Fig. 28D '
illustrates an exanple of the result obtained by specifying the area by the
area specifying unit 103. Fig. 29 illggtrates an exanple of the result
obtai ned by specifying the area by the®area specifying unit 103. 15 Fig.

30 is a flowhart illustrating the area specifying processing. Fig. 31 is
a flowhart illustrating the area specifying processing. Fig. 32 is a

bl ock di &grenddd ust ridte noimmenatihmyct dh coond i g g v dfcd hee S5@ad Spgci f yi ng
unit 103. Fig. 33 illustrates a nodel in which pixel values are expanded
in the tite e edtittrerandineel petiwiddexdr responding to the shutter tine is
divided. Fig. 34 illustrates an exanple of an area specified 25 object. -
20 Fig. 35 i Figst Aqt 3 lawsteedes @ ofode Indni emichnpdredt eth Luarsearspeci fi ed
object. Fig. 36 illustrates an exanple of the processing nmade by a

t hr eshol XRANGEDrige ddrprt imgs direction and the period corresponding
5 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
10 adjusting the amount of motion blur.
Fig. 20 is a block diagram illustrating the
configuration of an area specifying unit 103.
Fig. 21 is a block diagram illustrating the
configuration of the area specifying unit 103 in more detail.
15 Fig. 22 illustrates a process made by a motion
capturing portion 222.
Fig. 23 illustrates an image when an object
corresponding to a foreground is moving.
Fig. 24 illustrates a model in which pixel values are
20 expanded in the time direction and the period corresponding
to the shutter time is divided.
Fig. 25 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.

25 Fig. 26 illustrates a model in which pixel values are



5 Fig. 37 is a block diagramillustrating the configuration of a tine
change detector 256. Fig. 38 illustrates the determ nation processi ng nade
by the tinme change detector 256. Fig. 39 illustrates the determ nation
processing made 10 by the tine change detector 256. Fig. 40 illustrates
the conditions for determning the mxed area. Fig. 41 is a flowhart
illustrating the area specifying processing perfornmed by the area

specifying unit 103. 15 Fig. 42 is a flowhart illustrating in detail the
processing for detecting a covered béck%rbund area or an uncovered
background area. Fig. 43 is a block diagramillustrating still another

configuration of the area specifying unit 103. 20 Fig. 44 illustrates the
det er m natdpemdeddes simyg t jpes fdinmeet inh amd dend ide £iadd o tiédpadfdingi 9. 45
is aflowhart illustrating in detail the processing for detecting a
cover ed BacKgreowithitaresa toimeni s uhicovdzded background area. 25 Fig. 46 is a
bl ock diagramillustrating an exanple of - 21 the configuration of a
m xture-ratioFdgl.cdlatidlubi4ated ghed tondidstonst doramedheamplrd nof tthee i deal
m xture ratio (x. Fig. 48 illustrates a nodel in which pixel values are S
expanded d4e€&he tinme direction and the period correspondi ng
5 Fig. 28A illustrates an example of the result obtained
by specifying the area by the area specifying unit 103.
Fig. 28B illustrates an example of the result obtained
by specifying the area by the area specifying unit 103.
Fig. 28C illustrates an example of the result obtained
10 by specifying the area by the area specifying unit 103.
Fig. 28D illustrates an example of the result obtained
by specifying the area by the area specifying unit 103.
Fig. 29 illustrates an example of the result obtained
by specifying the area by the area specifying unit 103.
15 Fig. 30 is a flowchart illustrating the area specifying
processing.
Fig. 31 is a flowchart illustrating the area specifying
processing.
Fig. 32 is a block diagram illustrating another
20 configuration of the area specifying unit 103.
Fig. 33 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.

Fig. 34 illustrates an example of an area specified

25 object.



to the shutter tine is divided. Fig. 49 illustrates a nodel in which pixel
val ues are expanded in the tinme direction and the period corresponding to
the shutter time is divided. 10 Fig. 50 illustrates the approxi mation using
the correlation between foreground conmponents. Fig. 51 illustrates the

rel ati on between C, N, and P. Fig. 52 is a block diagramillustrating the
configuration of an estinmated-m xture-ratio processor 401. 15 Fig. S3
illustrates an exenplary estinated nix%&re ratio. Fig. S4 is a block
diagramillustrating another configuration of the m xture-ratio cal cul ator
104. Fig. SSis a flowhart illustrating the m xture-ratio 20 calculation
processing. Fig. S6 is a flowhart illustrating the processing for

cal cul ati ng t Ire gesBisnatiad strkitierse ahateixamplie) 054 imdtisin-aicafpeh ssitedi ght
line for approximating the mxture ratio (x. 25 Fig. 58 illustrates a

pl ane foraxgprapaaiiien) ddteect 22 mixture ratio a. Fig. 59 illustrates the
rel ati onships of the pixels in a plurality of frames when the mxture ratio
a is calcul at #dg- Bifgila@sitsrades eok ediaagrlemof Itinst ratciaes sdmat rerdes
configuration of the m xture-ratio estimtion processor 401. Fig. 61

i |1 ustratss arfhoeshn ladwakie miteer 8o e -
5 Fig. 37 is a block diagram illustrating the

configuration of a time change detector 256.

Fig. 38 illustrates the determination processing made
by the time change detector 256.

Fig. 39 illustrates the determination processing made

10 by the time change detector 256.

Fig. 40 illustrates the conditions for determining the
mixed area.

Fig. 41 is a flowchart illustrating the area specifying
processing performed by the area specifying unit 103.

15 Fig. 42 is a flowchart illustrating in detail the
processing for detecting a covered background area or an
uncovered background area.

Fig. 43 is a block diagram illustrating still another
configuration of the area specifying unit 103.

20 Fig. 44 illustrates the determination processing
performed by an identification unit 281.

Fig. 45 is a flowchart illustrating in detail the
processing for detecting a covered background area or an
uncovered background area.

25 Fig. 46 is a block diagram illustrating an example of



ratio. Fig. 62 is a flowhart illustrating the m xture-ratio estimating
processi ng by using a nodel corresponding to a 10 covered background area.

Fig. 63 is a block diagramillustrating an exanple of the configuration of
a foreground/ background separator 105. Fig. 64A illustrates an input

i mge, a foreground conponent inmage, and a background conponent image. 15
Fig. 64B illustrates a nodel of an input inage, a foreground conponent

i mge, and a background conponent image, Fig. 65 illustrates a nodel in
whi ch pi xel values are expanded in t ie?ti e direction and the peri od
corresponding to the shutter tine is divided. 20 Fig. 66 illustrates a

nodel in which pixel values are expanded in the tine direction and the

peri od corhesqpantingrat ot hef shuhietutéfeatbo devicetatdtgrod7 illustrates a
nodel in which pixel values are expanded in the tinme direction and the
period corres@ingdi iy 25 ustddtesstan teetariplne o5 tdeviidbsh]l m2&udd g. 68 is a

bl ock diagramillustrating an exanple of the configuration of a separating
portion 60Atidigg. 69A illustrates an exanple of a separated foreground
conponent image. 5 Fig. 69B illustrates an exanple of a separated

background corfishert8 iindlgst Rites 20 nagled firowdhiartt pidelstvaliien diwe
proce%SIrg&gégded in the time direction and the period corresponding
to the shutter time is divided.

Fig. 49 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. 50 illustrates the approximation using the
correlation between foreground components.

Fig. 51 illustrates the relation between C, N, and P.

Fig. 52 is a block diagram illustrating the
configuration of an estimated-mixture-ratio processor 401.

15 Fig. 53 illustrates an exemplary estimated mixture
ratio.

Fig. 54 is a block diagram illustrating another
configuration of the mixture-~ratio calculator 104.

Fig. 55 is a flowchart illustrating the mixture-ratio

20 calculation processing.

Fig. 56 is a flowchart illustrating the processing for
calculating the estimated mixture ratio.

Fig. 57 illustrates a straight line for approximating

the mixture ratio a.

25 Fig. 58 illustrates a plane for approximating the



separating a foreground and a background. Fig. 71 is a block diagram
illustrating an exanple of 10 the configuration of a notion-blur adjusting
unit 106. Fig. 72 illustrates the unit of processing. Fig. 73 illustrates
a nodel in which the pixel values of a foreground conmponent inmage are
expanded in the time direction and the period corresponding to the shutter

time 15 is divided. Fig. 74 illustrates a nodel in which the pixel val ues
of a foreground conponent inage are expgnded in the time direction and the
period corresponding to the shutter tiffe "is divided. 20 Fig. 75

illustrates a nodel in which the pixel values of a foreground conponent
i mage are expanded in the time direction and the period corresponding to
the shut treixture ratsialioi ded. Fig. 76 illustrates a nodel in which the
pi xel values 25 of a foreground conponent inage are expanded in the tine -
24 directionFgd t¥%e igdnisddadems édysond Ieg: itan sthigoss fuft ttgre thimeeld sirdi vi ded.
Fig. 77 illustrates another configuration of the notion-blur adjusting
unit 106.2 PRl |ef afremeehuheni Fhasmigting rhéipr ocdssiaad dudrated.
adj usting the anount of notion blur contained in a foreground conponent
i mage per f or néd %y &hd st it FH ad@sitli nts s tinme@nother
5 configuration of the mixture-ratio estimation processor 401.
Fig. 61 illustrates an exemplary estimated mixture
ratio.
Fig. 62 is a flowchart illustrating the mixture-ratio
estimating processing by using a model corresponding to a
10 covered background area.
Fig. 63 is a block diagram illustrating an example of
the configuration of a foreground/background separator 105.
Fig. 64A illustrates an input image, a foreground
component image, and a background component image.
15 Fig. 64B illustrates a model of an input image, a
foreground component image, and a background component image.
Fig. 65 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.
20 Fig. 66 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.
Fig. 67 illustrates a model in which pixel values are

expanded in the time direction and the period corresponding

25 to the shutter time is divided.



Fig. 79 is a block diagramillustrating another exanple 10 of the
configuration of the notion-blur adjusting unit 106. Fig. 80 illustrates
an ‘exanpl e of a nodel in which the relationships between pixel values and
foreground conponents are indicated. Fig. 81 illustrates the calculation
of foreground 15 conmponents. Fig. 82 illustrates the cal cul ati on of _
foreground conponents. Fig. 83 is a flowhart illustrating the processing
for elimnating notion blur contained %n a foreground. 20 Fig. 84 is a

bl ock diagramillustrating another coh iguration of the function of the
signal processing apparatus. Fig. 85 illustrates the configuration of a
synt hesi zer 1001. 25 Fig. 86 is a block diagramillustrating still another

- 25 confi gurFdtg.or6sofi st ke Hlwedt idirs qafant fiﬂ]ajsgﬂ%ltimgxa&_ﬁ?émfpl@ﬂﬁ at us.
Fig. 87 is a block diagramillustrating the configuration of a _

m xt ur e- rihie caaf ol orod 19 .a Hepagpt BBy isoat bbwckodi agram il l ustrating

the configuration of a foreground/ background separator 1102. Fig. 89 is a
bl ock di agr amFild.u¥atiildgshridtesarat lsvammtlonfd fyur atdpmratfed he function of

the signal processing apparatus.
foreground component image.

5 Fig. 69B illustrates an example of a separated
background component image.

Fig. 70 is a flowchart illustrating the processing for
separating a foreground and a background.

Fig. 71 is a block diagram illustrating an example of

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

Fig. 72 illustrates the unit of processing.

Fig. 73 illustrates a model in which the pixel values
of a foreground component image are expanded in the time
direction and the period corresponding to the shutter time

15 is divided.

Fig. 74 illustrates a model in which the pixel values
of a foreground component image are expanded in the time
direction and the period corresponding to the shutter time
is divided.

20 Fig. 75 illustrates a model in which the pixel values
of a foreground component image are expanded in the time
direction and the period corresponding to the shutter time
is divided.

Fig. 76 illustrates a model in which the pixel values

25 of a foreground component image are expanded in the time



10 Fig. 90 illustrates the configuration of a synthesizer 1201. Best Mode
for Carrying Qut the Invention Fig. 1 illustrates an enbodi nent of a signal
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 connected to each otﬁe?4by 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 forned of a keyboard, a nouse, a m crophone, and so on, and
an out putdizeainidn 2hd Whepdsi doraeetk efpendlirsplay , tiee sfiaakeds @kt SO on, -
26 are connected to the input/output interface 25. The CPU 21 executes
vari ous tiygpebivdfdgat.ocessing in response to a command i nput fromthe input
unit 26. The CPU 21 then outputs an imge or sound obtained as a result of
the 5 processFag-td7t hé lustpatesniano2herThondtiguags iom to f2&heonnected to
the input/output interface 25 is fornmed of, for exanple, a hard disk, and
stores prerigfs duge A i nhardiy 1016 and vari ous types of data. A
comunpi cation _unit _29 conmunicates with an external 10 device via the

| nterfet or afiéBher 8néewdr EloWghemits iddawsire,t inghd heo pmoriesstingn fgmi t 29

serves asdgn gbtaining unit for , .
adjusting the amount of motion blur contained in a

foreground component image performed by the motion-blur
adjusting unit 106.
Fig. 79 is a block diagram illustrating another example

10 of the configuration of the motion-blur adjusting unit 106.

Fig. 80 illustrates an example of a model in which the
relationships between pixel values and foreground components
are indicated.

Fig. 81 illustrates the calculation of foreground

15 components.

Fig. 82 illustrates the calculation of foreground
components. |

Fig. 83 is a flowchart illustrating the processing for
eliminating motion blur contained in a foreground.

20 Fig. 84 is a block diagram illustrating another
configuration of the function of the signal processing
apparatus.

Fig. 85 illustrates the configuration of a synthesizer
1001.

25 Fig. 86 is a block diagram illustrating still another



obtaining an output of a sensor. Alternatively, a program nmay be obtai ned
via the communication unit 29 and stored in the storage unit 28. 15 A
dri've 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 like, when such a recording nmediumis attached to the drive 30,
and obtains a programor data stored in the correspondi ng 20 nedium The
obtai ned programor data is transferred to the storage unit 28 and stored
therein if necessary. Fig. 2 is a bloc 5dTagran1iIIustrating t he signal
processi ng apparatus. It does not matter whether the individual functions
of 25 the signal processing apparatus are inplenmented by hardware - 27 or
sof t war e.coihatqurs t idre df ocke diwdgrtaion o f tihes sS@pecl fp cade o6 Mm@y be
har dwar e bl ock di agrans or software functional block diagrans. In this
speci fi catprEKatars i mage to be captured 5 corresponding to an object in the
real world is referred to as an imge object. An input inage supplied to
the signal prdddssi8ig isappdlaaks diganspplilddistoradningbjtdet extracting unit
101, an area specifying unit 103, a mxture-ratio calculator 104, 10 and a
f or egr ourftiakdrain sehar S bFt s rathio opp ket laker akt0hg unit 101
extracts a rough inmage object corresponding to a foreground object
Contagned in tHe. 88 is a ‘block diagram illustrating é%e
configuration of a foreground/background separator 1102.
Fig. 89 is a block diagram illustrating still another
configuration of the function of the signal processing

apparatus.

10 Fig. 90 illustrates the configuration of a synthesizer

1201.

Best Mode for Carrying Out the Invention
Fig. 1 illustrates an embodiment of a signal 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,



i nput inmage, 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 object 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 inage, and supplies the
extracted i mage object to the notion ggtector 102. The object extracting
unit 101 extracts a rough i nage object“Corresponding to the background
object from for exanple, the difference between the input inmage and the
extracted i nage object corresponding 25 to the foreground object. - 28

Al t er nat iamd ygorfroscteadangd e;hd hienmblj Aoit @i riactd Mfaawids. 10insreypexdy act t he
rough i mage object corresponding to the foreground object and the rough

i mage objexscwmry espoiding yges tde gramkaning 0bj esdpdnom tdhes di f f erence
between the 5 background image stored in a built-in background nmenory and

t he i nputcdmegel Fmithofron et eiotort 10Ritcad €ul dltes GPUR 1 othatect or of  the
roughly extracted i mage object corresponding to the foreground object
accor di nPUPH I edhniftpge SucPw ildokd ned e ohi regulyr aolf ertte  phase
correhation, or pel-recursive technjque, and supplies the calcul ated

moti on veHBIEHHAS He TR i GH-RHe tBr1tca1 ¢ i onal i nformati on (which is

i nformation % r s%ecif in%,the positions of the pixels corresponding to
e storage unit 28 connected to the input/output

interface 25 is formed of, for example, a hard disk, and
stores programs executed by the CPU 21 and various types of
data. A communication unit 29 communicates with an external

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

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

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

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

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

25 the signal processing apparatus are implemented by hardware



the notion vector) to the area specifying unit 103 and a 15 notion-bl ur
adjusting unit 106. The notion vector output fromthe notion detector 102
contains information corresponding to the anount of novenent V. The notion
detector 102 may output the notion vector of 20 each inmage object,
together with the pixel positional information for specifying the pixels of
the image object, to the notion-blur adjusting unit 106. The anount of
novenent v is a value indicating a positional change in an inage
corresponding to a noving 25 object'i%7uﬁits of the pixel pitch. For
exanple, if an - 29 object inmage corresponding to a foreground i s noving
such that it is displayed at a position four pixels away froma reference
frame whenr igoftswamosi tiTed i, ttice shbsequendgriman®et thes anount of
novenent v of the object inmage 5 corresponding to the foreground is 4. The
obj ect exdpecificpiion Ml medhdhdvansd i vhodet @Ci@ramd 02r asef teeeed when

adj usting the anount of notion blur corresponding to a noving object. The
area speci¥ngthigonmi tb1osk détzgmames to which of a 10 foreground area, a
background area, or a mixed area each pixel of the input inage bel ongs,
and supplies il#f ¢y issrecifidiadsitdmg aro imksash tar dee ezagtysieckl bel ongs
(hereinafter referred to as "area information”) to the mxture-ratio

cal cuPat gfORRRSPRRMEL AP ey r urel baek gibukie sepak avorld 055 amferred to

as an image object.

An input image supplied to the signal processing
apparatus is supplied to an object extracting unit 101, an
area specifying unit 103, a mixture-ratio calculator 104,

10 and a foreground/background separator 105.

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

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

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

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

25 to the foreground object.



15 the notion-blur adjusting unit 106. The m xture-ratio cal cul ator 104
calculates the mxture ratio corresponding to the pixels contained in a
m Xed area 63 (hereinafter referred to as the "m xture ratio a") based on
the input image and the area information supplied from20 the area

speci fying unit 103, and supplies the resulting mxture ratio to the

f or egr ound/ background separator 105. The mxture ratio a is a val ue
indicating the ratio of the inage conpggents corresponding to the
background object (hereinafter also réferred to as "background
conmponents") to 25 the pixel value as expressed by equation (3), which is
shown - 30 below. The foreground/ background separator 105 separates the
i nput i mage i Afldeanfadriegloynd crorxangille,i rahge doglemd ft rardtind @ iidmage
conponents corresponding to the foreground object 5 (hereinafter also

referred 10 awy foregaunthe onportenimsdge asisl e th asdkgrexnmsh Sinponenthd mage
formed of only the background conponents based on the area information
suppl i ed fanesmaunel alekesperid iy 1oigh 106G g dhecti cturespaiding
supplied fromthe mxture-ratio cal cul ator 104, and supplies 10 the

f or egr ourkP doHhIRGHINGHIE Akl adte Fran dhe| A £ frlferstd deptwedn W06 and a
selecgor 107. The separated foreground conponent inmage nmay be set as the
final >outiRXITRURS &M F F 9D r iy rad i bt Th RAGHF BN E dremer yiakd ned

conpared ,to a knqﬁn,nethod in which only a foreground and a 15 background
are specifliedMUihdd2%onsi dering the m xed area.

The motion detector 102 calculates a motion vector of
the roughly extracted image object corresponding to the
foreground object according to a technique, such as block

10 matching, gradient, phase correlation, or pel-recursive
technique, and supplies the calculated motion vector and the
motion-vector positional information (which is information
for specifying the positions of the pixels corresponding to
the motion vector) to the area specifying unit 103 and a

15 motion-blur adjusting unit 106.

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

The motion detector 102 may output the motion vector of

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

The amount of movement v is a value indicating a
positional change in an image corresponding to a moving

25 object in units of the pixel pitch. For example, if an



The notion-blur adjusting unit 106 determnes the unit of processing
indicating at |east one pixel contained in the foreground conponent i nage
based on the anmpbunt of novenent v obtained fromthe notion vector and
based on the area 20 information. The unit of processing is data that
specifies a group of pixels to be subjected to the notion-blur

adj ustnents. Based on the anount by which the notion blur is to be

adj usted, which is input into the signal processing 25 apparatus, the

f oreground conponent imge supplied frémithe - 31 f or egr ound/ backgr ound
separator 105, the notion vector and the positional information thereof
supplied fromthe notion detector 102, and the unit of processing, the
mot i on- blalyj e adj insd g en oottt ¢ sEYEd atly Usd sa t her egisunid of s nid & Diig béweh 5
contained in the foreground conponent image by renoving, decreasing, or

i ncreasi nthdthel ot s odi dplayvedrd @i agebs it idre fdar egtoehs awapofest & mage.
The notion-blur adjusting unit 106 then outputs the foreground conponent

i mage i n sdietencaoirdnefwnet i 0h bd wos st aohedtiad tlve t dbsedeetor 107. |t
10 is not essential that the notion vector and the positional information
t her eof beramed. tivbtdmeumt wef imovenknt of td Hntheontki et imaga i mage
correspondi ng to a noving object caused by the novenent of an object to be
capt uPed FOF EFPIRAINGOFP dtdf e FRIFoR@-195% capt uri ng characteristics of

t he sensor. The sel ector 107 sel ects one of the foreground
The object extracting unit 101 and the motion detector

102 are needed when adjusting the amount of motion blur
corresponding to a moving object.
The area specifying unit 103 determines to which of a
10 foreground area, a backgrouhd area, or a mixed area each
pixel of the input image belongs, and supplies information
indicating to which area each pixel belongs (hereinafter
referred to as "area information") to the mixture-ratio
calculator 104, the foreground/background separator 105, and
15 the motion-blur adjusting unit 106.
The mixture-ratio calculator 104 calculates the mixture
ratio corresponding to the pixels contained in a mixed area
63 (hereinafter referred to as the "mixture ratio a") based
on the input image and the area information supplied from
20 the area specifying unit 103, and supplies the resulting
mixture ratio to the 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 referred to as "background components") to

25 the pixel value as expressed by equation (3), which is shown



conponent image supplied fromthe foreground/ background separator 105 and
the foreground conponent inage in which the anmount of notion blur is
adj'usted supplied fromthe 20 notion-blur adjusting unit 106 based on, for
exanple, a selection signal reflecting a user's selection, and outputs
the sel ected foreground conponent image. An input image supplied to the
signal processing apparatus is discussed belowwth reference to Figs. 3
25 through 18. - 32 Fig. 3 illustrates imge capturing perfornmed by a
sensor. The sensor is forned of, for"e%gnﬁle, a CCD (Charge-Coupl ed

Devi ce) video canera provided with a CCD area sensor, which is a
solid-state i mage-capturing device. 5 An object IlIl corresponding to a
foregroursklowi he real world noves, for exanple, horizontally fromthe
left to the right, between an object 112 corresponding to a background
and t he sensorThelfe regnsomd/aEakeEunte dsepege tufr 1105 dypetatEkl tHa
corresponding to the foreground together with the image of the object 112
cor r esponidipft tionade ok g ofewde gfiduend eprgponentt pinage hBoxeed uwwEdonhpge in
units of frames. For exanple, the sensor outputs an image having 30 frames
per secordle THR Gk pewwpenenhe ofrréspertbny tanthe f¢Berseenhdbidet 15
exposure tine is a period fromwhen the sensor starts converting input

| i ght 2i nt efeafter ahe geefmrred viera s heforemwernd opotiremente” ) nput

light to the electrical charge is )
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 a
supplied from the mixture-ratio calculator 104, and supplies
10 the foreground component image to the motion-blur adjusting
unit 106 and a selector 107. The separated foreground
component image may be set as the final output. A more
precise foreground and background can bé obtained compared
to a known method in which only a foreground and a
15 Dbackground are specified without considering the mixed area.
The motion-blur adjusting unit 106 determines the unit
of processing indicating at least one pixel contained in the
foreground component image based on the amount of movement v
obtained from the motion vector and based on the area
20 information. The unit of processing is data that specifies
a group of pixels to be subjected to the motion-blur
adjustments.
Based on the amount by which the motion blur is to be
adjusted, which is input into the signal processing

25 apparatus, the foreground component image supplied from the



finished. The exposure time is hereinafter also referred to as a "shutter
time". 20 Fig. 4 illustrates the arrangenent of pixels. In Fig. 4, synbols
A through | indicate the individual pixels. The pixels are disposed on a
pl ane of a corresponding i mage. One detection device corresponding to each
pi xel is disposed on the sensor. \Wen the sensor perforns inage capturing,
25 each detection device outputs a pixel value of the - 33 correspondi ng

pi xel form ng the inmage. For exanple, Eﬂe_ position of the detection device
in the X direction corresponds to the“horizontal direction on the inmage,
while the position of the detection device in the Y direction 5
corresponds to the vertical direction on the inmage. As shown in Fig. 5, the
det ect i onf aexgomyndibadkdgsouidrsemaaapd e, 1 @5 COhe aomvesht Sveédpat dnght i nto
el ectrical charge during a period corresponding to a shutter tinme, and
stores thee quwietriena kbl srfornat iahatigeredhesepwlivd of rahatlye mst ilén al nost
proportional to the intensity of the input light and the period for which
t he |ightdesed¢tputl0Theandt tee i Wit deliReocessionyi atlhy mefdsontlelet ectri cal
charge converted fromthe input light to the stored electrical charge
during t RAPETE RO conrieshdhdrdiuses t Hee st of meotivratbler the 15
detectiion device integrates the input |light during the period
correépoﬂ&?ﬁ@a%%ﬁqh%ns¢ﬁﬁt%ﬁr?$¥ﬁp%ﬁmF%@%ﬁ%%nFhéma%$é%Yr¥%%9V%%%rge

correspon to, t he anount of jntegrated ggi It can, be consjdered that
t he det ect§ e%ﬁ%@%@ PLsincreasing e motlon ur contained in the

foreground component image. The motion-blur adjusting unit
106 then outputs the foreground component image in which
amount of motion blur is adjusted to the selector 107. It

10 is not essential that the motion vector and the positional
information thereof be used.

Motion blur is a distortion contained in an image
corresponding to a moving object caused by the movement of
an object to be captured in the real world and the image-

15 capturing characteristics of the sensor.

The selector 107 selects one of the foreground
component image supplied from the foreground/background
separator 105 and the foreground component image in which
the amount of motion blur is adjusted supplied from the

20 motion-blur adjusting unit 106 based on, for example, a
selection signal reflecting a user's selection, and outputs
the selected foreground component image.

An input image supplied to the signal processing
apparatus is discussed below with reference to Figs. 3

25 through 18.




an integrating function wth respect to tinme. 20 The el ectrical 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

pi xel value, such as digital data, and is output. Accordingly, each pixel
val ue output fromthe sensor is a value projected on a 25 |linear space,
which is aresult of integrating a certain - 34 three-di nensional portion
of the object corresponding to the fogfground or the background with
respect to the shutter time. The signaf processing apparatus extracts
significant 5 informati on enbedded in the output signal, for exanple, the
m xture ratio a, by the storage operation of the sensor. The signal

processi ng appdrat Bs iddjussirs tielse iapmentcapiturdingt @etrdformefobyexanpl e, the
anount of notion blur, caused by the m xture of the foreground inmge

obj ect i tsmifor TheTld) st 7 dbessdp Bpploatersag o, adjAGd s t he anmpunt
of distortion caused by the m xture of the foreground i nage object and

t he backgr@wste TR lob] davidd gsvidw arnsB ipterstded eviarh i are@@D obt ai ned
by capturing a noving object corresponding to a foreground and 15 a

st at i onardf &bj RNSAOr MesiFdhdi h@ t3° Bl baliaouitBIFTaPrBA ing udevices an

i mage obt ai ned by capturing a noving object corresponding to a foreground
and a’st g GRISL b} e tCOTHIRUPOH neP td FPTRERPUNR Fhe thrakxanpl e

shown in Fig. 6A, the_ object corresponding to the foreground i s noving
world moves, for example, horizontally from the left to the

right, between an object 112 corresponding to a background
and the sensor.
The sensor captures the image of the object 111

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

The exposure time of the sensor can be 1/30 second. The

15 exposure time is a period from when the sensor starts
converting input light into electrical charge until when the
conversion from the input light to the electrical charge is
finished. The exposure time is hereinafter also referred to
as a "shutter time".

20 Fig. 4 illustrates the arrangement of pixels. 1In Fig.
4, symbols A through I indicate the individual pixels. The
pixels are disposed on a plane of a corresponding image.

One detection device corresponding to each pixel is disposed
on the sensor. When the sensor performs image capturing,

25 each detection device outputs a pixel value of the



20 horizontally fromthe left to the right with respect to the screen.
Fig. 6B illustrates a nodel obtained by expandi ng pixel val ues
corresponding to one line of the inage shown in Fig. 6A in the tine
direction. The horizontal direction shown in 25 Fig. 6B corresponds to the
spatial direction Xin Fig. 6A. - 35 The values of the pixels in the
background area are fornmed only fromthe background conponents, that is,
the inmage conponents corresponding to_the background object. The val ues
of the pixels in the foreground area"afé Torned 5 only fromthe foreground
conponents, that is, the imge conponents corresponding to the foreground
obj ect. The values of the pixels of the m xed area are forned fromthe

backgr ounsh margymreliisy afickd hefd i 8gf ot Geaponents: e:BimsEe f henyal ues of
the pixels in the mxed area are formed 10 from the background conponents

and the fmrsigrimmdtatporstection deyide iefete ed dorastorndi stortion
area". The m xed area is further classified into a covered background area
and an urrovessrpriyie Ky ourel Tagebzomtrel cdbives @ll daokyritundiraea, ivwhalei xed
area at a 15 posjition corresponding to the leading end in the direction in
whi ch t hechorragiduimn obf dére i ettt e dfretee tire theckgdboect tomponents are
gradually covered with the foreground over tine. In contrast, the

uncover e FYEIIR UMY &0 dehe sverhical dbpealien con ridspolitr¥R)- to the trailing

end in the direction in ) ) _
As shown in Fig. 5, the detection device, which is, for

example, a CCD, converts input light into electrical charge
during a period corresponding to a shutter time, and stores
the converted electrical charge. The amount of charge is

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

15 detection device integrates the input light during the
period corresponding to the shutter time and stores the
electrical charge corresponding to the amount of integrated
light. It can be considered that the detection device has
an integrating function with respect to time.

20 The electrical charge stored in the detection device is
converted into a voltage value by a circuit (not shown), and
the voltage value is further converted into a pixel value,
such as digital data, and is output. Accordingly, each
pixel value output from the sensor is a value projected on a

25 linear space, which is a result of integrating a certain



whi ch the foreground object is noving, where the background conponents
gradual | y appear over tine. As discussed above, the imge containing the
foreground area, the background area, or the covered background area or
25 the uncovered background area is input into the area - 36 specifying
unit 103, the mxture-ratio calculator 104, and the foreground/ background
separator 105 as the input image. Fig. 7 illustrates the background area,
the foreground area, the m xed area, %he covered background area, and the
5 uncovered background area di scussed ove. In the areas corresponding to
the image shown in Fig. 6A, the background area is a stationary portion,
the foreground area is a noving portion, the covered background area of

t he m xedhrareealiiners jpord 1 qrotthiadn cdnges doent heo headkgsrodingy tio tdtee 10
foreground, and the uncovered background area of the mxed area is a
portion tfivate trange oo ridre thecKareagrduwnicklt arddmectbackgrioinchuttiagr 8
illustrates a nodel obtained by expanding in the tine di rection the pixel
val ues oftitee pi xel s aligned side- 15 by-side in the i nage obtai ned by
capturing the image of the object corresponding to the stationary :

f or egr ound and@hehé 1gngdg®reiceasisd nebja@pr redise PG t5d arte istaqtt onary
background. For exanple, as the pixels aligned side-by-side, pixels

ar r anged i AR 1ioR IPedied ciedhe AP H ket ktal. Sor eappkel W8 ues
i ndi cated by FO1 through FO4 shown in Fig. 8 are values of the pixels
cor r esporithi Q%)qqﬁgxb5¥669y the storage oOperation of the sensor.

The signal processing apparatus adjusts the amount of
distortion, for example, the amount of motion blur, caused
by the mixture of the foreground image object itself. The
10 signal processing apparatus also adjusts the amount of
distortion caused by the mixture of the foreground image
object and the background image object.
Figs. 6A and 6B illustrate an image obtained by
capturing a moving object corresponding to a foreground and
15 a stationary object corresponding to a 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 moving
20 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

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



of the stationary foreground. The pixel values indicated by B0l through
BO4 shown in Fig. 8 are values of the pixels corresponding to the object of
the stationary background. 25 Tinme elapses fromthe top to the bottomin
Fig. 8in - 37 the vertical direction in Fig. B. 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 bottomside of 5 the rggtangle in Fig. 8 corresponds to the
time at which the sensor finishes the-conversion fromthe input light into
the electrical charge. That is, the distance fromthe top side to the
bottom side of the rectangle in Fig. 8 corresponds to the shutter tine. 10

The pixel s shawe ivalkieg oFf ahe ddswliddch helcowarsGHEUE dhat .ador exanpl e,
the shutter time is equal to the frame size. The horizontal direction in
Fig. 8 cdfaomsgpbnusly of tdre tlspabtaatgrburettcanpohemtd grthHA. 1 dprehe
specifically, in the 15 exanple shown in Fig. 8, the distance fromthe |eft
si de of IinRge exanprpentindicatesbdydimO toithéibpclBytaundeobjadt. si de of
the rectangle indicated by "B04" is eight tinmes the pixel pitch, i.e.,

ei ght corBte adeepixkl the Wiske thell orlegyr bereiotjedtarer ahe Haoked ound
object 20 are stationary, the light input into the sensor does not change
during t O erfem cere eEperan oignd CMRORSRES or tR3 Frel s Thithpeinage

corresponding to the shutter time is divided _
components corresponding to the foreground object.

The values of the pixels of the mixed area are formed
from the background components and the foreground components.
Since the values of the pixels in the mixed area are formed

10 from the background components and the 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 covered background area is a mixed area at a

15 position corresponding to the leading end in the direction
in which the foreground object is moving, where the
background components are gradually covered with the
foreground over time.

In contrast, the uncovered background area is a mixed

20 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

25 the uncovered background area is input into the area



into two or nore portions of equal periods. For exanple, if the nunber of
virtual divided portions is 4, the nodel shown 25 in Fig. 8 can be
represented by the nodel shown in Fig. 9. - 38 The nunber of virtual

di vided portions can be set according to the anpunt of novenment v of the
obj ect corresponding to the foreground within the shutter tine. For
exanpl e, the nunber of virtual divided portions is set to 4 when the 5
anount of novenent v is 4, and the per'gd corresponding to the shutter
tine is divided into four portions. The®uppernost line in Fig. 9
corresponds to the first divided period fromwhen the shutter has opened.
The second line in Fig. 9 corresponds to the second divided period from

10 when tdreechfyimy dest opehedthd heitthirs-tdthio i da Ri@latoeoro£spongs to the
third divided period fromwhen the shutter has opened. The fourth line in

Fig. 9 cdriresforstsrournd (ec kgrwirid dsepatest@eri @8 45 onhavhimpiitheimdgt t er has
opened. 15 The shutter tine divided in accordance with the anmount of
movenent v i s Fdlgso Thdrldiuvsdinagres dfher tedkaramad kered',shitd efotdgmiudd When

t he object corresponding to the foreground is stationary, the |ight input
into the ¥@dorthpast aremgethe 200 e d lerG kg heundr e aunand obipenent
FO1/v_is equal to_the val ue obtained by dividing the pixel value FO1 by the
nunbeP JIMSATRERE RACKFRMPdraremsdissFussed | gooviken ihetld)akeas

corresponding to the foreground is stationary, the
corresponding to the image shown in Fig. 6A, the background

area is a stationary portion, the foreground area is a
moving portion, the covered background area of the mixed
area is a portion that changes from the background to the

10 foreground, and the uncovered background area of the mixed
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-

15 Dby-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.

20 The pixel values indicated by FOl 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.

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



f oreground conponent FO02/v is equal to the val ue obtained by 25 dividing

t he pi xel value FO2 by the nunber of virtual - 39 divided portions, the
foreground conponent FO3/v is equal to the value obtained by dividing the
pi xel value FO3 by the nunber of virtual divided portions, and the
foreground conponent FO4/v is equal to the value obtained by dividing 5

t he pi xel value FO4 by the nunber of virtual divided portions. Wen the
obj ect corresponding to the backgroquB%s stationary, the light input into
t he sensor does not change, and thus,~the background conponent BOl/v is
equal to the 10 val ue obtained by dividing the pixel value B0l by the
nunmber of virtual divided portions. Simlarly, when the object

corr espondiengrant ideel bdickeptolond irs Biqt i ®narfhe toes i thiewk gitouttte ciosgoonent
BO2/v is equal to the value obtained by dividing the pixel value B02 by
the nunberidsd off rithalrddatiglaleich pokgi ohsgot heshaoksy rionnche onposnent BO3/ v
is equal to the value obtained by dividing the pixel value B03 by the
nunber ofWhiigh ydie diansad gattomonegntite bavkyrblght ohponent B04/v is
equal to the value obtained by dividing the pixel value B04 by the nunber
of virtudlefnthigal Xhaporei cizd e epelkiIn cal | the vivrtr-ames big exf
corresponding to the foreground is stationary, the |ight corresponding to
t he %%ﬁf?ﬂﬂ@cﬁ Ihplt9i M FUFL IR ot iehangenieh i He t he

eriod corresponding to the shutter tine
P sensé& f&nf&hes the convers%on from the input light into the

electrical charge. That is, the distance from the top side
to the bottom side of the rectangle in Fig. 8 corresponds to
the shutter time.

10 The pixels shown in Fig. 8 are described below assuming
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

15 example shown in Fig. 8, the distance from the left side of
the rectangle indicated by "FO1" 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

20 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

25 in Fig. 8 can be represented by the model shown in Fig. 9.



25 Accordingly, the foreground conponent FO1l/v corresponding to - 40 the
first portion of the shutter tinme/v fromwhen the shutter has opened, the
f oreground conponent FO1l/v corresponding to the second portion of the
shutter tine/v fromwhen the shutter has opened, the foreground conponent
5 FO1/v corresponding to the third portion of the shutter tinme/v from when
the shutter has opened, and the foreground conponent FOl/v correspondi ng
to the fourth portion of the shutter tinme/v fromwhen the shutter has
opened becone the sane value. The sén%aabplies to FO2/v through F04/v, as
in 10 the case of FO01/v. Wen the object corresponding to the background
is stationary, the light corresponding to the background object i nput

into the Fensomises haticheanged terded gdet pais ashn a9 respastdwiing t he
shutter tinme. Accordingly, the 15 background conponent B01/v correspondi ng
to the fitsttheamdwrt off trhevesiait er df neley dbjome whesr tdepatdinertdas
opened, the background conponent B0l/v corresponding to the second portion
of the sHhilta dfonggmyund roifiivirerthdheshuttiteertimas dpeneskaniies bactker ound
conponent BOl/v corresponding to 20 the third portion of the shutter tine/v
f rom whemuter gHutvigrtumls digeirda rawt idres bsg kegbutel £ orfpomettie BO1/ v
corresponding to the fourth portion of the shutter time/v fromwhen the
shutter REBHerRd Wl fe sarb \andeherheer kedreceipig srendin®ox v

t hr ough B%4/v. 25 A description is égi ven of the case in which the object
the shutter time is divided into four portions.

The uppermost line in Fig. 9 corresponds to the first
divided period from when the shutter has opened. The second
line in Fig. 9 corresponds to the second divided period from

10 when the shutter has opened. The 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.

15 The shutter 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 chaﬁge,

20 and thus, the foreground component FOl/v is equal to the
value obtained by dividing the pixel value FOl1 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

25 dividing the pixel value F02 by the number of virtual



- 41 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 direction the pixel values of the pixels
in one 5 line, including a covered background area, when the object
corresponding to the foreground is noving to the right in Fig. 10. In Fig.
10, the anount of novenent v is 4. Since one frane is a short period, it
can be assuned that the object corresgonding to the foreground is arigid
body 10 noving with constant velocity. ?n'Fig. 10, the object imge
corresponding to the foreground is noving such that it is positioned four
pi xels to the right with respect to a reference frane when it is displayed

in the sulisegiehtpdriaitns,| ntie gfoddyrdired piotedendrtonraher | £f temsdl pixel to
the 15 fourth pixel belong to the foreground area. In Fig. 10, the pixels
fromthe thid thahixedbttainde seveitidipixethd rmimd hevaled tFO2Iwnotie t he

m xed area, which is the covered background area. In Fig. 10, the

ri ght nostnipibest dofeloingsual dihisddrhakyrioions aresd 20 Ther el eotd
corresponding to the foreground is noving such that it gradually covers

t he obj ectomRANSIEHOM Mg 1D equml bax Kehreo il we evbttd ined Avy od v idiyg t he
conponents contained in the pixel values of the pixels belonging to the
cover &d Bt qtioimld ‘alie cridthdey f it ea kg rotmneiab ¢onpdednts to the

foreground conmponents at a certain tinme - 42
portions.

When the object corresponding to the background is
stationary, the light input into the sensor does not change,
and thus, the background component BOl/v is equal to the

10 value obtained by dividing the pixel value B0l by the 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

15 divided portions, the background component BO3/v is equal to
the value obtained by dividing the pixel value BO03 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

20 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.

25 Accordingly, the foreground component FO0l/v corresponding to



during the period corresponding to the shutter tinme. For exanple, the pixel
val ue 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) 5 For exanple, the fifth pixe
fromthe left contains a background conponent corresponding to one portion
of the shutter time/v and foreground conponents corresponding to three
portions of the shutter tinme/v, and thus, the mxture ratio a of the fifth
pi xel fromthe left is 1/4. The sixth 8 pi xel fromthe left contains
background conponents corresponding to-“two portions of the shutter tine/v
and foreground conponents corresponding to two portions of the shutter
time/v, and thus, the mxture ratio a of the sixth pixel fromthe left is
1/ 2. The tdevehihspipettisomf hehé ediutibeconime e Hesck guiostmdtig®nponent s
corresponding to three portions of the shutter.tinme/v and a foreground
conponentshubteespondmended, otkke photégrowid t bensdnenerFol e/ v, and t hus,
the mxture ratio a of the seventh pixel fromthe left is 3/4. 20 It can
be assunetPriesromdind]eectthorsecpohdbogtionthe thersguouad tsna/vi gi d
body, and the foreground object is noving with constant velocity such that
it is di spreayedhenuhe plxeter chaheopsred, | Bhe hEosedsegued ncofipement
Accor di ngl for exanple, the foreground conponent FO7/v of the fourth 25
pixel5frg%¥¥ﬁ% FREFEFROIGHRY 100 coh¢ eBlpbrdi PRr Ebor hef f fret shulgBerporti on of

the shutter tine/lv fromwhen the shutter has
time/v from when the shutter has opened, and the foreground

component FO0l/v corresponding to the fourth portion of the

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

same value. The same applies to F02/v through F04/v, as in
10 the case of F0l/v.

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

15 Dbackground component BOl/v corresponding to the first
portion of the shutter time/v from when the shutter has
opened, the background component BO0l/v corresponding to the
second portion of the shutter time/v from when the shutter
has opened, the background component BOl/v corresponding to

20 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 opehed become the same value. The
same applies to B02/v through B04/v.

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



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

di spl ayeddmtuspdndiin|so tithd o régiburid 1hensuhsgenttis aswiedecor di ngly,
for exanple, the foreground conponent FO6/v of the third pixel fromthe
left i n Rarrdspbaotimespondiing backdmwound sis poatimmmmof. t he shutter tinme/v
fromwhen the shutter has opened is equal to the foreground conponent of
the fourth 20 Fdigkell Of idrhusie dtefst a moded. ob( adorerce dpordipagding e second
portion of the shutter tine/v fromwhen the shutter has opened. Simlarly,
t he foreditindirrporemiidDoihe iBizguatalues the floe epioelsl Donpoment of the
fifth pixel fromthe [eft in Fig. 10 corresponding to the third portion of
t he sfut teines5 INGRIIRF i GHESTE ¢ haRd FQUndh 3T @peridren ke tok) ok egr ound
- 44 conponent of the sixth pixel fromthe left in Fig. 10 correspondi ng
to the fdIRTFEIRAMIGE #° tHee shrEeEroynGely moving to 'the right in

Fig. 10. In Fig. 10, the amount of movement v is 4. Since
one frame is a short period, it can be assumed that the
object corresponding to the foreground is a rigid body

10 moving with constant velocity. 1In Fig. 10, the object image
corresponding to the foreground is moving such that it is
positioned four pixels to the right with respect to a
reference frame when it is displayed in the subsequent frame.

In Fig. 10, the pixels from the leftmost pixel to the

15 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.

20 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

25 components to the foreground components at a certain time



fromwhen the shutter has opened. It can be assuned that the object
corresponding to the 5 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 franme. Accordingly, for exanple, the
f oreground conponent FO5/v of the second pixel fromthe left in Fig. 10
corresponding to the first 10 portion of the shutter tine/v fromwhen the
shutter has opened is equal to the forﬁground conponent of the third

pi xel fromthe left in Fig. 10 correépﬁ ding to the second portion of the
shutter tinme/v fromwhen the shutter has opened. Simlarly, the foreground
conponent FO5/v is equal 15 to the foreground conponent of the fourth pixel
from t he dumsifntg ittheFigp r i3 ooy syt ingy ttoo titee tdhuttkportingn. of t he

shutter tinme/v fromwhen the shutter has opened, and the foreground
conponent of floe feixiamip s, xdhef pdmetlheralefe M rsuEmpunbRd dyr edyeorhiing t o t he
fourth portion of the shutter tine/v 20 fromwhen the shutter has opened.
It can befzamaingd Bimt Thel vgxmiesmd dapeaiagion the bdlyweground is a
rigid body, and the foreground object is noving with constant velocity
such that it s =dBH/AFEPA/FHFO w06/ tYo the right in the subBequent

frame_ Accordingly, 25 for exanple, the foreground conponent FO04/v of the
left Rost - 45°LpekEmALe Fitde %f&.})‘r PdgsIndiney tihe Heffh comtsdns én of the
shutter tin%év fromwhen the shutter has, opened is equal to tpe f or egr ound

conponentPHFXPHRINE P PHSRE $ 0 IRGErY to one portion of the

shutter time/v and foreground components corresponding to
three portions of the shutter time/v, and thus, the mixture
ratio a of the fifth pixel from the left is 1/4. The sixth

10 pixel from the left contains background components
corresponding to two portions of the shutter time/v and
foreground components corresponding to two portions of the
shutter time/v, and thus, the mixture ratio a of the sixth
pixel from the left is 1/2. The seventh pixel from the left

15 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 seventh pixel from the left is
3/4.

20 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,
for example, the foreground component FO07/v of the fourth

25 pixel from the left in Fig. 10 corresponding to the first



in Fig. 10 corresponding to the second portion of the 5 shutter tinme/v from
when the shutter has opened. Simlarly, the foreground conponent FO4/v is
equal to the foreground conponent of the third pixel fromthe left in Fig.
10 corresponding to the third portion of the shutter tinme/v fromwhen the
shutter has opened, and the foreground 10 conponent of the fourth pixel
fromthe left in Fig. 10 corresponding to the fourth portion of the
shutter tinme/v fromwhen the shutter %gs opened. Since the foreground area
corresponding to the noving object contains notion blur as discussed
above, it can also 15 be referred to as a "distortion area". Fig. 11
illustrates a nodel obtained by expanding in the tine direction the pixel
val ues ofpdrieiqn e sthen'sinettdr neinaeyct uikiony wireruntoy estac: tackground ar ea
when the object corresponding to the foreground is noving to the right in
20 Fig. DPbened Higg.eqiigl tihee Hrouitrefromvknemponarst of Sineefifrte frane is
a short period, it can be assuned that the object corresponding to the

f or egr oud¥est £ramyithehdBLt rgyiFige with eorsspandigiodia ythe reddaend 11, the
obj ect image corresponding to the foreground is noving to the right such

25 that ROLEPoRF itireEHWrepibderey ¥ of xae whethtthe tshuteepedias 46 to a
reference frane when it is displayed in the subsequent_ frane. In Fig. 11,
the pPxel¥®eNesh t el idfamiost Hiseloresidnd feamangi kel 0 ber ohy eahe

background area._In Fig. 11, the
9 %oi%he foregréhn&’component of the sixth pixel from the left

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

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
moving with constant velocity such that it is displayed four

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

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

25 time/v from when the shutter has opened, and the foreground



5 pixels fromthe fifth pixel to the seventh pixels fromthe left belong to
the m xed area, which is an uncovered background area. In Fig. 11, the

ri ght most pixel belongs to the foreground area. The object corresponding
to the foreground which covers 10 the object corresponding to the
background is noving such that it is gradually renoved fromthe object
corresponding to the background over tine. Accordingly, the conponents
contained in the pixel values of the pixels belonging to the uncovered
background area change fromthe foré@r%ﬁhﬂ 15 conponents to the background
conponents at a certain tinme of the period corresponding to the shutter
time. For exanple, the pixel value M surrounded by the thick franme in

Fig. 11 icompopetssedt hee@iadtomikd)l fMont HH2/ 1RO by #826/ viB26/ v (2) 20
For exanple, the fifth pixel fromthe left contains background conponents
cor r esporehime spondimee tportheorfowftit e rtsilun toeff thiemeho taged & ifney/agr ound
conponent corresponding to one shutter portion of the shutter tine/v, and
t hus, thdrom whare bhat ishud tefr thes fadfanedpi xel fromthe left is 3/4. 25 The
sixth pixel fromthe |left contains background conponents - 47

cor r espondi ngItocenobporsisvnsdothalie thkuvbdecti woikrespdndfioge groothe
conponents corresponding to two portions of the shutter time/v, and thus,
t he nPxt fiogadaovgda isf a Hd ®iicktredypi xad fihemiaredustund obrjext Tee seventh

pixel fromthe left 5 contains a background conponent corresponding to one
portion MOvVing with constant velocity such that it is displayed four

pixels to the right in the subsequent frame. Accordingly,
for example, the foreground component F05/v of the second
pixel from the left in Fig. 10 corresponding to the first

10 portion of the shutter time/v from when the shutter has
opened is equal to the foreground component of the third
pixel from the left in Fig. 10 corresponding to the second
portion of the shutter time/v from when the shutter has
opened. Similarly, the foreground component FO05/v is equal

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

20 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
moving with constant velocity such that it is displayed four
pixels to the right in the subsequent frame. Accordingly,

25 for example, the foreground component F04/v of the left most



of the shutter tinme/v and foreground conponents corresponding to three
portions of the shutter tinme/v, and thus, the mxture ratio a of the
seventh pixel fromthe left 1is 1/4. 10 Wien equations (1) and (2) are
generalized, the pixel value Mcan be expressed by equation (3): M=
aB+Fi/v (3) where a is the mxture ratio, B indicates a pixel value of the
background, and Fi/v designates a foreground conponent. 15 It can be
assuned that the object corresponding t the foreground is a rigid body,
which is noving with constant veIOC|t§ and the anount of novenent is 4.
Accordingly, for exanple, the foreground conponent FOl/v of the fifth
pixel fromthe left in Fig. 11 corresponding to the first portion 20 of

t he shutteixél nied vEfg om Ovhesr t depshdiin@r tdashepehesit i Soregoal of othide

f oreground conponent of the sixth pixel from the left in Fig. 11
corresponshugten tireeSechnon ponén obhef shibeeshd s eopéned/ vsfeguahea t he
shutter has opened. Simlarly, the foreground conponent FOl/v is equal to
the - 48 therkgreuncundnponeotent ¢hetlbeveatdnpi xekelrdbnonhthéeiefin Fig.
11 corresponding to the third portion of the shutter tinme/v fromwhen the
shutter hbs Bpenel) apEresordieygrbanthe coeponenpobtiohecdi theh pixel from
the left in Fig. 11 5 corresponding to the fourth portion of the shutter
time/ v f%lht%?ént%rh%/ ehiremrvher bpensiutterchasperassdnedSinatarhe: obj ect

corresponding_to the
P the gforeground component F04/v is equal to the foreground

component of the third 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

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

Since the foreground area corresponding to the moving
object contains motion blur as discussed above, it can also

15 Dbe referred to as a "distortion area”.

Fig. 11 illustrates a model obtained by expanding in
the time direction the pixel values of the pixels in one
line including an uncovered background area when the object
corresponding to the foreground is moving to the right in

20 Fig. 11. 1In Fig. 11, the amount of movement v is 4. Since
one frame is a short period, it can be assumed that the
object corresponding to the foreground is a rigid body
moving with constant velocity. 1In Fig. 11, the object image
corresponding to the foreground is moving to the right such

25 that it is positioned four pixels to the right with respect



foreground is a rigid body, which is noving wwth constant velocity, and
t he anobunt of novenent v is 4. Accordingly, 10 for exanple, the foreground
conponent FO02/v of the sixth pixel fromthe left in portion of the shutter
opened is equal to the pixel fromthe left in 15 portion of the shutter
opened. Fig. 11 corresponding to the first tinme/v fromwhen the shutter
has foreground conponent of the seventh Fig. 11 corresponding to the
second time/v fromSimlarly, the quegéqynd to the foreground conponent of
the when the shutter has conponent FO2/v is equal eighth pixel fromthe
left in Fig. 11 corresponding to the third portion of the shutter tinme/v
fromwhen the shutter has opened. 20 It can be assuned that the object
correspordi rg ded crtence diregreowien sita ird glisgicdyed Vil ctthd ssumBdAdqigent t h
constant velocity, and the amobunt of novenent v is 4. Accordingly, for
exanpl e, firdemef.or eground conponent FO3/v of the seventh pixel fromthe |eft
in Fig. 11 corresponding to the first 25 portion of the shutter tinme/v from
when the shut £&r Fhgs 11, the pixels from the leftmost pixel to the

fourth pixel belong to the background area. In Fig. 11, the

5 pixels from the fifth pixel to the seventh pixels from the

left belong to the mixed area, which is an uncovered

background area. In Fig. 11, the rightmost pixel belongs to

the foreground area.

The object corresponding to the foreground which covers

10 the object corresponding to the background is moving such
that it is gradually removed from the object corresponding
to the background over time. Accordingly, the components
contained in the pixel values of the pixels belonging to the
uncovered background area change from the foreground

15 components to the background components at a certain time of
the period corresponding to the shutter time.

For example, the pixel value M' surrounded by the thick
frame in Fig. 11 is expressed by equation (2).
M' = F02/v+F0l1/v+B26/v+B26/v (2)

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

mixture ratio o of the fifth pixel from the left is 3/4.

25 The sixth pixel from the left contains background components



- 49 opened is equal to the foreground conponent of the eighth pixel from
the left in Fig. 11 corresponding to the second portion of the shutter
time/v fromwhen the shutter has opened. 5 It has been described with
reference to Figs. 9 through 11 that the nunber of virtual divided
portions is 4. The nunber of virtual divided portions corresponds to the
anount of novenent v. Generally, the anount of novenent v .corresponds to
t he novi ng speed of the object corregpggdlng 10 to the foreground. For
exanple, if the object correspondi ng the foreground is noving such that
it is displayed four pixels to the right with respect to a certain frane
when it is positioned in the subsequent frame, the anount of novenent v is
set to 4.coprespardimoftoitwagorildmed £ 1theaHhitonsr i tsisetv tand i n
accordance with the anount of novenent v. Simlarly, when the object

cor r es porfdiffg i ec A aETRTULM (-0 15r erpomdi sy cto tthat partsomns spf aytesl si x
pixels to_the left with respect to a certain franme when it is positioned
in the suBsEdirnttitedie, antd Erbuntthy movtientrat Do ¢ so§ethe osBxtland t he
nunber of virtual divided portions is set to 6. Figs. 12 and 13 illustrate
the rel afidihiiFat the Le e’g?cﬁ/srﬁj aree seendeRiehdseathantefhe

m xed_area which cqnsists of _.a covered background. or an uncovered 25
r&?

backgPourftP2WHith BHrP Uf SRR FARRREN S HL FRARGFRAINEP -ORY portion

of the shutter time/v and foreground components
corresponding to three portions of the shutter time/v, and
thus, the mixture ratio a of the seventh pixel from the left
is 1/4.

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

value M can be expressed by equation (3):

M=a B+ Fi/v (3)

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

15 It can be assumed that the object corresponding to the
foreground is a rigid body, which is moving with constant
velocity, and the amount of movement is 4. Accordingly, for
example, the foreground component F0l/v of the fifth pixel
from the left in Fig. 11 corresponding to the first portion

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

Similarly, the foreground component FO0l/v is equal to the



conponents and the background conponents corresponding to the divided
periods of the shutter tine. Fig. 12 illustrates an exanple in which pixels
inthe foreground area, the background area, and the m xed area are 5
extracted froman i mage contai ning a foreground corresponding to an object
moving in front of a stationary background. In the exanple shown in Fig.
12, the object corresponding to the foreground, which is indicated by A,
is horizontally noving with respect _t 8t_he screen. 10 Frane ffn+l is a
frame subsequent to frame #n, and fra ftn+t2 is a frame subsequent to
frame #n+l. Pixels in the foreground area, the background area, and the
m xed area are extracted fromone of frames #n through #n+2, and the
anount offoremememd \campeEnt ® 4. the nodedntib mibtedi nEcbnbytlex fanth nigh t he

pi xel values of the extracted pixels in the tine direction is shown in
Fig. 13. Higcd 1t lnomtsjsawindiorg dspdiidd rithitmd tdver ficme grdurice ishutnoasd ng, t he
pi xel values in the foreground area are formed of four different

f or egr ourfd-Meglih difem vhasy rdspafuitiet haheommashutarnd therforedmurekanyl e,
the | eftnost pixel of the pixels in the foreground area shown in Fig. 13
consi st s PSR o F-0dye/ e iigily platrl Fomw thphakefdts inipixel s in the
foregpround contain notion hlur, Since the object corresponding to the
backgr oufPFEESEPRAY dtarye I5YHER RARL IR @] He's et orridegyndi ng to

t he - 51f£§§%g&gyT%éﬂgﬂdg{éguaéguggéﬂeéJne does not change. In this

It can be assumed that the object corresponding to the
foreground is a rigid body, which is moving with constant
velocity, and the amount of movement v is 4. Accordingly,

10 for example, the foreground component F02/v of the sixth
pixel from the left in Fig. 11 corresponding to the first
portion of the shutter time/v from when the shutter has
cpened is equal to the foreground component of the seventh
pixel from the left in Fig. 11 corresponding to the second

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

20 It can be assumed that the object corresponding to the
foreground is a rigid body, which is moving with constant
velocity, and the amount of movement v is 4. Accordingly,
for example, the foreground component F03/v of the seventh
pixel from the left in Fig. 11 corresponding to the first

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



case, the pixel values in the background area do not contain notion blur.
The pixel values in the m xed area consisting of a 5 covered background
area or an uncovered background area are forned of foreground conponents
and background conponents. A description is given bel ow of a nodel

obtai ned by expanding in the time direction the pixel values of the pixels
which are aligned side-by-side in a plurality of 10 frames and which are

| ocated at the same positions when the, franmes are overl apped when the

i mge corresponding to the object is ﬁ%ving. For exanpl e, when the inmage
corresponding to the object is noving horizontally with respect to the
screen, pixels aligned on the screen can be selected as the 15 pixels

al i gned simbndyy-isi dequd gho 1he | farstgmatwsd acomplstenbt @af nede byi gxiptandi ng i n
the tine direction the pixels which are aligned side-by-side in three
frames ofPiafel rfin dbtai ket bin cRigg urihcarretperdingore esporskoond o a
stati onary background and which are 20 | ocated at the sane positions when
the framBCHremVET | dppethuteaneingy v sLxore vhemethabsegrer hasframe #n-1,

and frame #n+l is the frame subsequent to franme #n. The sane applies to
the ot her°R§%fifes. The pi xel values BO1 through B12 shown in Fig. 14 are 25

pi xel .val ues rrespondi ng, to the stationary background - 52 object. Since
the oBject co eé‘ﬁ&ngﬂeﬁ'& %@st%ébﬁzgc%t@uﬁc? SFenGE D AIE - thehFokh val ues

of the Cfo%ﬁEﬁpqhggzéﬂﬁggg gf‘virtual divided portions is 4. The
number of virtual divided portions Corresponds to the amount
of movement v. Generally, the amount of movement v
corresponds to the moving speed of the object corresponding
10 to the foreground. For example, if the object corresponding
to the foreground is moving such that it is displayed four
pixels to the right with respect to a certain frame when it
is positioned in the subsequent frame, the amount of
movement v is set to 4. The number of virtual divided
15 portions is set to 4 in accordance with the amount of
movement v. Similarly, when the object corresponding to the
foreground is moving such that it is displayed six pixels to
the left with respect to a certain frame when it is
positioned in the subsequent frame, the amount of movement v
20 is set to 6, and the number of virtual divided portions is
set to 6.
Figs. 12 and 13 illustrate the relationship of the
foreground area, the background area, and the mixed area
which consists of a covered background or an uncovered

25 background, which are discussed above, to the foreground



frame #n-1 through frame #n+l do not change. For exanple, the pixel in
frame #n and the pixel in frame #n+l |located at 5 the correspondi ng
position of the pixel having the pixel value BO5 in frame #n-1 have the

pi xel value B05. Fig. 15 illustrates a nodel obtained by expanding in the
time direction the pixels which are aligned side-by-side in three franes
of an i mage obtai ned by capturing an object 10 corresponding to a
foreground that is noving to the right_in Fig. 15 together with an object
corresponding to a stationary backg?o@ﬂd’and whi ch are | ocated at the sane
posi tions when the franmes are overl apped. The nodel shown in Fig. 15
contains a covered background area. 15 In Fig. 15, it can be assuned that

t he obj eciompeotdrasp it nthd baddeyfarepraimisbridn s rdg b shd Iy ity W th
constant velocity, and that it is noving such that it is displayed four
pi xel s t aHdelivigidd ipediels WS aeguedhdtteae. tirkecor di ngly, the anmount of
novenent v is 4, and the nunber 20 of virtual divided portions is 4. For
exanpl e, the fdgegiléurid lusiparest aof exdaemplef timosthigh ydlxedfs firamhetn-1 in
Fig. 15 corresponding to the first portion of the shutter tinme/v from when
t he shut tfardgrpungherrsb i st Yackgmbindefer egarointhe onpordrared dte
second 25 pixel fromthe left in Fig. 15 corresponding to the second - 53
porti8n GFEEHRCIIitERam taeinade craniRen e ahirtegrdizrd opened is al so
F12/v. The foreground conponent of the third ixel fromthe |eft in Fig.
15 Correéﬁkpﬁﬁqﬂqu;qqm;qfﬁq(pbject moving in front of a stationary

background. 1In the example shown in Fig. 12, the object
corresponding to the foreground, which is indicated by A, is
horizontally moving with respect to the screen.

10 Frame #n+l is a frame subsequent to frame #n, and frame
#n+2 is a frame subsequent to frame #n+1.

Pixels in the foreground area, the background area, and
the mixed area are extracted from one of frames #n through
#n+2, and the amount of movement v is set to 4. A model

15 obtained by expanding the pixel values of the extracted
pixels in the time direction is shown in Fig. 13.

Since the object corresponding to the foreground is
moving, the pixel values in the foreground area are formed
of four different foreground components corresponding to the

20 shutter time/v. For example, the leftmost pixel of the
pixels in the foreground area shown in Fig. 13 consists of
FO0l1/v, F02/v, F03/v, and F04/v. That is, the pixels in the
foreground contain motion blur.

Since the object corresponding to the background is

25 stationary, light input into the sensor corresponding to the



portion of the shutter tine/v fromwhen the shutter has 5 opened and the

f oreground conponent of the fourth pixel from the left in Fig. 15
corresponding to the fourth portion of the shutter tine/v fromwhen the
shutter has opened are F12/v. The foreground conponent of the | eftnopst

pi xel of frame 10 #n-1 in Fig. 15 corresponding to the second portion of
the shutter tinme/v fromwhen the shutter has opened is F11/v. The

f oreground conponent of the second plng fromthe left in Fig. 15
corresponding to the third portion of e shutter tinme/v fromwhen the
shutter has opened is also F11/v. The 15 foreground conponent of the third
pi xel fromthe left in Fig. 15 corresponding to the fourth portion of the
shutter Hamdarouncdmwhery tihe stutttter Hasneoploesd et Flidnge Theldf drreigs ound
conponent of the leftnost pixel of franme #n-1 in Fig. 15 corresponding to
t he thi r F§ssHt itdre afixee va@eshuint drhe ibagkgfound vhese tdre rshutdaert aiias
opened is F10/v. The foreground conponent of the second pixel fromthe |eft
in Fig YaY &lp8nding to the fourth portion of the shutter tinme/v from
when the shutter has opened is also F10/v. The foreground conponent of the
| ef t nost  pi er h@r P2§ef1r Ardues- 10y he guizes agese Soowdistgndo ofhe fourth
portlgn of - shutter tinme/v fromwhen the shutter has opened is

FO9/ v: %V(?eret%éD [T o rd e Hh Hdi HY WWQW%&@WW% Ttqdt iVifary, the
RR KO QUL SR AMNE Mo Al AP LR arld BRI S gl 1"
A description is given below of a model obtained by
expanding in the time direction the pixel values of the
pPixels which are aligned side-by-side in a plurality of
10 frames and which are located at the same positions when the
frames are overlapped when the image corresponding to the
iject is moving. 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
15 pixels aligned side-by-side.
Fig. 14 illustrates a model obtained by expanding in
the time direction the pixels which are aligned side-by-side
in three frames of an image obtained by capturing an object
corresponding to a stationary background and which are
20 located at the same positions when the frames are overlapped.
Frame #n is the frame subsequent to frame #n-1, and frame
#n+l is the frame subsequent to frame #n. The same applies
to the other frames.
The pixel values B0l through Bl12 shown in Fig. 14 are

25 pixel values corresponding to the stationary background



5 first portion of the shutter tinme/v fromwhen the shutter has opened is
BO1/v. The background conponents of the third pixel fromthe left of franme
#n-1 in Fig. 15 corresponding to the first and second portions of the
shutter tinme/v from when the shutter has opened are B02/v. The background
10 conponents of the fourth pixel fromthe left of frame #n-1 in Fig. 15
corresponding to the first through third portions of the shutter tine/v
from when the shutter has opened are BQ3/v. In frame #n-1 in Fig. 15, the
| eft rost pixel fromthe 15 left belanag fo the foreground area, and the
second through fourth pixels fromthe left belong to the m xed area, which
is a covered background area. The fifth through twelfth pixels fromthe

left of fatayect #n-dirice File dib)det angriespdied hagkgs ot 14 @agraned the pi xel
20 val ues thereof are B04 through Bli, respectively. The first through
fifth pi xafiet:foromyhecHefdixel fralmes #f | thdi ¢oriddspeldingy twitdes fof egr ound
area. The foreground conponent in the shutter tinme/v in the foreground
area of framee #rl sCharpugmef Emd=OBINL tdw ougth FHAge . 25Fdt @dampbies Assuned
that the object corresponding to the - 55 foreground is a rigid body
nmovi ng wilthe doislanin Vigtases thn anchdthearixel i n nbramy #neh tdadtédieat
foreground image is displayed four pixels to the right in the subsequent
frame? AlOrATfSPorHd Ragyiolail Torpgvhantxel hafelng fiive ghice¢l 5 from the
|l eft of frame #n in Fig. 15 corresponding to the
value BO5 in frame #n-1 have the pixel value BO0S.
Fig. 15 illustrates a model obtained by expanding in
the time direction the pixels which are aligned side-by-side
in three frames of an image obtained by capturing an object
10 corresponding to a foreground that is moving to the right in
Fig. 15 together with an object corresponding to a
stationary background and which are located at the same
positions when the frames are overlapped. The model shown
in Fig. 15 contains a covered background area.
15 In Fig. 15, it can be assumed that the object
corresponding to the foreground is a rigid body moving with
constant velocity, and that it is moving such that it is
displayed four pixels to the right in the subsequent frame.
Accordingly, the amount of movement v is 4, and the number
20 of virtual divided portions is 4.
For example, the foreground component of the leftmost
pixel of frame #n-1 in Fig. 15 corresponding to the first
portion of the shutter time/v from when the shutter has

opened is Fl2/v, and the foreground component of the second

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



first portion of the shutter tine/v fromwhen the shutter has opened is
F12/v, and the foreground conponent of the sixth pixel fromthe left in
Fig. 15 corresponding to the second portion of the shutter tine/v from
when the shutter 10 has opened is also F12/v. The foreground conponent of
the seventh pixel fromthe left in Fig. 15 corresponding to the third
portion of the shutter tine/v fromwhen the shutter has opened and the
foreground conponent of the eighth plxg% _fromthe left in Fig. 15
corresponding to the fourth portion 15 0f the shutter tine/v fromwhen the
shutter has opened are F12/v. The foreground conponent of the fifth pixel
fromthe left of frame #n in Fig. 15 corresponding to the second portion
of the shpdaxtairorn iofe/thd radmivhen tiwee Shufter wieesn 2theopened-és HeEd/ v. The
foreground conponent of the sixth pixel fromthe left in Fig. 15

corr esporatiened ol g hel 3chi FIR/ por tThon Hfredmowidit¢arpdnant o f riom vitieird he
shutter has opened is also F11/v. The foreground conponent of the seventh
pi xel frdmide fram the Heft 15 dovg esborrhrresmondien@5td othe htipord i on of
the shutter time/v_fromwhen the shutter - 56 has opened is F1ll/v. The

f or egr ouRPorRibriehtthet $HeC§e7 thinpgiel fremivhere thefshwiteérdmes#n in Fig.
15 cogreﬁgggdugg to the third portion of the shutter time/v fromwhen the
shut t 8r ORI ERS FTFEOTE FIRPRNP EdmpnEir g Rivekisaem pi xel

fromthe tlheef tleiiﬂ: Fiirg'FilgS. C]% rceg r()er]sCi;iatjr]rgdi[rgg tt?oe ’gl'?eurégurth portion of
the shutter time/v from wheh the shutter has opened are
Fl2/v.
The foreground component of the leftmost pixel of frame
10 #n-1 in Fig. 15 corresponding to the second portion of the
shutter time/v from when the shutter has opened is Fl1/v.
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
15 foreground component of the third pixel from the left in Fig.
15 corresponding to the fourth portion of the shutter time/v
from when the shutter has opened is Fl11/v.
The foreground component of the leftmost pixel of frame
#n-1 in Fig. 15 corresponding to the third portion of the
20 shutter time/v from when the shutter haé opened is F10/v.
The foreground component of the second pixel from the left
in Fig. 15 corresponding to the fourth portion of the
shutter time/v from when the shutter has opened is also
F10/v. The foreground component of the leftmost pixel of

25 frame #n-1 in Fig. 15 corresponding to the fourth portion of



portion of the shutter tine/v fromwhen the shutter has opened is also
Flo/v. The foreground conponent of the fifth pixel fromthe left of frane
#n in Fig. 15 corresponding to 10 the fourth portion of the shutter tine/v
fromwhen the shutter has opened is FO09/v. Since the object corresponding
to the background is stationary, the background conponent of the sixth

pi xel from the left of frame #n in Fig. 15 corresponding to the first 15
portion of the shutter tine/v fromwhen the shutter has opened is BO5/v.
The background conponents of the sevén?ﬁ"pixel fromthe 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 20
conponent shef shieter ghihe prxEkofir efrehhehkekhuef efr a® #pdned Rigy.Fidd/ v.
corresponding to the first through third portions of the shutter time/v
from when t he Sinae erthéhas ppeEneb arespBOFing o fharmdkytourkd gis 15, the
sixth through eighth pixels 25 fromthe |left belong to the m xed area,

whi ch is stzblerady, t7e bhackground eempondht of nthet bhecogh pieeit h- pi xel s
fromthe left of frame #n in Fig. 15 belong to the background area, and

t he pi xel frem| s gk cof ﬁr@mBOgnthrbmgﬁiBll15respee$Pvadyng5tGhEhéirst
through ninth pixels fromthe left in frane #n+l in Fig. 15 belong to the
f or egrountit 5% eabonhEon f of eheuriuebrdohtme/ vV nfree Whent Bhet shetvern the

foregroqu ,
as opened is BOl/v. The background components of the third

pixel from the left of frame #n-1 in Fig. 15 corresponding
to the first and second portions of the shutter time/v from
when the shutter has opened are B02/v. The background
10 components of the fourth pixel from the left of frame #n-1
in Fig. 15 corresponding to the first through third portions
of the shutter time/v from when the shutter has opened are
BO3/v.
In frame #n-1 in Fig. 15, the leftmost pixel from the
15 left belongs to the foreground area, and the second through
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
20 values thereof are B04 through Bll, respectively.
The first through fifth pixels from the left in frame
#n in Fig. 15 belong to the foreground area. The foreground
component in the shutter time/v in the foreground area of
frame #n is any one of F05/v through Fl2/v.

25 It can be assumed that the object corresponding to the



area of frame #n+l is any one of FO1/v through F12/v. It can be assuned
that the object corresponding to the 10 foreground is a rigid body noving
wi tth constant velocity, and that it is noving such that the foreground
image is displayed four pixels to the right in the subsequent frane.
Accordi ngly, the foreground conponent of the ninth pixel fromthe left of
frame #n+l in Fig. 15 corresponding to the 15 first portion of the shutter
time/v fromwhen the shutter has opened is F12/v, and the foreground
conmponent of the tenth pixel from tRe>Peft in Fig. 15 corresponding to the
second portion of the shutter tine/v fromwhen the shutter has opened is
al so F12/v. The foreground conponent of the 20 el eventh pixel fromthe |eft

in Fig. lforeyrespdntd ng togidiebod s pod tDih ofohfeashiubéBscityp/ v from
when the shutter has opened and the foreground conponent of the twelfth
pi xel framttieat eft i kowgindSswea respondhagtévedheuhdutmigporsi on of the
shutter time/v fromwhen the shutter has opened are 25 F12/v. - 58 The
f or egr oundii sehpyednfowf pieehs ntd Phgeridhonin hehel shbsefuéntnfrémel in
Fig. 15 corresponding to the second portion of the shutter tine/v from
when t he B¢eer@dinhby, bpentorégreund vecompenént egf otingd Ebfipbnehxedbf the
tenth 5 pixel fromthe left in Fig. 15 corresponding to the third portion
of the shtkeerthe ket febnfvdee thelrhiiigerlhagorspepeddingateotiral/v. The
foreground, conponent of the eleventh pixel fromthe left in Fig. 15
cor r espontit FYt tRP¥REOn of the shutter time/v from when the shutfer
has opened is Fl2/v, and the foreground component of the
sixth pixel from the left in Fig. 15 corresponding to the
second portion of the shutter time/v from when the shutter
10 has opened is also Fl2/v. The foreground component of the
seventh 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 eighth pixel
from the left in Fig. 15 corresponding to the fourth portion
15 of the shutter time/v from when the shutter has opened are
Fl12/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
20 opened is Fll/v. The foreground component of the sixth
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

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



fourth portion of the shutter time/v fromwhen the shutter 10 has opened
is Fll/v. The foreground conponent of the ninth pixel fromthe |eft of
frame #n+l in Fig. 15 corresponding to the third portion of the shutter
time/v fromwhen the shutter has opened is F10/v. The foreground conponent
of the tenth 15 pixel fromthe left in Fig. 15 corresponding to the fourth
portion of the shutter tine/v fromwhen the shutter has opened is al so
F10/v. The foreground conponent of the_ninth pixel fromthe left of frame
#n+l in Fig. 15 corresponding to the Pgurth portion of the shutter tinme/v
fromwhen the 20 shutter has opened is F09/v. Since the object
corresponding to the background is stationary, the background conponent of
t he tent has xaperiednisthelleft of frame #n+l in Fig. 15 corresponding to
the first portion of the shutter tine/v fromwhen the shutter has 25
opened i s B09/The Ty derokyrd wwinporgpohert sthof  fhEclelmivent ErorbEhpe xel from
the left of frame #n+l in Fig. 15 corresponding to the first and second
portions befEhef shoamertni kp/Uigr ohd Qﬁéﬁeﬁh@nghﬂgtEQ Hae bhéred are B10/v.
The background conponents of the twelfth pixel fromthe left of frame #n+1
5 in Fig.PabtERR respbndli flgutbe¥ hblmes 6t T¥aRrodaant BRedshakEebnBasof the
shutter tine/v fromwhen the shutter has opened are Bll/v. |n frame #n+1
in Fig 19PeRe} 180t h01{ ir oubRe t TRT FEROURE xePRPPRBRT t AE FREtSBEEBNG to the

1 X r ich i
m xed a eging Eromstgé left in Fig. 15 corresponding to the fourth

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

10 the fourth portion of the shutter time/v from when the
shutter has opened is F09/v.

Since the object corresponding to the background is
stationary, the background component of the sixth pixel from
the left of frame #n in Fig. 15 corresponding to the first

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

20 components of the eighth pixel from the left of frame #n in
Fig. 15 corresponding to the first through third portions 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

25 from the left belong to the mixed area, which is a covered



10 covered background area. Fig. 16 is a nodel of an inmage obtai ned by
extracting the foreground conponents fromthe pixel values shown in Fig.
15. Fig. 17 illustrates a nodel obtained by expanding in 15 the tine
direction the pixels which are aligned side-by-side in three franes of an
i mge 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 hgcated at the same 20 positions when
the frames are overl apped. The nobdel "sAown in Fig. 17 contains an
uncover ed background area. In Fig. 17, it can be assuned that the object
corresponding to the foreground is a rigid body noving with constant

vel oci t y baagithytdaid idrés. novi ng such that it is 25 displayed four pixels to
the right in the subsequent franme. - 60 Accordingly, the amount of

nmovenent v i s The Bdmtéxaipdoaight Heveflditdgndved. sc diqmoneriie dfefithe i efiamst

pi xel of frame #n-1 in Fig. 17 corresponding to the first portion of the
shutter timely Fxom Whdrelorg staitthee Yackéropehenires, FBA viharpixak

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

cor r esporith it s dchereckcorrl Boorihesudt Bhe shespectivedyv from when the
shutter has opened is also F13/v. The foreground conponent of the third

pi xel f rom t héheeffihst mhyough egmtds i lfy frem Hde ekt 1 foraeon of the

shutter t#ne/v_fron1mhen t he shutter has
n+l in Fig. 15 belong to the foreground area. The

foreground component in the shutter time/v in the foreground
area of frame #n+l is any one of FOl/v through Fl2/v.
It can be assumed that the object corresponding to the
10 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 ninth pixel
from the left of frame #n+l in Fig. 15 corresponding to the
15 first portion of the shutter time/v from when the shutter
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
20 eleventh 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 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

25 Fl2/v.



opened and the foreground conponent of the fourth pixel from the left in
Fig. 17 corresponding to the fourth portion of the shutter tine/v from
when the shutter has opened are F13/v. 15 The foreground conponent of the
second pixel fromthe left of frane #n-1 in Fig. 17 corresponding to the
first portion of the shutter time/v fromwhen the shutter has opened is
F14/v. The foreground conponent of the third pixel fromthe left in Fig.
17 corresponding to the second 20 po[tggn_of the shutter tinme/v from when
the shutter has 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 tinme/v fromwhen the shutter has opened is F15/v. 25 Since
t he obj ect cormhesfordigryumi tdeendmackgr @fdhes nirth sibail dhwny tide
background conponents of the |leftnost pixel of frame #n-1 in Fig. 17
corresponddfig ¢ fhensectond through 15 ccotheposndions b the sdabhdr tinme/v
fromwhen the shutter has opened are B25/v. The background conponents of
the 5 sedvickitxedf flgn sihet ter t t e [y afomnvtien nti gshuttexdra@spondi ng to
the third and fourth portions of the shutter tinme/v fromwhen the shutter
has openePeied Bes/ K11/ The BarkEpsrmECeeppermpenent tdE EherteptRXel fromthe
left of franme #n-1 in Fig., 17 corresponding to the fourth portion of 10
the sRut tR¥%%+ re7m 1 Ren Wakh $hef Shut t 2rohake SRR Y st@ovhe . thirdf rane

#n-1 in Fig. 17, the leftnost pixel through
pé&tfbn of the shutteP tfhe v g&éﬁ when the shutter has

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

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

fourth portion of the shutter time/v from when the shutter
10 has opened is Fll1l/v.

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

15 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 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

20 shutter has opened is FO09/v.

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

25 opened is B09/v. The background components of the eleventh



the third pixel belong to the m xed area, which is an uncovered background
area. The fourth through twelfth pixels fromthe left of 15 frame #n-1 in
Fig. 17 belong to the foreground area. The foreground conponent of the
frame is any one of F13/v through F24/v. The | eftnost pixel through the
fourth pixel fromthe Ileft of frame #n in Fig. 17 belong to the background
area, 20 and the pixel values thereof are B25 through B28, respectively.

It can be assumed that the object corresponding to the foreground is a
rigid body noving wi th constant veIoEi?%;' and that it is nmoving such that
it is displayed four pixels 25 to the right in the subsequent frane.
Accordingly, the - 62 foreground conponent of the fifth pixel fromthe

left of dinxaie fon rthid defly eriwspondi+ig o rihe. fi5 dopasddauinig t he
shutter tinme/v fromwhen the shutter has opened is F13/v, and the
f or egr ourtd cdmpdhierst aing feecind pqtdeind roin tthe shutefdr itinkd r from
corresponding to the second portion of the shutter tinme/v fromwhen the
shutter héeropdredshyw tdsdafFiBanedard Gldyoundilooriporiertowdd t he seventh
pixel from the left in Fig. 17 corresponding to the third portion of the
shutt er tdommonetemathdme HevasHih arideds opamcthanke ftheo 1 Of faomee gfrotind
conponent, of the eighth pixel fromthe left in Fig. 17 corresponding to
the faurti Ford-i de sfornpspmding tq ithe firdm thebathetsind trorthiensopened
are F13/v.
of the shutter time/v from when the shutter has opened are
Bll/v.
In frame #n+1 in Fig. 15, the tenth through twelfth
pixels from the left belong to the mixed area, which is a
10 covered background area.
Fig. 16 is a model of 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
15 the time direction the pixels which are aligned side-by-side
in three frames of an image obtained by capturing an object
corresponding to a foreground that is moving to the right in
Fig. 17 together with an object corresponding to a
stationary background and which are located at the same
20 positions when the frames are overlapped. The model shown
in Fig. 17 contains an uncovered background area.
In Fig. 17, it can be assumed that the object
corresponding to the foreground is a rigid body moving with

constant velocity, and that it is moving such that it is

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



The foreground conponent of the sixth pixel fromthe Ileft of frame #n in
Fig. 17 corresponding to the first 15 portion of the shutter tine/v from
when the shutter has opened is F14/v. The foreground conponent of the
seventh pixel fromthe left in Fig. 17 corresponding to the second

portion of the shutter tine/v fromwhen the shutter has opened is also
F14/v. The foreground conponent of the 20 eighth pixel fromthe left in
Fig. 17 corresponding to the first portion of the shutter tinme/v from when
the shutter has opened is F15/v. Si nc&%% fe obj ect corresponding to the
background is stationary, the background conponents of the fifth pixel 25
fromthe left of franme #n in Fig. 17 corresponding to the - 63 second

t hrough faRoedhdiogtyponshef ahdenshot tesvénsrt vvf fem . when the shutter has
opened are B29/v. The background conponents of the sixth pixel fromthe
left of frane Bar iexammlp, Ithedomspondidigdmpdrient b delandl d Hinidde porti ons
of 5 the shutter tinme/v fromwhen the shutter has opened are B30/v. The
backgr ourkiix@hpohehramé #hel seweRid. pl Xetofreasponfitngetd vhef famst#n in
Fig. 17 corresponding to the fourth portion of the shutter tinme/v from
when the RaEEier Phsthpepkdtter BRING/v10rom whanetie shuFter h&s the fifth
pi xel through the seventh pixel fromthe left belong to the m xed area,

whi ch® | ORFPRCchY eF 3/ BackBfoting EPEaIrTRRdergRPANERE 0B§htheesecangdi xel s

fromthe | eft_ of , , .
pixel from the left in Fig. 17 corresponding to the second

portion of the shutter time/v from when the shutter has
opened is also F13/v. The foreground component of the third
pixel from the left in Fig. 17 corresponding to the third

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

15 The foreground component of the second pixel from the
left of frame #n-1 in Fig. 17 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is Fl4/v. The foreground component of the third
pixel from the left in Fig. 17 corresponding to the second

20 portion of the shutter time/v from when the shutter has
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 Fl15/v.

25 Since the object corresponding to the background is



frame #n in Fig. 17 belong to the foreground area. The 15 value in the
foreground area of frame #n corresponding to the period of the shutter
time/v is any one of F13/v through F20/v. The |eftnost pixel through the
eighth pixel fromthe Ileft of frane #n+l in Fig. 17 belong to the
background area, 20 and the pixel values thereof are B25 through B32,
respectively. It can be assuned that the object corresponding to the
foreground is a rigid body noving with ionstant velocity, and that it is
movi ng such that it is displayed four E'Xéls 25 to the right in the
subsequent frane. Accordingly, the - 64 foreground conponent of the ninth
pi xel fromthe left of frame #n+l in Fig. 17 corresponding to the first
portion aftattimmeasdwt ttate thamd grdurodn adreporidret s huf ttee hiast topestedise F13/ v,
.and the foreground conponent of the tenth pixel fromthe 5 left in Fig. 17
corresporah Ny anee tHre- seicorti poritT arofespendimhyttertie nedaornid orhwdeyh t he
shutter has opened is also F13/v. The foreground conponent of the el eventh
pi xel frdmuntie peftions R thy urtespontney t Dromevhén rchgoshubbrenf the
shutter tinme/v fromwhen the shutter has opened and the 10 foreground
conponenthas qurnedwdre BHiIAel Thenhaekyedynd compenentys cof rideponding to
the fourth portion of the shutter tinme/v fromwhen the shutter has opened

are FP3/ R fRERY okt dpotieht of t¥ame el piXxefi9rohithe left of

frame #n+1 in Fig. 17 correspondjng to the first
correspé%dfhg to gié){hirg and fourth portions of the

shutter time/v from when the shutter has opened are B26/v.
The background component of the third pixel from the left of
frame #n-1 in Fig. 17 corresponding to the fourth portion of
10 the shutter time/v from when the shutter has opened is B27/v.
In frame #n-1 in Fig. 17, the leftmost pixel through
the third pixel belong to the mixed area, which is an
uncovered background area.
The fourth through twelfth pixels from the left of
15 frame #n-1 in Fig. 17 belong to the foreground area. The
foreground component of the frame is any one of Fl13/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,
20 and the pixel values thereof are B25 through B28,
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

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



15 portion of the shutter tine/v fromwhen the shutter has opened is Fl14/v.
The foreground conponent of the eleventh pixel fromthe left in Fig. 17
corresponding to the second portion of the shutter tine/v fromwhen the
shutter has opened is also F14/v. The foreground conponent of the 20

twel fth pixel fromthe left in Fig. 17 corresponding to the first portion
of the shutter tine/v fromwhen the shutter has opened is F15/v. Since the
obj ect corresponding to the background %s stationary, the background
conponents of the ninth pixel 25 from®fhe left of frame #n+l in Fig. 17
corresponding to the - 65 second through fourth portions of the shutter
tinme/v from when the shutter has opened are B33/v. The background
conponent®mEFgrncend ermdnpqrietal dff arhd hd f1ef tpinfe If rémom #thd 1art g, 17
corresponding to the third and fourth portions of 5 the shutter tinme/v from
when t he fstamte éin hias Ripendd arcer reéB33dnd i nid et doaictkey r iret. qoompoiemto Hf t he

el eventh pixel from the left of frame #n+l in Fig. 17 corresponding to the
fourth pdhid cthwitehet et efromnehienf then shehtehehshubbenedhas aiéned is
B35/v. 10 In frane #n+l in Fig. 17, the ninth through eleventh pixels from
the |eft anf Ailyp foresiomy ternprnen kel dilea, S1xXiH ahitsl aframcdver ed
background area. The twelfth pixel fromthe left of frame #n+l in Fig. 17
bel ongs t'¢ithelT drighr duhFoRasPorHElrD ey it S esmd Rk tias ¢f e shutter

tinme/v in_the foreground area of franme #n+
shutter tfhe v from when the shutter has opened is also

F13/v. The foreground component of the seventh pixel from
the left in Fig. 17 corresponding to the third portion of
the shutter time/v from when the shutter has opened and the
10 foreground component of the eighth 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 sixth pixel from the
left of frame #n in Fig. 17 corresponding to the first
15 portion of the shutter time/v from when the shutter has
opened is Fl4/v. The foreground component of the seventh
pixel from fhe 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
20 eighth pixel from the left in Fig. 17 corresponding to the
first portion of the shutter time/v from when the shutter
has opened is Fl15/v.
Since the object corresponding to the background is
stationary, the background components of the fifth pixel

25 from the left of frame #n in Fig. 17 corresponding to the



is any one of F13/v through F16/v. Fig. 18 is a nodel of an inmage obtained
by extracting the foreground conponents fromthe pixel values shown in
Fig. 17. 20 Referring back to Fig. 2, the area specifying unit 103
specifies flags indicating to which of a foreground area, a background
area, a covered background area, or an uncovered background area the

i ndi vidual pixels of the input imge belong by using the pixel values of a
plurality of franes, 25 and supplies t flags to the m xture-ratio
calculator 104 - 66 and the notion-Dl adjusting unit 106 as the area
information. The m xture-ratio cal culator 104 cal cul ates the mxture ratio
a for each pixel contained in the m xed area based on 5 the pixel values
of a pl ursalddnd dhrdowrfesandt o rriems ”fforomad it tand sy erdhe
resulting mxture ratio a to the foreground/ background separator 105. The
f or egr oundvelma dihgr clmut tsapdreat @pel(s eda &2Y t.he THeoregrloyprmueirecbnponent

i mage consisting of only the foreground 10 conponents based on the pixel
val ues ofcampsinandls tof dfhef reimddy nilkelarfazon rifher netfito £ afchntendfnri it ur e
ratio a, and supplies the foreground conponent inmage to the notion-blur

adj ust i nd'ighi t1 1@ rrefeanstineh-is yheadjhistd rapdirfiquaids o isinss tdfe anount
15 of notion blur contained in the foreground conponent inmage based on the
f or egP ourtdec GIPGTaHR Gimeye S ivBteT (4R (Hwitter has opened are

B30/v. The background component of the seventh pixel from
the left of frame #n in Fig. 17 corresponding to the fourth
portion of the shutter time/v from when the shutter has
opened is B31l/v.

10 In frame #n in Fig. 17, the fifth pixel through the
seventh pixel from the left belong to the mixed area, which
is an uncovered background area.

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

15 wvalue in the foreground area of frame #n corresponding to
the period of the shutter time/v is any one of F13/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,

20 and the pixel values thereof are B25 through B32,
respectively.

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

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



f or egr ound/ background separator 105, the notion vector supplied fromthe
notion detector 102, and the area information supplied fromthe area
speci fying unit 103, and 20 then outputs the foreground conponent image in
which notion blur is adjusted. The processing for adjusting the anount of
notion blur performed by the signal processing apparatus is described
below with reference to the flowhart of Fig. 19. In step 25 S11, the area
speci fying unit 103 executes area spec% ying - 67 processing, based on an
i nput inmage, for generating area information indicating to which of a
foreground area, a background area, a covered background area, or an
uncover ed background area each pixel of the input image belongs. 5 Details
of the arfesegrsgindiqupnurerss sihg e evigittep ibed ovE romd ehearlasftspeci fyi ng
unit 103 supplies the generated area information to the mxture-ratio

cal cul at drrameg #n+i sitreFiRl-1,1 1 o mrespaspscid Wang-heni #1 A3 pot iganerfat e,
based on the input imge, area information indicating to 10 which of the

f or egr ourtdtCarBRit tate iy oirem dwken bhet dhuthéxebaar epefirdgasdFasg vof
whet her each pi xel belongs to a covered background area or an uncovered
backgr oufdard®) fargaringicapanant mutthendgn the ikl fren Hike case, the
foregéou d@ﬁgckgrqund separator 105 and the notion-blur 15 adjusting unit

106 dBte Poded ot t FEFHTRITR DS Hde FAGBH masttoronweet Hadve t he
i i d k d back d .
?o?egxg%%é{tsﬁe?—’ ftﬁ_\él%rﬁ’ I:br%(%n %Jrhoelil'lnq:hears%%t%re rar%lausn Co(%aveenreed isaca lgsrooun area

F13/v. The foreground component of the eleventh pixel from
the left in Fig. 17 corresponding to the third portion of
the shutter time/v from when the shutter has opened and the
10 foreground component of the twelfth 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 tenth pixel from the
left of frame #n+l in Fig. 17 corresponding to the first
15 portion of the shutter time/v from when the shutter has
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
20 twelfth 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
stationary, the backgrouﬁd components of the ninth pixel

25 from the left of frame #n+l in Fig. 17 corresponding to the



i nput image is disposed in the order of the foreground area, the m xed
area, and the background area in the direction of 20 the notion vector, it
is determined that the m xed area is a covered background area. |If the
i nput image is disposed in the order of the background area, the m xed
area, and the foreground area in the direction of the notion vector, it i
determ ned that the m xed area is an uncovered background 25 area. - 68
step S12, the mixture-ratio calculator 104 calculates the mxture ratio a
for each pixel contained in the m xed®3area based on the i nput inage and
the area information. Details of the mxture ratio calculating 5
processing are given below. The m xture-ratio calculator 104 supplies the
resul ti ngedottdirtthratdlo BoumcH heo rif iosregy raofl ndi b axtlagy toain ok igepar atxym 105, | n
step S13, the foreground/ background separator 105 extracts the foreground
conponentwhdrr dihe Ehutiper hamgepdtedassd BIBAthe ditea badlogmatridn and t he
m xture ratio a, and supplies the foreground conponents to the notion-blur
adj ust i ngcamHanergss axf ttHee flaregr quintk k ofiponeihe i e, of nfsdrep #B14] ihe
moti on-blur adjusting unit 106 generates, based on the notion vector and
t he area Hi8yJ nforeptiespondiaainia ©ie prlvced sindy fharth meb chtarss tdle
positions of consecutive pixels disposed in the noving direction and
bel ongi ngh® BHWLERT tWé“%Prfboﬁﬁ‘é?%d”kﬁ'ek@T%lﬁmlt’%ﬁléd}aq mr¢mrdgind ar ea,
and the covg;ed backqgound ar ea, _

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

S
n

the left of frame #n+l in Fig. 17 corresponding to the
fourth portion of the shutter time/v from when the shutter
has opened is B35/v.

10 In frame #n+l in Fig. 17, the ninth through eleventh
pixels from the left in Fig. 17 belong to the mixed area,
which is an uncovered background area.

The twelfth pixel from the left of frame #n+l in Fig.
17 belongs to the foreground area. The foreground component

15 in the shutter time/v in the foreground area of frame #n+1
is any one of F13/v through Fl6/v.

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

20 Referring back to Fig. 2, the area specifying unit 103
specifies flags indicating to which of a foreground area, a
background area, a covered background area, or an uncovered
background area the individual pixels of the input image
belong by using the pixel values of a plurality of frames,

25 and supplies the flags to the mixture-ratio calculator 104



and adjusts the amount of notion blur contained in the 20 foreground
conponents corresponding to the unit of processing. Details of the
processing for adjusting the anount of notion blur are given below In
step S15, the signal processing apparatus determ nes whether the
processing is finished for the whole screen. If 25 it is determ ned that
the processing is not finished for the - 69 whole screen, the process
proceeds to step Sl14, and the proce§séag for adjusting the anount of
motion blur for the foreground conponehts corresponding to the unit of
processing is repeated. 5 If it is determined in step S15 that the
processing is finished for the whole screen, then the process ends. In
this manrerd tthee rsdtgirad -Hinoc esdj gt @pparati tisi 06 a<agtable-0f adj usting the
amount of notion blur contained in the foreground by separating the

f or egr ounidh Bawnathieor1.0 background. That is, the signal processing apparatus
is capable of adjusting the anount of notion blur contained in sanpled
dat a i ndi cati A§et Féxgiuxe- redlige sadicullad ofrorlddr @aidulpibesl $helTlhe xture
configuration of each of the area specifying unit 15 103, the

m xt ur e- @GP Calfn RaFh kel reontaingt oumdybaokigtedi rak s geasedrori 05, and
t he tion-blur adjusting unit 106 is described below. Fig. 20 is a block
di agr am iﬁq}%ﬁ%&% HEAURS ord iRjuHER L I AL thHeangeandddid yarRA unit 103,

The areainformation, and supplies the resulting mixture ratio a to
the foreground/background separator 105.
The foreground/background separator 105 extracts the
foreground component image consisting of only the foreground
10 components based on the pixel values of a plurality of
frames, the area information, and the mixture ratio o, and
supplies the foreground component image to the motion-blur
adjusting unit 106.
The motion-blur adjusting unit 106 adjusts the amount
15 of motion blur contained in the foreground component image
based on the foreground component image supplied from the
foreground/background separator 105, the motion vector
supplied from the motion detector 102, and the area
information supplied from the area specifying unit 103, and
20 then outputs the foreground component image in which motion
blur is adjusted.
The processing for adjusting the amount of motion blur
performed by the signal processing apparatus is described
below with reference to the flowchart of Fig. 19. 1In step

25 811, the area specifying unit 103 executes area specifying



20 specifying unit 103 shown in Fig. 20 does not use a notion vector. A
background notion conpensator 201 detects a notion of a background in an

i nput inmage, and causes the input image to nove in parallel according to
the detected notion of the 25 background. The background noti on conpensat or
201 supplies - 70 the input image that is noving in parallel according to
the notion of the background to an area specifying processor 202. The

i mge supplied to the area specifying ocessor 202 matches the background
on the screen. 5 Based on the inmage §ugzlfed fromthe background notion
conpensat or 201 whi ch matches the background on the screen, the area

speci fyi ng processor 202 generates area information indicating to which of

an uncovermrtdrmckyy olbabat ey an M@t cmEye Ar 8o gertd@yd tith @ €6ea OF A
covered background area. 10 each pixel belongs, and outputs the generated
area i nflgrfannagiiorFiipdixating t odki ch agf aan fdtestowid ngréde a
configuration of the area specifying unit 103 in nore detail. The
backgr ourRPFEET VX GHifRhs at crovaled pEorgierlind ardsb, fomnen memorye 2
notion-capturing portions 222-1 through 222-4, and inage shift portions
223-1 t hiRAYH RN arpre eadh Bt 194 ngheriotssoimawe bheldngsed of a franme
menmory 224, stationary/noving determning portions 225-1 to 225-4, area
det er i nitfgF ot iThstBR R 1Aed SReEl BYing Xr R w7 G e fIhenteelow. frane
menory 2 a synt hesi zer, 228, . ,
y %@e arég specf¥§1ng unit 103 supplies the generated area
information to the mixture-ratio calculator 104.
In step S11, the area specifying unit 103 may generate,
based on the input image, area information indicating to
10 which of the foreground area, the background area, or the
mixed area (regardless of whether each pixel belongs to a
covered background area or an uncovered background area)
each pixel of the input image belongs. In this case, the
foreground/background separator 105 and the motion-blur
15 adjusting unit 106 determine based on the direction of the
motion vector whether the mixed area is a 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
20 the motion vector, it is determined that the mixed area is a
covered background area. If the input image is disposed in
the order of the background area, the mixed area, and the
foreground area in the direction of the motion vector, it is

determined that the mixed area is an uncovered background

25 area.



and a determ ning-flag-storing frane nenory 229. The frane nenory 221
stores an input image in units of franes. Wen the inage to be processed
is frame #n, the frame nmenory 221 stores frame ffn-2, which is the frane
two 25 franes before franme #n, frame #n-1, which is the frane one - 71
frame before frame #n, frame #n, frane #n+l, which is the frane one frane
after franme #n, frame 4n+2, which is the franme tw frames after frane #n.
The notion-capturing portion 222-1 obtg%gs a designated 5 block having a
predet erm ned nunber of pixels fromTframe  #n+2 stored in the frane nenory
221. Based on the designated block, the notion-capturing portion 222-1
retrieves an inmage portion which nmatches in pattern the designated bl ock
from t he i nagénoftepassd 24n thieomdct thiret-hatid foaame 1 v 0221. The

not i on-capturing portion 222-1 generates a notion vector based on the
posi ti on wfl hetagedigmatist iteooatatiio fo afver 4reich gnidkd hecqosd iriean of t he
image portion in frame #n which matches in pattern the designated bl ock
15 The ndtheomiclst @heafy hasrad om e Zrabitaiinege dasl griet edkedl ock having a
predeterm ned nunber of pixels fromframe #n+l stored in the frame nenory
221. BasediG¥mate orgesiRffarides Kodihe ek tite oretclaptasliawladointg on 222- 2
retrigves an ingge portion which matches in pattern the 20 designated bl ock
fromthe Hrl?§§essd3"q P FVeh QP n the B emiarie xalculator

not i on- capt urin ortiqQn 222-2
%%4 sup ﬂ%es the resulting mixture ratio a to the

foregrouﬁd/background separator 105.
In step S13, the foreground/background separator 105
extracts the foreground components from the input image
10 based on the area information and the mixture ratio o, and
supplies the foreground components to the motion-blur
adjusting unit 106 as the foreground component image.
In step S14, the motion-blur adjusting unit 106
generates, based on the motion vectbr and the area
15 information,.the unit of processing that indicates the
positions of consecutive pixels disposed in the moving
direction and belonging to any of the uncovered background
area, the foreground area, and the covered background area,
and adjusts the amount of motion blur contained in the
20 foreground components corresponding to the unit of
processing. Details of the processing for adjusting the
amount of motion blur are given below.
In step S15, the signal processing apparatus determines
whether the processing is finished for the whole screen. If

25 it is determined that the processing is not finished for the



generates a notion vector based on the position of the designated block in
frame #n+l and the position of the imge portion in frame 4n which matches
in pattern the designated 25 block. - 72 The notion-capturing portion
222-3 obtains a designated block having a predeterm ned nunber of pixels
fromfranme #n- 1 stored in the frame nenory 221. Based on the designated

bl ock, the notion-capturing portion 222-3 retrieves an imge 5 portion

whi ch matches in pattern the designatﬁg bl ock from the image of frame #n
stored in the frame nenory 221. The ~ ?ibn-capturing portion 222-3
generates a notion vector based on the position of the designated bl ock in
frame #n-1 and the position of the image portion in frame #n which 10

mat ches iwhqlad tssyredrhe wesipredests sdeeddhetdrod t e -SBPL WD EHROr ti on 222-4
obtains a designated block having a predeterm ned nunber of pixels from
frame #np@cisriedy ifort hed fusinegrerioy yarddint Bad eb oot hel wiesf@natied bl ock,
the notion-capturing portion 222-4 retrieves an image 15 portion which

mat ches ifPysanamd tdunpayd it ear e sipind irgm ta Hehe nayget of £ f rame #n st or ed
in the frane menory 221. The notion-capturing portion 222-4 generates a
noti on veRBIeSPdxkdiDrrefraRdi tion of the designated block in frame M2
and the position of the inmage portion in frame #n which 20 matches in

pattern the dédi ditatled dptedimings tiffe StEN Sdisndhads dhiprrosessiag is

nntion-cqpturing ortions 222-1 through 222-4 are referred to sinply as a
inished for the whole screen, then the process ends.

In this manner, the signal processing apparatus is
capable of adjusting the amount of motion blur contained in
the foreground by separating the foreground and the

10 background. That is, the signal processing apparatus is
capable of adjusting the amount of motion blur contained in
sampled data indicating the pixel values of the foreground
pixels.

The configuration of each of the area specifying unit

15 103, the mixture-ratio calculator 104, the
foreground/background separator 105, and the motion-blur
adjusting unit 106 is described below.

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

20 specifying unit 103 shown in Fig. 20 does not use a motion
vector.

A background motion compensator 201 detects a motion of
a background in an input image, and causes the input image
to move in parallel according to the detected motion of the

25 Dbackground. The background motion compensator 201 supplies



notion-capturing portion 222 if it is not essential to identify them
individually. 25 For exanple, as shown in Fig. 22, the notion-capturing -
73 " portion 222 divides one frane of inmage into portions consisting of m
pi xel s by n pixels, as indicated by Ain Fig. 22. In each of the divided
portions, a designated block consisting of Mpixels by N pixels are
chosen, as indicated 5 by Bin Fig. 22. The notion-capturing portion 222
retrieves an imge portion which matc ﬁs in pattern the designated bl ock
in each of the divided portions fromthe corresponding frane of inage so
as to generate a notion vector of each designated 10 bl ock. The

noti on-capturing portion 222 generates a notion vector corresponding to

two franeshdaseshoniidee nEHdtons weetnig ganesaat£0 d Draaskd degi gnates bl ock.
For exanple, the notion-capturing portion 222 cal cul ates average of the
gener at ednatoitoromo ¥ echorisackgtdrendeso gant edebl apksifgiag beotesyse e .
resulting notion vector as a notion vector corresponding to two franes.

Ceneral |y, a Fackdgmagsd supagd esbjtectthies drasgepadidiyiag frorcemgrsmond A02age
object in an input image, and the notion- capturing portion 222 can out put
a not i on Rakghes Xthe adspontithen cchhesemrémwn of the background i mage
object. The notion-capturing portion 222 may generate a notion vector
cor r eSpondi ng Bag achemudtheod e anpddiast duin i They aadigrsstndynqidicior ni ng
full-screen bl ock mat chi ng between two
compensator 201 which matches the background on the screen,
the area specifying processor 202 generates area information
indicating to which of an uncovered background area, a
stationary area, a moving area, or a covered background area
10 each pixel belongs, and outputs the generated area
information.
Fig. 21 is a block diagram illustrating the
configuration of the area specifying unit 103 in more detail.
The background motion compensator 201 is formed of a
15 frame memory 221, motion-capturing portions 222-1 through
222-4, and image shift portions 223-1 through 223-4.
The area specifying processor 202 is formed of a frame
memory 224, stationary/moving determining portions 225-1 to
225-4, area determining portions 226-1 to 226-3, a
20 determining-flag-storing frame memory 227, a synthesizer 228,
and a determining-flag-storing frame memory 229.
The frame memory 221 stores an input image in units of
frames. When the image to be processed is frame #n, the

frame memory 221 stores frame #n-2, which is the frame two

25 frames before frame #n, frame #n-1, which is the frame one



frame of images. 25 Alternatively, the notion-capturing portion 222 may -
74 extract the background i mage object fromthe input imge and may
generate a notion vector corresponding to the notion of the background

i mge object based on the extracted image object. 5 The inmage shift
portion 223-1 shifts frame #n+2 stored in the frame nenory 221 in parall el
based on the notion vector corresponding to the background i nage obj ect
supplied fromthe notion-capturing po& ion 222-1, and supplies the
resulting inmage of franme #n+2 to the frane nenory 224 of the 10 area

speci fyi ng processor 202. The image shift portion 223-2 shifts franme #n+l
stored in the franme nenory 221 in parallel based on the notion vector

cor r espondiange thee fidwse bfwcdogs okmnd frmge #ob) ettamaippl+ 2d whiemn 1dethe

not i on-capturing portion 222-2, and supplies the 15 resulting i mage of
frame #n+rame tdree ffmame nefioey 224nof#t hef rameatsaecilyidly s ogessor 202.
The image shift portion 223-3 shifts frame #n-1 stored in the frame nenory
221 in pdizane| tyasicbngs tahftemwt foame viset or correspondi ng to the background
i mage object supplied 20 fromthe notion-capturing portion 222-3, and
suppli es the TH&s Mmoo iGrefaldnd pars ion 222 1t o faiare arstamigreedf t he
area speqgif inﬁlprpcessor 202. The inmage shift portion 223-4 shifts frame
#n- 2 to%&ﬁcﬁ FTHNT raRrF SRSy bpad i ughe al 9 &I Pbseksl Hrom herame i on

#n+2 stored in the frame memory 221. Based on the
designated block, the motion-capturing portion 222-1
retrieves an image portion which matches in pattern the
designated block from the image of frame #n stored in the

10 frame memory 221. The motion-capturing portion 222-1
generates a motion vector based on the position of the
designated block in frame #n+2 and the position of the image
portion in frame #n which matches in pattern the designated
block.

15 The motion-capturing portion 222-2 obtains a designated
block having a predetermined number of pixels from frame
#n+l stored in the frame memofy 221. Based on the
designated block, the motion-capturing portion 222-2
retrieves an image portion which matches in pattern the

20 designated block from the image of frame #n stored in the
frame memory 221. The motion-capturing portion 222-2
generates a motion vector based on the position of the
designated block in frame #n+l and the position of the image
portion in frame #n which matches in pattern the designated

25 block.



25 vector corresponding to the background i mage object supplied - 75 from
the notion-capturing portion 222-4, and supplies the resulting inage of
frame #n-2 to the frane nenory 224 of the area specifying processor 202.
The frame nenory 221 supplies the inmage of frame #n to 5 the frame nenory
224 of the area specifying processor 202. The inmages supplied to the frane
menory 224 of the area specifying processor 202 fromthe i mge shift
portions 223-1 through 223-4, and the &nage supplied fromthe frane nmenory
221 match the background on the screén’/410 The frane menory 224 of the area
speci fying processor 202 stores the inmages supplied fromthe i mage shift
portions 223-1 through 223-4 or the imge supplied fromthe frane nenory
221 in units Ghef mateon-Aagitatriiorapumivwn@ 2detleoritaing ROMdsARnddedl reads
the 15 pixel value of the pixel of frame #n+2 | ocated at the sane

posi ti on kv ek thargietg p xeteddt d maimedmunbehieh ¢ by efrdmw fvdnie hi-he

pi xel belongs is determ ned, and reads the pixel value of the pixel of
frame #n+l stowzgddiatthae mame posity @R bf tBesddragettip xads fndttedre #n
fromthe frame 20 nmenory 224, and cal cul ates the absolute value of the

di f f er encel Wt meEre et et an fer inva | rest L ohe2 2 3t it T etak gV emvamgimage
deterpining portiaon 225-1 determ nes whether the absolute value of the
diffe enéé"[iglt%é'fblt% 3ok s Vit RatgEe ¥ drke el gmted e sdel £xemt ue of

frame #n+l 25 is greater th a preset threshold Th. If it is determ ned
the 1magé’o§if}ameéﬂh sé%red in the frame memory 221. The

motion-capturing portion 222-3 generates a motion vector
based on the position of the designated block in frame #n-1
and the position of the image portion in frame #n which
10 matches in pattern the designated block.
The motion-capturing portion 222-4 obtains a designated
block having a predetermined number of pixels from frame #n-
2 stored in the frame memory 221. Based on the designated
block, the motion-capturing portion 222-4 retrieves an image
15 portion which matches in pattern the designated block from
the image of frame #n stored in the frame memory 221. The
motion-capturing portion 222-4 generates a motion vector
based on the position of the designated block in frame #n-2
and the position of the image portion in frame #n which
20 matches in pattern the designated block.
In the following description, the motion-capturing
portions 222-1 through 222-4 are referred to simply as a
motion-capturing portiqn 222 if it is not essential to
identify them individually.

25 For example, as shown in Fig. 22, the motion-capturing



- 76 that the difference is greater than the threshold Th, a

stationary/ noving determ nation indicating "noving" is supplied to an area
determ ning portion 226-1. If it is determ ned that the absol ute val ue of
the difference between 5 the pixel value of the pixel of frame #n+2 and the
pi xel value of the pixel of franme 4n+l is smaller than or equal to the
threshold Th, the stationary/noving determ ning portion 225-1 supplies a
stationary/ novi ng determ nation indica%%ng listationary” to the area
determ ning portion 226-1. 10 A statiofrary/ noving determ ning portion 225-2
reads the pixel value of a target pixel of franme #n in which the area to
whi ch the pixel belongs is determ ned, and reads the pixel value of the

pi xel of pbraient2e? lddvdided anhd frasamef dosigd dmtas gdie itoarsget pi xel of
frame #n fromthe franme 15 nmenory 224, and cal cul ates the absol ute val ue of
the diffonsicseibet weem thixqlixdy valpieselTheast atddoatyd nbyi Agin Fig.
determ ning portion 225-2 determ nes whet her the absolute value of the

di f f er ené@ -betlneerchhe fithel diatige dofoofntdioms ,#m+ Hesmigmate dibdelckval ue of
frame #n is greater than a 20 preset threshold Th. If it is determ ned that
t he absolcene 1 sidinge odf M Ipd Xdilis énedt @ ivstlvearre lvhqsierel asalivehidategh eat er
than the threshold Th, a stationary/noving determ nation indicating

"novi fig" biYs BsdpplEiidd t2F -t he area deternmining portion 226-1 and an area

determning portion 226-2. If it 25 is determ ned that the absol ute val ue
of the differ&ReMoti9on-capturing portion 222 retrieves an image

portion which matches in pattern the designated block in
each of the divided portions from the corresponding frame of
image so as to generate a motion vector of each designated

10 block. The motion-capturing portion 222 generates a.motion
vector corresponding to two frames based on the motion
vector generated for each designated block. For example,
the motion-capturing portion 222 calculates average of the
generated motion vectors of the designated blocks so as to

15 use the resulting motion vector as a motion vector
corresponding to two frames.

Generally, a background image object is larger than a
foreground image object in an input image, and the motion-
capturing portion 222 can output a motion vector

20 corresponding to the motion of the background image object.

The motion-capturing portion 222 may generate a motion
Vector corresponding to the motion of the background image
object by performing full-screen block matching between two
frame of images.

25 Alternatively, the motion-capturing portion 222 may



bet ween the pi xel 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 determning portion 225-2 supplies a stationary/noving
‘determination 5 indicating "stationary" to the area determ ning portion
226- 1 and the area determ ning portion 226-2. A stationary/ noving

determ ning portion 225-3 reads the pixel value of a target pixel of frane
#n in which the area to which the pixel belongs is determ ned, and reads
the 10 pixel value of the pixel of franme #n-1 l|ocated at the same position
as the target pixel of frame #n fromthe frame nenory 224, and cal cul ates
the absolute value of the difference between the pixel values. The

st at i onarsd titad thgtheletarig nounyd pndgeoRpseS fedwr thaesnyhet heigd end

absol ute 15 value of the difference between the pixel value of ?rane #n
and the piaielgengratefa fmenoivdcticr greatespdiaing s ested métig@sheord Th.
If it is determ ned that the absolute value of the difference between the
pi xel valths hackground imrge abiecthriesied dThtha otatdoned yimayé ng

determ nation 20 indicating "rnoving” is supplied to the area determ ning
portion EeCtand an area determ ning portion 226-3. If it 1is determ ned
t hat ghe absol ute ,val ue of the difference between the pixel value of the
pi xel 2of frang ¥n RGeS B 5 POr iigmue 2681t b ifibee | froe i #toreds

smal | er Lhaqj9r§?5 equal to the threshold Th, the stationary/noving

det er mi nify = g TP AT L05e 4! shih 3l e sthasem Ay / R iRt et er ni nat i on

vector corresponding to the background image object supplied

from the motion-capturing portion 222-1, and supplies the

resulting image of frame #n+2 to the frame memory 224 of the
10 area specifying processor 202.

The image shift portion 223-2 shifts frame #n+1 stored
in the frame memory 221 in parallel based on the motion
véctor corresponding to the background image object supplied
from the motion-capturing portion 222-2, and supplies the

15 resuiting image of frame #n+l to the frame memory 224 of the
area specifying processor 202.

The image shift portion 223-3 shifts frame #n-1 stored
in the frame memory 221 in parallel based on the motion
vector corresponding to the background image object supplied

20 from the motion-capturing portion 222-3, and supplies the
resulting image of frame #n-1 to the frame memory 224 of the
area specifying processor 202.

The image shift portion 223-4 shifts frame #n-2 stored

in the frame memory 221 in parallel based on the motion

25 vector corresponding to the background image object supplied



indicating "stationary" to the area determning portion 226- 2 and the area
determ ning portion 226-3. A stationary/noving determ ning portion 225-4
reads the 5 pixel value of the pixel of frane #n-1 | ocated at the sane
position as a target pixel of frame #n in which the area to which the

pi xel belongs is determ ned, and reads the pixel value of the pixel of
frame M2 located at the sane position as the target pixel of frame #n from
the frame 10 menory 224, and cal cul ates the absol ute val ue of the

di fference between the pixel vaIues.'T%%'Etationary/aning det er mi ni ng
portion 225-4 determ nes whether the absolute value of the difference

bet ween the pixel value of frame #n- 1 and the pixel value of frame M2 is
greater tfham alpr esetickbddptashiold gdrtidn i224-s4 defred réwish tdate e
absolute value of the difference between the pixel values is greater than
t he t hrestedull timg almetgd icohafnAmwme det ertnd neatamon mémstgatd N £ nvd ng” i's
supplied to the area determning portion 226-3. If it is determ ned that

t he absolanes \@peml A0ing prwcalidder2ite bet ween the pixel value of the

pi xel of frame #n-1 and the pixel value of the pixel of frame #n-2 is
smal | er than Gheeduaimet pemog vt Ri2ds isoipe 1Tles tthe istagtd efarfamevifng to

determ ning portion 225-4 supplies a stationary/noving determ nation

i ndi cat i rigie stanemanery @25 ahehs areetaet M NNP@IOIER26-202- 79

When the stationary/ noving determ nation supplied from the

st ati onar y/ noviiRg 1H@ESnisNPRG 186t thoo ke framen iedgiras 224 of the area

specifying processor 202 from the image shift portions 223-1
through 223-4, and the image supplied from the frame memory
221 match the background on the screen.

10 The frame memory 224 of the area specifying processor
202 stores the images supplied from the image shift portions
223-1 through 223-4 or the image supplied from the frame
memory 221 in units of frames.

A stationary/moving determining portion 225-1 reads the

15 pixel value of the pixel of frame #n+2 located at the same
position as a target 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
position of the target pixel of frame #n from the frame

20 memory 224, and calculates the absolute value of the
difference between the read pixel values. The
stationary/moving determining portion 225-1 determines
whether the absolute value of the difference between the
pixel value of frame #n+2 and the pixel value of frame #n+1l

25 1s greater than a preset threshold Th. If it is determined



"stationary" and when the stationary/noving determ nation supplied from
the stationary/noving determning portion 225 5 2 indicates "noving", the
area determ ning portion 226-i determ nes that the target pixel of frame
#n bel ongs to an uncovered background area, and sets "1", which indicates
that the target pixel belongs to an uncovered background area, in an
uncover ed- background-area determ ning flag 10 associated wth the target

pi xel . When the stationary/noving determ nation supplied from the
stationary/ noving determ ning portion %9571 i ndi cat es "nmovi ng" or when the
stationary/ noving determ nation supplied fromthe stationary/ noving
determ ning portion 225 15 2 indicates "stationary", the area specifying
unit 226-thatdettsr Miffeddiaie tihe drasgair pibel e fitarasHyidioms, not bel ong
to an uncovered background area, and sets "0", which indicates that the
target pistaltidoes yreto vhiglgnie texrmaima tirgo visrdeict dt@iokgg r'owndi ray'eal,s i N t he
uncover ed- background-area 20 determ ning flag associated wth the target

pi xel . TFwordried det erniarery greimoim 226-potuppl i3%6the If it is
uncover ed- background-area determning flag in which "1" or "0" is set as
di scussedletiroveinast £hbdt éih ribapfutey-wrlore mf therdl Hesmence e twsenhen
the stationary/ noving determ nation supplied from- 80 the

st at i @narirenddissyt d@t%é%emqﬁ d o Ri%oh o sLraneditd end "Gratk otk y" and
when the stationary/noving determ nation supplied fromthe

stati onar¥Avity e @iieh mf poraierffpds-is smaller than or equal to

the threshold Th, the stationary/moving determining portion
225-1 supplies a stationary/moving determination indicating
"stationary" to the area determining portion 226-1.

10 A stationary/moving determining portion 225-2 reads the
pixel value of a target 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
position as the target pixel of frame #n from the frame

15 memory 224, and calculates the-absolute value of the
difference between the pixel values. The stationary/moving
determining portion 225-2 determines whether the absolute
value of the difference between the pixel value of frame
#n+1l and the pixel value of frame #n is greater than a

20 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 226-1 and an area determining portion 226-2. If it

25 is determined that the absolute value of the difference



3 indicates "stationary", the area determ ning portion 226-2 5 determ nes
that the target 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 determning flag associated with the target pixel. Wen
the stationary/ noving determ nation supplied from 10 the stationary/ noving
determ ning portion 225-2 indicates "noving" or when the stationary/noving
determ nation supplied fromthe stati ?ary/nnving determ ning portion 225-
3 indicates "noving", the area determ hing portion 226-2 determ nes that
the target pixel of frame #n does not belong 15 to the stationary area, and
sets "0", which indicates that the pixel does not belong to the stationary
area, inddmeest atheomamelared et iy nd ¥d1ad Aszeaiatied Widdy the: t ar get
pi xel . The area determ ning portion 226-2 supplies the 20 stationary-area
det er m nipigell aglive Wi dheé Bixgl ' firamset#n ds dimsclissedahovwe to the
determ ning-flag-storing frame nenory 227. \Wen the stationary/ novi ng
det er m natduenl fuppihieedHoemho tchd'hst dtheorstrat imma myy rbet iergride tregrmpiaritrioon
225-2 indicates 25 "noving" and when the stationary/noving determnation -
81 suppladtfaroRain? sy ok o radha Tigp et Wit iy dedrarmim2ison 3
i ndi cates "noving", the area determ ning portion 226-2 determ nes that the
targeP pidteli Gt imaans watirniangs i e anaiidef e inthP ot ion 1226whi ch
i ndi cates that the target o )

1 and the area determining portion 226-2.

A stationary/moving determining portion 225-3 reads the
pixel value of a target pixel of frame #n in which the area
to which the pixel belongs is determined, and reads the

10 pixel value of the pixel of frame #n-1 located at the same
position as the target pixel of frame #n from the frame
memory 224, and calculates the absolute value of the
difference between the pixel values. The stationary/moving
determining portion 225-3 determines whether the absolute

15 value of the difference between the pixel value of frame #n
and the pixel value of frame #n-1 is greater than a preset
threshold Th. 1If it is determined that the absolute value
of the difference between the pixel values is greater than
the threshold Th, a stationary/moving determination

20 indicating "moving" is supplied to the area determining
portion 226-2 and an area determining portion 226-3. 1If it
is determined that the absolute value of the difference
between the pixel value of the pixel of frame #n and the
pixel value of the pixel of frame #n-1 is smaller than or

25 equal to the threshold Th, the stationary/moving determining



5 pi xel belongs to the noving area, in a noving-area determning flag
associated with the target pixel. Wen the stationary/noving determ nation
supplied from the stationary/ noving determ ning portion 225-2 indicates
"stationary" or when the stationary/noving determ nation 10 supplied from
the stationary/ noving determ ning portion 225- 3 indicates "stationary",
the area determ ning portion 226-2 determnes that the target pixel of
frame #n does not belong to the nnving area, and sets "0", which indicates
that the pixel does not belong to the %UVing area, in the noving-area 15
determning flag associated with the target pixel. The area determ ning
portion 226-2 supplies the noving- area determning flag in which "1" or
"0" is setorad ordiZxasss exhppdiowes t0 gttt idataryintwigrd | &o-Stmoiridtd d ane menory
227. 20 When the stationary/noving determ nation supplied from the

st at i onariyydima tighagl €tsdrati imirregr yJorttd drhe? 26t idediecatiasi ng o tighn awk-when
the stationary/noving determ nation supplied fromthe stationary/ noving
det er mi nizn@rp%rﬁhﬂ)ra%-ddtqmrdat%@d@lmﬂ aza4B'., the area deternning
portion 226-3 25 determ nes that the target pixel of frame #n belongs to a
- 82 cover edPhathk§ionad vdrexinandeseraining woirth oinnd@i2Satles elaat thehe
target pixel belongs to the covered background area, in a

cover 8d- BPAci&gr diidienreda. thretRdfi niady Foame d¥socilmeated tat thre samget

pi xel . 5 When the stationary/noving determ nation supplied from
position as a target 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-2 located at the same
position as the target pixel of frame #n from the frame

10 memory 224, and calculates the absolute value of the
difference between the pixel values. The stationary/moving
determining portion 225-4 determines whether the absolute
value of the difference between the pixel value of frame #n-
1 and the pixel value of frame #n-2 is greater than a preset

15 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 226-3. If it is determined that the absolute value

20 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
stationary/moving determining portion 225-4 supplies a
stationary/moving determination indicating "stationary" to

25 the area determining portion 226-3.



the stationary/ noving determ ning portion 225-3 indicates "stationary" or
when the stationary/ noving determ nation supplied fromthe

stationary/ noving determ ning portion 225- 4 indicates "noving", the area
determ ning portion 226-3 10 determ nes that the target pixel of frame #n .
does not belong to a covered background area, and sets "0", which
indicates that the target pixel does not belong to a covered background
area, in the covered-background-area d %ernining flag associated with the
target pixel. 15 The area deternining ﬁ rtion 226-3 supplies the

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

di scussed above to the determ ning-flag-storing frane nenory 227. The

det er ni ni ng- f Wagnstrbiel B¢ aftriab ryeMmarg nd?2 detrlus i nd® isrOreprined from
uncover ed- background-area determning flag supplied fromthe area
det er mi nitie pEoratilom A6 MgV irdte desteatn iomniary - eEi atet 22 58 Ni i fdage suppl i ed
fron1the'grea. determ ning portion 226-2, the noving-area determning flag
suppl i ed "fSterhidna e ardbtvaren iy Portiom ey iranddter®@mhation
cover ed- background-area determning flag supplied fromthe - 83 area
det er ni niSYPRIorad dFopate stat idnaarmng H g | def et ing feentsi arerags- 227
suppl Les Lhe,uncovenpd-bacK?round-area determning flag, the
st at i Bnary-DELHFAT MW IR T dhe IRe i iRuing riutteron @3- ¥ | ag, and
t he cove;gﬂ;baquround-area determning flag stored therein to a
synt hesi epplnes, Shat the target pixel of frame #n belongs to an
uncovered background area, and sets "1", which indicates
that the target pixel belongs to an uncovered background
area, in an uncovered-background-area determining flag
10 associated with the target pixel.
When the stationary/moving determination supplied from
the stationary/moving determining portion 225-1 indicates
"moving" or when the stationary/moving determination
supplied from the stationary/moving determining portion 225-
15 2 indicates "stationary", the area specifying unit 226-1
determines that the target pixel of frame #n does not belong
to an uncovered background area, and sets "0", which
indicates that the target pixel does not belong to an
uncovered background area, in the uncovered-background-area
20 determining flag associated with the target pixel.
The area determining portion 226-1 supplies the
uncovered-background-area determining flag in which "1" or
"0" is set as discussed above to a determining-flag-storing

frame memory 227.

25 When the stationary/moving determination supplied from



synt hesi zer 228 generates area information indicating to which of the
uncover ed background area, the stationary area, the noving area, or the
covered background area each pixel 10 bel ongs based on the
uncover ed- background-area determning flag, the stationary-area
determning flag, the noving-area determning flag, and the

cover ed- background-area determning flag supplied fromthe

determ ning-flag-storing frame nenory_ 227, and supplies the area
information to a 15 deternining-flagfsq ring frame nenory 229. The
determ ning-flag-storing frame nmenory 229 stores the area information
supplied fromthe synthesizer 228, and also outputs the area information

stored t héreeistatAnraxaiyiros iofy tdee qyntierss) e fedoraps- byiddieaten 20
specifying unit 103 is described belowwith reference to Figs. 23 through
27. \Wen "tste tdhyjneoty "c eimde syhmnd ittt athie rfanyegrooniny ice t ey i drhe
position of the imge corresponding to the object on the screen changes in
every frawplAsdfowm ithe25 thity.or@3;y Antver linmagke tteomriesipon diony: itam t285-0bj ect
| ocated at - 84 the position of a certain area in the inmage, as indicated
by Yn(xI3 yindijga tasards tatiamapdsi tihenedrest dateyndniy®) partfiream2 G4t |

whi ch_is subsequent to franme #n. A nodel obtained by expanding in the tine
di rec?i oflaifEminegs ¥daty Jhredagioatheipisdelaf dnagtredinsikrlangsitde the t he
novi ng direction of the imge corresponding to the foreground object is
shown inq—jeiadz_loz;ﬁry]:@rreé«arﬁﬂcb,sqtfs t'He » which indicates that the

pixel belongs to the stationary area, in a stationary-area
determining flag associated with the target pixel.
When the stationary/moving determination supplied from
10 the stationary/moving determining portion 225-2 indicates
"moving" or when the stationary/moving determination
supplied from the stationary/moving determining portion 225-
3 indicates "moving", the area determining portion 226-2
determines that the target pixel of frame #n does not belong
15 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 target
pixel.
The area determining portion 226-2 supplies the
20 stationary-area determining flag in which "1" or "0" is set
as discussed above to the determining-flag-storing frame
memory 227.
When the stationary/moving determination supplied from
the stationary/moving determining portion 225-2 indicates

25 M"moving" and when the stationary/moving determination



noving direction of the image corresponding to the foreground object is
hori zontal wth respect to the screen, 10 the nodel shown in Fig. 24 is a
nodel obtained by expanding in the tinme direction the pi xel values of the
pi xel s disposed on a line side-by-side. In Fig. 24, the line in frame #n
is equal to the line in frame #n+l. .15 The foreground conponents
corresponding to the object contained in the second pixel to the
thirteenth pixel from the left in frage #n are contained in the sixth

pi xel through the seventeenth pixel Fr8Mm the left in frame #n+l. In frame
#n, the pixels belonging to the covered 20 background area are the el eventh
through thirteenth pixels fromthe left, and the pixels belonging to the

uncover edsugielcken ofineh atlea @it 1 dvea SO tdr Qetgbrh DL & {F%ﬁi@hfZQBl t he
left. In frame *n+l, the pixels belonging to the covered background area

are the f3firditdtehr'bughiRs" setient @eed hdpteehsnfnemébheidef226and t he
pi xel s bel onging - 85 to the uncovered background area are the sixth
t hrough %agumipexetat riome tterdef tpital the Exampl n shelwngn € gthd4,
since the foreground conponents contained in frame #n are noved by four
pi xel s i MOGLAY AEednand tsptanbut Wiiehverdhtaes stiat Ttize nabget of
virtual diyvided portions is 4 in accordance with the anmount of novenent v.
A descri jiPEht IREIHRAGYi Vernthe BOBHMMGRreH plet Mevirg-area

determining flag associated with the target pixel.

When the stationary/moving determination supplied from
the stationary/moving determining portion 225-2 indicates
"stationary" or when the stationary/moving determination

10 supplied-from the stationary/moving determining portion 225-
3 indicates "stationary", the area determining portion 226-2
determines that the target pixel of frame #n does not belong
to the moving area, and sets "0", which indicates that the
pixel does not belong to the moving area, in the moving-area

15 determining flag associated with the target pixel.

The area determining portion 226-2 supplies the moving-
area determining flag in which "1" or "0" is set as
discussed above to the determining-flag-storing frame memory
227.

20 When the stationary/moving determination supplied from
the stationary/moving determining portion 225-3 indicates
"moving" and when the stationary/moving determination
supplied from the stationary/moving determining portion 225-

4 indicates "stationary", the area determining portion 226-3

25 determines that the target pixel of frame #n belongs to a



of the pixels belonging to the mxed area in the frames 10 before and after
a designated franme. In Fig. 25, the pixels belonging to a covered
background area in frame #n in which the background is stationary and the
amount of nmovement v in the foreground is 4 are the fifteenth through
seventeenth pixels fromthe left. 15 Since the anount of novenent v is 4,
the fifteenth through seventeenth franes fromthe left in the previous
frame #n-1 contain only background c &gonents and belong to the
background area. The fifteenth through®seventeenth pixels fromthe left in
frame 4n-2, which is one before franme #n-1, 20 contain only background
conponents and belong to the background area. Since the object

cor r espomreivieg eldo blalok glracigr Gt ,i andstsattsortary, wHiehpiixelicsaldse tofat he
fifteenth pixel fromthe left in frame #n-1 does not change fromthe pixel
val ue of t2% tthedeitl taemtlh bailoelgsf remthlee doafetr ddh Hacker 2 .arSay liar ly, -
86 the pixel value of the sixteenth pixel fromthe left in franme #n-1
does not acle@vee eldr-dmckige opindelanesl . e tefrmting nosifdtegp @ss quibedled marhit he | ef t
in frame #n-2, and the pixel value of the seventeenth pixel fromthe |eft
in frame e fargedosd xedt- change fromthe pixel value of the seventeenth
plxel fromthe left in franme #n-2. That is, the pixels in frame #n-1 and
frame® #n- 2 c?}h?esEbﬁdﬁﬁ@tﬂenﬁﬁéﬂﬂpyeng Beterying tient Ferpdiededromn

backgr oun % a i.n frame #n consist of only background
atlonary/mov1ng determining portion 225-3 indicates

"stationary" or when the stationary/moving determination
supplied from the stationary/moving determining portion 225-
4 indicates "moving", the areé determining portion 226-3

10 determines that the target pixel of frame #n does not belong
to a covered background area, and sets "0", which indicates
that the target pixel does not belong to a covered
background area, in the covered-background-area determining
flag associated with the target pixel.

15 The area determining portion 226-3 supplies the
covered-background-area determining flag in which "1" or "oO"
is set as discussed above to the determining-flag-storing
frame memory 227.

The determining-flag-storing frame memory 227 thus

20 stores the uncovered-background-area determining flag
supplied from the area determining portion 226-1, the
stationary-area determining flag supplied from the area
determining portion 226-2, the moving-area determining flag
supplied from the area determining portion 226-2, and the

25 covered-background-area determining flag supplied from the



10 conponents, and the pixel values thereof do not change. Accordingly,
the absol ute value of the difference between the pixel values is al nost O.
Thus, the stationary/noving determ nation nade for the pixels in frame
#n-1 and frame #n-2 corresponding to the pixels belonging to the m xed
area 15 in frame #n by the stationary/noving determ ning portion 225-4 is
"stationary". Since the pixels belonging to the covered background area in
frame #n contain foreground conponents,_the pixel values thereof are
different fromthose of frane #n-1 20 %%néisting of only background
conponents. Accordingly, the stationary/noving determ nation nade for the
pi xel s belonging to the m xed area in frame #n and the correspondi ng

pi xel s i mreaaanie el hyng e stiadn @wgy3 .oving determning portion 225-3 is
"nmoving". 25 When the stationary/noving determination result - 87

i ndi cating " mivenge tesmiapplg-éd agretotriegs tfatamen acyoryy 229 seelfoarimsni ng
portion 225-3, and when the stationary/noving determ nation result

i ndi cat i ridre' stredveradrbackenmpld-exred ramhdrme rsitrat | flreay,y/trovi ng det er mi ni ng
portion 225-4, as 5 discussed above, the area determ ning portion 226-3

det er ni né&$ atH@nane agwma agfeiinging &l ay bellongnawirey-cover ed  backgr ound
area. _In Fig. 26, in franme #n in which the background is stationary and
the anouteSFHideflan i mrhd oyt hackampund-taresi xel s cont ai ned

i n an uncpvered background area. are
d%termlnlng'%ﬁag stored therein to a synthesizer 228. The

synthesizer 228 generates area information indicating to
which of the uncovered background area, the stationary area,
the moving area, or the covered background area each pixel

10 belongs based on the uncovered-background-area determining
flag, the stationary-area determining flag, the moving-area
determining flag, and the covered-background-area
determining flag supplied from the determining-flag-storing
frame memory 227, and supplies the area information to a

15 determining-flag-storing frame memory 229.

The determining-flag-storing frame memory 229 stores
the area information supplied from the synthesizer 228, and
also outputs the area information stored therein.

An example of the processing performed by the area

20 specifying unit 103 is described below with reference to
Figs. 23 through 27.

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

25 Fig. 23, the image corresponding to'the object located at



the second through fourth pixels fromthe left. Since the anmount of
novenent v is 4, the second through fourth pixels fromthe left in the
subsequent frane #n+1 contain only background conponents and belong to the
background area. In 15 frame 4n+2, which is subsequent to frame 4n+l, the
second through fourth pixels fromthe left contain only background
conponents and belong to the background area. Since the object
corresponding to the background is stationary, the pixel value of the
second pixel fromthe 20 left in frane4#n+2 does not change from the pixel
val ue of the second pixel fromthe left in frane #n+l. Simlarly, the

pi xel value of the third pixel fromthe left in frame #n+2 does not change
from t he thiexedosiad iven of £ thecdiaih pineed id reme theadef tad niddadd- iy and

t he pi xel value of the 25 fourth pixel fromthe left in franme #n+2 does not
change - B8(xX,rydm tire iaced #rg Uies gfod el Sroad tat pincel (£2 op2 t hen | £fdméd n
frame #n+l. That is, the pixels in franme #n+l and frane #n+2 correspondi ng
to the pifiells béiioryiig supsdmuantcdverfbnd #rackground area in frame #n
consi st of only background conponents, and the pixel values thereof do not
change. Accofdmegiel, oidia iassoloyt expangs ngf irhechdi ftfiaree ntber dyativeerthet he

- pixel values is alnost 0. Thus, the stationary/noving determ nation nade
for tRe Rk valyemmt #ihe ritels anel aedrsiXedryeshdndimgthe the pixel s.

belonging to the m xed area in frame #n by the stationary/ noving
deternin%ﬁfﬁﬂﬁtq%ﬁ?Ctlon of the image corresponding to the

foreground object is shown in Fig. 24. For example, if the
moving direction of the image corresponding to the
- foreground object is horizontal with respect to the screen,

10 the model shown in Fig. 24 is a model obtained by expanding
in the time direction the pixel values of the pixels
disposed on a line side-by-side.

In Fig. 24, the line in frame #n is equal to the line
in frame #n+1.

15 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
through the seventeenth pixel from the left in frame #n+1.

In frame #n, the pixels belonging to the covered

20 Dbackground area are the eleventh through thirteenth pixels
from the left, and the pixels belonging to the uncovered
background area are the second through fourth pixels from
the left. 1In frame #n+l, the pixels belonging to the
covered background area are the fifteenth through

25 seventeenth pixels from the left, and the pixels belonging



225-1 is "stationary". Since the pixels belonging to the uncovered
background area in frame #n contain foreground conponents, the pixel 15
val'ues thereof are different fromthose of frame #n+l consisting of only
background conmponents. Accordingly, the stationary/noving determ nation
made for the pixels belonging to the mxed area in frane #n and the
corresponding pixels in frame #n+1l by the stationary/noving 20 determ ni ng
portion 225-2 is "noving". \Wen the stﬂ%ionary/nnving determ nation result
indicating "noving" is supplied fromt Stationary/ noving deternining
portion 225-2, and when the stationary/noving determnation result
indicating "stationary" is supplied 25 fromthe stationary/ noving

det er m nitreg o tirarovXedl bacskgrdifhd dssdsaed @hove xthelarasagidet er mi ni ng
portion 226-1 determ nes that the corresponding pi xels belong to an
uncover eck ilggdkymoived. sarfoom Rilge 12£t ) | ustrates determination conditions for
frame 5 ftn nmade by the area specifying unit 103. Wen the determ nation
result for thénpithel examplamshpmwn? inoddtged 24t, stineesdine ifltagerposidt i on as a
pixel in frame #n to be processed and for the pixel in frame #n-1 | ocated
at the SHORPPEHILS s ined pitxdirame fimmrermavedty i bnar ywixeles 1 when
the determ nation result for thgﬁgixel in frame #n and the pixel in frame

#n- 1 Pocdidant* e SEife aHEYE RsitaATens ¥ hes pf xel The mumber Af i s

novi ng, the area specjfying unit
9 J}rtua f%lde&/po tions is 4 in accordance with the amount

of movement v.

A description is now given of a change in pixel values

of the pixels belonging to the mixed area in the frames
10 before and after a designated frame.

In Fig. 25, the pixels belonging to a covered
background area in frame #n in which the background is
stationary and the amount of movement v in the foreground is
4 are the fifteenth through seventeenth pixels from the left.

15 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
background area. The fifteenth through seventeenth pixels
from the left in frame #n-2, which is one before frame #n-1,

20 contain only background components and belong to the
background area.

Since the object corresponding to the background is
stationary, the pixel value of the fifteenth pixel from the
left in frame #n-1 does not change from the pixel value of

25 the fifteenth pixel from the left in frame #n-2. Similarly,



103 determ nes that the pixel in frame #n belongs to a covered background
area. 15 When the determnation result for the pixel in frame #n and the
pixel in frame #n-1 |ocated at the same image position as the pixel in
frame Mis stationary, and when the determnation result for the pixel in
frame ftn and the pixel in frame #n+l |ocated at the same i mage position
as 20 the pixel in frame #n is stationary, the area specifying unit 103
determ nes that the pixel in franme #n belongs to the stationary area. \Wen
the determnation result for the pixélsﬁn‘frane #n and the pixel in franme
#n-1 located at the sane inmage 25 position as the pixel in frame #n is

novi ng, and when the - 90 determ nation result for the pixel in frame #n
and the pibeelpideal fuadne #f-ltHocabatkattl hel sdAmef oM Pasd £ om as t he

pixel in frame #n is noving, the area specifying unit 103 determ nes that
t he pi xelfdame el #odmelmigschangdhefmovithye Herleara Merof hchalet er mi nati on
result for the pixel in franme #n and the pixel in frane #n+l |ocated at

t he sane simdpentgogiitiedn fron Heheibesft iim fTmame #4235, rand nthe anikathen t he
determ nation result for the pixel in frame #n+l |ocated at 10 the sane

i mage posialiusm ofs thee savesitaenty aniedn famh tee I &elin nf f arearet ik 2

| ocated at the sane inage position as the pixel in frame #n is stationary,
the aPea dRscidgli frangd tfn0B e ainalesvalite ahetlp x@dventdemle #n bel ongs

to an , .
pixel from the left in frame #n-2.

That is, the pixels in frame #n-1 and frame #n-2
corresponding to the pixels belonging to the covered
background area in frame #n consist of only background

10 components, and the pixel values thereof do not change.
Accordingly, the absolute value of the difference between
the pixel values is almost 0. Thus, the stationary/moving
determination made for the pixels in frame #n-1 and frame
#n-2 corresponding to the pixels belonging to the mixed area

15 in frame #n by the stationary/moving determining portion
225-4 is "stationary".

Since the pixels belonging to the covered background
area in frame #n contain foreground components, the pixel
values thereof are different from those of frame #n-1

20 consisting of only background components. Accordingly, the
stationary/moving determination made for the pixels
belonging to the mixed area in frame #n and the
corresponding pixels in frame #n-1 by the stationary/moving
determining portion 225-3 is "moving".

25 When the stationary/moving determination result



uncover ed background area. 15 Figs. 28A through 28D illustrate exanpl es of
the area determnation results obtained by the area specifying unit 103.
In Fig. 28A, the pixels which are deternmined to belong to a covered
background area are indicated in white. In Fig. 28B, the pixels which are
determ ned to belong to an 20 uncovered background area are indicated in
white. In Fig. 28C, the pixels which are determned to belong to a noving
area are indicated in white. In Fig. 28D, the pixels which are determ ned
to belong to a stationary area are Tndiicated in white. 25 Fig. 29
illustrates the area information indicating the - 91 m xed area, in the
formof an imge, selected fromthe area infornmation output fromthe

det er m niimgtifdaagrsf oo dgmans swpIrie 2o tHd Gt A% oddey Miokelsy Whi ch
are determned to belong to the covered background area or the uncovered 5
backgr ounie tared ninge po dthierpi2ed -3 Whirch witeh defeergtiateibiay helwintgy to t he

m xed area, are indicated in white. The area information indicating the

m xed ar &k teumiumta tficomndw L tdtretimat imgr s tsitardmyg' firsanmippenioeg 229
designates the m xed area and the portions having a texture surrounded by
10 the pdmomhenisteduitonenwiariang metrerrfiorisy oot lare®25-The a8 ea
specifying processing perforned by the area specifying unit 103 is

descr PbedISEIUGF oM PV ertdifc et tdrtedtigvighamoxdfiast 263D and 31. In

step S201, the frane nenory 221 obtains an inmage of frane #n-2 through
frame #n;@termlnes that theé corresponding pixels belong to a covered

background area.
In Fig. 26, in frame #n in which the background is
stationary and the amount of movement v in the foreground is
10 4, the pixels contained in an uncovered background area are
the second through fourth pixels from the left. Since the
amount of movement v is 4, the second through fourth pixels
from the left in the subsequent frame #n+l1 contain only
background components and belong to the background area. In
15 frame #n+2, which is subsequent to frame #n+l, the second
through fourth pixels from the left contain only background
components and belong to the background area.
Since the object corresponding to the background is
stationary, the pixel value of the second pixel from the
20 left in frame #n+2 does not change from the pixel value of
the second pixel from the left in frame #n+l. Similarly,
the pixel value of the third pixel from the left in frame
#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

25 fourth pixel from the left in frame #n+2 does not change



15 including frame #n. The frame nenory 221 supplies frame #n to the frane
menory 224. In step S202, the notion-capturing portion 222-1 obtains a
notion vector of the background between frame #n+2 and frame #n based on
the i mage of frame #n+2 and the imge 20 of frane #n stored in the frane
menory 221. The notion- capturing portion 222-1 supplies the notion vector
to the image shift portion 223-1. In step S203, the imge shift portion
223-1 shifts the image of frame #n+2 stored in the frame nenory 221 in 25
paral |l el based on the nption vector éu%%lTed fromthe - 92

notion-capturing portion 222-1, and supplies the resulting 1image of frame
#n+2 to the franme nenory 224. In step S204, the notion-capturing portion
222-2 oltramsha mitkean waaicro OftHhe haakgraund betoveand rae: #rrl 5 and
frame #n based on the inmage of frame #n+l1 and the inmage of frame #n stored
in the frfammeardimeily. 221. The notion capturing portion 222-2 supplies the
notion vector to the image shift portion 223-2. In step S205, the inage
shift portionTR28- 2sshithesptilkels1@ni fagmeofinflasrd#itamst dned in the frane
menory 221 in parallel based on the notion vector supplied fromthe

not i on- cHRFESRPNTOM dre 2® pixmid heppingng He rdwilurigugrenarhge of frane
#n+l to the frame nmenory 224. In step S206, the notion-capturing portion
222- 3215 bestkginesing pgtqaon v datagre din taed adk rownd hdragkgrduredre #n- 1

components, and the pixel values thereof do not change.
Accordingly, the absolute value of the difference between
the pixel values is almost 0. Thus, the stationary/moving
determination made for the pixels in frame #n+l and frame

10 #n+2 corresponding to the pixels belonging to the mixed area
in frame #n by the stationary/moving determining portion
225-1 is "stationary".

Since the pixels belonging to the uncovered background

area in frame #n contain foreground components, the pixel
15 wvalues 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

corresponding pixels in frame #n+1 by the stationary/moving
20 determining portion 225-2 is "moving".

When the stationary/moving determination result
indicating "moving" is supplied from the stationary/moving
determining portion 225-2, and when the stationary/moving
determination result indicating "stationary" is supplied

25 from the stationary/moving determining portion 225-1, as



and frame #n based on the image of frame #n-1 and the image of frane #n
stored in the frane nenory 221. The notion- capturing portion 222-3
supplies the notion vector to the inage shift portion 223-3. 20 In step
S207, the image shift portion 223-3 shifts the inmage of franme #n-1 stored
in the frame menory 221 in parallel based on the notion vector supplied
fromthe notion-capturing portion 222-3, and supplies the resulting i nage
of frame #n-1 to the frame nenory 224. 25 In step S208, the

not i on-capturing portion 222-4 - 93 ~od?afns a notion vector of the
background between frame #n-2 and frane #n based on the inage of frane
#n-2 and the image of frame #n stored in the frame nenory 221. The notion
capt uri nglipartssen 225wk, s iaed R 08NN e Pt teh thes-15 | mage shift
portion 223-4. In step S209, the image shift portion 223-4 shifts the

i mage of detammitres? ttadr éthd reddre dgomtd menmie 122 bd Ionataldrel based on
the notion vector supplied fromthe notion-capturing portion 222-4, and
suppl i es Wit vieend taska®@untagees. frane #n-2 to the franme nenory 224. In
step S210, the stationary/noving determ ning portion 225-3 determ nes

whet her the d&iérnkiatildusteaties Hetermdnapiivel condfitdamms#fotr dmdmehe pi xel
in frame #n | ocated at the sanme position is stationary. If it is

det er fi ndd fagte dve the et mnealfineswit 19Xt atWherarghe t he process

proceeds to step S211 in which the stationary/ noving determ ning portion
determination result for the pixel in frame #n-2 located at

the same image position as a pixel in frame #n to be
processed and for the pixel in frame #n-1 located at the
same position as the pixel in frame #n is stationary, and

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

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

When the determination result for the pixel in frame #n
and the pixel in frame #n-1 located at the same image

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



225-2 determ nes whether the determnation result for the pixel in frane
*n and the pixel in franme #n+l |ocated at the sane position is stationary.
20 If it is determned in step S211 that the determnation result for the
pi xel in frame #n and the pixel in frame #n+l |ocated at the same position
is stationary, the process proceeds to step 5212. In step S204, the area
determ ning portion 226-2 sets "1", which indicates that the pixel to be
25 processed belongs to the stationary_area, in the stationary - 94 area
determining flag associated with the'p?QeT to be processed. The area
determ ning portion 226-2 supplies the stationary-area determning flag to
the determning-flag- storing frame nenory 227, and the process proceeds to
step 5 Skt&:rmim&ttidrs meterinifuad e giiepelS2T0 fiwmie tie et erid nation
result for the pixel in frame #n-1 and the pixel in frame #n |ocated at

t he sane ipodsinamm frst Inohdarfedrati fthd Sanaletrergs nessiti et egs 32 that the
determnation result for 10 the pixel in frame #n and the pixel in frame
#n+1 | ocdtieee latin tama i posindwing s thaianea t3reqi keing ot protessed
does not belong to a stationary area._ Accordingly, the processing of step
s212 is SatsFinemdhate fhoddise brige darme thn fekorsn o ithe mastiopy S213,

t he sh?tionary/nnving determ ning portion 225-3 determ nes whether the
det er M n&t5%r result for the pixel in frame #n-1 and the pixel in frame #n

located at th%hen the determination result for the pixel in frame #n
and the pixel in frame #n+l located at the same image
position as the pixel in frame #n is moving, and when the
determination result for the pixel in frame #n+l located at

10 the same image position as the pixel in frame #n and the
pixel in frame #n+2 located at the same image position as
the pixel in frame #n is stationary, the area specifying
unit 103 determines that the pixel in frame #n belongs to an
uncovered background area.

15 Figs. 28A through 28D illustrate examples of the area
determination results obtained by the area specifying unit
103. 1In Fig. 28A, the pixels which are determined to belong
to a covered background area are indicated in white. 1In Fig.
28B, the pixels which are determined to belong to an

20 uncovered background area are indicated in white.

In Fig. 28C, the pixels which are determined to belong
to a moving area are indicated in white. 1In Fig. 28D, the
pixels which are determined to belong to a stationary area
are indicated in white.

25 Fig. 29 illustrates the area information indicating the



sanme position is noving. If it is determned that the determ nation result
i's nmoving, the process proceeds to step 20 S214 in which the

stationary/ noving determ ning portion 225- 2 determ nes whether the
determnation result for the pixel in frame #n and the pixel in frame #n+
| ocated at the same position is noving. If it is determined in step S214
that the determnation 25 result for the pixel in frame #n and the pixe
in frame #n+l - 95 located at the sane_position is noving, the process
proceeds to step S215. In step S215, the area determ ning portion 226-2
sets "1", which indicates that the pixel to be processed belongs to a
noving area, in the noving-area 5 determning flag associated wth the

pi xel tomi&edr @eessedn thie farea odetaer Mimigey alQa 226t I rouppiheeartdhe
noving-area determning flag to the determ ning-flag-storing frame nenory
227, and inife rmaddess qut@ote domo tdiee ple$2tnining-f liagy-datcrringnedante St ep
S213 that the determination 10 result for the pixel in frame #n-1 and the
- pi xel i nmemamy 229.] odat édgat 2%he tdenpipwdist iwdnidls esteatdedreamyineat tid it is
determned in step S214 that the determnation result for the pixel in
frame #nbgddnohdopithel daveinednbatrkadrduschteataator tie smuwevsasidion i s
stationary, the pixel in frane #n does 15 not belong to a noving area.
Accor 8 nfagkameeinst eaessi rig of WrepiseEls vwhish pred defrmdmimecdhristess
proceeds tq step S216. |In step S216, the stationary/ noving determ ning
portion PEFORI]dCethieh &4 %Rk &2 t RE eindrifatad dm misiie. f dhe meea

information indicating the mixed area output from the

determining-flag-storing frame memory 229 designatés the

mixed area and the portions having a texture surrounded by
10 the portions without a texture in the foreground area.

The area specifying processing performed by the area
specifying unit 103 is described below with reference to the
flowchart of Figs. 30 and 31. In step S201, the frame
memory 221 obtains an image of frame #n-2 through frame #n+2

15 including frame #n. The frame memory 221 supplies frame #n
to the frame memory 224.

In step 5202, the motion-capturing portion 222-1
obtains a motion vector of the background between frame #n+2
and frame #n based on the image of frame #n+2 and the image

20 of frame #n stored in the frame memory 221. The motion-
capturing portion 222-1 supplies the motion vector to the
image shift portion 223-1. |

In step S203, the image shift portion 223-1 shifts the
image of frame #n+2 stored in the frame memory 221 in

25 parallel based on the motion vector supplied from the



pi xel in frame #n-2 and the pixel in frame #n-1 |located at 20 the sane
position is stationary. If it is determned that the determ nation result
is stationary, the process proceeds to step S217 in which the

stationary/ noving determining portion 225-3 determ nes whether the
determnation result for the pixel in frame #n-1 and the pixel in frame #n
25 located at the sane position is noving. - 96 |If it is determned in
step S217 that the determ nation resué% for the pixel in frame #n-1 and
the pixel in frame #n |ocated at the me position is noving, the process
proceeds to step S218. In step S218, the area determ ning portion 5 226-3
sets "1", which indicates that the pixel to be processed belongs to a
cover ed madkgmouwrspardag iporthieon Gaeried-hat kgipsindaraa dediniiqg fl ag
associated with the pixel to be processed. The area determ ning portion
226-3 suppldees ft Herammey dimed® Bac kyjreo uichieyr esemdatyeradsi ng flag to the 10
determ ning-flag-storing frane nenory 227, and the process proceeds to
step S219. |f Int sitepdéL&kni hbe Mmotdoapc8RiBrtingt polrd idat @22i-2ati on result
for the pixel in frame #n-2 and the pixel in frame #n-1 |ocated at the
sane posiMtEHNss AN dgreqtior toff hs hfetkandunet hetwaap B2k tiatl t he
pixel __in frame #n-1 and the pixel in frame #n |located at the same position
i s stati Gier Fratgdipibasied 1 e Mr et onsel ingl tand tdw dmeape

backgr oun ea. According|y, the processing of step S218 is skipped, and
t he gr oc@(}s e dds Sttgrse(gde)érsj:ﬁg pframe men?ory 221.p The motion—pp

capturing portion 222-2 supplies the motion vector to the
image shift portion 223-2.
In step S205, the image shift portion 223-2 shifts the

10 image of frame #n+l stored in the frame memory 221 in
parallel based on the motion vector supplied from the
motion-capturing portion 222-2, and supplies the resulting
image of frame #n+l to the frame memory 224.

In step S206, the motion-capturing portion 222-3

15 obtains a motion vector of the background between frame #n-1
and frame #n based on the image of frame #n-1 and the image
of frame #n stored in the frame memory 221. The motion-
capturing portion 222-3 supplies the motion vector to the
image shift portion 223-3.

20 In step 5207, the image shift portion 223-3 shifts the
image of frame #n-1 stored in the frame memory 221 in
parallel based on the motion vector supplied from the
motion-capturing portion 222-3, and supplies the resulting
image of frame #n-1 to the frame memory 224.

25 In step S208, the motion-capturing portion 222-4



20 In step S219, the stationary/noving determ ning portion 225-2

determ nes whether the determnation result for the pixel in frame #n and
the pixel in frame #n+l |ocated at the same position is nmoving. If it is
determned in step S219 that the determination result is noving, the
process 25 proceeds to step S220 in which the stationary/ noving - 97
determ ning portion 225-1 determ nes whether the determnation result for
the pixel in frame #n+l and the pixel_in frame #n+2 | ocated at the sane
position is stationary. 5 If it is det®rined in step S220 that the
determnation result for the pixel in frame #n+l1l and the pixel in frame
#n+2 | ocated at the sane position is stationary, the process proceeds to

step S22bbtlainst @pmS22bn the tared fdethey Bad kg ol tHetived2B-th ol $n-b',
whi ch indicates that the pixel to be 10 processed bel ongs to an uncovered

backgr ourthcarfemme fnt s adtheoy ethed-irekg lodu ftade drtet emy My iflae
associated with the pixel to be processed. The area determ ning portion
226-1 suppl ifesmeh dfnursdoverde d-rb adley rfonamet- fdeagp rdet2Ind niMg rfdt@gri-o t he
determ ning-flag-storing frame nmenory 227, and 15 the process proceeds to
step S22Zapturimng poddtiemi22ed4 ruprdy eS2 thet et itdre whettermriteattibhen  resul t
for the pixel in frame #n and the pixel in frame #n+l |ocated at the sane
posi t? on €& shidtapprtdon 233-4.s determined in step S220 that the

determ nation_result for 20 the pixel in frame #n+l and the pixel in frane
#n+2 i s In step 5209, the image shift portion 223-4 shifts the

image of frame #n-2 stored in the frame memory 221 in
parallel based on the motion vector supplied from the
motion-capturing portion 222-4, and supplies the resulting

10 image of frame #n-2 to the frame memory 224.

In step S5210, the stationary/moving determining portion
225-3 determines whether the deteimination result for the
pixel in frame #n-1 and the pixel in frame #n located at the
same position is stationary. If it is determined that the

15 determination result is stationary, the process proceeds to
step S211 in which the stationary/moving determining portion
225-2 determines whether the determination result for the
pixel in frame #n and the pixel in frame #n+l located at the
same position is stationary.

20 If it is determined in step S211 that the determination
result for the pixel in frame #n and the pixel in frame #n+l
located at the same position is stationary, the process
proceeds to step S212. 1In step S204, the area determining
portion 226-2 sets "1", which indicates that the pixel to be

25 processed belongs to the stationary area, in the stationary-



novi ng, the pixel in frame #n does not belong to an uncovered background
area. Accordingly, the processing of step S221 is skipped, and the process
proceeds to step S222. In step S222, the area specifying unit 103

determ nes 25 whether the areas of all the pixels in frame #n are - 98
specified. If it is determned that the areas of all the pixels in frame
#n are not yet specified, the process returns to step S210, and the area
speci fying processing is repeated for.the remaining pixels. 5 If it is
determned in step S222 that the areas®df~all the pixels in frame #n are
specified, the process proceeds to step S223. In step S223, the

synt hesi zer 228 generates area information indicating the m xed area based

on the wreayersterirdekgico Wity rLaddataidd Mt fdag @Rkt he evered 10
background-area determning flag stored in the determ ning- flag-storing

frame mepmoge2zgd.andha soregemprtaires rAlRA pd i i@t exe iswbmatd NaHeo whi ch
of the uncovered background area, the stationary area, the noving area, or
t he coversddtioackyreued atederadcing XEladedongss deth reeirsi rides Igeper at ed 15

area information in the determning-flag-storing frame nmenory 229. Then,
t he procédordndgs fragmedimemesse@2dbovend the armeaesyre dfodeargisinid stp i s
capabée 02 %engrating area information indicating to which of the noving
area,>théZdt3ationary area, the uncovered 20 background area, or the covered
background area each of the pixels contained in a franme bel ongs. Since the
ar ea If 1t is determined in step S210 that the determination
result for the pixel in frame #n-1 and the pixel in frame #n
located at the same position is moving, or if it is
determined in step S211 that the determination result for
10 the pixel in frame #n and the pixel in frame #n+1 located at
the same position is moving, the pixel to be processed does
not belong to a stationary area. Accordingly, the
processing of step S212 is skipped, and the process proceeds
to step S213.
15 In step S213, the stationary/moving determining portion
225-3 determines whether the determination result for the
pixel in frame #n-1 and the pixel in frame #n located at the
same position is moving. If it is determined that the
determination result is moving, the process proceeds to step
20 8214 in which the stationary/moving determining portion 225-
2 determines whether the determination result for the pixel
in frame #n and the pixel in frame #n+l located at the same
position is moving.
If it is determined in step S214 that the determination

25 result for the pixel in frame #n and the pixel in frame #n+1



speci fying unit 103 enables the position of the background image object to
mat ch before the area specifying processing, nore precise area information
can be generated. 25 The area specifying unit 103 may apply logical ORto -
99 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 m xed area, and then
may 5 generate area information consisting of flags indicating to which of
the nmoving area, the stationary area, ‘The m xed area the individual

pi xel s contained in the frane bel ong. Wen the object corresponding to the
foreground has a texture, the area specifying unit 103 is able to specify
the 10 modantgdaraga the &aree @icsd/tionTHe arad repedidey igi@deyd pdtdesisabl e to
output the area information indicating the noving area as the area

i nf or mat iton sitregh S21iSng tTne sftepe Gr2duind taree & resn dleditetymitrsl i eo rariem
information indicating the stationary area as the area 15 i nformation

i ndi cat i 3§ &-12e sledek dridunavharaka irdigatd® ithat dheck idiedgrtambid | ust rati ng
anot her configuration of the area specifying unit 103. An object

extract i BFoPeissezb bedondictt® & MAWRHDWBREE nHde tdls extvingoraresponding to a
foreground object froman input imge. 20 The object extracting unit 251
further S&terpipdnge flpg Fsead adtaservitharthiheigiodelt dwr axgsreciasy to the

foreground image object, which indicates the other pixels belong to a
The area determining area 226-2 supplies the moving-area

determining flag to the determining-flag-storing frame
memory 227, and the process proceeds to step S216.
If it is determined in step S213 that the determination
10 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 S214 that the determination result for
the pixel in frame #n and the pixel in frame #n+l located at
the same position is stationary, the pixel in frame #n does
15 not belong to a moving area. Accordingly, the processing of
step S215 is skipped, and the process proceeds to step S216.
In step S216, the stationary/moving determining portion
225-4 determines whether the determination result for the
pixel in frame #n-2 and the pixel in frame #n-1 located at
20 the same position is stationary. 1If it is determined that
the determination result is stationary, the process proceeds
to step S217 in which the stationary/moving determining
portion 225-3 determines whether the determination result
for the pixel in frame #n-1 and the pixel in frame #n

25 located at the same position is moving.



background area, so as to generate an area-specified object including the
foreground i mage object and the val ue which 25 indicates that the pixels
bel'ong to the background area, and - 100 supplies the area-specified
object to a notion detector 252 and a subtracting unit 254. The obj ect
extracting unit 251 detects, for exanple, an outline of the inmage object
corresponding to the foreground 5 inmage object contained in the input

i mge so as to extract an inage object corresponding to the foreground
object. Alternatively, for exanple,'tﬁ@'bbject extracting unit 251 nmay
extract an inmage object corresponding to the foreground object fromthe
di fference between the background inmage 10 stored in a built-in background

menory and thafi dqputis MRGerniAderimtstes] 52 forthexamiee ddtdernabjfdion
extracting unit 251 may detect a notion of the input image, and set a

val ue i nresfaltt ofar yeips xelsel win chranei et esaridiathé heipéXels bedmeginto a
background area, so as to generate an area-specified 15 object including

f or egr ounibdatzert abjttod samk thws Valare iindvingdi T gsréodes s tieo péadd s

bel ong to the background area. The inmge object contained in the

ar ea- specid istei2t. Wi cdténs Dt Hputtiie carehedobpeninbxg reetihonunit 251
cont ai ns i xel s belonging to the foreground area and pi xels belonging 20
to the m Irerts Anl 'exdnpl @ ofndl gl Um i Heel Bixekpewddeig in the tine
direction the pixel values of pixels aligned side-by-side in _ the noving
di r ect i orPIACUIS G el UM BCEO cOrFREPHRi PRCEPreund area, in the

covered-background-area determining flag associated with the
pixel to be processed. The area determining portion 226-3
supplies the covered-background-area determining flag to the

10 determining-flag-storing frame memory 227, and the process
proceeds to step S2189.

If it is determined in step S216 that the determination
result for the pixel in frame #n-2 and the pixel in frame
#n-1 located at the same position is moving, or if it is

15 determined in step S217 that the pixel in frame #n-1 and the
pixel in frame #n located at the same position is sfationary,
the pixel in frame #n does not belong to a covered
background area. Accordingly, the processing of step S218
is skipped, and the process proceeds to step S219.

20 In step S219, the stationary/moving determining portion
225-2 determines whether the determination result for the
pixel in frame #n and the pixel in frame #n+l located at the
same position is moving. If it is determined in step S219
that the determination result is moving, the process

25 proceeds to step $S220 in which the stationary/moving



foreground object is shown in Fig. 33. For exanple, if the 25 noving
direction of the inmage object corresponding to the - 101 foreground object
is horizontal with respect to the screen, the nodel shown in Fig. 33 is a
nodel obtai ned by expanding the pixel values of pixels disposed
side-by-side on a single line in the tine domain. 5 In Fig. 33, the line
in frame #n is the sane as the line in frame #n-1. In .frame #n, the

f oreground conponents corresponding to the foreground object contained in
the sixth through seventeenth pixels Pfomthe left are contained in the
second 10 through thirteenth pixels fromthe left in frame #n-1. |In frane
#n-1, the pixels belonging to the covered background area are the el eventh

through tddtdmentiihpipettsiod ramgiheid @fdniradl Wrhecd xedige bel onging to the
uncovered background area are the second through fourth pixels from 15

the | eft ddtredmiare #m ddwnlpi x@ds died qnigialy {0 flene oper Edandagkgr ound ar ea
are the fifteenth through seventeenth pixels fromthe |eft, and the pixels

bel ongi ngitxelt hien uhconeried2 Handareodirek artes semee tdwes St dd tdir ough ei ght h
pixels fromthe 20 left. In frame #n-1, the pixels belonging to the
backgrourstatdremrare the first pixel fromthe left, and the fourteenth
t hrough twenty-first pixels fromthe left. In frame #n, the pixels
belonging to tife ifadlegdeedmined in step S220 that the determination
result for the pixel in frame #n+l and the pixel in frame
#n+2 located at the same position is stationary, the process
proceeds to step S221. In step S221, the area determining
portion 226-1 sets "1", which indicates that the pixel to be
10 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
226-1 supplies the uncovered-background-flag determining
flag to the determining-flag-storing frame memory 227, and
15 the process proceeds to step S$222.

If it is determined in step S219 that the determination
result for the pixel in frame #n and the pixel in frame #n+1
located at the same position is stationary, or if it is
determined in step S220 that the determination result for

20 the pixel in frame #n+l and the pixel in frame #n+2 is
moving, the pixel in frame #n does not belong to an
uncovered background area. Accordingly, the processing of
step 5221 is skiﬁped, and the process proceeds to step S222.

In step S222, the area specifying unit 103 determines

25 whether the areas of all the pixels in frame #n are



25 area are the first through fifth pixels fromthe left, and - 102 the

ei ghteenth through twenty-first pixels fromthe left. An exanple of the
area-speci fi ed object extracted by the object extracting unit 251 accordi ng
to the exanple shown in Fig. 33 is shown in Fig. 34. 5 Wen a designated
pi xel of the input image is a noving pixel, that is, a pixel belonging to
the foreground area or a pixel belonging to the m xed area, which contains
a foreground conponent, the object extracting unit 251 sets the pixel

val ue of the designated pixel of the i®put i mage 10 in the corresponding

pi xel of the area-specified object wthout nodified. Wen a designated

pi xel of the input image is a stationary pixel, the object extracting unit

251 sets gpeckadiu®i N 16 Cord esPnadiitePielt afhd herad£asspeal fagd 15
object, which indicates that the pixel belongs to the background area. The

ar ea- speqiifeds ahj eftaravimee xelts wontaatintiad, feie g gk £onmponent or
pi xel s in which the value which indicates that the pixels belong to the
backgrouncktares it 2raquEdied dmd titee note ans maripiyniasd o r &&2s sindy tihe
subtracting wunit 254. The nption conpensator 252 conpensates for the
noti on ofendstet o frathiobirectpistpd i ed fromthe object extracting
unit 251 based on the notion vector and the 25 positional information
t her edf suppl i1&d iftr @ e emingd in step S222 that the areas of all

the pixels in frame #n are specified, the process proceeds

to step S223. 1In step 5223, the synthesizer 228 generates

area information indicating the mixed area based on the

uncovered-background-area determining flag and the covered-

10 Dbackground-area determining'flag stored in the determining-
flag-storing frame memory 227, and also generates area
information indicating to which of the uncovered background
area, the stationary area, the moving area, or the covered
background area each pixel belongs, and sets the generated

15 area information in the determining-flag-storing frame
memory 229. Then, the process ends.

As.discussed above, the area specifying unit 103 is
capable of generating area information indicating to which
of the moving area, the stationary area, the uncovered

20 background area, or the covered background area each of the
pixels contained in a frame belongs. Since the area
specifying unit 103 enables the position of the background
image object to match before the area specifying processing,

more precise area information can be generated.

25 The area specifying unit 103 may apply logical OR to



- 103 detector 102. Fig. 35 illustrates an exanple of the area- specified
obj ect of frame #n-I which is notion-conpensated for by the notion
conpensat or 252. The position of pixels belonging to the foreground area
of the notion-conpensated 5 area-specified object in franme #n-1
corresponds to the position of pixels belonging to the foreground area of
the area-specified object in frame #n. Simlarly, the position of pixels
bel onging to the m xed area of the notjon conpensated area-specified object
in frame #n-1 corresponds 10 to thé‘p%%ifion of pixels belonging to the

m xed area of the area-specified object in franme #n. The notion
conpensator 252 supplies the notion- conpensated area-specified objects to

the framehermres 25FormEte dif arer repyndi2h3 tsd artes drheswaxddn- conpensat ed
15 area-specified objects in units of frames. Wen the area- specified

obj ect cdradgspondichgren tdred fidre grmamdirofy et t iofn domrespbhdisneunpl i ed from
the object extracting unit 251 to the subtracting unit 254, the frane
menory 283esgupidres thee kgmiuroh - eats ae daremapen: fameh obj ect of frame
*n-1, 20 which is previous to frame #n, to the subtracting unit 254. The
subt r act ilmfamiatizey cannesmirsling dm thre piicedd amdaie afd ahpirxelatbel ongi ng
to the foreground area of the area-specified object of frame #n supplied
from Phe BHIEAte aaeamdmirrnat torpsonaimt fixe £ vilags ofndigritdalg dto t he 2S
correspondLn%Iposition and belonginqlto the foreground area - 104

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

area the individual pixels contained in the frame belong.

When the object corresponding to the foreground has a
texture, the area specifying unit 103 is able to specify the

10 moving area more precisely.

The area specifying unit 103 is able to output the area
information indicating the moving area as the area
information indicating the foreground area, and outputs the
area information indicating the stationary area as the area

15 information indicating the background area.

Fig. 32 is a block diagram illustrating another
configuration of the area specifying unit 103. An object
extracting unit 251 extracts a foreground image object
corresponding to a foreground object from an input image.

20 The object extracting unit 251 further sets a value in
pixels other than the pixels corresponding to the foreground
image object, which indicates the other pixels belong to a
background area, so as to generate an area-specified object

including the foreground image object and the value which

25 indicates that the pixels belong to the background area, and



of the area-specified object of frame #n-1 supplied fromthe frane nenory
253. Then, the subtracting unit 254 determnes the frane difference

bet ween the pi xels belonging to the foreground area. 5 The subtracting unit
254 subtracts, fromthe pixel value of a pixel belonging to the m xed area
of the area- specified object of franme #n supplied fromthe object
extracting unit 251, the pixel value of a pixel at the corresponding
position and belonging to the m xed area of 10 the area-specified object of
frame #n-1 supplied fromthe frame ety 253. Then, the subtracting unit
254 determnes the franme difference between the pixels belonging to the

m xed area. If a value which indicates that the pixel of the area- 15

speci fi eds b BLds ofhé r @r@a#8pbel o1gs ¢195ébe PacCkahoOteh al&BectSrset2 the.
subtracting unit 254 does not perform subtraction. The subtracting unit

254 sets ame 4rsutetcdadt emenaeit b2bsween the pixels belonging to the
foreground area or the 20 frane difference between the pixels belonging to
the mxed arekhd et e tospunidingipitked Slofde tec o e s ep epidniple objrect
and supplies to a threshol d-val ue processor 255 the area- specified object
i n whi ch ewelirenef dili¢ cinage oklerbncoheesporaisgbed oblge nfotregtbend
foreground area, the frame 25 difference between the pixels belonging to

t he mixediBagd, obijaos ceortainedudni Bae chiPng ihaget e psxed detvags to the

an image object corresponding to the foreground object.
Alternatively, for example, the object extracting unit 251
may extract an image object corresponding to the foreground
object from the difference between the background image

10 stored in a built-in background memory and the input image.

Alternatively, for example, the object extracting unit
251 may‘detect a motion of the input image, and set a value
in stationary pixels, which indicates that the pixels belong
to a background area, so as to generate an area-specified

15 object including foreground image object and the value which
indicates that the pixels belong to the background area.

The image object contained in the'area—specified object
which is output from the object extracting unit 251 contains
pixels belonging to the foreground area and pixels belonging

20 to the mixed area.

An example of a model obtained by expanding in the time
direction the pixel values of pixels aligned side-by-side in
the moving direction of an image object corresponding to a
foreground object is shown in Fig. 33. For example, if the

25 moving direction of the image object corresponding to the



background area is set. The threshol d-val ue processor 255 conpares the
input threshold Th with the franme difference between the pixels 5
belonging to the foreground area or the frame difference between the pixels
bel onging to the m xed area which is set in the pixel of the
area-specified object supplied fromthe subtracting unit 254. If it is
determ ned that the frane difference in the area-specified object is
greater than the 10 threshold Th, the threshol d-val ue processor 2S5 sets a
value in the corresponding pixel of'ﬁﬁﬁ-é?ea-specified obj ect, which

i ndi cates that the pixel belongs to the mxed area. If it is determ ned
that the frame difference in the area-specified object is smaller than or

equal to fidredipund eshid et Tis Hdwei idveshol ety at elgpdocas Ste 255rs@i s a
value in the corresponding pixel of the area-specified object, which

i ndi cat estiidhatoddie ghoet el Dhgs 31D i1dea fras@gr ovbvith ig®dby Tdepanding

t hr eshol d- val ue processor 255 outputs the area- 20 specified object, in
whi ch anytlenepiofel e Mad sieo f rpli xal s ndi shas ed hel g ey - bedongs 4 osibgle
background area, the value indicating that the pixel belongs to the m xed
area, andine ivathe tiee cdemainthat the pixel belongs to the foreground
area is set in each pixel, to an external unit or to a tine 25 change

det ecPor 256 d driéa iIForihed ildme ddl Jdiamge -fmde the sare iaoh theli cati ng

the m xed area, Fig. 36 illustrates an exanple of the processing nade
- line in frame #n-1.

In frame #n, the foreground components corresponding to
the foreground object contained in the sixth through
seventeenth pixels from the left are contained in the second

10 through thirteenth pixels from the left in frame #n-1.

In frame #n-1, the pixels belonging to the covered
background area are the eleventh through thirteenth pixels
from the left, and the pixels belonging to the uncovered
background area are the second through fourth pixels from

15 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

20 left.

In frame #n-1, the pixels belonging to the background
area are the first pixel from the left, and the fourteenth
through twenty-first pixels from the left.

In frame #n, the pixels belonging to the background

25 area are the first through fifth pixels from the left, and



by the threshol d-val ue processor 255. As shown in Fig. 36, after subjected
to notion conpensation, the position of a 5 pixel P04 in frame #n-1 which
bel'ongs to the foreground area and which is formed of foreground
components FO1/v, FO02/v, FO03/v, and FO4/v matches the position of a pixel
C04 in franme #n which belongs to the foreground area and which is forned
of foreground conponents FO01/v, FO02/v, FO03/v, and 10 FO04/v. After subjected
to notion conpensation, 'the position _of a pixel P05 in frame #n-1 which
bel ongs to the foreground area and Wi%h i's fornmed of f or egr ound
components FO02/v, FO03/v, FO04/v, and FO5/v matches the position of a pixel
CO05 15 in frane #n which belongs to the foreground area and which 1is
formed oftHeoreeigyoiseh tdonporants FoH tw— F0Rd v, p b0l &, fedel tHDS et Similarly,
after subjected to notion conpensation, the positions of pixels P06, P07,
P08, and P09 Bm fexampl#nof tA@ whieah spaladfy dd ddiedoreegraatddanga mat ch
the positions of pixels C06, CO7, C08, and CO09 in franme #n having the sane
val ue andhselahigaty extraet iy egrioub hrasgordispectd vidly . exBimbe t he frane
di fference between the pixels belonging to the foreground area is zero, the
t hr eshol dshaitueln J5i g oteskorsixs® dar fid nedd that the frame difference is -
107 smaller than or equal to the threshold Th, and sets a value in the

pi xel 8 C04, CHhHences deciprateg rixelcoE the diputhdimestees & e Msiwdls bel ong

to the forgground ar ea. _ ,
pixXel, that is, a pixel belonging to the foreground area or

a pixel belonging to the mixed area, which contains a
foreground component, the object extracting unit 251 sets
the pixel value of the designated pixel of the input image

10 in the corresponding pixel of the area-specified object
without modified.

When a designated pixel of the input image is a
stationary pixel, the object extracting unit 251 sets a
value in the corresponding pixel of the area-specified

15 object, which indicates that the pixel belongs to the
background area.

The area-specified object having pixels containing a
foreground component or pixels in which the value which
indicates that the pixels belong to the background area is

20 supplied to the motion compensator 252 and the subtracting
unit 254.

The motion compensator 252 compensates for the motion
of the area-specified object supplied from the object
extracting unit 251 based on the motion vector and the

25 positional information thereof supplied from the motion



Meanwhi | e, after subjected to notion conpensation, the 5 position of pixel
PO1 in frame #n-1 belonging to the m xed area corresponds to the position
of ‘a pixel CO1 in frane #n belonging to the foreground area. Since the

pi xel P01 contains the background conponent B02/v while the pixel COL
cont ai ns the background conponent BO06/v, the subtracting 10 unit 254
outputs the frane difference between the background conponent B02/v and

t he background conponent B0O6/v. The background conmponent B02/v is different
fromthe background conponent BO06/V, 1t he threshol d-val ue processor
255 determnes that the frane difference is 15 greater than the threshold
Th, and sets a value in the pixel C01, which indicates the pixel bel ongs

to the maethatr®n. 10Af t erigugBctErhidOr M d 0dh COPRBFBALS ONshd herposi tion of
pi xel P02 in franme #n-1 belonging to the m xed area corresponds to the

posi ti on sfedl fiieel ot rof rwmnd ntn20 el @oi Hgnd i divec s @gs Dt ar ea.
Since the pixel P02 contains the background conponent B03/v while the

pi xel COZawritwaitise trinet bat koprpats compaheht Bl wod hiei subd £ aeixelds uni t
254 outputs the franme difference between the background conponent BO03/v
and t he Relenoinrg torgunefnr 8prpuwnd 28r gheo Halthke roanibronpurensaBoB/ v i s
different fromthe - 108 background conponent BO7/v, and the

t hr esRol RERA TP P Hkrd st o5 Het Eranactnt hagoxresrergde o ffke ence is
greater than the threshold Th, and sets a value in the pixel 02, which
i ndi cat ePIHERXAT Febambs Rolanmeing kel Hreaforeground area of the

- area-specified object in frame #n. Similarly, the position
of pixels belonging to the mixed area of the motion-
compensated area-specified object in frame #n-1 corresponds

10  to the position of pixels belonging to the mixed area of the
area-specified object in frame #n.
The motion compensator 252 supplies the motion-
compensated area-specified objects to the frame memory 253.
The frame memory 253 stores the motion-compensated
15 area-specified objects in units of frames. When the area-
specified object corresponding to the foreground object of
frame #n is supplied from the object extracting unit 251 to
the subtracting unit 254, the frame memory 253 supplies the
motion-compensated area-specified object of frame #n-1,
20 which is previous to frame #n, to the subtracting unit 254.
The subtracting unit 254 subtracts, from the pixel
value of a pixel belonging to the foreground area of the
area-specified object of frame #n supplied from the object
extracting unit 251, the pixel value of a pixel at the

25 corresponding position and belonging to the foreground area



5 Simlarly, the subtracting unit 254 outputs the frame difference of the

pi xel
B04/ v
pi xel
B1l/v
pi xel
B12/ v.
pi xel
B13/ v
proces

C03
and
C10
and
Cl1
and
C12
and
sor

belonging to the m xed area between the background conponent
t he background conponent B08/v, the frame difference of the
bel onging to the m xed area between the background conponent 10
t he background conponent B15/v, the frane difference of the
bel onging to the m xed area between the background conponent
t he background conponent B16/v, and the franme difference of the
bel ongi ng to the nixed aread%etween the background conponent 15
t he background conponent Bl17/v. Thus, the threshol d-val ue
255 sets a value in the pixels C03, Cl10, Cl1, and Cl12, which

I ndi cat et hate tdea-pipet it hed Wi dox the fraed @ien. sBRSELONFLdie Hea
information including the information 20 indicating the m xed area

suppl i ed fraowe tiendy ex3®) d-Tredrue thy coassict2hly ke t25% gheaeei ket ect or
256 further specifies a covered background area and an uncovered

backgr ourtthearfoeane djief redrec arest wadror tied | pink e e | hiell srgg indnf©F netie on

i ndi cating the covered background area and the 25 uncovered background

- Ifredigqund@7atesaa bl ock diagramillustrating the configuration of
the tinme chan%s detector 256. When determning the area of a pixel in

ar ea.

frame>

On,

a f ri&ee swbsarting) wiidr @54 rabdyisa tinf dimeat itdre imicdaddi ng t he

information 5 indicating the m xed area wth respect to frame 4n-1 and
value of a pixel belonging to the mixed area of the area-

10

15

20

25

specified object of frame #n supplied from the object

extracting unit 251, the pixel value of a pixel at the

corresponding position and belonging to the mixed area of

the area-specified object of frame #n-1 supplied from the

frame memory 253. Then, the subtracting unit 254 determines

the frame difference between the pixels belonging to the

mixed area.

If a value which indicates that the pixel of the area-

specified object of frame #n belongs to the background area

is set, the subtracting unit 254 does not perform

subtraction.

The subtracting unit 254 sets the frame difference

between the pixels belonging to the foreground area or the

frame difference between the pixels belonging to the mixed

area in the corresponding pixel of the area-specified object,

and supplies to a threshold-value processor 255 the area-

specified object in which the frame difference between the

pixels belonging to the foreground area, the frame

difference between the pixels belonging to the mixed area,



franme On supplied fromthe threshol d-val ue processor 255. Based on the
area information including the information indicating the mxed area with
respect to frame #n-1 and frame On stored in the frane nenory 261, an area
determining 10 portion 262 determ nes whether each pixel in frame On

bel onging to the m xed area belongs to the covered background area or the
uncover ed background area. Then, the area determ ning portion 262
generates area information including information indicating the covered
background area 15 and the uncovered‘bﬁﬁ%g?ound area, and outputs the
generated area information. As shown in Figs. 38 and 39, when a pixel in
frame #n-1 corresponding to a pixel in frame On belonging to the m xed
area bel ogsatwvalle frodbgioimg el thdep Pk el bénohgameo Gh&0 bel onging to
the m xed area belongs to the uncovered background area. Wien a pixel in
frame #n-Haclyrespbraies i® sepixel in frame On belonging to the mnixed
area belongs to the background area, the pixel in frame On belonging to
the 25 m xed dihea hslemigsld-oralhe qoveresh dradkdy auompaaresa. the lilputd n Fi g.
38, synbol A designates the uncovered background area, and synbol B

desi gnat eshx¢ehd bat i owrith atlea. frame i f8Bency nbetweneshgnatxels he
covered background, and synbol D designates the background area. 5 As
shown 3 n FR{Pnamngthe bheal deesroind ngr paref okheebraget @t if meenchat a pi xe

in frame #n belonging to the m xed, , , _
between the pixels belonging to the mixed area which is set

in the pixel of the area-specified object supplied from the
subtracting unit 254. 1If it is determined that the frame
difference in the area-specified object is greater than the

10 threshold Th, the threshold-value processor 255 sets a value
in the corresponding pixel of the area-specified object,
which indicates that the pixel belongs to the mixed area.

If it is determined that the frame difference in the
area-specified object is smaller than or equal to the

15 threshold Th, the threshold-value processor 255 sets a value
in the corresponding pixel of the area-specified object,
which indicates that the pixel belongs to the foreground
area.

The threshold-value processor 255 outputs the area-

20 specified object, in which any one of the value indicating
that the pixel belongs to the background area, the value
indicating that the pixel belongs to the mixed area, and the
value indicating that the pixel belongs to the foreground
area 1s set in each pixel, to an external unit or to a time

25 change detector 256 as area information including



area belongs to the uncovered background area when the correspondi ng pi xel
in frame #n-1 belongs to the foreground area, and determ nes that a pi xel
in frame #n belonging to 10 the m xed area belongs to the covered
background area when the corresponding pixel in frame #n-1 belongs to the
background area. The area specifying processing perfornmed by the area
specifying unit 103 is described below wth reference to the 15 flowchart
of Fig. 41. In step S251, the object é&ﬂ{acting unit 251 of the area
specifying unit 103 extracts, based ont 0% re i nput inmage, a foreground inmage
obj ect corresponding to the foreground object by, for exanple, detecting
an outline of the foreground i nage object. The object extracting unit 20

251 furt hieff =t ifory al i ddk Pndi ed mitanGirgn t 0o t he background area, which
i ndi cates that the pixel belongs to the background area so as to generate

an area-speci fiiied 3@bjiddus tHat eabjaer te xaiplac o MG HaNigr otk ssurphies t he
gener ated area-specified object to the notion conpensator 25 252 and to the
subtract iby e ttiekholdddal e stepeS252,25he nd | diowao nfre nBiag 0r3@52
conpensates for the notion of the area-specified object supplied from the
obj ect exaftsn iswpisdte@sHo bastbncenremd oo vetherpoaiti eheo Hosi ti onal
information thereof_s%gglied fromthe 5 notion detector 102. The notion
conpeRs atixels P &4 pil i Beame HEn bt Wivkcl drpkeisds ee atlea- Epredtownd obfext to
the frame penory 253. The frapme_ nenory 253 stores the notion-
and which is formed of foregréound components F0l/v, F02/v,
F03/v, and F04/v matches the position of a pixel C04 in
frame #n which belongs to the foreground area and which is
formed of foreground components F0l1/v, F02/v, F03/v, and
10 F04/v.
After subjected to motion compensation, the position of
a pixel P05 in frame #n-1 which belongs to the foreground
area and which is formed of foreground components F02/v,
F03/v, F04/v, and F05/v matches the position of a pixel CO05
15 in frame #n which belongs to the foreground area and which
is formed of foreground components FO02/v, F03/v, F04/v, and
F05/v.
Similarly, after subjected to motion compensation, the
positions of pixels P06, P07, P08, and P09 in frame #n-1
20 which belong to the foreground area match the positions of
pixels C06, CO7, C08, and CO09 in frame #n having the same
value and belonging to the foreground area, respectively.
Since the frame difference between the pixels belonging

to the foreground area is zero, the threshold-value

25 processor 255 determines that the frame difference is



conpensat ed area-specified object, and supplies the stored area-specified
object to the subtracting unit 254. 10 In step S253, the subtracting unit
254 determnes the difference between the area-specified object of frane
#n supplied fromthe object extracting unit 251 and the notion-
conpensat ed area-specified object of frame #n-1 supplied fromthe frane
menory 253, and supplies the resulting 15 difference to the threshol d-val ue
processor 255. In step S254, the threshaql d-val ue processor 255 detects the
ni xed area based on the threshold TH f¥%mthe difference between the
area-specified object of frame #n and the notion-conpensated
area-specified object of frame #n-1, and 20 outputs the area information

i ncl udi ngsridiel é mftdraratd wrequadi tattiiyg tHeeshoed B eaaid St €Xd eFamle Unit or
supplies the area information to the tinme change detector 256. In step
S255, theirnt ithe ghiamgles dedect@i5 250 ¢let@rt s ¢coe, aover®@d, backet ound area or
t he uncovered background area 25 based on the area information including
the i nforimdicates Itltke pixk atbelprndietar tdeel Soragsoums dwegenerate area

i nformati on

i ncluding information indicating the covered background area

or the uncovelMe@nyddkgr owfd ear eabJHeE egerier atodd car eonipsfnaratdtdnon e out put ,
and then the process ends. S5 The processing for detecting a covered
backgPourRP &tk i f P irrRbvR? bdl bakkaro uti hreal ¢oEngn k@ dthke aaixed be

processed, which corresponds to step S255 in Fig, 41, is described in
detai | bet’Rf FAIF ST ENCER the RPFHolRIhpt @dfPixel COL in frame #n

belonging to the foreground area. Since the pixel POl

contains the background component B02/v while the pixel CO1

contains the background component B06/v, the subtracting

10 unit 254 outputs the frame difference between the background

component B02/v and the background component B06/v.

The background component B02/v is different from the

background component B06/v, and the threshold-value

processor 255 determines that the frame difference is

15 greater than the threshold Th, and sets a value in the pixel

C01, which indicates the pixel belongs to the mixed area.

After subjected to motion compensation, the position of

pixel P02 in frame #in-1 belonging to the mixed area

corresponds to the position of a pixel C02 in frame #n

20 belonging to the foreground area. Since the pixel P02

contains the background component B03/v while the pixel CO02

contains the background component B07/v, the subtracting

unit 254 outputs the frame difference between the background

component B03/v and the background component B0O7/v.

25

The background component B03/v is different from the



Fig. 42. 10 In step S261, the area determ ning portion 262 of the tine
change detector 256 determ nes whether or not a pixel in the previous
frame corresponding to a designated pixel belonging to the m xed area

bel ongs to the foreground area. |If it is determ ned that the correspondi ng
pi xel in the 15 previous franme belongs to the foreground area, the process
proceeds to step S262 in which it is determned that the designated pi xel
bel ongs to the uncovered background area, and the process ends. If it is
determned in step S261 that the cofTééE%ﬁding 20 pi xel in the previous
frame bel ongs to the background. area, the process proceeds to step S263 in
whi ch the area determ ning portion 262 determ nes that the designated pixe

bel ongs thaditer coue redndiacdegt O 8r &hd itk therdycrssrends.  As di scussed
above, based on a foreground i mage object 25 corresponding to the

f or egr ounr ol seir 1265 detereniood aidtnghe 1fldamee diisi fpedrace fiane, and a
foreground i mage object, which is subjected to notion conpensation, in the
previ ous dreaten dhartheHea arteredmilal iing drve shetss gnataldigi el thd el xeelea
specifying unit 103 is able to specify to which of the 5 foreground area,
t he back@rBundvhar@a, ingtiqaiee i bl kel thesl oresi ymatled misel dmdangs so as
to generate area information corresponding to the result. The area
speci Pyi ng unfimigarly f Fhehsubilaeting getdr Adde omieitter the forme
designatedﬁpixel belonqing to the ,
difference of the pixel CO03 belonging to the mixed area
between the background component B04/v and the background
component B08/v, the frame difference of the pixel C10
belonging to the mixed area between the background component
10 Bll/v and the background component B1l5/v, the frame
difference of the pixel Cll belonging to the mixed area
between the background component Bl2/v and the background
component Bl16/v, and the frame difference of the pixel C12
belonging to the mixed area between the background component
15 B13/v and the background component Bl7/v.
Thus, the threshold-value processor 255 sets a value in
the pixels C03, Cl10, Cll, and Cl2, which indicates that the
pixels belong to the mixed area.
Based on the area information including the information
20 indicating the mixed area supplied from the threshold-value
processor 255, the time change detector 256 further
specifies a covered background area and an uncovered
background area to generate area information including

information indicating the covered background area and the

25 uncovered background area.



10 m xed area belongs to the uncovered background area, or whether or not

t he desi gnated pi xel belongs to the covered background area based on the
area information of the previous frame to a frame containing the
designated pixel. Fig. 43 is a block diagramillustrating another 15
configuration of the area specifying unit 103. Simlar portions as those
shown in Fig. 32 are designated with the sane reference nunerals, and an
expl anation thereof is thus omtted. An identification unit 281 identifies
a covered 20 background area or an anéd\fered background area based on the
notion vector and the positional information thereof supplied fromthe
notion detector 102, and the area information including the information

indi cating theigi.xed drsea $lpRIK el dfgrem tiha ddvreshielgd-tral ue processor 255
so as 25 to generate area information including information - 114

i ndi cat i ngor fhisywmater@ad dfackes otimk arteengs ddeectnsovesed Weekgr ound area,
and outputs the generated area information. Fig. 44 illustrates the

det er m nidetqrmoiceissy nthe pardaoraed hyitde imdefwtarnfie ci, on firdne 28dmody Fi g.
44, 5 synbols A and B indicate an uncovered background area and a covered
backgr ourkblarspresspertaved yinform yiordinshndiohs the aimifdrmaitci aat e
designated pixels. In Fig. 44, synbol V indicates a notion vector. Wen a
desi gRat dnPicating Posinixedrrra tihieth eselfprct 100 efickmen #1rel dimadction in
whi ch a foreground ingge opéect
frame #n supplied from the threshold-value processor 255.
Based on the area information including the information
indicating the mixed area with respect to frame #n-1 and
frame #n stored in the frame memory 261, an area determining
10 portion 262 determines whether each pixel in frame #n
belonging to the mixed area belongs to the covered
background area or the uncovered background area. Then, the
area determining portion 262 generates area information
including information indicating the covered background area
15 and the uncovered background area, and outputs the generated
area information.
As shown in Figs. 38 and 39, when a pixel in frame #n-1
corresponding to a pixel in frame #n belonging to the mixed
area belongs to the foreground area, the pixel in frame #n
20 belonging to the mixed area belongs to the uncovered
background area.
When a pixel in frame #n-1 corresponding to a pixel in
frame #n belonging to the mixed area belongs to the

background area, the pixel in frame #n belonging to the

25 mixed area belongs to the covered background area.



corresponding to the foreground object is noving, the designated pixel

bel ongs to the covered background area. Wen a designated pixel is
positioned at the trailing end in the direction in which a foreground

i mge object 15 corresponding to the foreground object is noving, the

desi gnat ed pi xel belongs to the uncovered background area. Therefore, the
identification unit 281 determ nes, based on the position of a designated
pi xel belonging to the m xed area, that the designated pixel belongs to

t he uncovered 20 background area mhéh]éfbrkel the position of which is

poi nted by the notion vector belongs to the foreground area. Wen the
position of a designated pixel belonging to the mxed area is pointed by
the notion vedrorEid.hess,i depiddl catdedi giite 2&hdlaireidtidiasg t hat t he

desi gnat ed pi xel 25 belongs to the covered background area based on the
posi ti on badkdrowid aapeadetrdnsmedopi Rebebehaagiesg the tthe dqatoegidwitkAr ea.
The processing for detecting a covered background area or an uncovered
backgr ounkh alfea. | 78 a syeel o€ ede s bomet @5 otlkes seolyve nd chacsgpeufidy nedd by t he
identification unit 281, 5 is described belowwth reference to the

fl owchar tSWioE P dssigmaeeptisdiackdeouni@naréacation unit 281 deternines
whet her or not the designated pixel is positioned at the |eading end in

t he novi ng di AgctShewrofin Hd g ordyr dhvid astsicectetermnifing nortdetreraiitied t hat
the designated pixel is positioned at the |eading end in the noving
directiodd%ﬁe¥ %%r%ﬁﬁ?nﬁmplxel in frame #n belonging to the mixed

area belongs to the uncovered background area when the
corresponding pixel in frame #n-1 belongs to the foreground
area, and determines that a pixel in frame #n belonging to
10 the mixed area belongs to the covered background area when
the corresponding pixel in frame #n-1 belongs to the
background area.
The area specifying processing performed by the area
specifying unit 103 is described below with reference to the
15 flowchart of Fig. 41. 1In step S251, the object extracting
unit 251 of the area specifying unit 103 extracts, based on
the input image, a foreground image object corresponding to
the foreground object by, for example, detecting an outline
of the foreground image object. The object extracting unit
20 251 further sets a value in a pixel belonging to the
background area, which indicates that the pixel belongs to
the background area so as to generate an area-specified
object. The object extracting unit 251 supplies the
generated area-specified object to the motion compensator

25 252 and to the subtracting unit 254,



obj ect, the process proceeds to step S282 in which it is determ ned that

t he desi gnated pi xel belongs to the covered background area, and then the
process ends. 15 If it is determned in step S281 that the designated

pi xel is not positioned at the leading end in the noving direction of the
foreground object, this neans that the designated pixel is positioned at
the trailing end in the noving direction of the foreground object. The
process then 20 proceeds to step S283 in which the identification unit 281
determ nes that the designated pixer'ﬂéﬂoﬁgs to the uncovered background
area. Then the process ends. As discussed above, the area specifying unit
is able to determ ne, based on the notion vector, whether a designated 25

pi xel bel ongi Mg tsx dhesTBK e @b IO snddh $4160 1€ VT &bmpekldh t backgr ound
area or the uncovered background area. Fig. 46 is a block diagram

illustratfoy tihe nooidn guf atheonaoéatdeedi Kisd ol et s@bsul840frdR4. An
estimated-m xture-rati o processor 401 calculates an 5 estinmated m xture

rati o fortleactbpéakledyrzat tnd atn iy 251 noaedd obn atlcovies etohaekgtornd ar ea
based on the input inmage, and supplies the calculated estimated mxture
rati o to andntlxe wesikaidwateirformaingoporhéomo #08upphied from the
estimated-m xture-ratio processor 402 calculates an 10 estimated m xture
rati of orh@iakdn piseectyr chfeul athagnat iomdetmpenant omcdv2r sdephiksr ound
area based on the input inmage, and supplies the calcul ated estimated
m xt ure r&t¢ gnotion—-compensated area-specified object to the frame

memory 253. The frame memory 253 stores the motion-

compensated area-specified object, and supplies the stored

area-specified object to the subtracting unit 254.

10 In step S253, the subtracting unit 254 determines the
difference between the area-specified object of frame #n
supplied from the object extracting unit 251 and the motion-
compensated area-specified object of frame #n-1 supplied
from the frame memory 253, and supplies the resulting

15 difference to the threshold-value processor 255.

In step S254, the threshold-value processor 255 detects
the mixed area based on the threshold Th from the difference
between the area-specified object of frame #n and the
motion-compensated area-specified object of frame #n-1, and

20 outputs the area information including the information
indicating the mixed area to an external unit or supplies
the area information to the time change detector 256.

In step 5255, the time change detector 256 detects the

covered background area or the uncovered background area

25 based on the area information including the information



to the mxture-ratio determning portion 403. Since it can be assuned that
the object corresponding 15 to the foreground is noving w th constant
velocity within the shutter tinme, the mxture ratio a of the pixels

bel onging to a m xed area exhibits the following characteristics. That is,
the mxture ratio a linearly changes according to the positional change in
the pixels. 20 If the positional change in the pixels is one-dinensional, a
change in the mxture ratio a can be represented linearly. |If the
positional change in the pixels is two-id fensi onal , a change in the

m xture ratio a can be represented on a plane. Since the period of one
frame is short, it can be 25 assuned that the object corresponding to the

f or egr ounichdiscat indl ltthe miigtet botkya nexyiaxg té tdeorst @nd rael Defd dma dhen
gradient of the mxture ratio a is inversely proportional to the anount of
movenment inaddding thefeimdtson inddcof indetHoregrated . baclAfrexedpd e Hf t he
ideal mxture ratio (x is shown in Fig. 47. The gradient 1 of the ideal

m xture retitthednicpvdred aekbrrweed carede rBpe epamteqitdy dbhear eci procal of
the anmount of novenent v. As shown in Fig. 47, the ideal mxture ratio a
has the Ioferpaielet s iqutmiet bawidrichenl thepredesyadndsof 0 in the
foreground area, and the value of greater than O and snaller than 1 in the
m xed®area. | Fheh®rocassiadHowh datemtgnaig adve nsick dlacka neind) 6 asfa

or a uncovered background area in a mixed area to be
processed, which corresponds to step $S255 in Fig. 41, is
described in detail below with reference to the flowchart of
Fig. 42.

10 In step S261, the area determining portion 262 of the
time change detector 256 determines whether or not a pixel
in the previous frame corresponding to a designated pixel
belonging to the mixed area belongs to the foreground area.
If it is determined that the corresponding pixel in the

15 previous frame belongs to the foreground area, the process
proceeds to step S262 in which it is determined that the
designated pixel belongs to the uncovered background area,
and the process ends.

If it is determined in step S261 that the corresponding

20 pixel in the previous frame belongs to the background area,
the process proceeds to step S263 in which the area
determining portion 262 determines that the designated pixel
belongs to the covered background area, and the process ends.

As discussed above, based on a foreground image object

25 corresponding to the foreground object in a frame containing



the seventh pixel fromthe left in frame #n can be indicated 15 by
equation (4) by using the pixel value P06 of the seventh pixel fromthe
left in frame #n-1. C06 = BO6 v + BO6 v + FO1 v + FO2 v = P06 v + P06 v +
FO1 v + FO2 v (4) 2 2/ v - P06 + Fi / v In equation (4), the pixel value
C06 is indicated by a 20 pixel value Mof the pixel in the m xed area,
while the pixel value P06 is indicated by a pixel value B of the pixel in
t he background area. That is, the pixel value Mof the pixel in the m xed
area and the pixel value B of the pixéil® 7118 in the background area can
be represented by equations (5) and (6), respectively. M= C06 (5) B =
206 (6) 5 In equation (4), 2/v corresponds to the mxture ratio a. Since

the anound ddsigveredtfyans, dand he oréeFSuRdt iRage 0dbjdbe, Sayem h pi xel
fromthe left in frame #n is 0.5. As di scussed above, the pixel value Cin

the desi gnatettdd ame maticn conmpeles i as, the phaebradd ses i frihe vd xed
area, 10 while the pixel value P of frane #n-1 prior to frame #n is
consi der etheasfrdree pietaivming the tdes barkiged unikal gathe Ascea di ngl y,
equation (3) indicating the mxture ratio a can be represented by equation
(7): C;:Qpe¢mﬁy¥mg unit 103 is able to specify to which of the
5 foreground area, the background area, or the mixed area the
designated pixel belongs so as to generate area information
corresponding to the result.
The area specifying unit 103 is further able to
determine whether or not a designated pixel belonging to the
10 mixed area belongs to the uncovered background area, or
whether or not the designated pixel belongs to the covered
background area based on the area information of the
previous frame to a frame containing the designated pixel.
| Fig. 43 is a block diagram illustrating another
15 configuration of the area specifying unit 103. Similar
portions as those shown in Fig. 32 are designated with the
same reference numerals, and an explanation thereof is thus
omitted.
An identification unit 281 identifies a covered
20 Dbackground area or an uncovered background area based on the
motion vector and the positional information theréof
| supplied from the motion detector 102, and the area
information including the information indicating the mixed

area supplied from the threshold-value processor 255 so as

25 to generate area information including information



15 where f in equation (7) indicates the sumof the foreground conponents
Ei Fi/v contained in the designated pixel. The variables contained in
equation (7) are two factors, i.e., the mxture ratio a and the sumf of
the foreground conponents. 20 Simlarly, a nodel obtained by expanding in
the tinme direction the pixel values in which the anount of novenent is 4
and the nunber of virtual divided portions is 4 in an uncovered background
area is showmn in Fig. 49. As in the representation of the covered
background area, 25 in the uncoverédlﬂénground area, the pixel value C of
the - 119 designated frame #n is considered as the pixel value in the

m xed area, while the pixel value N of frane #n+l subsequent to franme #n

i's consi dietdid-atsi idhec ackgronul 19d @ogr AGCOT i Wl or @RIalA S vdRg i ndi cating
the m xture ratio a can 5 be represented by equation (8). N + (8) The

ermbodi merdadiagrdieen desc, i dredl, o @SSUE Nghd hpdnd et e Daskas olneb i €fdn | S
stationary. However, equations (4) through (8) can be applied to the case

in which the Flgbadkgridunc tofitest the ratarginndsigr@ddwsipigkel val ue of a
pi xel | ocated corresponding to the anount of novenent v of the background.
It is nowerkmmet Ywrthexaimetificdipn 48it 281t helranbimt 4, novenment v
of the object corresponding to the background is 2, and the nunber of
virtual YARRE 75 3yt B odicate am untevernsd, batkgredrd objertand a

correspondi ng . )
covered background area, respectively. 1In Fig. 44, symbols

a and b indicate designated pixels. In Fig. 44, symbol V
indicates a motion vector.
When a designated pixel is positioned at the leading

10 end in the direction in which a foreground image object
corresponding to the foreground object is moving, the
designated pixel belongs to the covered background area.
When a designated pixel is positioned at the trailing end in
the direction in which a foreground image object

15 corresponding to the foreground object is moving, the
designated pixel belongs to the uncovered background area.
Therefore, the identification unit 281 determines, based on
the position of a designated pixel belonging to the mixed
area, that the designated pixel belongs to the uncovered

20 background area when a pixel the position of which is
pointed by the motion vector belongs to the foreground area.
When the position of a designated pixel belonging to the
mixed area is pointed by the motion vector, the
identification unit 281 determines that the designated pixel

25 Dbelongs to the covered background area based on the position



to the background is noving to the right

in Fig. 48, the pixel value B of

the pixel in the background area in equation (6) is represented by a pi xel

val'ue P04. Since equations (7) and (8) each contain two vari abl es,

m Xt ure

| ocat ed

20 the

ratio a cannot be determ ned without nodifying the equations.
General ly, images have strong correlation in space, in which pixels
in close proximty with each other have substantially the sane

pi xel value. Since the foreground conponents are strongly correl ated

space,

a nodi fied equation so as to dérive the sumf of - 120 the

foreground conponents fromthe previous or subsequent franme is used

determne the mxture ratio a. The pixe

the left of ra fpmade tirmhosd pixdl Ge Béh@hiy beo exips essesy By, RIUALL PN

12 &

=? BO6+ Fi/v v i=11 (9) In the first termof the right side

25 in

to

val ue Mc of the seventh pixel from

5 (9)
of

équat ion (9), Tha/ proaesedpondort adte ting W e oviided dackig-ReednddLr m of

the right side of equation (9)

pi xel valar af unmowbstherkgfoane dred idl2y Midedidraa <8bdil v It

assuned

5

10

15

20

25

that equation (11) is obtained using the

is expressed by equation (10) 10 using the

is

processed, which is performed by the identification unit 281,

is described below with reference to the flowchart of Fig.
45,
In step S281, the identification unit 281 determines

whether or not the designated pixel is positioned at the

leading end in the moving direction of the foreground object.

If it is determined that the designated pixel is positioned
at the leading end in the moving direction of the foreground
object, the process proceeds to step $282 in which it is
determined that the designated pixel belongs to the covered
background area, and then the process ends.

If it is determined in step S281 that the designated
pixel is not positioned at the leading end in the moving
direction of the foreground object, this means that the
designated pixel is positioned at the trailing end in the
moving direction of the foreground object. The process then
proceeds to step S283 in which the identification unit 281
determines that the designated pixel belongs to the
uncovered background area. Then the process ends.

As discussed above, the area specifying unit is able to
determine, based on the motion vector, whether a designated

pixel belonging to the mixed area belongs to the covered



spatial correlation of the foreground conponents. _
F=F05=F06=F07=F08=F09=F10=F11 =F12 (11) 15 By using equation (11), equation
(10) can be represented by equation (12): 12 2 Fil v = F 1=11 v
Therefore, R can be expressed by equation (13): (3 = 2/4 (13) 20 _
Generally, if it is assunmed that the foreground conponents associated with
the m xed area are equal as given - 121 in equation (11), equation (14)
can hold true for all pixels in the m xed area because of the internal
ratio: a= 1 - a (14) If equation (14) Hdids true, then equation (7) can be
5 expanded as given by equation (15): C=a P+ f y+V-1 a P+(1l-a) Fi/v
(15) 1=Y a P+(1l-a)N Simlarly, if equation (14) holds true, then equation
(8) can heacrpensied @sedi yeNthY @UEGHEPEd (HHekgddulkd =a PO
Fig. 46 is a block diagram illustrating the
configuration of the mixture-ratio calculator 104.. An
estimated-mixture-ratio processor 401 calculates an
5 estimated mixture ratio for each pixel by calculating a
model of a covered background area based on the input image,
and supplies the calculated estimated mixture ratio to a
mixture-ratio determining portion 403.
An estimated-mixture-ratio processor 402 calculates an
10 estimated mixture ratio for each pixel by calculating a
model of an uncovered background area based on the input
image, and supplies the calculated estimated mixture ratio
to the mixture-ratio determining portion 403.
Since it can be assumed that the object corresponding
15 to the foreground is moving with constant wvelocity within
the shutter time, the mixture ratio o of the pixels
belonging to a mixed area exhibits the following
characteristics. That is, the mixture ratio « linearly
changes according to the positional change in the pixels.
20 If the positional change in the pixels is one-dimensional, a
change in the mixture ratio o can be represented linearly.
If the positional change in the pixels is two-dimensional, a
change in the mixture ratio a can be represented on a plane.

Since the period of one frame is short, it can be

25 assumed that the object corresponding to the foreground is a



y+V-1 aN+(1l-a) ZFi/v i=Y a N+(1l-a) P (16) In equations (15) and (16), C,
N, and P are known pi xel values, and the only variable contained in
equations (15) and (16) is the mxture ratio a. The relation between C, N,
15 and P in equations (15) and (16) is illustrated in Fig. 51. Synbol C

i ndi cates the pixel value of a designated pixel in franme On for which the
mxture ratio a is determned. Synbol N indicates the pixel value of a

pi xel in frame #n+l which corresponds to the designated pixel in the
spatial 20 direction. Symbol P indi catlés’ the pixel value of a pixel in
frame #n-1 which corresponds to the designated pixel in the - 122 spati al
direction. -Since one variable is contained in each of equations (15) and

(16), theipjixelbom} wesvinlg thietpi ol scdnt thelddyeg. frames can be used to
determne the m xture ratio a. The 5 correct mxture ratio a can be

det erm ned by Thel yiragliegtatdforthe( Miktane BH)id m cendidveaeliyn which the
f oreground conponents associated with the m xed area are equal, that is,
in a foraqgrapodiorege objEw aapint esdf wieremdre ¢ aregiiunchobjlect tés
stationary, the pixel values of 10 consecutive pixels which are positioned
at a boundare of the fomegeowhbiect the direction in which the foreground
object is
An example of the ideal mixture ratio a is shown in Fig.
47. The gradient 1 of the ideal mixture ratio o in the
mixed area can be represented by the reciprocal of the
amount of movement v.
As shown in Fig. 47, the ideal mixture ratio o has the
10 value of 1 in the background area, the value of 0 in the
foreground area, and the value of greater than 0 and smaller
than 1 in the mixed area.
In the example shown in Fig. 48, the pixel value C06 of
the seventh pixel from the left in frame #n can be indicated

15 Dby equation (4) by using the pixel value P06 of the seventh

pixel from the left in frame #n-1.

Co6

i

BO6 /v +B06/ v +F01l/ v +F02/ v
P06 /v +P06/ Vv +F0l/Vv +F02/ v (4)

2
2/v-P06+ Y Fi/ v

i=1

In equation (4), the pixel value C06 is indicated by a
20 pixel value M of the pixel in the mixed area, while the
pixel value P06 is indicated by a pixel value B of the pixel
in the background area. That is, the pixel value M of the

pixel in the mixed area and the pixel value B of the pixel



novi ng are constant, where the nunber of consecutive pixels is two tines

t he anmount of novenent v. As discussed above, the m xture ratio a of the

pi Xxel 15 belonging to the covered background area is determ ned by
equation (17) while the mxture ratio a of the pixel belonging to the
uncover ed background area is determned by equation (18): a = (C- NMP (P
- N (17) 20 a=(C- P/(N- P) (18) Fig. 52 is a block diagram
illustrating the configuration of the estinated-m xture-rati o processor

401. The frame menory 421 stores am ilfgut inage in units of franes, and
supplies a franme, which is one frane before the 25 frane i nput as the input
image, to a frame nenory 422 and a - 123 mxture-ratio cal cul ator 423. The

frame nenr ytHR Dsdlogesuridieat e Uian egerépreddiise@fby f & quEsiomad(supplies a
frame, which is one frane before the frane supplied fromthe frane nenory
421, to tdmwd m&turesedpeativelal cul ator 423. When franme #n+l is input to the
m xture-ratio calculator 423 as an input imge, the frame nenory 421
supplies fram #/ Q0 t he mi xture-ratio cal cul ator 423, and th®) frane
menory 422 supplies franme #n-1 to the m xture- 10 ratio cal cul ator 423. The
m xture-rati oBca Aféat or 423 cal cul ates equation (17) to det &6 ne the

estimated m xture ratio of a
5 In equation (4), 2/v corresponds to the mixture ratio o.

Since the amount of movement v is 4, the mixture ratio o of
the seventh pixel from the left in frame #n is 0.5.

As discussed above, the pixel value C in the designated
frame #n is considered as the pixel value in the mixed area,

10 while the pixel value P of frame #n-1 prior to frame #n is
considered as the pixel value in the background area.
Accordingly, equation (3) indicating the mixture ratio a can
be represented by equation (7):

C=a e P+f (7)

15 where f in equatién (7) indicates the sum of the foreground
components X;Fi/v contained in the designated pixel. The
variables contained in equation (7) are two factors, i.e.,
the mixture ratio o and the sum f of the foreground
components.

20 Similarly, a model obtained by expanding in the time
direction the pixel values in which the amount of movement.
is 4 and the number of virtual divided portions is 4 in an
uncovered background area is shown in Fig. 49.

As in the representation of the covered background area,

25 in the uncovered background area, the pixel value C of the



desi gnat ed pi xel based on the pixel value C of the .designated pixel in
frame #n, the pixel value N of the pixel 15 in frane #n+l which is at a
position spatially corresponding to the designated pixel, and the pixel
value P of the pixel in frame #n-1 which is at a position spatially
corresponding to the designated pixel, and outputs the resulting estinmated
m xture ratio. For exanple, when the background is 20 stationary, the

m xture-ratio cal cul ator 423 determnes the estimted mxture ratio of a
desi gnat ed pi xel based on the pixel” VaHuE C of the desi gnat ed pixel in
frame #n, the pixel value N of the pixel in frame #n+l which is |ocated at
the sane inter-frame position as the designated pixel, and the 25 pi xel

val ue P afedinmatiece| fiamd rianel #rechsdeded sad oged aslied) -vdRdde imhecigane
inter-franme position as the designated pixel, and outputs the resulting
esti mat eduimed wmea,atWiol1d ntHais xainnetlud he @5t raiedinm Xtuesd@lidot
processor 401 is able to calculate the estimted m xture ratio based 5 on
t he i nputtd ntgpme dfnd isuppinsisieted md heharibdakerowatd care®et er mi ni ng portion
403. The estimated-m xture-rati o processor 402 is simlar to the

est i mat edhggoadimg it i lystoicessol) 401desateing tthee niwture ratio o can
estimated-m xture-ratio processor 402 cal cul ates equation 10 (18) to

det er fi ndQ HEREAoRfH di et ke i Blof a  designated pixel while the
estimated-m xture-rati o processor 401 calcul ates equation (17) to
determi ne the%es&t Pt ¥4 nixture ratio of a designated pixel, (&nd an

expl anati on
P The embodiment has been described, assuming that the

background object is stationary. However, equations (4)
through (8) can be applied to the case in which the
10 background object is moving by using the pixel value of a
pixel located corresponding to the amount of movement v of
the background. It is now assumed, for example, in Fig. 48
that the amount of movement v of the object corresponding to
the background is 2, and the number of virtual divided
15 portions is 2. 1In this case, when the object corresponding
to the background is moving to the right in Fig. 48, the
pixel value B of the pixel in the background area in
equation (6) is represented by a pixel wvalue PO04.
Since equations (7) and (8) each contain two variables,
20 the mixture ratio a cannot be determined without modifying
the equations. Generally, images have strong correlation in
space, in which pixels located in close proximity with each
other have substantially the same piXel value.
Since the foreground components are strongly correlated

25 1in space, a modified equation so as to derive the sum f of



thereof is thus omtted. 15 Fig. 53 illustrates an exenplary estinmated
mxture ratio determned by the estimted-m xture-ratio processor 401.
The estinmated m xture ratio shown in Fig. 53 is shown per line in the case
in which the anount of novenent v of the foreground with respect to an
object which is nmoving 20 wth constant velocity is 11. As shown in Fig.

47, it is found that the estinated mxture ratio substantially linearly
changes in the mxed area. Turning back to Fig. 46, the mxture-ratio
deternmining 25 portion 403 sets the iX4WUre ratio a based on the area - 125
information supplied fromthe area specifying unit 103 and indicating to
whi ch of the foreground area, the background area, the covered background
area, or the fwceyesendbaskesnentsareemt BRepbxelibas vhi slibkBguehkt ure
ratio ais 5 to be calculated belongs. The m xture-ratio determ ning
porti on 4fBamet 5stheedi kb udeteanineathe Niwbenet heticonl espondi ng pi xel

bel ongs to the foreground area, and sets the mxture ratio a to 1 when the
correspondi ng Thealixdlelwngse tNe tdie thae keggwemtth gv Bee 1 Vieom t ttee chefespondi ng
10 pixel belongs to the covered background area, the m xture- ratio

det er m ni by poame ofn 4980owet snt FegesbPnuardbai gkpressedt by sgpptied fromthe
estimated-m xture-rati o processor 401 as the mxture ratio a. Wen the
corresponéPhy pi xel belongs to the uncovered background area, the

m xture-ratio

2 12
Mc = —=-B06+ > Fi/v (9)
v

i=11

In the first term of the right side of equation (9),
2/v corresponds to the mixture ratio a. The second term of
the right side of equation (9) is expressed by equation (10)

10 using the pixel value of the subsequent frame #n+1l:

12 10
,-21:1 Filv = B-ig;Fi/v (10)

It is assumed that equation (11) is obtained using the
spatial correlation of the foreground components.
F=F05=F06=F07=F08=F09=F10=F11=F12 (11)
15 By using equation (11), equation (10) can be

represented by equation (12):

12 2

2:1”/V==15-2F

i=11

4 (12)
=f 7 F
Therefore, P can be expressed by equation (13):
B =2/4 (13)
20 Generally, if it is assumed that the foreground

components associated with the mixed area are equal as given



15 determ ning portion 403 sets the estimated m xture ratio .supplied from
the estinmated-m xture-rati o processor 402 as the mxture ratio a. The
m Xture-ratio determ ning portion 403 outputs the mxture ratio a which
has been set based on the area information. 20 Fig. 54 is a block diagram
illustrating another configuration of the mxture-ratio cal culator 104. A
sel ector 441 supplies a pixel belonging to the covered background area and
t he correspondi ng pixel in the previous _ and subsequent franes to an
estimated-m xture-ratio 25 processof’i@@*ﬁased on the area information
supplied from- 126 the area specifying unit 103. The sel ector 441
supplies a pixel belonging to the uncovered background area and the
corresponih gy txedn | (L1he @hevt Dos aavl) Seds espEdt t FianesSr t£11 apixels
estimated-m xture-rati o processor 443 based on the area 5 infornmation
suppl i ed fr orhe helxedaaspeddgamse uni ttHO3int diwea bstatbd ed- mi xture-rati o
processor 442 cal cul ates equation (17) based on the pixel value input from
the selector M&llto determine the estimated mixture ratio of (1de
desi gnat ed pi xel belonging to the covered background area, 10 and supplies
t he resul ting Idsteavatddnm didir dalgld drue a thes egquatiom. (Mhecan be
estimated-m xture-rati o processor 443 cal cul ates equation (18). based on
t he pPxeleXRarAeqd putI¥FYeimbheedwatEe® of1a41 to deternine the esti mated
m xture ratio of the 15 designated pi xel belonging to the uncovered
background area,
C=a-P+f£
y+v-1
=o-P+@l-o): Y»Fi/v (15)
i=y

=0L-P+(l—0L)-N
Similarly, if equation (14) holds true, then equation

(8) can be expanded as given by equation (16):

10
C=a-N+f£f
Y+V=-1
=o-N+Q@Q-a)- ) Fi/v (16)
i=y

= -N+@1-a)-P
In equations (15) and (16), C, N, and P are known pixel
values, and the only variable contained in equations (15)
and (16) is the mixture ratio a. The relation between C, N,
15 and P in equations (15) and (16) is illustrated in Fig. 51.
Symbol C indicates the pixel value of a designated pixel in
frame #n for which the mixture ratio a is determined.
Symbol N indicates the pixel value of a pixel in frame #n+1
which corresponds to the designated pixel in the spatial
20 direction. Symbol P indicates the pixel value of a pixel in

frame #n-1 which corresponds to the designated pixel in the



and supplies the resulting estimated m xture ratio to the selector 444.
Based on the area information supplied fromthe area specifying unit 103,
the selector 444 selects the estimated 20 mixture ratio of 0 and sets it
as the mxture ratio (x when the designated pixel belongs to the foreground
area, and selects the estimated m xture ratio of 1 and sets it as the

m xture ratio a when the designated pixel belongs to the background area.
When t he desi gnated pixel belongs to the 25 covered background area, the
sel ector 444 selects the - 127 estimdt®®d Trixture ratio supplied fromthe
estimated-m xture- ratio processor 442 and sets it as the mxture ratio a.
When t he designated pixel belongs to the uncovered background area, the
sel ect or spbtisel ebiredtdtioresti mated 5 mixture ratio supplied fromthe
estimated-m xture-rati o processor 443 and sets it as the mxture ratio a.

The sel ect or s44éet beve @alriws o e Woxitwiegdating e dMicdh dfuasdionPy

sel ection based on the area information. As di scussed above, the

m xt ur e-r@t)o axad clil &t ,ortHéd 4 i)l coalfuepiretl tdse ghivel $ niiki the Sthise abl e to
calculate the mxture ratio a for each pixel contained in the image, and
out put s tieamed cdmatlesl used e dettéonime Thee cwl xtubed | want oo ocessTing for the
mxture ratio a perfornmed by the mxture-ratio cal culator 104 confi gured
as 18 siawreet Pigitue iratbicscussanl bl deteininedfley esekvimgt he fl owchart

of Fig. 55. In step S401, the m xture-ratio
equations (15) and (16) in conditions in which the

foreground components associated with the mixed area are
equal, that is, in a foreground image object captured when
the foreground object is stationary, the pixel values of
- 10 consecutive pixels which are positioned at a boundary of the
image object the direction in which the foreground object is
moving are constant, where the number of consecutive pixels
is two times the amount of movement v.
As discussed above, the mixture ratio alof the pixel
15 Dbelonging to the covered background area is determined by
equation (17) while the mixture ratio a of the pixel
belonging to the uncovered background area is determined by
equation (18):
oa = (C - N)/(P - N) (17)
20 o= (C~-P)/(N - P) (18)
Fig. 52 is a block diagram illustrating the
configuration of the estimated-mixture-ratio processor 401.
The frame memory 421 stores an input image in units of
frames, and supplies a frame, which is one frame before the

25 frame input as the input image, to a frame memory 422 and a



cal cul ator 104 obtains area information supplied fromthe area specifying
unit 103. In step $S402, the estimted- m xture-ratio processor 401 executes
the processing for 20 estimating the m xture ratio by using a nodel
corresponding to a covered background area, and supplies the estinmated

m xture ratio to the mxture-ratio determ ning portion 403. Details of the
processing for estimating the mxture ratio are discussed below with
reference to the flowhart of Fig. 25 56. - 128 1In step S403, the
estimated-m xture-rati o processor 402 1%k ecut es the processing for
estimating the mxture ratio by wusing a nodel corresponding to an
uncover ed background area, and supplies the estinmated m xture ratio to the

m xture Smizeture-deiteidn di gupotrdt o A#03. I n step S404, the mixture-ratio
cal cul ator 104 determ nes whether the m xture rati os have been estinated

for the whol e Threarferamef nieimdrsy deterstiored tdhad idpidriixdadyee i aldios kave not
yet been estimated for the whole frame, the 10 process returns to step
S402, andfrdrepr cvetsiunppliors asframei nghidie s xdne ef raé dod Hivrd hche
subsequent pixel is executed. If it is determned in step S404 that the
m xture RN sSURRAL ¢rdeir @t ihmt Behrormemer w2 b, franthe thixproesess 15
proceeds to step S405. In step S405, the m xture-ratio determ ning portion
403 sets iHelicatFelatas f43 based on the area information supplied from
t he area specifyin% uni t .
When Trame #n+l1 is input to the mixture-ratio
calculator 423 as an input image, the frame memory 421
supplies frame #n to the mixture-ratio calculator 423, and
the frame memory 422 supplies frame #n-1 to the mixture-
10 ratio calculator 423.
The mixture-ratio calculator 423 calculates equation
(17) to determine the estimated mixture ratio of a
designated pixel based on the pixel value C of the
designated pixel in frame #n, the pixel value N of the pixel
15 in frame f#in+l which is at a position spatially corresponding
to the designated pixel, and the pixel value P of the pixel
in frame #n-1 which is at a position spatially corresponding
to the designated pixel, and outputs the resulting estimated
mixture ratio. For example, when the background is
20 stationary, the mixture-ratio calculator 423 determines the
estimated mixture ratio of a designated pixel based on the
pixel value C of the designated pixel in frame #n, the pixel
value N of the pixel in frame #n+l which is located at the

same inter-frame position as the designated pixel, and the

25 pixel value P of the pixel in frame #n-1 which is located at



103 and indicating to which of the foreground area, the background area,

t he covered background area, or the 20 uncovered background area the pixel
for which the mxture ratio a is to be calcul ated bel ongs. The

m xture-ratio determ ning portion 403 sets the mxture ratio a to 0 when

t he correspondi ng pi xel belongs to the foreground area, and sets the

m xture ratio a to 1 when the correspondi ng pi xel 25 belongs to the
background area. Wen the correspondig% - 129 pixel belongs to the covered
background area, the mxture- ratiod érﬁining portion 403 sets the
estimated m xture ratio supplied fromthe estimated-m xture-ratio
processor 401 as the mxture ratio a. Wien the correspondi ng pi xel 5

bel ongs tuhe Bamendemesred daek Pouind o ess HHe ddsdiigiddtd ike ldetatdr ni ng
portion 403 sets the estimated m xture ratio supplied fromthe

esti mat echutiputs echreatdesydrioioes st 4t eab midteard xddtriwrati o a. Then the
process ends. As discussed above, the m xture-ratio calculator 104 is 10
abl e to cal cullat &htlse mainxieur, e that ies tamatkidemixtdireatresia preatsseorquantity
correspondi ng to each pixel, based on the area information supplied from
the area 4Pedid Abdg v tcalgdilatand-hehee § thiga t ¢ dragiek tUlRe yartoicedsagrgd f or
calculating the mxture ratio a 15 performed by the m xture-ratio

cal cuPat o 1 dewitgumeaders arshdPnlies ¢t 5@ it simijireawatia di scussed

with reference to the flowchart of Fig. 55, and an explanation thereof is
thus om td&grmining portion 403. |

The estimated-mixture-ratio processor 402 is similar to
the estimated-mixture-ratio processor 401 except that the
estimated-mixture-ratio processor 402 calculates equation

10 (18) to determine the estimated mixture ratio of a
designated pixel while the estimated-mixture-ratio processor
401 calculates equation (17) to determine the estimated
mixture ratio of a designated pixel, and an explanation
thereof is thus omitted.

15 Fig. 53 illustrates an exemplary estimated mixture
ratio determined by the estimated-mixture-ratio processor
401. The estimated mixture ratio shown in Fig. 53 is shown
per line in the case in which the amount of movement v of
the foreground with réspect to an object which is moving

20 with constant velocity is 11.

As shown in Fig. 47, it is found that the estimated
mixture ratio substantially linearly changes in the mixed
area.

Turning back to Fig. 46, the mixture-ratio determining

25 portion 403 sets the mixture ratio o based on the area



A description is now given, with reference to the 20 flowchart of Fig. 56,
of the mxture-ratio estimating processing by using a nodel of the covered
background area in step S402 of Fig. 55. In step S421, the m xture-ratio
cal cul ator 423 obtains the pixel value C of a designated pixel in frame #n
fromthe 25 frame nenory 421. - 130 |In step S422, the m xture-ratio

cal cul ator 423 obtains the pixel value P of a pixel in frame #n-1
corresponding to the designated pixel fromthe frame nenory 421. In step
S423, the nmixture-ratio calcul ator 423t%btains 5 the pixel value N of a

pi xel in frame #n+l1l corresponding to the designated pixel contained in the
input inmage. In step S424, the mxture-ratio calculator 423 calculates the
esti mat edi mfodme el st s Wopbsed Hroh henhdi xeba s’péd;lﬁf?.@@ thet dess garded pi xel
in frame #n, the pixel value 10 P of the pixel in frane #n-1, and the pixel
val ue N oindimatijxeto iwhiclanef #itd . fdnegtepn®4@bea | hehal Badkroahd O

cal cul ator 423 determ nes whether or not the estimted-m xture-ratio
cal cul at i mregr otles s¢orge rad conpket @dnd oarédhe ahotlee fuaocevetédls it is
determned that the estimated-m xture-ratio calculation processing is not
conpl et eded@grdnaharea f taeepixehefr oektshrehermixtorst ept 5424, iand t he
processing for <calculating the estimated m xture ratio of the next pixel
is reépeat@de calculated belongs. The mixture-ratio determining
portion 403 sets the mixture ratio o to 0 when the
corresponding pixel belongs to the foreground area, and sets
the mixture ratio a to 1 when the corresponding pixel
belongs to the background area. When the corresponding
10 pixel belongs to the covered background area, the mixture-
ratio determining portion 403 sets the estimated mixture
ratio supplied from the estimated-mixture-ratio processor
401 as the mixture ratio a. When the corresponding pixel
belongs to the uncovered background area, the mixture-ratio
15 determining portion 403 sets the estimated mixture ratio
-supplied from the estimated-mixture-ratio processor 402 as
the mixture ratio o. The mixture-ratio determining portion
403 outputs the mixture ratio o which has been set based on
the area information.
20 Fig. 54 is a block diagram illustrating another
configuration of the mixture-ratio calculator 104. A
selector 441 supplies a pixel belonging to the covered
background area and the corresponding pixel in the previous

and subsequent frames to an estimated-mixture-ratio

25 processor 442 based on the area information supplied from



20 If it is determned in step S425 that the estimated- m xture-ratio

cal cul ation processing is conpleted for the whole franme, the process ends.
As ‘di scussed above, the estimated-m xture-ratio processor 401 is able to
calculate the estimated m xture 25 ratio based on the input imge. - 131
The m xture-ratio estimating processing by using a nodel corresponding to
t he uncovered background area in step S403 of Fig. 55 is simlar to the
processing indicated by the flowhart of Fig. 56 by using the equations 5
corresponding to a nodel of the unCGVé@éd’background area, and an

expl anation thereof is thus omtted. The estimated-m xture-rati o processors
442 and 443 shown in Fig. 54 execute simlar processing to the processing

i |l ustrated iardahesgddovbhard wofitFilp3.56 The dkleadttdd afsl theEistddrad ed

m xture ratio, and an explanation thereof is thus omtted. The enbodi nent
has been pdesdr ideddhn gissuring:Hdainddiee r aabjentk xarures porst nighd acHdhe
background is stationary. However, the above-described processing for

cal cul at iquynaspoislimxtninee Ir ditn e qarehieowppnidd wysIgudnt hieramegeto
corresponding to the background area contains notion. For exanple, if the
i mage corAatesForidiatedmidia traciafricumraresson Admidaged yomoshiaggrade
estimated-m xture-rati o processor 401 shifts the overall image in

accor dancé MR IR mini e of o thihe mddraRra L e perftork 3 processi ng

in a manner , , .
The estimated-mixture-ratio processor 442 calculates

equation (17) based on the pixel value input from the
selector 441 to determine the estimated mixture ratio of the
designated pixel belonging to the covered background area,

10 and supplies the resulting estimated mixture ratio to a
selector 444.

The estimated-mixture-ratio processor 443 calculates
equation (18) based on the pixel value input from the
selector 441 to determine the estimated mixture ratio of the

15 designated pixel belonging to the uncovered background area,
and suppiies the resulting estimated mixture ratio to the
selector 444.
Based on the area information supplied from the area
specifying unit 103, the selector 444 selects the estimated
20 mixture ratio of 0 and sets it as the mixture ratio a when
the designated pixel belongs to the foreground area, and
selects the estimated mixture ratio of 1 and sets it as the
mixture ratio a when the designated pixel belongs to the
background area. When the designated pixel belongs to the

25 covered background area, the selector 444 selects the



simlar to the case in which the object corresponding to the background is
stationary. If the inmage corresponding to the background area contains

|l ocally different notions of background, the estimted-m xture-ratio
processor 401 25 selects the pixels corresponding to the notions of - 132
background as the pixels belonging to the m xed area, and executes the
above-descri bed processing. The m xture-ratio cal cul ator 104 nay execute
the mxture-ratio estimating processing on all the pixels only 5 by using
a nodel corresponding to the covered Bégkground area, and outputs the
calcul ated estimated m xture ratio as the mxture ratio a. In this case,
the mxture ratio a indicates the ratio of the background conponents for
the pi xedst iled oy indigk hurd hrea toiny egsb Thiaek of osin ck Hod s t @k - ek oedes t he
ratio of the foreground conmponents for the pixels belonging to the

uncover eddidick grmoub ssarreal 42 Gontesatingl it hees pitxelmsibelongratgid ax i he
uncover ed background area, the absolute value of the difference between
the cal dlieat ethandasirgnatad pixanddlorsygdetermaeathcarsirdade 15 cal cul at ed
absolute value is set as the mxture ratio a. Then, the signal processing
appar at udackasund ot eritaese tdntan X444 esekdtos atlimdisaimaiged he rati o of
the background conponents for the pixels belonging to the uncovered
backgPourti¥dreze A5 nfurRlied tHeomy beres tigta e grivbeitees - 104ieay execut e

the m xture-rati o estimting processing on all the pixels
processor 443 and sets it as the mixture ratio a. The

selector 444 then outputs the mixture ratio a which is set
by selection based on the area information.
As discussed above, the mixture-ratio calculator 104
10 configured as shown in Fig. 54 is able to calculate the
mixture ratio a for eaéh pixel contained in the image, and
outputs the calculated mixture ratio .
The calculation processing for the mixture ratio a
performed by the mixture-ratio calculator 104 configured as
15 shown in Fig. 46 is discussed below with reference to the
flowchart of Fig. 55. 1In step S401, thé mixture-ratio
calculator 104 obtains area information supplied from the
area specifying unit 103. 1In step S402, the estimated-
mixture-ratio processor 401 executes the processing for
20 estimating the mixture ratio by using a model corresponding
to a covered background area, and supplies the estimated
mixture ratio to the mixture-ratio determining portion 403.
Details of the processing for estimating the mixture ratio
are discussed below with reference to the flowchart of Fig.

25 56.



only by using a nodel corresponding to the uncovered background area, and
outputs the calculated estimated mxture ratio as the mxture ratio a. 25
The m xture-ratio cal culator 104 which cal culates the - 133 mixture ratio
(x by using the linearly changing m xture ratio cc is described bel ow As
descri bed above, since equations (7) and (8) each contain two vari ables,
the mxture ratio (x cannot be 5 determ ned w thout nodifying the
equations. The mixture ratio (x linearly changes in accordance with a
change in the position of the pixel$ Be&laise the obj ect corresponding to
the foreground is noving with constant velocity. By utilizing this
characteristic, an equation in 10 which the mxture ratio a and the sum f
of the foregraungteposdonenticake tapated-mEkedirerratie ppalceslsodi BaQt i on
can hold true. By utilizing a plurality of sets of the pixel values of
t he pi xelexdmmitmyithge tporddes minedar esst@mh tihey fhixalinlnesafid ey pi xel s
bel onging to the background area, 15 the equations in which the mxture
rati o (x tenidia lee mgalf asfrrasporidimeyrioureh corporered eakapprokiamtad are
solved. \Wen a change in the mxture ratio a is approxinmated as a straight
line, thé&nd auntdiredt itdeoeddmadedpidyseal ttieduatiion (EHureo a = il +p
(19) _In equation (19), i indicates the spatial index when the position of
t he desi i&d gsbeminsingetpqd-ipn ¥ Qfesi gnat es
In step 5404, the mixture-ratio calculator 104
determines whether the mixture ratios have been estimated
for the whole frame. If it is determined that the mixture
ratios have not yet been estimated for the whole frame, the
10 process returns to step S402, and the processing for
estimating the mixture ratio for the subsequent pixel is
executed.
If it is determined in step S404 that the mixture
ratios have been estimated for the whole frame, the process
15 ©proceeds to step S405. 1In step S405, the mixture-ratio
determining portion 403 sets the mixture ratio o based on
the area information supplied from the area specifying unit
103 and indicating to which of the foreground area, the
background area, the covered background area, or the
20 uncovered background area the pixel for which the mixture
ratio o is to be calculated belongs. The mixture-ratio
determining portion 403 sets the mixture ratio a to 0 when
the corresponding pixel belongs to the foreground area, and
sets the mixture ratio o to 1 when the corresponding pixel

25 Dbelongs to the background area. When the corresponding



the gradient of the straight line of the mxture ratio (x, and p
designates the intercept of the-straight line ‘of the 25 m xture ratio (x

and also indicates the mxture ratio a of - 134 the designated pixel. In
equation (19), the index i is known, and the gradient 1 and the intercept
p are unknown. The relationship anong the index i, the gradient 1, and the

intercept p is shown in Fig. 57. In Fig. 57, the while 5 dot indicates the
desi gnated pixel, and the black dots indicate the pixels |located in close
proximty with the designated pixerfjéyadbprQX|nat|ng the mxture ratio a
as equation (19), a plurality of different mxture ratios a for a
plurality of 10 pixels can be expressed by two variables. In the exanple

shown in Hxel 3% ldies fivethe xtaversdtbhaskdOsulid Ver £i xetiSe i LrexeL essed by
the two variables, i.e., the gradient 1 and the intercept p. Wen the

m xture reatio adétempipriong matediom 402 pdianethd Seshomaicéd i gtuSS, equation
(19) is expanded into the plane by considering the novement v

cor r esporkh i tsipmhvel edvof titm etthé omst; ima ed-nivet lwoe+ zont @l pbcessdon and the
vertical direction of the image, and the mixture ratio a can be expressed
by equatithl (20)the mPregratine whi tkhenttRO codiespesdibe piséynat ed

pi xel . a = jmtkg+p (20) In equation (20), j is the index in the horizontal
di recPi oPe A% § R UnrRYETed thRCKEr QR akka ecthomikenre teatio

determining portion 403 sets the estimated mixture ratio
supplied from the estimated-mixture-ratio processor 402 as
the mixture ratio a. Then the process ends.
As discussed above, the mixture-ratio calculator 104 is
10 able to calculate the mixture ratio a, which indicates a
feature quantity corresponding to each pixel, based on the
area information supplied from the area specifying unit 103,
and the input image.
The processing for calculating the mixture ratio a
15 performed by the mixture-ratio calculator 104 configured as
shown in Fig. 54 is similar to that discussed with reference
to the flowchart of Fig. 55, and an explanation thereof is
thus omitted.
A description is now given, with reference to the
20 flowchart of Fig. 56, of the mixture-ratio estimating
processing by using a model of the covered background area
in step S402 of Fig. 55.
In step S421, the mixture-ratio calculator 423 obtains

the pixel value C of a designated pixel in frame #n from the

25 frame memory 421.



position of the designated pixel is 0. In equation (20), m 25 desi gnhates
the horizontal gradient of the mxture ratio ain - 135 the plane, and g

i ndicates the vertical gradient of the mxture ratio a in the plane. In
equation (20), p indicates the intercept of the mxture ratio a in the

pl ane. For exanple, in frame #n shown in Fig. 48, equations 5 (21) through
(23) can hold true for Q05 through C07, respectively. CO5 = a05B05/v+f 05
(21) Q06 = a06B06/v+f06 (22) CO7 = aQ7BOr7/v+f07 (23) 10 Assuming that the
f oreground conponents positioned in~ S€ proximty with each other are
equal to each other, i.e., that FOl through FO3 are equal, equation (24)
hol ds true by replacing FOL through FO3 by Fc. f(x) = (1-a(x))Fc (24) 15
I n equation (24) sbtep 3di2ogt ahd e Osid-renrt iion dhegpaidrald2 digmctimen. Waen
a(x) is replaced by equation (20), equation (24) can be expressed by
equat i on IiX5)pikel xakFud 1P ¢f narkgixg) fic 2fhme | #i~ ey rokspdndified to ((1-p)

Fc) = js+kt+u (25) |In equation (25), (-nFc), (-gFc), and (1-p)Fc are
repl aced,thss degirasstet hyl eguafronst{@6jrame querof 28321 . respecti vel y.
In step S423, the mixture-ratio calculator 423 obtains
5 the pixel value N of a pixel in frame #n+l corresponding to
the designated pixel contained in the input image.

In step S424, the mixture-ratio calculator 423
calculates the estimated mixture ratio based on the pixel
value C of the designated pixel in frame #n, the pixel value

10 P of the pixel in frame #n-1, and the pixel value N of the
pixel in frame #n+1.

In step S425, the mixture-ratio calculator 423
determines whether or not the estimated-mixture-ratio
calculation processing is completed for the whole frame. If

15 it is determined that the estimated-mixture-ratio
calculation processing is not completed for the whole frame,
the process returns to step S421, and the processing for
calculating the estimated mixture ratio of the next pixel is
repeated.

20 If it is determined in step 5425 that the estimated-
mixture-ratio calculation processing is completed for the
whole frame, the process ends.

As discussed above, the estimated-mixture-ratio
processor 401 is able to calculate the estimated mixture

25 ratio based on the input image.



25 s = -nfFc (26) - 136 t = -gFc (27) u = (1-p)Fc (28) In equation (25), |
is the index in the horizontal direction and k is the index in the
vertical direction when 5 the position of the designated pixel is 0. As

di scussed above, since it can be assuned that the object corresponding to
the foreground is nmoving with constant velocity wthin the shutter period,
and that the foreground conponents positioned in close proximty wth 10
each other are uniform the sum of the foreground conponents can be
approxi mat ed by equation (25). Wien T He lnixture ratio a is approxi mat ed by
a straight |ine, the sumof the foreground conponents can be expressed by
equation (29) 15 f(x) = is+u (29) By replacing the mxture ratio a and the

sum of the f @hegtdunthreomaientestifadual iprodeds by Usi Agsieqpat i ons  (20)
and (25), the pixel value Mcan be expressed by equation (30) 20 M=

(j mrkq+p)mdsig 1l scdat riespondBmik Brpr Brhig suikdote {&d)badlogesued | @red 30 , s tegknown
vari ables are six factors, such as the horizontal gradient mof the
m xture reddd & iFigt hed pl aineimi ler vies tilval pyress eivg glrodicdeedixyure ratio
ain 25 the plane, and the intercepts of the mxture ratio a in the
the flowchart of Fig. 56 by using the equations
5 corresponding to a model of the uncovered background area,
and an explanation thereof is thus omitted.

The estimated-mixture-ratio processors 442 and 443
shown in Fig. 54 execute similar processing to the
processing illustrated in the flowchart of Fig. 56 to

10 calculate the estimated mixture ratio, and an explanation
thereof is thus omitted.

The embodiment has been described, assuming that the
object corresponding to the background is stationary.
However, the above-described processing for calculating the

15 mixture ratio a can be applied even if the image
corresponding to the background area contains motion. For
example, if the image corresponding to the background area
is uniformly moving, the estimated-mixture-ratio processor
401 shifts the overall image in accordance with the motion

20 of the background, and performs processing in a manner
similar to the case in which the object corresponding to the
background is stationary. If the image corresponding to the
background area contains locally different motions of

background, the estimated-mixture-ratio processor 401

25 selects the pixels corresponding to the motions of



- 137 5 plane, p, Mre proximty the pixel s, t, and u. specifically,
according to the pixels in close wth the designated pixel, the pixel
val'ue Mor B is set in the nornmal equation given in Then, a plurality of
normal equations in value Mor the pixel value Bis set are val ue equation
(30). which the pixel solved by the method of |east squares, thereby
calculating the mxture ratio a. For exanple, the horizontal index j of
the designated 10 pixel is set to O, d the vertical index k is set to O.
Then, the pixel value Mor the pixel” € Bis set in the normal equation
given in equation (30) for 3x3 pixels located close to the designated
pi xel , thereby obtaining equations (31) through (39). 15 M1,-1 = (-1)
B- 1, - 1m+ HadRgxdeuind las-BeHe -dixels Debonding toucld ni3dad Mda,l and 0) Bo,
-1m+ (-1) Bo, _1qg+Bo, -1p+ (0) s+ (-1) t+u
executes the above-described processing.
The mixture-ratio calculator 104 may execute the
mixture-ratio estimating processing on all the pixels only
5 Dby using a model corresponding to the covered background
area, and outputs the calculated estimated mixture ratio as
the mixture ratio a. In this Case, the mixture ratio a
indicates the ratio of the background components for the
pixels belonging to the covered background area, and
10 indicates the ratio of the foreground components for the
pixels belonging to the uncovered background area.
Concerning the pixels belonging to the uncovered background
area, the absolute value of the difference between the
calculated mixture ratio o and 1 is determined, and the
15 calculated absolute value is set as the mixture ratio «.
Then, the signal processing apparatus is able to determine
the mixture ratio a indicating the ratio of the background
components for the pixels belonging to the uncovered
background area.
20 Similarly, the mixture-ratio processor 104 may execute
the mixture-ratio estimating processing on all the pixels
only by using a model corresponding to the uncovered
background area, and outputs the calculated estimated

mixture ratio as the mixture ratio a.

25 The mixture-ratio calculator 104 which calculates the



(32) Mtl,-1 = (+1) B+1,-1mt (-1) B+i,-1q%B+1,-1p+ (+1) s+ (-1) t+u (33)

MIl, o=

(0) Bo,

(-1) B-i, om (0) B-1, og+B_1, op+ (-1) s+ (0) t+u (34) M,

om+t (0) Bo, oqg+Bo, op+ (0) s+ (0) t+u (35 25 M¥l, 0 = (+1)

omt (0) B+llog+B+1, op+ (+1) s+ (0) t+u - 138 (36) M1,+1 = (-1)

B-1, +1m+ (+1) B-1, +1g+B-1, +1p+ (0) s+ (+1) t+u (37) M, +1 = (0) Bo, +
(+l) Bo, +1g+Bo, +l p+ (-1) s+ (+1) t+u 5 (38) M+l +1 = (+1) B+l, +1mt+
B+1, +1q+B+1, +1p+ (+1) s+ (+1) t+u (39), Since the horizontal index j
designated pixel is 0, and the vertidad index k of the desi gnat ed pi

0, 10 the mxture ratio a of the designated pixel _ _ _
is Oand k is 0 in equation (20), i.e., the mxture ratio a

when |

equal to nihecind eraeipt o By @i i e (2heaAOE i@ NG RBRSEL O 24 18
equations, i.e., equations (31) through (39), the horizontal gradien
the verticcals désgridshidritelpwand the intercepts p, s, t, and u are
cal cul ated by the nethod of |east squares, and the intercept pis ou
as the nmi xtur@&srgeisgrabed above, since equations (7) and (8) each

5

10

15

20

25

contain two variables, the mixture ratio o cannot be
determined without modifying the equations.

The mixture ratio a linearly changes in accordance with
a change in the position of the pixels because the object
corresponding to the foreground is moving with constant
velocity. By utilizing this characteristic, an equation in
which the mixture ratio o and the sum f of the foreground
components are approximated in the spatial direction can
hold true. By utilizing a plurality of sets of the pixel
values of the pixels belonging to the mixed area and the
pixel values of the pixels belonging to the background area,
the equations in which the mixture ratio a and the sum f of
the foreground components are approximated are solved.

When a change in the mixture ratio o is approximated as
a straight line, the mixture ratio a can be expressed by
equation (19).

o = il+p (19)
In equation (19), i indicates the spatial index when the
position of the designated pixel is set to 0, 1 designates
the gradient of the straight line of the mixture ratio «,
and p designates the intercept of the straight line of the

mixture ratio o and also indicates the mixture ratio o of

0O =
B+1,

Imt
(+1)
of the
xel is

is equal to the value

S

t m

t put



A specific process for calculating the mxture ratio a by applying the

met hod of

are expressed by a single index x, the relationship anong the index i,

i ndex Kk,

(j+1) 3+(k+l) (40) It is now assuned that the horizontal gradient m the

| east squares is as follows. 20 Wien the index i and the index k

and the index x can be expressed by equation (40). x =

25 vertical gradient g, and the intercepts p, s, t, and u are - 139 .
expressed by variables wo, wi, w2, w3, w4, and wb, respectively, and jB,

kB, B, j,

respectively. In consideration of the error ex, equations (31) through

(39) can
be found

foll ows,

10

15

20

25

kand 1 are expressed by aol34al”, a2, a3, a4, and a5,

t he

be nodified 5 into equation (41) 5 Mk = 1. ay w + ex (41) Y=OlIn
equat i on ikl )desi grintany pinee0f the diagens from GHo hddguation (42) can
fromequation (41). 5 ex = Mk - Zaywy y=0 (42) 10 Since the method
of | east leguwar,esard tappldmatidite 1 smdrehes umtemfedthe efroruriknglafi ned as

as expressed by equation (43). e
The relationship among the index i, the gradient 1, and

the intercept p is shown in Fig. 57. 1In Fig. 57, the while
dot indicates the designated pixel, and the black dots
indicate the pixels located in close proximity with the
designated pixel.

By approximating the mixture ratio a as equation (19),
a plurality of different mixture ratios a for a plurality of
pixels can be expressed by two variables. In the example
shown in Fig. 57, the five mixture ratios for five pixels
are expressed by the two variables, i.e., the gradient 1 and
the intercept p.

When the mixture ratio o is approximated in the plane
shown in Fig. 58, equation (19) is expanded into the plane
by considering the movement v corresponding to the two
directions, i.e., the horizontal direction and the vertical
direction of the image, and the mixture ratio o can be
expressed by equation (20). In Fig. 58, the white dot
indicates the designated pixel.

o = jm+kg+p (20)

In equation (20), j is the index in the horizontal direction
and k is the index in the vertical direction when the
position of the designated pixel is 0. 1In equation (20), m

designates the horizontal gradient of the mixture ratio a in



E=ex 2 (43) x=0 In order to mnimze the error, the partial 15
ial value of the variable W with respect to the square sumE of

di fferent
the error

should be 0. v is any one of the integers fromO to 5. Thus,

Wy

is determined so that equation (44) is satisfied. aw 2 1 ex x=0 ow (44)

8 = 2 Zex av = 0 x=0 20 By substituting equation (42)

into equation (44),

140 equation (45) is obtained. 8 5 8 E(av Eay w) =Y av M x=0 y=0
For exanpl e, the sweep-out nethod (Gauss-Jordan elimnation)

x=0 (45)

applied to six equations obtained by'§5§h55tituting one of the integers

fromO to 5 into v in equation (45), thereby obtaining w. As stated
above, wOis the horizontal gradient m wW is the vertical gradient q, w2
is the intles qeling), avddi¢ thdihtéss tthantk mbidsl Ugr A1 ¢hiS cais sk above,

appl yi ng

val ue M amickttyree ratio a in the plane. In equation (20), p indicates

5

10

15

20

25

is

by

the nethod of |east 10 squares to the equations in which the pixel

the intercept of the mixture ratio o in the plane.
For example, in frame #n shown in Fig. 48, equations

(21) through (23) can hold true for CO5 through C07,

respectively.
C05 = a05eB05/v+f05 (21)
C06 = a06eB06/v+F06 (22)
C07 = o07eB07/v+£07 (23)

Assuming that the foreground components positioned in
close proximity with each other are equal to each other,
i.e., that FOl through F03 are equal, equation (24) holds
true by replacing F01 through FO03 by Fc.

f(x) = (1l-a(x))eFc (24)
In equation (24), x indicates the position in the spatial
direction.

When a(x) is replaced by equation (20), equation (24)
can be expressed by equation (25).

f(x) = (1-(jm+kg+p))eFc

|

Je (-meFc) +ke (~geFc) + ( (1-p) eFc)

js+kt+u (25)

In equation (25), (-meFc), (-qeFc), and (l-p)eFc are
replaced, as expressed by equations (26) through (28),
respectively.

S = -mefc (26)



pi xel value B are set, the horizontal gradient m the vertical gradient q,
and the intercepts p, s, t, and u can be determ ned. A description has
been given with reference to 15 equations (31) through (39), by assum ng
that the pixel value of the pixel contained in the m xed area is M and
the pixel value of the pixel contained in the background area is B. In
this case, it is necessary to set normal equations for each of the cases
where the designated pixel is 20 COQt?BEFq in the covered background area,
or the designated pixel is contained’ i m the uncovered background area. For
exanple, if the mxture ratio a of the pixel contained in the covered
background. area in frane #n shown in Fig. 48 is determ ned, CO04 through
C08 of the pixeks-iaFe 141 franme #n and the pixel values P0O4(2hrough PO8
of the pixels in frame #n-1 are set in the nornmal equations. If the

m xture ratioua=of(1ltipe epcxel s contained in the uncovered bacKifflound area
in frame #n shown in Fig. 49 is 5 determ ned, C28 through C32 of the
pixel s in frafe #avatdonheZsixel] val kbs NzglephrigudheNd@ mifzoielpi xel s in
frame #n+l are set in the normal equations. Moreover, if, for exanple, the
m xture HEESE O ad k piscdihe critdgheln i the et b beeKgkourhen ea
shomn in Fig 10 59 is_calculated, the follow ng equations (46) through
(54) Zar é:hfetposljﬁ:llﬁ?rg oG ghq Heshanat DRI XM tat Q- pi xel s considered to

bel ong to the_background, K and the hl ack ,dots
9 As %cussed above, ggnce it can be assumed that the

object corresponding to the foreground is moving with
constant velocity within the shutter period, and that the
foreground components positioned in close proximity with
10 each other are uniform, the sum of the foreground components
can be approximated by equation (25).
When the mixture ratio o is approximated by a straight
line, the sum of the foreground components can be expressed
by equation (29).
15 f(x) = is+u (29)
By replacing the mixture ratio o and the sum of the
foreground components in equation (9) by using equations
(20) and (25), the pixel value M can be expressed by
equation (30).
20 M = (jm+kq+p)eB+js+kt+u
= jBemt+kBeg+Bep+jes+ket+u (30)
In equation (30), unknown variables are six factors,
such as the horizontal gradient m of the mixture ratio a in
the plane, the vertical gradient g of the mixture ratio a in

25 the plane, and the intercepts of the mixture ratio o in the



i ndi cate pixels considered to belong to the m xed area. The pixel val ue of
the pixel for which the mxture ratio ais 15 calculated is M5 Ml =
(-1)Bcl m-(-1)Bcl g+Bcl . p+(-1)s+(-1)t+u(46) M2
(0)Bc2mt(-1) Bc2q+Bc2p+(0) s+(-1)t+u(47) 20Mc3
(+1) Bc3m+(-i)Bc3q+Bc3p+(+1)s+(-1)t+u (48) M4
(-1) Bc4am+(0) Bc4q+Bc4p+(-1)s+(0)t+u(49) 25M5 (0) Bc5m+ (0) Bc5qg+Bc5p+
(0) s+ (0) t+u(50) - 142 - M6 =(+1) %67m+ (0) Bc6g+Bcbp+ (+1) s+ (0)
t+u(51) M7 =(-1)Bc7nw(+1)Bc7q+Bc7p¥(-%)s¥(+1)t+u(52) 5Mc8

=(0) Bc8mt+( +l ) Bc8q+Bc8p+(0) s+(+1)t+u (53) M9 =(+1) BcO9mt (+l) Bc9q+Bc9p+
(+1) s+ (+1) t+u(54) For calculating the mxture ratio a of the pixel 10
cont ai neghliane,he,caverted dratkground area in frane #n, the pixel val ues Bcl
t hrough Bc9 of the pixels of the background area in franme #n-1 in

equat i ons (46Motrkr spgleif54r 1 1y esgeotridialgy toc dhreepicrdisng nt @liolse pi xel s in
frame #n are used. 15 When calculating the mxture ratio a of the pixel
cont ai nedHaxitHe yurdidvertde tskigmatiatl griste shovire ipi¥lg.valdie M her f ol | owi ng
equations (55) through (63) can hold true. The pixel value of the pixel
for whi cEkEheheiniedt waaluaatB gl set in the normal equation given in

5 equation (30). Then, a plurality of normal equations in
which the pixel value M or the pixel valﬁe B is set are
solved by the method of least squares, thereby calculating
the mixture ratio a.

For example, the horizontal index j of the designated
10 pixel is set to 0, and the vertical index k is set to O.
Then, the pixel value M or the pixel value B is set in. the
normal equation given in equation (30) for 3x3 pixels
located close to the designated pixel, thereby obtaining

equations (31) through (39).

15 Moi,-1= (=1)eB_y,-;om+ (-1)eB_;, .;eg+B_;, .1ep+ (-1) es+ (-1)et+u
(31)
Mo,-1 = (0O)eBg,-jom+ (—1)eBg,-10q+Bo,-10p+ (0) s+ (-1) et+u
(32)
My1,-1 = (+1)eB,y,;em+ (-1)eB,i,.;0q+B,;,1ep+ (+1)es+ (—-1)et+u
20 (33)
M.1,0 = (-1)eB.; cem+ (0)eB.; ceq+B.;,o0p+ (~1)es+ (0)et+u
(34)
Mo,0 = (0) eBg,oem+ (0) By, g®q+Bg, gep+ (0) es+ (0) et+u
(35)

25 Mi1,0 = (+1)eBiy,00m+ (O) ®By1, 00q+Byy, gop+ (+1) es+ (0) et +u



is calculated is Mu5. 20Mul = (-1)Bul mt(-1).Bul g+Bul p+(-1)s+(-1)t+u (55)
Mu2 = (0)Bu2m+(-1)Bu2g+Bu2p+(0)s+(-1)t+u(56) 25Mu3 =

(+1) Bu3m+(- 1) Bu3q+Bu3p+(+1)s+(-1)t+u(57) - 143 M4 =

(- 1) Budm+(0) Bu4g+Budp+(-1)s+(0)t+u (58) Mu5 =

(0) Bubmt( 0) Bu5q+Bu5p+(0) s+(0)t +u(59) 5Mu6 = (+1) Bubmt (0) Bu6q+Bubp+ (+1)
s+ (0) t+u 60 ( ) Mu7 = (-1)Bu7m+(+1)Bu7q+Bu7p+(-1)s+(+1)t+u(61) 10MU8 =
(0) Bu8m+( +1) Bu8g+Bu8p+(0) s+(+1)t +u62 &ﬁ) M9 = (+1) Bu9m+ (+1) Bu9q+Bu9p+
(+1) s+ (+1) t+u(63) For calculating ttve m xture ratio a of the pixel
contained in the uncovered background area in frame #n, the 15 pixel val ues
Bul through Bu9 of the pixels of the background area in frane #n+l in
equations (55) through (63), respectively, corresponding to 3w pixels in
frame #n are wused. Fig. 60 is a block diagramillustrating the 20

confi gurati onMof,+{ ke (edl) eBaf, e@nwi (XL)UwB:1[ AHOBPr 0EeSI0N «401+1) ftwuw Mage i nput
into the estinmated-m xture-rati o processor

(37)
Mo,+1 = (0)eBg,+10m+ (+1) @By, .10q+Bg,s10p+ (—1)es+ (+1)et+u
5 (38)
Mii,41 = (+1)eByy,s10m+ (+1) By, 4+100+Bsy, 100+ (+1) es+ (+1) et+u
(39)

Since the horizontal index j of the designated pixel is
0, and the vertical index k of the designated pixel is 0,

10 the mixture ratio o of the designated pixel is equal to the
value when j is 0 and k is 0 in equation (20), i.e., the
mixture ratio o is equal to the intercept p in equation (20).

Accordingly, based on nine equations, i.e., equations
(31) through (39), the horizontal gradient m, the vertical

15 gradient g, and the intercepts p, s, t, and u are calculated
by the method of least squares, and the intercept p is
output as the mixture ratio a.

A specific process for calculating the mixture ratio a
by applying the method of least squares is as follows.

20 When the index i and the index k are expressed by a
single index x, the relationship among the index i, the
index k, and the index x can be expressed by equation (40).

X = (j+1)e3+ (k+1) ' (40)
It is now assumed that the horizontal gradient m, the

25 vertical gradient q, and the intercepts p, s, t, and u are



401 is supplied to a delay circuit 501 and an adder 502. The delay circuit
501 del ays the input inmage for one franme, and supplies the inage to the
adder 502. When frane 25 #n is supplied as the input inmage to the adder
502, the - 144 delay circuit 501 supplies franme #n-1 to the adder 502.
The adder 502 sets the pixel value of the pixel adjacent to the pixel for
which the mxture ratio ais calculated, and the pixel value of frame #n-1
in the normal 5 equation. For exanple, the adder 502 sets the pi xel val ues
Mci through M9 and the pixel value§'éé1 tthrough Bc9 in the nornma
equations based on equations (46) through (54), respectively. The adder
502 supplies the normal equations in which the pixel values are set to a
cal cul at arx s seld tihevad vl & 050 S0BL def®) ninesyd heargstysat ed m xture
ratio by solving the normal equations supplied fromthe adder 502 using
t he sweeprangearetwlly orardiejB; Kes, amd j out pid 1 herdedeiresesd asy i amy ed
m xture ratio. In this manner, the estinmated-m xture-rati o processor 15
401 is able ta2 caAIUlb e dihk &5 i redmecttdwdély e ] | cobssdsh a oot hef | nput
i mge, and supplies it to the mxture-ratio determ ning portion 403. The
est i mat ed=hrd xewras rapt i cequracessor (DR thraoyifi (39 edcasibe [modifiedt he
estimated-m xture-rati o processor 401, and 20 an explanation thereof is
t hus &mi tmeep ¢Q¥ﬁt¥gﬁlifhktrates an exanple of the estimted m xture
ratio calculated by,the estinmated-m xture-ratio processor
Mx=Zay-wy+ex (41)

y=0

In equation (41), x is any one of the integers from 0 to 8.

Equation (42) can be found from equation (41).

5

ex=Mx—Zay-wy (42)
y=0
10 Since the method of least squares is applied, the

square sum E of the error is defined as follows, as

expressed by equation (43).
8
= Zexz (43)
Xx=0

In order to minimize the error, the partial
15 differential value of the variable Wv with respect to the
square sum E of the error should be 0. v is any one of the
integers from 0 to 5. Thus, wy is determined so that

equation (44) is satisfied.
OE

8 Oex
—_= 2. ex « ——
owv }Z% owv

20 By substituting equation (42) into equation (44),



401. The estimated m xture ratio shown in Fig. 61 is showmn per line in the
case in which the anount of novenent v of 25 the foreground with respect to
an object which is noving - 145 wth constant velocity is 11 and in which
the equation is set in units of a block of 7 x 7 pixels. As shown in Fig.
60, it is found that the estimated mxture ratio substantially linearly
changes in the mxed 5 area. A description is now given, with reference to
the flowchart of Fig. 62, of the m xture-ratio estinmating processing by
the estimated-nixture-ratio processor 4 ~ having the configuration shown
in Fig. 60 by using a nodel 10 of the covered background area. In step
S521, the adder 502 sets the pixel value contained in the input imge and
the pixelegwdtiorcod s negl obhtaimed mage supplied fromthe delay circuit 501
in a normal equation corresponding to a nodel of the covered background
15 area. In st S522& the es gﬁf xture ratio processor {gé
det er ni nes whe 8% f hé« 8&tt K fRe érget pixel's is finish If it is
det ernmined thdt’°the ¢6fting of tHi& target pixel s is not finished, the
process returns to step 20 S521, and the processing for setting t he pi xel
val ues i n the Faomrexanpdguattiton swearepedt etkthdd i tGawssteferdamed in step
S522 that the settlng for the target pixels is finished, the process
pr oceeds Qkﬂ@g@gﬁlon is applied to six equations obtained by
5 substituting one of the integers from 0 to 5 into v in
equation (45), thereby obtaining wy. As stated above, w0 is
the horizontal gradient m, wl is the vertical gradient g, w2
is the intercept p, w3 is s, w4 is t, and w5 is u.
As discussed above, by applying the method of least
10 squares to the equations in which the pixél value M and the
pixel value B are set, the horizontal gradient m, the
vertical gradient ¢, and the intercepts p, s, t, and u can
be determined.
A description has been given with reference to
15 equations (31) through (39), by assuming that the pixel
value of the pixel contained in the mixed area is M, and the
pixel value of the pixel contained in the background area is
B. In this case, it is necessary to set normal equations
for each of the cases where the designated pixel is
20 contained in the covered background area, or the designated
pixel is contained in the uncovered background area.
For example, if the mixture ratio o of the pixel

contained in the covered background area in frame #n shown

in Fig. 48 is determined, C04 through C08 of the pixels in



S523. In step S523, the cal culator 503 cal cul ates the 25 estimated m xture
rati o based on the normal equations in - 146 which the pixels values are
set’, and outputs the calculated mxture ratio. As discussed above, the
estimated-m xture-ratio processor 401 having the configuration shown in
Fig. 60 is 5 able to calculate the estimated m xture rati o based on the
i nput inmage. The m xture-ratio estimting processing by using a nodel
correspondi ng to the uncovered backgrqund area is simlar to the
processing indicated by the flowhart 1l Fig. 10 62 by using the nornal
equations corresponding to a nodel of the uncovered background area, and
an explanation thereof is thus omtted. The enbodi nent has been descri bed,
assum ng filaie te arobjed sEsESRONENP GO tHeobsckprdunt tise ShatéDpary. 15
However, the above-described m xture-ratio cal culation processing can be
appl i ed emMenfrdmd hn+Ireges costt esporite ngoimeal téeudtaiodgs ound area cont ai ns
notion. For exanple, if the inmage corresponding to the background area is
uni formy novitnghe hd xa@striaratadd-ariox tafr extreatn ik qprocessminddil ighitfhes t he 20
overall image in accordance with this notion, and perfornms processing in a
manner siund¢eifened thrckaseund akgxhin heramdj et skhownr ebpontiy ngd @ ol s he
background is stationar%.tlf t he i nmage correspondi ng to the background

[

area eont@erminedd G284 theowsht G i ohsthe Heivels nik clragt ¥R eandt i o
the pixel values N28 through N32 of the pixels in frame #n+1

are set in the normal equations.
Moreover, if, for example, the mixture ratio a of the

pixel contained in the covered background area shown in Fig.
10 59 is calcﬁlated, the following equations (46) through (54)

are set. In Fig. 59, the white dots indicate pixels

considered to belong to the background, and the black dots

indicate pixels considered to belong to the mixed area. The

pixel value of the pixel for which the mixture ratio a is

15 calculated is Mc5.

Mcl = (-1l)eBclem+ (-1)eBcleg+Bclep+ (~1)es+ (~1)et+u
(46)
Mc2 = (0)eBc2em+ (~1)eBc2eqg+Bc2ep+ (0)es+ (-1)et+u
(47)
20 Mc3 = (+1)eBc3em+ (—-1)eBc3eg+Bclep+ (+1)es+ (-1)et+u
(48)
Mc4 = (-1)eBc4em+ (0)eBcdeg+Bcdep+ (~1)es+ (0)et+u
(49)
Mc5 = (0)eBcSem+ (0)eBcSeg+BcSep+ (0)es+ (0)et+u

25 (50)



25 processor 401 selects the pixels corresponding to the - 147 notions as
the pixels belonging to the m xed area, and executes the above-described
processi ng. As described above, the m xture-ratio calculator 102 is able
to calculate the m xture ratio (x, which is a feature 5 quantity
correspondi ng to each pixel, based on the input imge and the area
information supplied to the area specifying unit 101. By utilizing the

m xture ratio (x, it is possible to separate the foreground conmponents and
t he background 10 conponents cont ai ied 4 1 he pi xel val ues while

mai ntaining the information of notion blur contained in the inmage
corresponding to the noving object. By conbining the i mages based on the

m xture rati oMa,6 = t(+1l9 eakSemp8 e B d+BdFepat(e 1aas+Magetwhi ch contains 1S
correct notion blur that coincides with the speed of a noving object and
which faithfully reflects the real world. The foreground/ back®round
separator 10S is discussed below. Fig. 63 is a block diagramillustrating
an exanpl e oMahe corif)iegaramnt ¢hl béBe Ty {Buregrrduidebackyl ouhd separator 20
10S. The input imge supplied to the foreground/ background separator 10S is
supplied to a separating portion 601, a swtch 602, and a swidh 604. The
area information supplied fromthe area specifying unit 103 and indicating
the Pnformat6® 6f tHeBegoer édlb *prd&) afd (+he*theover ed 25
background area is supplied to the separating portion 601. (53)

Mc9 = (+1)eBcOem+ (+1)eBceq+BcOep+ (+1)es+ (+1)et+u
(54)
For calculating the mixture ratio o of the pixel

10 contained in the covered background area in frame #n, the
pixel values Bcl through Bc9 of the pixels of the background
area in frame #n-1 in equations (46) through (54),
respectively, corresponding to the pixels in frame #n are
used.

15 When calculating the mixture ratio a of the pixel
contained in the uncovered background area shown in Fig. 59,
the following equations (55) through (63) can hold true.

The pixel value of the pixel for which the mixture ratio a
is calculated is Mub5.

20 Mul = (-1)eBulemt (-1)eBuleg+Bulep+ (-1)es+ (-1)et+u

Mu?2

(0)eBu2em+ (-1)eBuleqg+Bulep+ (0)es+ (-1)et+u

Mu3

(+1)eBu3em+ (—1) eBu3eg+Bulep+ (+1)es+ (-1)et+u

25 (57)



- 148 The area information indicating the foreground area is supplied to
the switch 602. The area information indicating the background area
supplied to the switch 604. The m xture ratio a supplied fromthe

m xture-ratio 5 calculator 104 is supplied to the separating portion 601.
The separating portion 601 separates the foreground conponents fromthe

i nput i nmage based on the area information indicating the covered background
area, the area information indicatin% t he uncovered background area, and
10 the m xture ratio a, and supplies t Separated foreground conponents
to a synthesizer 603. The separating portion 601 also separates the
background conponents fromthe input image, and supplies the separated
background companent(s 1t)@Ba4esy (0 emiZey+ B Ap+151The+$04 $£h, 602 is cl osed
when a pixel corresponding to the foreground is input based on the area
information indicating the foreground area, and supplies onlysdhe pixels
corresponding to the foreground contained in the input imge to the

synt hesi zer 6085 20 (PheBabetith0bRBUIs+Hudpd (Ahea+&0pexeh corresponding to
t he background is input based on the area information indicating the
background area, and supplies only the pixels corresponding t¥)he
background contained in the input imge to the syntheS|zer 605. 25 The

synt hési zer GGQW%yntHééPBé§‘@ffQ}Eﬁﬁﬁﬂﬂﬁﬁuﬁﬂﬂﬂdﬁéﬁfs+ Qhet+u

(60)
Mu7 = (-1)eBu7em+ (+1)eBu7eqg+Bulep+ (~1)es+ (+1)et+u
(61)
Mu8 = (0)eBuBem+ (+1)eBuBeg+BuBep+ (0)es+ (+1)et+u
10 (62)
Mu9 = (+1)eBu9em+ (+1)eBuleqg+Budep+ (+1)es+ (+1)et+u
| (63)

For calculating the mixture ratio o of the pixel
contained in the uncovered background area in frame #n, the
15 pixel values Bul through Bu9 of the pixels of the background
area in frame #n+l in equations (55) through (63),
respectively, corresponding to the pixels in frame #n are
used.
Fig. 60 is a block diagram illustrating the
20 configuration of the estimated-mixture-ratio processor 401.
An image input into the estimated-mixture-ratio processor
401 is supplied to a delay circuit 501 and an adder 502.
The delay circuit 501 delays the input image for one
frame, and supplies the image to the adder 502. When frame

25 #n is supplied as the input image to the adder 502, the



i mge based on the foreground conponents supplied fromthe separating
portion 601 and the pixels corresponding to the foreground supplied from
the switch 602, and outputs the synthesized foreground conponent inage.
Since the 5 foreground area and the m xed area do not overlap, the

synt hesi zer 603 applies, for exanple, logical ORto the foreground
conponents and the foreground pixels, thereby synthesizing the foreground
conponent image. In the initializing gﬁgcgssing executed at the start of

10 the synthesizing processing for th oreground conponent inmage, the
synt hesi zer 603 stores an i nmage whose pixel values are all 0 in a built-in
frame nmenory. Then,. in the synthesizing processing for the foreground
conponentddlmage;irduic H0it legildare 6 ssteories- 1t i ftdreegrdalend Sgnponent | nage
15 (overwites the previous imge by the foreground conponent i nage).
Accordi ngly, OhesagideredOi2nselts [rheelps xedovedspordi ijpet pitled backgr ound
area in the foreground conponent image output fromthe synthesizer 603.
The synt lFeliatanta® i eisiedesfar beElkay sl otpereematizo d nege based on

t he background conponents supplied fromthe separating portion 601 and the
pi xel s ccﬁar]&ﬁ:;@rfcﬁmg angl the iy ruite Qppinake firom tie Bve thar®sol4, and

out puts the synthesized background conponent inmage. Since the background
b &

area and ecqﬁ’éa_trﬁ%d . FETHDLC 0V difidehe S S8t Hew AdXebsvaldifg es, for
g;(iglpls,e’ tb**;@?i_;&?)}o u%% tM0c9t haenci t 5e0 pib:’caeclk giztaoluuneds CBocrrlp Otnhernglfgha anc9t hien btahC ekgr ound
normal equations based on equations (46) through (54),
respectively. The adder 502 supplies the normal equations
in which the pixel values are set to a calculator 503.
10 The calculator 503 determines the estimated mixture
ratio by solving the normal equations supplied from the
adder 502 using the sweep-out method or the like, and
outputs the determined estimated mixture ratio.
In this manner, the estimated-mixture-ratio processor
15 401 is able to calculate the estimated mixture ratio based
on the input image, and supplies it to the mixture-ratio
determining portion 403.
The estimated-mixture-ratio processor 402 is configured
similarly to the estimated-mixture-ratio processor 401, and
20 an explanation thereof is thus omitted.
Fig. 61 illustrates an example of the estimated mixture
ratio calculated by the estimated-mixture-ratio processor
401, The estimated mixture ratio shown in Fig. 61 is shown
per line in the case in which the amount of movement v of

25 the foreground with respect to an object which is moving



synt hesi zi ng the background conponent image. In the initializing processing
executed at the start of the synthesizing processing for the background
conmponent 5 i mage, the synthesizer 605 stores an i mage whose pi xel val ues
are all O in a built-in frane menory. Then, in the synthesizing processing
for the background conponent inmage, the synthesizer 605 stores the
background conponent inage (overwites the previous inmage by the
background conmponent 10 i nage). Accordhﬂfly, O is stored in the pixels
corresponding to the foreground areda i he background conponent i nage
output fromthe synthesizer 605. Fig. 64A illustrates the input inmage input
into the foreground/ background separator 105 and the foreground 15

conponentwi thageoasichri hevdbskpt punsl TOMPeNet wiBge ©wé peduatiom the
f or eground/ background separator 105. Fig. 64B illustrates a nodel of the

i nput 1 megEt inpuinitd oof he bIoclegsDuhdt bagkikelnd separator 105 and the
foreground conponent inage and the background conponent image output 20
fromthe foredwowhdrackyriind &hpdrtatier fifmd Rilpt G iestaimsctweimt i ¢
diagramillustrating the image to be displayed, and Fig. 64B is a nodel
obt ai ned WXtk aral Fg sePshentiaklvi Fireavhy t peapyge| sn dikposidedn one
line i_ncluding the pixels belonging to the foreground area, 25 the pixels
belonélnfﬁ%ﬁthe background area, and the pixels - 151 belonging to the

m xed area corresponding to Fig. 64A. As shown in Figs. 64A and 64B, the
backgr ound Co@béﬁgﬁglptlon 1s now given, with reference to the

flowchart of Fig. 62, of the mixture~ratio estimating

processing by the estimated-mixture-ratio processor 401

having the configuration shown in Fig. 60 by using a model
10 of tﬁe covered background area.

In step 5521, the adder 502 sets the pixel value
contained in the input image and the pixel value contained
in the image supplied from the delay circuit 501 in a normal
equation corresponding to a model of the covered background

15 area.

In step S522, the estimated-mixture-ratio processor 401
determines whether the setting of the target pixels is
finished. If it is determined that the setting of the
target pixels is not finished, the process returns to step

20 $521, and the processing for setting the pixel values in the
normal equation is repeated.

If it is determined in step S522 that the setting for
the target pixels is finished, the process proceeds to step
S5523. 1In step S523, the calculator 503 calculates the

25  estimated mixture ratio based on the normal equations in



i mge output fromthe foreground/ background separator 105 consists of the
pi xel s bel onging to the background area and 5 the background conponents
contained in the pixels of the mxed area. As shown in Figs. 64A and 64B,
t he foreground conponent image output fromthe foreground/ background
separator 105 consists of the pixel belonging to the foreground area and
10 the foreground conponents contained in the pixels of the mxed area.
The pi xel values of the pixels in the mxed area are separated into the
background conmponents and the foregfb&ﬁé “conponents by the

f oregr ound/ background separator 105. The 15 separated background conponents
formthe background conponent inage together with the pixels belonging to

the backgridmdrad gaixelne wepesatatk faregrai b easpedeis dardanldhey
f oreground conponent image together with the pixels belonging to the
f oregr oundi:anese 2xiks. di scussed above, in the foreground conponent i mage,
t he pi xel values of the pixels corresponding to the background area are
set to 0, and3si ghisiducarid pibosle,vdhee e s td e teet-nix e {iaxdlos correspondi ng
to the foreground area and the pixels corresponding to the nixed area.
Simlarl wraggspn KD dekyirow nthe orpofientr d hiegre, shdiven pixefigal éesiof the -
152 Eixels corresponding to the foreground area are set to 0, and
si gni Pi catlgitelcalgulataritsastimatrd piiceiwre cortesgorsadipn cthde
background area and the pixels
input image.
The mixture-ratio estimating processing by using a
model corresponding to the uncovered background area is
similar to the processing indicated by the flowchart of Fig.
10 62 by using the normal equations corresponding to a model of
the uncovered background area, and an explanation thereof is
thus omitted.
The embodiment has been described, assuming that the
object corresponding to the background is stationary.
15 However, the above-described mixture-ratio calculation
processing can be applied even if the image corresponding to
the background area contains motion. For example, if the
image corresponding to the background area is uniformly
moving, the estimated-mixture-ratio processor 401 shifts the
20 overall image in accordance with this motion, and performs
processing in a manner similar to the case in which the
object corresponding to the background is stationary. If
the image corresponding to the background area contains

locally different motions, the estimated-mixture-ratio

25 processor 401 selects the pixels corresponding to the



corresponding to the mxed area. 5 A description is given below of the
processi ng executed by the separating portion 601 for separating the
foreground conponents and the background conponents fromthe pixels

bel onging to the m xed area. Fig. 65 illustrates a nodel of an inage
indicating 10 foreground conponents and background conponents in two
frames including a foreground object noving fromthe left to the right in
Fig. 65. In the nodel of the image shq in Fig. 65, the anount of
movement v is 4, and the nunber of ~vitt'udl divided portions is 4. 15 In
frame #n, the leftnost pixel and the fourteenth through eighteenth pixels
fromthe left consist of only the background conponents and belong to the
backgr oumtbtareess d:n tHe gy Bdlerseicaondd hoaghi fatirdte i xals fromthe

|l eft contain the background conponents and the foreground 20 conponents,
and bel orexaautidse tthe areresdeakgrlmadpraresssimg. frane #n, the el eventh
through thirteenth pixels fromthe Ileft contain background conponents and
f or eground codysorlesics ibean@dbosieend hieo mikd uoereradd chaekgnudaic rarld®. ilsn
frame. #n, the fifth through tenth pixels fromthe |left consist of only
the 25 f@REE dihdaldhpaienttsie anikbetomptio the viotdyrioul feature 153 In
frame_#n+l, the first through fifth pixels fromthe |left and the

ei ght 8ent ity fGUmasRONENY dehsgath Fixmly basrd R kv uirPEonponent s,

and belong to the background area. In frame #n+l, the sixth through eighth
pi xels fr g Endfhe area information supplied to the area

specifying unit 101.
By utilizing the mixture ratio o, it is possible to
separate the foreground components and the background
10 components contained in the pixel values while maintaining
the information of motion blur contained in the image
cofresponding to the moving object.
By combining the images based on the mixture ratio a,
it is also possible to create an image which contains
15 correct motion blur that coincides with the speed of a
moving object and which faithfully reflects the real world.
The foreground/background separator 105 is discussed
below. Fig. 63 is a block diagram illustrating an example
of the configuration of the foreground/background separator
20 105. 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
from the area specifying unit 103 and indicating the
information of the covered background area and the uncovered

25 background area is supplied to the separating portion 601.



5 contai n background conponents and foreground conponents, and belong to
t he uncovered background area. In frame #n+l, the fifteenth through
seventeenth pixels fromthe left contain background conmponents and
foreground conponents, and belong to the covered background area. In frane
#n+l, the ninth 10 through fourteenth pixels fromthe left consist of only
the foreground conponents, and belong to the foreground area. Fig. 66
illustrates the processing for separating the foreground conmponents from
t he pi xels belonging to the covered B&@kground area. In Fig. 66, (xl
t hrough (xI 8 15 indicate m xture ratios of the individual pixels of franme
#n. In Fig. 66, the fifteenth through seventeenth pixels fromthe |eft
bel ong t @Hehe ey ereftb taokigyro uindh iadag@.ngl eh i ete gradutel Ge0fid he fifteenth
pixel fromthe left in frane ftn can be expressed by equation (64): 20 Cl15
= B15/ v+EOPIHEB/ ot FBE swit dix | 0Bl SHHD/ ardzORnVEd¥Edtich indicating
(xl 50PI 5+F09/ v+FQ8/ v+FO7/v (64) where al5 indicates the mxture ratio of
the fiftedm fhagukgtourfd amedhesumiliiad fa dree #switartd @b, desi gnates the
pi xel 25 value of the fifteenth pixel fromthe left in frame #n-1. - 154
The sum f 15 offhehaigsiegr oatd oc enpomeitiedoff noye thie fiedmirte iakalo from t he
left in frane #n can be expressed by equation (65) based on equation (64).
5 f15°= FoySHiEdE s JHf7/48 supplied to the separating portion 601.
The separating portion 601 separates the foreground
components from the input image based on the area
information indicating the covered background area, the area
information indicating the uncovered background area, and
10 the mixture ratio o, and supplies the separated foreground
components to a synthesizer 603. The separating portion 601
also separates the background components from the input
image, and supplies the separated background components to a
synthesizer 605.
15 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
corresponding to the foreground contained in the input image

to the synthesizer 603.

20 The switch 604 is closed when a pixel corresponding to
the background is input based on the area information
indicating the background area, and supplies only the pixels
corresponding to the background contained in the input image
to the synthesizer 605.

25 The synthesizer 603 synthesizes a foreground component



= C15-al5P15 (65) Simlarly, the sumf16 of the foreground conponents of
the sixteenth pixel fromthe left in frame #n can be expressed by equation
(66), and the sumf17 of the foreground conponents of the seventeenth
pi xel fromthe left 10 in frame #n can be expressed by equation (67). fl16 =
Cl6-al6. P16 (66) f17 = Cl7-al7P17 (67) In this manner, the foreground
components fc contained in the pixel value C of the pixel belonging to the
covered 15 background area can be ex%ressed by equation (68): fc = GaP
(68) where P designates the pixel val g€ of the corresponding pixel in the
previous frame. Fig. 67 illustrates the processing for separating the 20
foreground conponents fromthe pixels belonging to the uncovered
backgr ourighaareedadead Firg.t167,f e gdonody heaaddbndrttl catpp Inied Ui atHeos of t he
i ndi vidual pixels of frame #n. In Fig. 67, the second through fourth
pi xel s f rs@patded: ingf tpodislamgQlo arive e quisreelds ackgrspomtiiatgaco 2hehe pi xel
value C02 of the second pixel fromthe left - 155 in frame #n can be
expr esseddnegrpd cued)ed 3G B0 ZwiHBOR/60EB0 Andrdlifputs adR02+FOL/ v =
a2N02+FOLl/ v (69)
synthesized foreground component image. Since the
5 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
synthesizing the foreground component image.
In the initializing processing executed at the start of
10 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
synthesizing processing for the foreground component image,
the synthesizer 603 stores the foreground component image
15 (overwrites the previous image by the foreground component
image). Accordingly, 0 is stored in the pixels
corresponding to the background area in the foreground
component image output from the synthesizer 603.
The synthesizer 605 synthesizes a background component
20 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
synthesized background component image. Since the

background area and the mixed area do not overlap, the

25 synthesizer 605 applies, for example, logical OR to the



5 where a2 indicates the mxture ratio of the second pixel fromthe |eft
in frame #n, and NO2 designates the pixel value of the second pixel from
the left in frame #n+l. The sum f02 of the foreground conponents of the
second pixel fromthe left in frame #n can be expressed by equation 10
(70) based on equation (69). f02 = FO1/v = C02-a2N02 (70) Simlarly, the
sum f 03 of the foreground conponents of the third pixel fromthe left in
frame #n can be expressed 15 by equation (71), and the sumfO04 of the

f oreground conponents of the fourth pib@ fromthe left in frame #n can be
expressed by equation (72). f03 = C03-a3N03 (71) f04 = CO4-a4.N04 (72) 20
In this manner, the foreground conponents fu contained in the pixel value

C of the hpicietrdeldngimgporien t 1t cave et k Pasikad goee BE eacicafeibe expr essed
by equation (73): fu = CGaN (73) where N designates the pixel value of the

cor r esporalinithe 2 jpixethe rod diegsabse qisioridgteinagd 56 As di scussed above,
the separating portion 601 is able to separate the foreground conponents
fromthe pixells thel dmditigltic e prioces simen eardithel kackgreowitaogronent s
fromthe pixels belonging to the m xed area based on the 5 information
i ndi cat i rigre Ferddves il iohakeparerling efomnthe Heackground component
5 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,
the synthesizer 605 stores the background component image
(overwrites the previous image by the background component
10 image). Accordingly, 0 is stored in the pixels
corresponding to the foreground area in the background
component image output from the synthesizer 605.
Fig. 64A illustrates the input image input into the
foreground/background separator 105 and the foreground
15 component image and the background component image output
from the foreground/background separator 105. Fig. 64B
illustrates a model of the input image input into the
foreground/background separator 105 and the foreground
component image and the background component image output
20 from the foreground/background separator 105.
Fig. 64A is a schematic diagram illustrating the image
to be displayed, and Fig. 64B is a model obtained by
expanding in the time direction the pixels disposed in one

line including the pixels belonging to the foreground area,

25 the pixels belonging to the background area, and the pixels



information indicating the uncovered background area contained in the area
information, and the m xture ratio a for each pixel. Fig. 68 is a bl ock
diagramillustrating an exanple of 10 the configuration of the separating
portion 601 for executing the above-described processing. An inage input
into the separating portion 601 is supplied to a frane nenory 621, and the
area information indicating the covered background area and the uncovered

background area supplied 15 fromthe ture-ratio calculator 104 and the
m xture ratio a are supplied to a §eg| at’i on processing block 622. The
frame nenory 621 stores the input images in units of frames. Wen a frane
to be processed is franme On, the frame nenory 621 stores frame 4n-1, which
is the frei®mne0d rane thefat eafdarm @esgomdnOto ady f reqee, #n+l, which
is the frame one franme after frame On. The frane nenory 621 supplies the
corr espondi ngAgi skbsn iin ffigwse #AAlankr @@8 , Otheahd cldoamrndn Honpd nidhe:
separation processing block 622. 25 The separation processing bl ock 622
appl i es timage WBtputal Tndmattiten s o s sty i ¢ kg refret esepmtatcds ¢sQS 66 and 67
to the pixel values of the corresponding pixels in franme #n-1, frame #n,
and frane€Consdstsumd it fRriom e g ranmi ne ity yele2 badaserinh aten aneh
information indicating the covered 5 background area and the uncovered
backgPourfdt B kefP U CRbanAE S fan-aingd ain tih s aparete aheor egr ound

conponent s,
P mixed area.

As shown in Figs. 64A and 64B, the foreground component
image output from the foreground/background separator 105
consists of the pixel belonging to the foreground area and

10 the foreground components contained in the pixels of the
mixed area.

The pixel values of the pixels in the mixed area are
separated into the background components and the foreground
components by the foreground/background separator 105. The

15 separated background components form the background
component image together with the pixels belonging to the
background area. The separated foreground components form
the foreground component image together with the pixels
belonging to the foreground area.

20 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
are set in the pixels corresponding to the foreground area
and the pixels corresponding to the mixed area. Similarly,

25 in the background component image, the pixel values of the



and the background conponents fromthe pixels belonging to the m xed area
in frame #n, and supplies themto a franme nenory 623. 10 The separation
processi ng block 622 is forned of an uncovered area processor 631, a
covered area processor 632, a synthesizer 633, and a synthesizer 634. A
mul tiplier 641 of the uncovered area processor 631 nultiplies the pixel

val ue of the pixel in frame #n+l 15 supplied fromthe frame nenory 621 by
the m xture ratio a, and outputs the resulting pixel value to a switch
642. The switch 642 is closed when tHe%ixel of frame #n (corresponding
to the pixel in franme ffn+l) supplied fromthe franme nmenory 621 belongs to
t he uncovered background area, 20 and supplies the pixel value multiplied

by the mpisieles radd e sporsdipn) 0 fHondreyralid Mied H4Ad &t acgad cul at or
643 and the synthesizer 634. The val ue obtained by multiplying the pixel

val ue of are gigeel ficurdtr gnixeinwtalhyed heran sdturin rithe ixXed ©®ut put fromthe
swtch 642 is equivalent to the background .25 conponents of the pixel
val ue of adresporetiponding @ xeckgarourib&arda aamd #rhe Tiiexekd cul at or 643
subtracts the background conponents supplied fromthe switch 642 fromthe
pi xel valaprrsgsndrding xed the fmiged sarsuppl i ed fromthe franme nenory 621 so
as 5 to obtain the foreground conponents. The cal cul ator 643 supplies the
f or egPound coRpPGESHIS P athd spigialen peflioams H#itheh @romgissg no exesuiesbver ed
background area to the . _
by the separating portion 601 for separating the foreground
components and the background components from the pixels
belonging to the mixed area.
Fig. 65 illustrates a model of an image indicating
10 foreground components and background components in two
frames including a foreground object moving from the left to
the right in Fig. 65. In the model of the image shown in
Fig. 65, the amount of movement v is 4, and the number of-
virtual divided portions is 4.
15 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. 1In
frame #n, the second through fourth pixels from the left
contain the background components and the foreground
20 components, and belong to the uncovered background area. In
frame #n, the eleventh through thirteenth pixels from the
left contain background components and foreground components,
and belong to the covered background area. In frame #n, the

fifth through tenth pixels from the left consist of only the

25 foreground components, and belong to the foreground area.



synt hesi zer 633. A multiplier 651 of the covered area processor 632 10
multiplies the pixel value of the pixel in frame #n-1 supplied fromthe
frame nenory 621 by the mxture ratio a, and outputs the resulting pixel
value to a switch 652. The switch 652 is closed when the pixel of frame #n
(corresponding to the pixel in frame #n-1) supplied fromthe 15 frane
menory 621 belongs to the covered background area, and supplies the pixel
value nultiplied by the mxture ratio_a_ supplied fromthe multiplier 651
to.a cal cul ator 653 and the synthe§iﬂé@'634. The val ue obt ai ned by

mul tiplying the pixel value of the pixel in frame #n-1 by the m xture
ratio 20 a output fromthe switch 652 is equivalent to the background
conponent s of Ihh€rpmeelinval, uehef flile tcenresR®NdiiFehPipisle lisn £lom@me#n. The
cal cul at or 653 subtracts the background conmponents supplied fromthe

swi t ch 632ftr eamd Hihepiedath tednteh ofindile £x25n piheelldfit fa@mel stn supplied from
the frame nenory 621 so as - 159 to obtain the foreground conponents. The
cal cul at dthee3B®:Claagmitidescanporientoyr camdl bohpogehdstbeé bhekprmehdi arkmane #n
bel ongi ng to the covered background area to the synthesizer 633. 5 The
synt hesi %@( Tgzane; o Ine S hieh e ifdtte drtonmab e avippividntsl xedffs tfieompi téed sléae ongi ng
to the uncovered background area and supplied fromthe calculator 643 with
the forediBidn daffsiannd cﬁommemt;@e@cgeﬁqmﬁwnd) edegmered and

backgr ound
belong to the uncovered background area. In frame #n+l, the

fifteenth through seventeenth pixels from the left contain
background components and foreground components, and belong
to the covered background area. In frame #n+l, the ninth
10  through fourteenth pixels from the left consist of only the
foreground components, and belong to the foreground area.
Fig. 66 illustrates the processing for separating the
foreground components from the pixels belonging to the
covered background area. In Fig. 66, al through «l8
15 indicate mixture ratios of the individual pixels of frame #n.
In Fig. 66, the fifteenth through seventeenth pixels from
the left belong to the covered background area.
The pixel value C15 of the fifteenth pixel from the
left in frame #n can be expressed by equation (64):

20 Cl5 = B15/v+F09/v+F08/v+F07/v

o15eB15+F09/v+F08/v+F07/v

Il

ol5eP15+F09/v+F08/v+F07/v (64)
where ol5 indicates the mixture ratio of the fifteenth pixel
from the left in frame #n, and P15 designates the pixel

25 value of the fifteenth pixel from the left in frame #n-1.



area and supplied fromthe cal cul ator 653, and supplies the 10 synthesized
foreground conponents to the franme nenory 623. The synthesizer 634

conbi nes the background conponents of the pixels belonging to the
uncover ed background area and supplied fromthe switch 642 with the
background conmponents of the pixels belonging to the covered background
area and 15 supplied fromthe switch 652, and supplies the synthesized
background conponents to the frane neg%ry 623. The frame nmenory 623 stores
t he foreground conponents and the ba érdUnd conponents of the pixels in
the m xed area of franme #n supplied fromthe separation processing 20

bl ock 622. The frame nenory 623 outputs the stored foreground conponents
of the pixel sThe the fil%edfattea ifdrkyaoRndn campboniehe sstoar ethedbackgr ound
conponents of the pixels in the mxed area in frame #n. 25 By utilizing
the m xt Ui treatrithh izl dhrdmdileatlestt hien -f A6 Hreaddn oauatddddsed he
foreground conponents and the background conponents contained in the pixel
val ues cdy lssiuadomyl ety besgrd atredequRtEi gy ntdvdsi zer 603 conbi nes t he
foreground conponents 5 of the pixels in the mxed area in frame #n out put
fromthe sepdl&tFngOPdrtHEOS/6aFOdi/wh t he pixel s bel onging to the
foreground area so as to generate a foreground conponent inage. The

synt hési zer 605 conbilResltMBlBackground conponents of the pif&d)s in the

m xed area in _franme #n
Similarly, the sum £f16 of the foreground components of

the sixteenth pixel from the left in frame #n can be

expressed by equation (66), and the sum f17 of the

foreground components of the seventeenth pixel from the left
10 in frame #n can be expressed by equation (67).

fl6

Clé-al6ePlé (66)
£17 = Cl7-al7eP17 (67)
In this manner, the foreground components fc contained
in the pixel value C of the pixel belonging to the covered
15 background area can be expressed by equation (68):
fc = C-aeP (68)
where P designates the pixel value of the corresponding
pixel in the previous frame.
Fig. 67 illustrates the processing for separating the
20 foreground components from the pixels belonging to the
uncovered background area. In Fig. 67, al through al8
indicate mixture ratios of the individual pixels of frame #n.
In Fig. 67, the second through fourth pixels from the left
belong to the uncovered background area.

25 The pixel value C02 of the second pixel from the left



10 output fromthe separating portion 601 with the pixels belonging to the
background area so as to generate a background conponent inmage. Fig. 69A
ill'ustrates an exanple of the foreground conponent inage corresponding to
frame #n in Fig. 65. The 15 |eftnost pixel and the fourteenth pixel from
the left consist of only the background conponents before the foreground
and t he background are separated, and thus, the pixel values are set to O.
The second and fourth pixels fromthe | eft belong to 20 the uncovered
background area before the foregrouﬁd]éﬁﬁ'ihe background are separat ed.
Accordi ngly, the background conponents are set to O, and the foreground
conponents are naintained. The el eventh through thirteenth pixels fromthe

| eft bel aing fxanidietcavat dsk bachos osudl oy eaqbet Do {6e) 25 foreground and the
background are separated. Accordingly, - 161 the background conponents are

set to 0, and QO2e =f ®EYrBRIR /we@OOIVerREL /ar e mai nt ai ned. The fifth t hrough
tenth pixels fromthe |eft consist of only the foreground conponents,
whi ch are thus mairnoReBdd+FO1Fivg. 69B illustrates an exanple of the
background conponent inmage corresponding to frame #n in Fig. 65. The
| ef t nost pi xel and OFENOBAFOd€Wt h pi xel fromthe left consisté®f only the
background conponents before the foreground and the background are
separ at ed™P &R Fhukndicrtad B Kykeitee conpimept sthe esaednd ap heell
from the left in frame #n, and NO2 designates the pixel
value of the second pixel from the left in frame #n+1.
The sum £f02 of the foreground components of the second
pixel from the left in frame #n can be expressed by equation
10 (70) based on equation (69).
f02 = FOl/v
= C02-02eN0O2 (70)
Similarly, the sum £f03 of the foreground components of
the third pixel from the left in frame #n can be expressed
15 Dby equation (71), and the sum f04 of the foreground

components of the fourth pixel from the left in frame #n can

be expressed by equation (72).

f03 = CO3-xx3eNO3 (71)
f04 = CO4-a4eNO4 (72)
20 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 (73):

fu = C-aeN (73)
where N designates the pixel value of the corresponding

25 pixel in the subsequent frame.



The second through fourth pixels fromthe left belong to the uncovered
background area before the foreground and the background are separ at ed.
Accordi ngly, the foreground conponents are set to 0, and the background
conmponents are 15 mai ntained. The el eventh through thirteenth pixels from
the left belong to the covered background area before the foreground and
t he background are separated. Accordingly, the foreground conponents are
set to 0, and the background conponents are nmintained. The fifth through
tenth pixels 20 fromthe |eft consi §t 1o only the foreground conponents,
and thus, the pixel values are set to 0. The processing for separating the
foreground and the background executed by the foreground/ background

separator 103si gigeseikicliedporlcgWihet epairarance o tiike fdoawghanti1@f 25
Fig. 70. In step S601, the frame nenory 621 of the - 162 separating

portion Gl s¥paadte athd Modedrmge]l doibaiaies fidmmhdrpixglsvhi ch the
foreground and the background are separated together with the previous
frame #n-tkelandirde teulisequerdd famee dndlthed Harlsdmpusd0ymddresrstepar at i on
processi ng bl ock 622 of the separating portion 601 obtains area

i nf or mat iforems Uy ikike ¥g dre tdreg ikt eehratnixkadl adatlasddon Ithest ep S603,
the separation processing bl ock 622 of the separating portion 601 obtains
t he mPxt dmarmatolen siupblcatding dmhe movesedireackaround aeed andttdre 104. | n

step S604, the uncovered area processor 631 extracts
information indicating the uncovered background area

contained in the area information, and the mixture ratio «
for each pixel.

Fig. 68 is a block diagram illustrating an example of

10 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
memory 621, and the area information indicating the covered
background area and the uncovered background area supplied

15 from the mixture-ratio calculator 104 and the mixture ratio
o are supplied to a separation processing block 622.

The frame memory 621 stores the input images in units
of frames. When a frame to be processed is frame #n, the
frame memory 621 stores frame #n-1, which is the frame one

20 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
in frame #n-1, frame #n, and frame #n+l to the separation
processing block 622.

25 The separation processing block 622 applies the



t he background conponents fromthe pixel values of the pixels belonging to
t he uncovered background area supplied fromthe franme nenory 621 based on
the area information and 15 the mxture ratio a. In step S605, the
uncovered area processor 631 extracts the foreground conponents fromthe
pi xel values of the pixels belonging to the uncovered background area
supplied fromthe franme nenory 621 based on the area information and 20
the m xture ratio a. In step S606, the covered area processor 632 extracts
t he background conponents fromthe ﬁi%@ﬁ val ues of the pixels belonging to
t he covered background area supplied fromthe frane nenory 621 based on
the area information and 25 the mxture ratio a. - 163 1In step S607, the

cover ed aAYNACRIHOdGTLdd adlth Adedai@areynd gonpeneats 67 o t he
pi xel values of the pixels belonging to the covered background area

suppl i ed tHy qnisdie ¥alames efmothe Gl hasethding heiesea infordmed igo-and 5
the mxture ratio a. In step S608, the synthesizer 633 conbi nes the

f or egr ounix asenpomerdrsd of rdnee #i-lel ssudyel iosdyi fegorh ot Hdhef ratine aveaiicel, béxkgr ound
area extracted in the processing of step S605 with the foreground
conponentlxa s¥d tdre tdie el rseal Ol rofd owedfi mp tind hee tove rigte backapreadind ar ea
extracted in the rocessi ng of step S607. The synthesized foreground
conpoﬁen@@Q#Q¥QMRALaﬁﬁﬁt&ﬁdrﬁhannﬂ¢ﬂ¥ﬁ§ﬁ# Bogkgmdend area and the

mixture ratio a so as to separate the foreground components
and the background components from the pixels belonging to
the mixed area in frame #n, and supplies them to a frame
memory 623.

10 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.

A multiplier 641 of the uncovered area processor 631

multiplies the pixel value of the pixel in frame #n+1

15 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
(corresponding to the pixel in frame #n+l) supplied from the
frame memory 621 belongs to the uncovered background area,

20 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
pixel value of the pixel in frame #n+l by the mixture ratio
o output from the switch 642 is equivalent to the background

- 25 components of the pixel value of the corresponding pixel in



synt hesi zer 603 further conbines the pixels belonging to the foreground
area supplied via the switch 602 with the 15 foreground conponents supplied
fromthe separating portion 601 so as to generate a foreground conponent
image. In step S609, the synthesizer 634 conbines the background
conponents of the pixels belonging to the uncovered background area
extracted in the processing of 20 step S604 with the background conponents
of the pixels belonging to the covered background area extracted in the
processing of step S606. The synthesi 28§ Background conponents are
supplied to the synthesizer 605. The synthesizer 605 further conbines the
pi xel s bel onging to the 25 background area supplied via the switch 604 with
the - 16&rahackigr.ound conponents supplied fromthe separating portion 601
so-as to generate a background conponent image. . In step S610, the

synt hesi zer 60Beoututd atther 6f4Gr egibduad o ghen &alckgraged ldongiogrnd&ll, the
synt hesi zer 5 605 outputs the background conponent image. Then the

process endpliss] dimspustded shidvay G4tk Frome grios el xeslc kgl S epgas at or - 105
is able to separate the foreground conmponents and the background
conponentsi¥elorhn M dnmpuin i sunpel ed eiran the Srawe I0nororédl ism and t he

m xture ratio a, and outputs the foreground conponent image consi sting of

only Phe Forafradund-he diprmemund mprtmdrekgr ol cohporaetnr | rhye
consi sting of  only the background conponents.
supplies the foreground components of the pixel in frame #n

belonging to the uncovered background area to the
synthesizer 633. |
A multiplier 651 of the covered area processor 632
10 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
switch 652 is closed when the pixel of frame #n
(corresponding to the pixel in frame #n-1) supplied from the
15 frame memory 621 belongs to the covered background area, and
supplies the pixel value multiplied by the mixture ratio «
supplied from the multiplier 651 to a calculator 653 and the
synthesizer 634. The value obtained by multiplying the
pixel value of the pixel in frame #n-1 by the mixture ratio
20 o output from the switch 652 is equivalent to the background
components of the pixel value of the corresponding pixel in
frame #n.
The calculator 653 subtracts the background components
supplied from the switch 652 from the pixel value of the

25 pixel in frame #n supplied from the frame memory 621 so as



Adj ustnents of the anmount of notion blur froma 15 foreground conponent

i mage are described below. Fig. 71 is a block diagramillustrating an
exanple of the configuration of the notion-blur adjusting unit 106. The
notion vector and the positional information thereof supplied fromthe
notion detector 102 and the area 20 information supplied fromthe area
specifying unit 103 are supplied to a unit-of-processing determning
portion 801 and a nodel-form ng portion 802. The area infornmation supplied
fromthe foreground/ background sepafaﬁéﬁ I05 is supplied to the adder 804.
25 The unit-of-processing determ ning portion 801 supplies, - 165 together
with the notion vector, the unit of processing that 1is generated based on

the noti ao \wataim amk tfer aasdurdadmpdndrrdat iTie tderaofateid d4® area
information to the nodel - form ng portion 802. The unit-of-processing

det er m nisngpA i tien RXeg@tqpld eonigengenerat echaimpixal jr ofessd khto the
adder 804. As indicated as an exanple by Ain Fig. 72, for exanple, the
unit of predeegsiny tgendratadrdned e akgtowid processs nthe detrerig sii 2 porti on
801 i ndicates consecutive pixels 10 disposed in the noving direction
starting @33m the pixel corresponding to the covered background area of
the foreground conponent inmage until the pixel corresponding to the
uncover ed bacfieosyatiessd zegr 633dicombds asoider fiores ropindelcemtiosysasded i n t he

nmovi ng direction startin%_fron1the
of the pixels belonging to the uncovered background area and

supplied from the calculator 643 with the foreground

components of the pixels belonging to the covered background

area and supplied from the calculator 653, and supplies the
10 synthesized foreground components to the frame memory 623.

The synthesizer 634 combines the background components
of the pixels belonging to the uncovered background area and
supplied from the switch 642 with the background components
of the pixels belonging to the covered background area and

15 supplied from the switch 652, and supplies the synthesized
background components to the frame memory 623.

The frame memory 623 stores the foreground components
and the background components of the pixels in the mixed
area of frame #n supplied from the separation processing

20 block 622.

The frame memory 623 outputs the stored foreground
components of the pixels in the mixed area in frame #n and
the stored background components of the pixels in the mixed
area in frame #n.

25 By utilizing the mixture ratio a, which indicates the




15 pi xel

correspondi ng to the uncovered background area until the pixel
corresponding to the covered background area. The

unit of processing is

formed of two pieces of data which indicate, for exanple, the upper |eft
point (which is the position of the |leftnost or the topnost pixel in the

i mge 20 designated by the unit of processing) and the | ower right
The nodel -form ng portion 802 forns a nodel based on the notion vector

the input unit of processing. More specifically, for exanple, the

nodel - f ormi ng portion 802 may 25 staré 6%

accordance wth - 166 the nunber of pixels contained in the unit of
processing, the nunber of virtual divided portions of the pixel value in
the tinme fHaaedd afuaratick ¥ het iinere fodrtd egdpditecoamonentise for each

pi xel . The nodel -form ng portion 902 then may 5 sel ect the nodel

poi nt .

and

“advance a plurality of nodels in

in which

t he corr &aikgqrourei vemipdents xedntada®simnchd hei for egi buesl compesaents i s
desi gnated, such as that in Fig. 73, based on the unit of processing and

the nunbemmpmfetelyt usdpatatiated portions of the pixel value in the tine
direction. 10 It is now assunmed, for exanple, that the nunber of pixels

correspondi ng The tshyatinsistl zefr H06c ewgitrigeass the famkgnced tdoempaommntts of
novenment v within the shutter tinme is 5. Then, the nodel-form ng portion
802 séts ahehrmnpietebt initheignixediaesp pbr t Foame t#n Soutplt sétemtshea nodel
formed of 15 eight types of foreground conponents so that the |eftnost

10

15

20

25

separating portion 601 with the pixels belonging to the
foreground area so as to generate a foreground component
image. The synthesizer 605 combines the background
components of the pixels in the mixed area in frame #n
output from the separating portion 601 with the pixels
belonging to the background area so as to generate a
background component image.

Fig. 69A illustrates an example of the foreground
component image corresponding to frame #n in Fig. 65. The
leftmost pixel and the fourteenth pixel from the left
consist of only the background components before the
foreground and the background are separated, and thus, the
pixel values are set to 0.

The second and fourth pixels from the left belong to
the uncovered background area before the foreground and the
background are separated. Accordingly, the background
components are set to 0, and the foreground components are
maintained. The eleventh through thirteenth pixels from the
left belong to the covered background area before the

foreground and the background are separated. Accordingly,



pi xel contains one foreground conponent, the second pixel fromthe |left
contains two foreground conponents, the third pixel fromthe |eft contains
three foreground conponents, the fourth pixel fromthe | eft contains four
pi xel 20 conponents, the fifth pixel fromthe |left contains five

foreground conponents, the sixth pixel fromthe left contains five
foreground conponents, the seventh pixel from the left contains five
foreground conponents, the eighth pixel fromthe left contains five

f oreground conponents, the 25 ninth'p?gél"fron1the | eft contains four
foreground - 167 conponents, the tenth pixel fromthe left contains three
foreground conponents, the eleventh pixel fromthe left contains two

f or egr oundecbapagedund abthpbhentwekbideh spitxelo Of,r amd el &Eolregaiviudidls one
foreground conponent. 5 Instead of selecting a nodel fromthe prestored
nodel s, cbheonedéels- hakenmad nprariniedn 8TRendy fogdnehaomoh neodddh pasedson the
notion vector and the unit of processing when the notion vector and the
unit of prrovesbiengdedite comsplsitedf Thd ynibdel -fomeginegngo comper@@t ssuppl i es t he
selected 10 nodel to an equation generator 803. The equation generator 803
gener at evhaghegurgt itbishbaedadtadmedne nodel supplied fromthe nodel -formng
portion 802. A description is given below, with reference to the nodel of
the foregrounBiigenp8Rehtlrfbgatshodn PHaEP4e 93, the P3ckgyabirens generated
by the equation generator 803 when the nunber of tor%ground coqponents IS
8, the nGRBEPIENTHILTSIS corresponding to frame #n in Fig. 65. he

leftmost pixel and the fourteenth pixel from the left

consist of only the background components before the

foreground and the background are separated, and thus, the
10 Dbackground components are maintained.

The second through fourth pixels from the left belong
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

15 maintained. The eleventh through thirteenth pixels from the
left belong to the covered backgroﬁnd area before the
foreground and the background are separated. Accordingly,
the foreground components are set to 0, and the background
components are maintained. The fifth through tenth pixels

20 from the left consist of only the foreground components, and
thus, the pixel values are set to 0.

The processing for separating the foreground and the
background executed by the foreground/background separator
105 is described below with reference to the flowchart of

25 Fig. 70, 1In step S601, the frame memory 621 of the



corresponding to the unit of processing is 12, and the anount of novenent
v is 5. Wien the foreground conponents contained in the 20 foreground
conponent image corresponding to the shutter. tine/v are FO1l/v through
FO8/v, the relationships between FO01/v through FO08/v and the pixel val ues
COL through Cl2 can be expressed by equations (74) through (85). COL =
FO1/v (74) 25 C02 = FO2/v+F0l/v (75) - 168 03 = FO03/v+F02/v+FA v (76)
C04 = F04/v+F03/v+F02/v+FA v (77) QD; 5 FO5/v+F04/ v+F03/ v+F02/ v+FA y (78)
C06 = FO6/ v+F05/ v+F04/ v+F03/ v+F02/ v (78f 5 07 =

FO7/ v+F06/ v+F05/ v+F04/ v+F03/v (80) (@08 = F08/v+F07/v+FO6/ v+FCB/ v+FO4/ v
(81) @09 = F08/v+F07/v+FO6/ v+FO6/v (82) Cl10 = FO8/v+FO07/v+FO6/v (83) dI
= F08/ v+EBeparati4fy porEizn= 608/obtadm)s ahhe ngopiatiimayege ragydatsaro &3
generates an equation by nodifying the generated equations. The equations
gener at edramg time fequathiioh dérefatreg @B icaragd ridiec dtaekdnpveguatieons ( 86)
t hough (97) . 15 COL = i FOL/ v+OF02/ v+0F03/ v+09F04/ v+0F05/ v

+0F06/ v+GROANEEEIF(QGe thes) witdy thel srEM v dxame) FEB/ v #aRD 4her0F05/ v

subsequent frame #n+1l.

5 In step S602, the separation processing block 622 of
the separating portion 601 obtains area information supplied
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-

10 ratio calculator 104.

In step S604, the uncovered area processor 631 extracts
the background components from the pixel values of the
pixels belonging to the uncovered background area supplied
from the frame memory 621 based on the area information and

15 the mixture ratio a.

In step $605, the uncovered area processor 631 extracts
the foreground 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

20 the mixture ratio a.

In step S606, the covered area processor 632 extracts
the background components from the pixel values of the
pixels belonging to the covered background area supplied
from the frame memory 621 based on the area information and

25 the mixture ratio a.



+0F06/ v+09F07/ v+0F08/v (87) (03 = 1F01/v+1F02/v+1F03/v+0F04/v+0F05/v 20
+0F06/ v+0OF07/v+0F08/v (88) (04 = i F01/v+l FO2/v+19F03/v+19F04/ v+0F05/ v
+09F06/ v+OFO7/ v+O*FOB/ v (89) CO5 = 1FOL/v+1F02/v+1F03/v+1F04/ v+1F05/ v
+0F06/ v+O FO7/v+09F08/v (90) 25 C06 = O FO01/v+1F02/v+1F03/v+1. FO4/ v+l FO5/v
- 169 +1F06/v+COFOr7/v+0F08/v (91) (€07 = OF01/v+0F02/v+1F03/v+1F04/v+1F05/v
+19F06/ v+1FO7/ v+0FB/ v (92) (@08 = OF01/v+0F02/v+0F03/v+1F04/v+1F05/v 5
+1F06/ v+1FO7/ v+1FC8/ v (93) C09 = OEOﬁ/§+QF02/v+0F03/v+0F04/v+1F05/v
+| FO6/ v+1FOr7/ v+1FC8/ v (94) C10 = OFQ & OF02/ v+0F03/ v+0F04/ v+0F05/ v
+1F06/ v+1FO7/ v+1FCG8/ v (95) 10 Cl11 = OF01/v+0F02/v+0F03/v+0F04/ v+0F05/ v
+0F06/ v+1F07/v+1F08/v (96) . C12 = OF01/v+0F02/v+0F03/v+0F04/ v+0F05/ v
+OF06/ v+0F07/ In1B08pVSE97) Eheatiowesed8a)ehhprogkssez?) 682n elxd raxiusessed by
15 equation (98). oa G = laijFi/v =01
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
5 the mixture ratio a.
In step S608, the synthesizer 633 combines the
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
10 Dbelonging to the covered background area extracted in the
processing of step S607. The synthesized foreground'
components are supplied to the synthesizer 603. The
synthesizer 603 further combines the pixels belonging to the
foreground area supplied via the switch 602 with the
15 foreground components supplied from the separating portion
601 so as to generate a foreground component image.
In step S609, the synthesizer 634 combines the
background components of the pixels belonging to the
uncovered background area extracted in the processing of
20 step S604 with the background components of the pixels
belonging to the covered background area extracted in the
processing of step $606. The synthesized background
components are supplied to the synthesizer 605. The

synthesizer 605 further combines the pixels belonging to the

25 Dbackground area supplied via the switch 604 with the



(98) In equation (98), | designates the position of the pixel. In this

exanpl e,

j has one of the values from1 to 12. In equation (98),

designates the position of the foreground 20 value. In this exanple,
one of the values from.1 to B. 1In equation (98), aij has the value 0 or

according to the values of i and j. Equation (98) can be expressed by

has

equation (99) in consideration of the error. - 170 oa ¢ = laijFi/v+ej
i =01 (99) In equation (99), e€j designﬁ%gs the error contained in the

desi gnated pixel G . Equation (99) ca

5e =(C- YaijFi/v i=0l1 (100) In order to apply the nmethod of | east

squar es,

the square sumE of the error is defined as equation (101).

= e] 2 (1l@Eckgrawhd rompadererits rMuppliizel tfhrenerttey \sdder gi@irg gdortion

10

15

20

25

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. Then the
process ends.

As discussed above, the foreground/background separator
105 is able to separate the foreground components and the
background components from the input image based on the area
information and the mixture ratio a, and outputs the
foreground component image consisting of only the foreground
components and the background component image consisting of
only the background components.

Adjustments of the amount of motion blur from a
foreground component image are_described below.

Fig. 71 is a block diagram illustrating an example of
the configuration of the motion-blur adjusting unit 106.

The motion vector and the positional information thereof
supplied from the motion detector 102 and the area
information supplied from the area specifying unit 103 are
supplied to a unit-of-processing determining portion 801 and
a model-forming poftion 802. The area information supplied
from the foreground/background separator 105 is supplied to

the adder 804.

The unit-of-processing determining portion 801 supplies,

e nodified into equation (100).

oe

12

1

E



10 differential value using the variable Fk with respect to the square sum
E of the error should be 0. Fk is determned so that equation (102) is
satisfied. aE 12 aej FFk ol aFk j==2- L ej 120, 2- {(G -
laijFi/v)(-akj/v) =0 j=0l1l i=al (102) In equation (102), since the anount
of novenment v is a 15 fixed val ue, equation (103) can be deduced. 12 00
Zakj(Qg - Y, aijFi/v) =0 j=ol i=0l1 (103) To expand equation (103) and
transpose the terns, equation (104) ci Sbg obtained. - 171 12 08 12 Z(ak]
EaijFi) = vEakjG j=01 1=01 j=01 (IO % Equation (104) is expanded into
ei ght equations by substituting the individual integers from1l to 8 into k
I n
together with the motion vector, the unit of processing that
is generated based on the motion vector and the positional
information thereof and the area information to the model-
forming portion 802. The unit-of-processing determining
5 portion 801 supplies the generated unit of processing to the
adder 804.
As indicated as an example by A in Fig. 72, for example,
the unit of processing generated by the unit-of-processing
determining portion 801 indicates consecutive pixels
10 disposed in the moving direction starting from the pixel
corresponding to the covered background area of the
foreground component image until the pixel corresponding to
the uncovered background area, or indicates consecutive
pixels disposed in the moving direction starting from the
15 pixel corresponding to the uncovered background area until
the pixel corresponding to the covered background area. The
unit of processing is formed of two pieces of data which
indicate, for example, the upper left point (which is the
position of the leftmost or the topmost pixel in the image
20 designated by the unit of processing) and the lower right
point.
The model-forming portion 802 forms a model based on
. the motion vector and the input unit of processing. More

specifically, for example, the model-forming portion 802 may

25 store in advance a plurality of models in accordance with



equation (104). The obtained ei ght equations can be 5 expressed by one
matrix equation. This equation is referred to as a "normal equation”. An
exanpl e of the normal equation generated by the equation generator 803
based on the nethod of |east squares is indicated by equation (105). F 12
71 G 1=08 11 10543 21000F01 45432100F02 3454321
OFO3 23454321F04 12345432F05 01234543F06 001
23454F07 00012345F08-= %6%O_i:06 09 (105) 08 07 E G

the number of pixels contained in the unit of processing,
the number of virtual divided portions of the pixel value in
the time direction, and the number of foreground components
for each pixel. The model-forming portion 902 then may

5 select the model in which the correlation between the pixel
values and the foreground components is designated, such as
that in Fig. 73, based on the unit of processing and the
number of virtual divided portions of the pixel value in the
time direction.

10 It is now assumed, for example, that the number of
pixels corresponding to the unit of processing is 12, and
that the amount of movement v within the shutter time is 5.
Then, the model-forming portion 802 sets the number of
virtual divided portions to 5, and selects a model formed of

15 eight types of foreground components so that the leftmost
pixel contains one foreground component, the second pixél
from the left contains two foreground components, the third
pixel from the left contains three foreground components,
the fourth pixel from the left contains'four pixel

20 components, the fifth pixel from the left contains five
foreground components, the sixth pixel from the left
contains five foreground components, the seventh pixel from
the left contains five foreground components, the eighth
pixel from the left contains five foreground components, the

25 ninth pixel from the left contains four foreground



i=03 06 EC 1=02 05 E G L1=01 J Wen equation (105) is expressed by
AF=vC, C, A, and v are known, and F is unknown. A and v are known when the
nodel is formed, while C becones known when the pixel value 1is input in
the addition processing. - 172 By calculating the foreground conponents
according to the normal equation based on the nethod of |east squares,
the error contained in the pixel C can be distributed. The equation
generator 803 supplies the nornmal equation 5 generated as discussed above
to the adder 804. The adder 804 sets, Bdséd on the unit of processi ng
supplied fromthe unit-of-processing determning portion 801, the pixel
value C contained in the foreground conponent inage in the matrix equation
suppl i ed comporieie sgqudid arentth ganerlatfironBGhe Thef taddart 804 Hydd es t he
matrix in which the pixel value Cis set to a calculator 805. The
cal cul at ¢iorgR5 cvald Woatpem anitss ,f diheg redlewerddnmoinentt £ veHe drefithi ch noti on
blur is elimnated by the processing based on a solution, such as a
sweep- outcordEiad (t@eu o regy pmngh e aaidaniandtd orfnd sdieastwe ot at irked
corresponding to i .
from the left contains one foreground component.
5 Instead of selecting a model from the prestored models,
the model-forming portion 802 may generate a model based on
the motion vector and the unit of processing when the motion
vector and the unit of processing are supplied.
The model-forming portion 802 supplies the selected
10 model to an equation generator 803.
The equation generator 803 generates an equation based
on the model supplied from the model-forming portion 802. A
description is given below, with reference to the model of
the foreground component image shown in Fig. 73, of
15 equations generated by the equation generator 803 when the
number of foreground components is 8, the number of pixels
corresponding to the unit of processing is 12, and the
amount of movement v is 5.
When the foreground components contained in the
20 foreground component image corresponding to the shutter .
time/v are F0l1/v through F08/v, the relationships between
FO0l1/v through F08/v and the pixel values C0l through Cl2 can
be expressed by equations (74) through (85).
CO0l = FOl/v (74)

25 co2

FO2/v+F0l1/v (75)



i ndicating one of the integers fromO to 8 which is the pixel value from
whi ch notion blur is elimnated. The calculator 805 then outputs the
foreground conponent imge consisting of the pixel values Fi wthout
notion blur, such 20 as that in Fig. 74, to a notion-blur adder 806 and a
sel ector 807. In the foreground conponent inage w thout notion blur shown
in Fig. 74, the reason for setting FOL through FO8 in (C03 through C10,
respectively, is not to change the poaég on 25 of the foreground conponent
imge wth respect to the screen. - However, FO1 through FO8 may be
set in any desired positions. The notion-Dblur adder 806 is able to adjust
t he anobunt of notion blur by adding the anbunt v' by which notion blur 1is
adj ust ed, whi €R3i s @OBYer+ER /frrddiltvhe anount of nmovenent 5 v(7d)or exanpl e,
t he amount v' by which notion blur is adj usted, which is one half the val ue
of the anount CO# =mBPdremtE 03/ vaF O er+&domt v' by which notiof7hlur is

adj usted, which is irrelevant to the anount of novenent v. For exanple, as
shown in Fig. CP%, *tﬁ@5dﬁﬁﬁ@ﬂ/WHJW3dadéw28W6F@GleV|des the fotyround pi xel
value Fi w thout notion bl ur t he amount v' by which rmtlon blur is

adj usted so a§%o= WleﬁFtoﬁe(VT*&Oé@fﬁ’d'tFrQ@/é’dﬁ&@n(é’nt Fi/v'. ThelHbtion-blur
adder _.806 then cal cul ates the s of the foreground conponents Fi/lv',
thereBy gener &%'ng @Wg/EﬁEQGAﬁﬂﬂﬂ§4WTFQﬂKWMFd%HVthe amount of (8t on bl ur

i s adj usted. F%r ex%%%UV+quhen t he anp 9%+F04/y whi ch nntlon(blyr IS

adjusted is 3° JAFOB/VEROS
C09 = F08/v+F07/v+F06/v+F05/v (82)
Cl0 = F08/v+F07/v+F06/v (83)
Cll = FO08/v+F07/v (84)
10 Clz = FO8/v | (85)

The equation generator 803 generates an equation by
modifying the generated equations. The equations generated
by the equation generator 803 are indicated by equations

(86) though (97).

15 CO01 = 1eF0l/v+0eF02/v+0eF03/v+0eF04/v+0eF05/v
+0eF06/v+0eF0Q7/v+0eF08/v {86)
C02 = 1eF01/v+1eF02/v+0eF03/v+0eF04/v+0eF05/v

+0eF06/v+0eF07/v+0eF08/v (87)
CO03 = 1eF01/v+1eF02/v+1eF03/v+0eF04/v+0eF05/v
20 +0eF06/v+0eF07/v+0eF08/v (88)
C04 = 1eF01l/v+1eF02/v+1eF03/v+1eF04/v+0eF05/v
+00F06/v+0eF07/v+0eF08/v (89)
CO5 = 1eF01/v+1eF02/v+1eF03/v+1eF04/v+1eF05/v
+00F06/v+0eF07/v+0eF08/v (90)

25 C06 = QeF01/v+1eF02/v+1eF03/v+1eF04/v+1eF05/v



the pixel value C02 is set to (FO1)/v', the pixel value C3 is set to
(FO1+F02)/v', the pixel value C04 is set to (FO1+FO02+F03)/v', and the

pi xel value Q05 is set to 20 (FO2+F03+F04)/v'. The notion-blur adder 806
supplies the foreground conponent inage in which the amount of notion bl ur
is adjusted to a selector 807. The selector 807 selects, based on a

sel ection signal 25 reflecting a user's selection, one of.the foreground -
174 conponent imge supplied fron1th? §alculator 805 fromwhich notion
blur is elimnated and the foreground é nmponent image supplied fromthe
noti on-blur adder 806 in which the anount of notion blur is adjusted, and
outputs the selected 5 foreground conponent inmage. As di scussed above, the
notion-blur adjusting unit HEFOEgvabeEOT 6v-aleREE/+ he anount (@1)notion bl ur
based on the selection signal and the amount v' by which notion blur is
adj usted. 10 BP3o= DeFObkwhPeR]2 fvhelke ROTY vitiviEer /of- 1@FREVs corresponding to
the unit of processing is 8 and the anobunt of novenent v is 4, as shown
in Fig. 76, the notion-blur +18BPagvirheFOR/ Y+AO ner at es a n@2i x equati on
expressed by equation %106 . Foell G 15

C08 = 0eF01/v+0eF02/v+0eF03/v+1eF04/v+1eF05/v
5 +16F06/v+1eF07/v+1eF08/v (93)

C09 = 0eF01/v+0eF02/v+0eF03/v+0eF04/v+1eF05/v
+1eF06/v+1eF07/v+1eF08/v (94)

Cl0 = QeF01/v+0eF02/v+0eF03/v+0eF04/v+0eF05/v
+1eF06/v+1eF07/v+1eF08/v {95)

10 Cll = QeF01/v+0eF02/v+0eF03/v+0eF04/v+0eF05/v
+0eF06/v+1eFQ07/v+1eF08/v (96)

Cl2 = 0eF01/v+0eF02/v+0eF03/v+0eF04/v+0eF05/v

+0eF06/v+0eF07/v+1eF08/v (97)
Equations (86) through (97) can be expressed by

15 equation (98).

o]
Cj= D aij-Fi/v (98)

i=01

In equation (98), j designates the position of the pixel.
In this example, j has one of the values from 1 to 12. 1In
equation (98), i designates the position of the foreground
20 wvalue. In this example, 1 has one of the values from 1 to 8.
In equation (98), aij has thelvalue 0 or 1 according to the
values of i and j.
Equation (98) can be expressed by equation (99) in

consideration of the error.



43210 34321 23432 12343 01234FO1 FO2 FO3 FO14
FO5 =v (106) 1=05 07 06 05 ECG i=02 04 CG i=04 LEHi=01 In this
manner, the notion-blur adjusting unit 106 <calculates Fi, which is the

pi xel value in which the anmount of notion blur is adjusted, by setting up
the equation in accordance with the length of the unit of processing.

- 170 -

08

Cj= D aij-Fi/ v + ej (99)

i=01

In equation (99), ej designates the error contained in the
designated pixel Cj.

Equation (99) can be modified into equation (100).

[o]:]
5 ej=Ci- D aij-Fi/v (100)

i=01

In order to apply the method of least squares, the

square sum E of the error 1s defined as equation (101).

12
E= ) ef (101)

j=01

In order to minimize the error, the partial
10 differential value using the variable Fk with respect to the
square sum E of the error should be 0. Fk is determined so

that equation (102) is satisfied.
OE 2 oej
_=2_Zej___.
12 08 (102)
=22 {Ci-2aij-Fi/v) - (-akj/ v) =0
j=01 i=01
In equation (102), since the amount of movement v is a

15 fixed value, equation (103) can be deduced.

12

08
Y akj-(Cj- D aij-Fi/v) =0 (103)

j=01 i=01

To expand equation (103) and transpose the terms,

equation (104) can be obtained.



- 175 Simlarly, for exanple, when the nunber of pixels contained in the
unit of processing is 100, the equation corresponding to 100 pixels is
generated so as to calculate Fi. Fig. 77 illustrates an exanple of another
configuration 5 of the notion-blur adjusting unit 106. The same el enents
as those shown in Fig. 71 are designated with |ike reference nunerals,
and an explanation thereof is thus omtted. Based on a selection signal, a
selector 821 directly supplies an Ln@z nmotion vector and a positional
signal 10 thereof to the unit-of-pro sing determ ning portion 801 and

t he nodel -form ng portion 802. Alternatively, the selector 821 may
substitute the magnitude of the notion vector by the amount v' by which
notion blur iss ghyste 5 ,4@nd thgnvsgﬁ%Fqucthe noti on vect or t he
positional 15 4¢gn th f%&f Fg the &n JOf-brocessing detern@hl g portion
801 and the nddél-foring unit 802. "W'th this arrangenment, the

uni t - of -processing determning portion 801 th(ou%h the cal cul ator 805 of
t he nDtion-bEHﬂagépﬂsﬂﬂﬁé)uﬁﬁte¥96n§ﬁéwﬁn¢ﬁ Eight7erayasighisebiyo 20 adj ust
t he amount of notion blur in accordance with the anmount of novenent v and
t he anpurftbBpt iR SAR%E Fhfotitsh Bidna !l il tagalst ddomrdr dhpindo vheli t he
anount of novenent is 5 and the anount v' by which notion blur is

adj ust ed §B2F 19 el 1 Qi 1 - JRHAREEINSH dethdr R PBT t53h BOL t hrough t he

2 I r f th i on-bl ur i i ni hown -_17
> cagcu e%tpq:es8s%5d %y tonee %Dé[er()ix beql{Jataichnu.St ITr}lgisu e!c}ua 0i60nS ios referr6ed

to as a "normal equation”.
An example of the normal equation generated by the
equation generator 803 based on the method of least squares

is indicated by equation (105).

543210 0 0OfFo1] L=07
4 5432 10 0[F02 Y. ci
3 45 43 2 1 0|F03 o9
2 3 45 4 3 2 1|Fo4 i=ZOSCi
10 12345432F05=V'§:C, (105)
01 2 3 4 5 4 3|F06 i=o4l
0 012 3 45 4|F07 ici
0 0 01 2 3 4 5|F08] 1=03

When equation (105) is expressed by AeF=veC, C, A, and v
are known, and F is unknown. A and v are known when the
model is formed, while C becomes known when the pixel value

is input in the addition processing.



in Fig. 77 execute conputation on the foreground conponent inmage in which
t he anobunt of novenent v is 5 shown in Fig. 73 according to the node
shown in Fig. 75 in which the anount v' by which notion blur is adjusted
is 3. As a 5 result, the imge containing notion blur having the amount = of
novenent v of (amount of novenent v)/(amount v' by which notion blur is
adjusted) = 5/3, i.e., about 1.7 is obtained. 1In this case, the cal cul ated
i mge does not contain notion blur carresponding to the anount of novenent
v of 3. 10 Accordingly, it should bé dfed that the rel ati onship between

t he amount of novenment v and the anount v' by which notion blur is
adjusted is different fromthe result of the notion-blur adder 806. As

di scussed aboBg, chheunatiag- bher fagiegsbuad dbmboh@atslacgemrdiayesot he

equation in accordance with the amount of novenent v and the unit of
processi nne andmeAt duat igpinkd&asadalare i rdtthddreeyricast caquyeant 1 mage in
the generated -equation, thereby cal cul ating the foreground conponent i nage
i n whi ch tthire esmmuntcaoft aiptadorirbltire ipsixed) Wstah 0 dilet mpirodessi ng f or
adj usting the anount of notion blur contained in the foreground conponent
i mge execut edhiy eahetippt geneplaioradifds siupylikist thes nogmdds eduadd obel ow
wth reference to the flowhart of Fig. 78. In step S801, the
uni t - of - predeeRdiath afetErSAURSRE 2P thortrsoadder HO 4wt i on- bl ur adj usti ng
unit 106 generates - 177 the unit of processing based on the notion vector
and t he The adder 804 sets, based on the uhit of processing
supplied from the unit-of-processing determining portion 801,
the pixel value C contained in the foreground component
image in the matrix equation supplied from the equation
10 generator 803. The adder 804 supplies the matrix in which
the pixel value C is set to a calculator 805.
The calculator 805 calculates the foreground component
Fi/v from which motion blur is eliminated by the processing
based on a solution, such as a sweep-out method (Gauss-
15 Jordan elimination), so as to obtain Fi corresponding to i
indicating one of the integers from 0 to 8, which is the
pixel value from which motion blur is eliminated. The
calculator 805 then outputs the foreground component image
consisting of the pixel values Fi without motion blur, such
20 as that in Fig. 74, to a motion-blur adder 806 and a
selector 807.
In the foreground component image without motion blur
shown in Fig. 74, the reason for setting FO0l through FO08 in
CO03 through Cl0, respectively, is not to change the position

25 of the foreground component image with respect to the screen.



area information, and supplies the generated unit of processing to the
nodel -form ng portion 802. In step S802, the nodel-form ng portion 802 of
the 5 notion-blur adjusting unit 106 selects or generates the nodel in
accordance with the amount of novenent v and the wunit of processing. In
step S803, the equation generator 803 generates the normal equation based
on the selected nodel. 10 In step S804, the adder 804 sets the pixel

val ues of the foreground conponent inage in the generated normal

equation. In step S805, the adder 804 1dét &r mi nes whet her the pi xel val ues
of all the pixels corresponding to the unit of processing are set. If it
is determ ned that the pixel 15 values of all the pixels corresponding to
t he unit HoWweveroc&SHi nthmneyM@ 0y atagehe $de proargsdeeivedspbeistiens$S804,
and the processing for setting the pixel values in the nornmal equation is
‘repeated. |f [Thei modéberbilnedaddest 806S8@5abliat tbhadgiusel thel uesun20 of al
the pixels corresponding to the unit of processing are set, the process
pr oceeds ofo mttdpnS$Aeir by stdelindsidie antweirdalw'ultat ovhi806 neetlicarl ddlesr t he

pi xel values of the foreground in which the anmount of notion blur is

adj ust ed 1shasEidsgred,hevhieinels ebjfidmemt f nom dihe reqinde|o &/ alqiessnea st
supplied fromthe adder 804 are set. Then the process ends. - 178 As

di scussed atfGVe ex® Lfpt ithe BmguddjWsthhghirtlt magsion Plat g o adj ust t he

anount of npotion blur of the
adjusted, which is one half the value of the amount of

movement v, or the amount v' by which motion blur is
adjusted, which is irrelevant to the amount of movement v.
For example, as shown in Fig. 75, the motion-blur adder 806

10 divides the foreground pixel value Fi without motion blur by
the amount v' by which motion blur is adjusted so as to
obtain the foreground component Fi/v'. The motion-blur
adder 806 then calculates the sum of the foreground
components Fi/v', thereby generating the pixel value in

15 which the amount of motion blur is adjusted. For example,
when the amount v' by which motion blur is adjﬁsted is 3,
the pixel value C02 is set to (FO0l)/v', the pixel value C3
is set to (FO1+F02)/v', the pixel value C04 is set to
(FO1+F02+F03)/v', and the pixel value CO05 is set to

20 (FO2+F03+F04) /v"'.

The motion-blur adder 806 supplies the foreground
component image in which the amount of motion blur is
adjusted to a selector 807.

The selector 807 selects, based on a selection signal

25 reflecting a user's selection, one of the foreground



foreground i mage containing notion blur based on the notion vector and the
area information. 5 That is, it is possible to adjust the anount of notion
bl ur contained in the pixel values, that is, contained in sanpled data. As
is seen fromthe foregoing description, the signal processing apparatus
shown in Fig. 2 is able to adjust the 10 anount of notion blur contained
in the input imge. The signal processing apparatus configured as shown in
Fig. 2 is able to calculate the ni&tiéﬁ_ratio a, which is enbedded

i nformation, and outputs the cal cul at mxture ratioa. Fig. 79 is a

bl ock diagramillustrating another exanple 15 of the configuration of the
notion-blur adjusting unit 106. The notion vector and the positional

i nf or mat icompbinendo fimaswp shiped ifedofirore thet icarl cbdtagetrors 050 X rae wiiifg i ed to
a unit-of-processing determning portion 901 and an adjusting portion
905. Themartdan bilowmtsi @d isuippeitiesd afndo rohteh & careger 201 s pewidoniend: umiagel03 i s
supplied to the unit-of-processing determ ning portion 901. The foreground
conponentsUpipdded Suepl itde Modrhomd 1fugr egidsun &Xadig mbued ddysaraataamtlos i s
supplied to a cal cul ator, 904. The unit-of-processing determ ning portion
901 supplafediotipn Pdgat Her afis iase md ovtpettsorthe ke laatedf processing -
179 enerated based on the nption vector and the positional information

t her edf &RF SO URC e £ FWOHSTEL iI'#1#%€0 a nodel - forming portion 902.

As discussed above, the motion-blur adjusting unit 106
is able to adjust the amount of motion blur based on the
selection signal and the amount v' by which motion blur is
adjusted.

10 Also, for example, when the number of pixels
corresponding to the unit of processing is 8, and the amount
of movement v is 4, as shown in Fig. 76, the motion-blur
adjusting unit 106 generates a matrix equation expressed by

equation (106).

-
D.ci
1335
4 3 2 1 OfFol] ZCi
3 4 3 2 1|Fo2 =04
15 2 3 43 2|F03| =v.|YcCi (106)
1 2 3 4 3|Fo4 o8
0 1 2 3 4|F05 2. ci
L - - i=02
04
ci
L1=o1 N

In this manner, the motion-blur adjusting unit 106
calculates Fi, which is the pixel value in which the amount
of motion blur is adjusted, by setting up the equation in

accordance with the length of the unit of processing.



The nodel -form ng portion 902 fornms a nodel based on 5 the notion vector
and the input unit of processing. Mdre specifically, for exanple, the
nodel -form ng portion 902 nmay store in advance a plurality of nodels in
accordance with the nunber of pixels contained in the unit of processing,
t he nunber of virtual divided portions of the pixel value in 10 the tine
direction, and the nunber of foreground conponents for each pixel. The
nodel -form ng portion 902 then nmay _Sﬁ|§ct the nodel in which the
correlation between the pixel values drd "t he f oreground conponents is
designated, such as that in Fig. 80, based on the unit of processing and
the 15 nunber of virtual divided portions of the pixel value in the tine
di rect i oimitl ard ynovicas sxaegh 1 f ,owhesraniiee nuntisdr tdfe pinddey afntaiinesd s
corresponding to the unit of processing is 12, and that the amount of
nmovenent in itheSurihemf tdmw aesgEing dram Iy 2 Cheoredquat 902 cetreddmndiunper  of
virtual divided portions to 5, and selects a nodel formed of eight types
of foregrtoudd0 cumedrents gsnatadted wo |asf thmstalpivdelte diit ai ns one
foreground conponent, the second pixel fromthe left contains two

f oreground colpdnent/s 11inetirhites prxerampd® Cie anpdhieaf condriained iomy ee
foreground conponents, the fourth pixel - 180 fraomthe |eft contains four
pi xel 2 corffortdift SotiRpRuh adhiueing dthithel 1&f t TWohtsa™s TESRETGY &ff ound

conponent, s, the.  sixth pixel fromthe |eft coptains fjive forgground

conponents: OSSN et Tideel ' rahf (RS 1 BIAE SOt hs! g reterence

numerals, and an explanation thereof is thus omitted.

Based on a selection signal, a selector 821 directly

supplies an input motion vector and_a positional signal

10 thereof to the unit-of-processing determining portion 801
and the model-forming portion 802. Alternatively, the
selector 821 may substitute the magnitude of the motion
vector by the amount v' by which motion blur is adjusted,
and then supplies the motion vector and the positional

15 signal thereof to the unit-of-processing determining portion
801 and the model-forming unit 802.

With this arrangement, the unit-of-processing
determining portion 801 through the calculator 805 of the
motion-blur adjusting unit 106 shown in Fig. 77 are able to

20 adjust the amount of motion blur in accordance with the
amount of movement v and the amount v' by which motion blur
is adjusted. For example, when the amount of movement is 5,
and the amount v' by which motion blur is adjusted is 3, the
unit-of-processing determining portion 801 through the

25 calculator 805 of the motion-blur adjusting unit 106 shown



5 foreground conponents, the eighth pixel fromthe left contains five
foreground conponents, the ninth pixel from the left contains four
foreground conponents, the tenth pixel fromthe | eft contains three
foreground conponents, the eleventh pixel fromthe |left contains two
foreground 10 conponents, and the twelfth pixel fromthe |eft contains one
foreground conponent. Instead of selecting a nodel fromthe prestored
nodel s, the nodel-form ng portion 90% By generate a nodel based on the
notion vector and the unit of proce§s'ﬁgaﬁhen the notion 15 vector and the
unit of processing are supplied. An equation generator 903 generates an
equation based on the nodel supplied fromthe nodel-form ng portion 902.
A descri phi dngi.s 7lowxgicueer, compltaeiencoae the tfoeenurdens afonfonegtound
conponent images shown in Figs. 80 20 through 82, of an exanple of the
equat i onigeger aneghiiyht libe equanitow fgewseattot 903 swidemhohe [ty .of
foreground conponents is 8, the nunber of pixels corresponding to the
unit of pRoeesorAgnds to2 thegndodied showmt 1of Figvermdntiny which theen t he
foreground conponents contained in the 25 foreground conponent i nmage
correspoRdcHgtt ¥ 't By shdichemotipgy bluime/sy agijelst@s vist Br.oudis RO8/ v, the
rel ati onshi ps between FO01/v through FO8/ v and pi xel values C01 through Cl12
can be &Rgréssedhsy 1BGeat iCORSETANG MeddgR LI%) hayifdhattde amewat By
considering the pixel values Cl2 and Cl1, thevpbxel 5 value Cl2 contains
only t he°foleyETGRE 8bﬁ%bHéWPuP58Pf,m&¥ement )/ (amount v' by which

motion blur is adjusted) = 5/3, i.e., about 1.7 is obtained.
In this case, the calculated image does not contain motion
blur corresponding to the amount of movement v of 3.

10 Accordingly, it should be noted that the relationship
between the amount of movement v and the amount v' by which
motion blur is adjusted is different from the result of the
motion-blur adder 806.

As discussed above, the motion-blur adjusting unit 106

15 generates the equation in accordance with the amount of
movement v and the unit of processing, and sets the pixel
values of the foreground component image in the generated
equation, thereby calculating the foreground component image
in which the amount of motion blur is adjusted.

20 The processing for adjusting the amount of motion blur
contained in the foreground component image executed by the
motion-blur adjusting unit 106 is described below with
reference to the flowchart of Fig. 78,

In step S801, the unit-of-processing determining

25 portion 801 of the motion-blur adjusting unit 106 generates



expressed by equation (107), and the pixel value Cl1 consists of the
product sum of the foreground conponent FO08/v and the foreground conponent
FO7/v. Accordingly, the foreground conponent FO7/v can be found by
equation (108). 10 FO8/v = C12 (107) FO7/v = Cl11-Cl12 (108) Simlarly, by
consi dering the foreground conponents contained in the pixel values C10
t hrough C01, the foreground conponents FO6/v through FOl/v can be found by
15 equations (109) through (114), resgggtLvely. FO6/v = Cl10-C| (109)
FO5/v = C09-Cl10 (110) F04/v = C08-009'(1I1) FO03/v = CO7-C08+Cl12 (112) 20
FO02/v = C06-C07+Cl1-Cl2 (113) FO1/v = CO5-C06+Cl 0-Cl1 (114) The equation
generator 903 generates the equations for cal culating the foreground
conponentthebyntitte odi fofreresce ngbdaween onhehel xelt ival westoas andittat ed by t he
exanpl es of 25 equations (107) through (114). The equation generator 903 -
182 suppirices itfe rgertdoat, e dnegwappdrie st dhehger@ratleast ami904f The _
cal cul ator 904 sets the pixel values of the foreground conponent inage in
t he equabiresessdpEl ited theomodeie fogirdinido Pogdrienats®2 .903 so as to obtain the
foreground 5 congonents based on the equations in which the Eixel val ues
In step S802, the model-forming portion 802 of the
5 motion-blur adjusting unit 106 selects or generates the
model in accordance with the amount of movement v and the
unit of processing. In step S803, the equation generator
803 generates the normal equation based on the selected
model.
10 In step S804, the adder 804 sets the pixel values of
the foreground component image in the generated normal
equation. In step S805, the adder 804 determines whether
the pixel values of all the pixels corresponding to the unit
of processing are set. If it is determined that the pixel
15 wvalues of all the pixels corresponding to the unit of
processing are not yet set, the process returns to step S804,
and the processing for setting the pixel values in the
normal equation is repeated.
If it is determined in step S805 that the pixel values
20 of all the pixels corresponding to the unit of processing
are set, the process proceeds to step S806. 1In step S806,
the calculator 805 calculates the pixel values of the
foreground in which the amount of motion blur is adjusted

based on the normal equation in which the pixel wvalues

25 supplied from the adder 804 are set. Then the process ends.



are set. For exanple, when equations (107) through (114) are supplied from
t he equation generator 903, the calculator 904 sets the pixel values C05

t hrough C12 in equations (107) through (114) 10 The cal cul ator 904

cal cul ates the foreground conponents based on the equations in which the
pi xel values are set. For exanple, the calculator 904 cal cul ates the
foreground conponents FO1l/v through FO8/v, as shown in Fig. 81, based on
t he cal cul ati ons of equations (107)_t€2§u9h (114) in 15 which the pixel

val ues C05 through Cl2 are set. The cul ator 904 supplies the foreground
conponents FO1/v through FO8/v to the adjusting portion 905. The adjusting
portion 905 multiplies the foreground conponents supplied fromthe
cal cul at or 90&s bgis$tesseduabové, B20emuebmentbiucoatiusetingnuhbe D06 on
vector supplied fromthe unit-of-processing determ ning portion 901 so as
to obtai hs ghéef bregdduntl phrebmeoahtesff momiwhi bAumobiforthiel ur i s
elimnated. For exanple, when the foreground conponents FQA /v through

FO8/ v ar éosagpbiad fmsget kentalodngt ortdon b28rt besadj ost ithg porttioon 905
mul tiples each of the foreground - 183 conponents FO1l/v through FOB/v by

t he anmouMECc&PrmaRenEhe @reaj iaforgatdenas to obtain the foreground pixe
values FO1 through FO8 fromwhich notion blur is elimnated, as shown in
Fig. B2. 5 Thehal) &Sti#f porpPonibds tapprivstt heef ameyrbund mebhpbnent

i mge copsisting, of the, foregrouynd._pixel val ues
9 giur cogtaine in tﬁ% pgxelpva?ues, that is, contained in

sampled data.
As is seen from the foregoing description, the signal
processing apparatus shown in Fig. 2 is able to adjust the
10 amount of motion blur contained in the input image. The
signal processing apparatus configured as shown in Fig. 2 is
able to calculate the mixture ratio o, which is embedded
information, and outputs the calculated mixture ratio a.
Fig. 79 is a block diagram illustrating another example
15 of the configuration of the motion-blur adjusting unit 106.
The motion vector and the positional information thereof
‘supplied from the motion detector 102 are supplied to a
unit-of-processing determining portion 901 and an adjusting
portion 905. The area information supplied from the area
20 specifying unit 103 is supplied to the unit-of-processing
determining portion 901. The foreground component image
supplied from the foreground/background separator 105 is
supplied to a calculator 904.
The unit-of-processing determining portion 901 supplies,

25 together with the motion vector, the unit of processing



wi t hout notion blur cal cul ated as descri bed above to a notion-blur adder
906 and a selector 907. The notion-blur adder 906 is able to adjust the
anount 10 of notion blur by using the amobunt v' by which notion blur is
adjusted, which is different fromthe anount of novenent v, for exanple,
the amount v' by which notion blur is adjusted, which is one half the val ue
of the anobunt of novenent v, or the anobunt v' by which notion blur is 15
adj usted, which is irrelevant to the iggunt of novenent .v. For exanple, as
shown in Fig. 75, the notion-blur adder“906 divides the foreground pixel
value Fi wi thout notion blur by the anmount vl by which notion blur is
adj usted so as to obtain the foreground conponent Fi/v'. The notion-blur
20 adder g8férthed bakedl aheshehaostinnofretherf anegtaengdosdcaipaaents Fi/vl,
t hereby generating the pixel value in which the anobunt of notion blur is
adj ust edinFormexanpl €herehénanke theoameav inlfip rmhitdbnmibi anmbkded i s adj ust ed
is 3, the pixel value C2 is set to (FO1)/vl, the pixel value C3 25 is set
to (FOol+Fopyinyg, pol&ipnx8P2val ue CO4 is set to - 184 (FO1+F02+F03)/v', and
the pixel value CO5 is set to (FO02+FO3+F04)/v'. The notion-blur adder 906
suppl i es t he Tloe cgpdehuforBiponeartiang0? nfommnehat hedakobasedf onoti on bl ur
is 5 adjusted to the selector 907. The sel ector 907 selects, based on a
sel ect i oRl&i BR&[LODr ¥RFELE AGdatheeinpuseBiti 6F, PECCkRSSinge f ¥edground
specifically, for example, the model-forming portion 902 may
store in advance a plurality of models in accordance with
the number of pixels contained in the unit of processing,
the number of virtual divided portions of the pixel value in
10 the time direction, and the number of foreground components
for each pixel. The model-forming portion 902 then may
select the model in which the correlation between the pixel
values and the foreground components is designated, such as
that in Fig. 80, based on the unit of processing and the
15 number of virtual divided portions of the pixel value in the
time direction.
It is now assumed, for example, that the number of
pixels corresponding to the unit of processing is 12, and
that the amount of movement v is 5. Then, the model-forming
20 portion 902 sets the number of virtual divided portions to 5,
and selects a model formed of eight types of foreground
components so that the leftmost pixel contains one
foreground component, the second pixel from the left
contains two foreground components, the third pixel from the

25 left contains three foreground components, the fourth pixel



conponent image supplied fromthe adjusting portion 905 from which notion
blur is elimnated or the foreground conponent 10 image supplied fromthe
not i on-bl ur adder 906 in which the anobunt of notion blur is adjusted, and
outputs the selected foreground conponent inmage. As di scussed above, the
notion-blur adjusting unit 106 is able to adjust the anount of notion blur
based on the 15 selection signal and the anount v' by which notion blur is
adj usted. The processing for adjusting éhe anount of notion blur of the

f oreground executed by the notion-blu 8 djusting unit 106 configured as
shown in Fig. 79 is described belowwith 20 reference to the flowhart of
Fig. 83. in step S901, the unit-of-processing determning portion 901 of

t he noti drofl twheadjefst icog twints Fomrgenisredt esmpddenud,t tife @idaessi ng based
on the notion vector and the area information, and supplies the generated
unit of PAxelodesw et 4 efite qordealirfsorfiiiveg foardgraur@D 2 capodridre s, 1k

adj usting portion 905. In step S902, the nodel-form ng portion 902 of the
not i on- blsux tadjpisteiing nom tthE0 8 esfdl ewind adm sy diisreatfesradmumibdel according to
t he amount of novenent v and the unit of 5 processing. In step S903, the
equat i on cgRwenEndss 93 e g@vEandihe P ixeds ddoon thiee ledfte staadt adm g efiieraat ed

nodel , the equations for calculating the foreground conponents by the

di f f eP endONSSEREBE QOERSNER Tt Syalties edahihe K g the left

contains five foreground components, the ninth pixel from
the left contains four foreground components, the tenth
pixel from the left contains three foreground components,
the eleventh pixel from the left contains two foreground

10 componénts, and the twelfth pixel from the left contains one
foreground component.

Instead of selecting a model from the prestored models,
the model-forming portion 902 may generate a model based on
the motion vector and the unit of processing when the motion

15 vector and the unit of processing are supplied.

An equation generator 903 generates an equation based
on the model supplied from the model-forming portion 902.

A description is now given, with reference to the
models of foreground component images shown in Figs. 80

20 through 82, of an example of the equation generated by the
equation generator 903 when the number of foreground
components is 8, the number of pixels corresponding to the
unit of processing is 12, and the amount of movement v is 5.

When the foreground components contained in the

25 foreground component image corresponding to the shutter



conponent image. 10 In step S904, the cal cul ator 904 sets the pixel values
of the foreground conponent inmage in the generated equations, and extracts
t he foreground conponents by using the difference between the pixel val ues
based on the equations in which the pixel values are set. In step S905, the
15 cal cul ator 904 determ nes whether all the foreground conponents
corresponding to the unit of processing have been extracted. If it is
determ ned that all the foreground cingonents corresponding to the unit of
processi ng have not been extracted, A process returns to step S904, and
the 20 processing for extracting the foreground conponents is repeated. I|f
it is determned in step S905 that all the foreground conponents

corr espondineg vt areh&oanivt tafrougho@es8givng they eciedd cashriact e twele@d process
proceeds to step 25 S906. In step S906, the adjusting portion 905 adjusts
each - 1861/uf thireubbr #§Bdomadndoppaeéntvelbel/ COofthithurgugh08/12 sapplbieed from
t he cal cul ator 904 based on the anmobunt of novenent v so as to obtain the

f or egr ourdpPpERskdv BlvuesiuRgionst HI7dugrhEOS  (Bi50m wisi st ated ebvolvleur i s
elimnated. 5 In step S907, the notion-blur adder 906 cal cul ates the

f oreground pi REl conpudsringwhhehprikelawdlnesofloendnChLlur thespadplst ed,
and the sel ector 907 selects the inmage without notion blur or the inmage in
whi ch? t h&2aisuftl 2ocomsEiios Bndy the %@jr@gtr@&,ndaﬂ@nwmmts RO®e vgelasct ed

i mage. Then the , _
expressed by equation (107), and the pixel wvalue Cl1

consists of the product sum of the foreground component
F08/v and the foreground component F07/v. Accordingly, the

foreground component F07/v can be found by equation (108).

10 F08/v Cl2 (107)

FO7/v

Cll-C12 (108)
Similarly, by considering the foreground components

contained in the pixel wvalues C10 through COl, the

foreground components F06/v through F0l/v can be found by

15 equations (109) through (114), respectively.

FO06/v = Cl0-Cl1 (109)
FO5/v = C09-C10 (110)
F04/v = C08~CO09 (111)
FO03/v = C07-C08+Cl2 (112)
20 F02/v = C06-C07+Cl1l~-Cl2 (113)
FO0l1/v = C05-C06+C10-C1l1 (114)

The equation generator 903 generates the equations for
calculating the foreground components by the difference
between the pixel values, as indicated by the examples of

25 equations (107) through (114). The equation generator 903



10 process ends. As described above, the notion-blur adjusting unit 106
configured as shown in Fig. 79 is able to nore speedily adjust notion blur
of the foreground i nage containing notion blur according to sinpler
conput ati ons. 15 A known technique for partially elimnating notion blur,

" such as a Wener filter, is effective when being used in the ideal state,
but is not sufficient for an actual inmage quantized and containing noi se.
In contrast, it is proved that the ng%;on bl ur adjusting unit 106
configured as shown 20 in Fig. 79 is f|C|entIy effective for an actual

i mage quantized and containing noise. is thus possible to elimnate
notion blur with high precision. Fig. 84 is a block diagramillustrating
anot her suvppfiiger &heogenkrahedf eqobitdnnef tbhéhsi gadlkcuprdoes9iodg 25
apparatus. - 187 The elenents simlar to those shown in Fig. 2 are

desi gnat ed wi Thet halcaheterf @Pénsetauhkeapsxeindadnesexpl ahation thereof is
thus omtted. The area specifying unit 103 supplies area information 5 to
t he ni xt ipEegzeLrsdc gPERPAEsE 10498ndna thpnenugitions16apPrlite fiFomt ure-rati o

cal cul ator 104 supplies the m xture ratio a to the fore%round/background
separ at ofP fOSq&ﬁélpﬁege§§ﬁ?ﬁ@§l?Q§ $908S ?ﬁeopéﬁé@réﬁﬁd pEERgeERd

separator 105 supplies the f oregrqund co i tQ the
syﬁt Sig@ppg@@feg hased on t e equ%t?ons %n the %?xel values

are set. For example, when equations (107) through (114)
are supplied from the equation generator 903, the calculator
904 sets the pixel values CO5 through Cl2 in equations (107)
through (114).

10 The calculator 904 calculates the foreground components
based on the equations in which the pixel values are set.
For example, the calculator 904 calculates the foreground
components FO0l1/v through F08/v, as shown in Fig. 81, based
on the calculations of equations (107) through (114) in

15 which the pixel values CO05 through Cl2 are set. The
calculator 904 supplies the foreground components F0l/v
through F08/v to the adjusting portion 905.

The adjusting portion 905 multiplies the foreground

components supplied from the calculator 904 by the amount of

20 movement v contained in the motion vector supplied from the
unit-of-processing determining portion 901 so as to obtain
the foreground pixel values from which motion blur is
eliminated. For example, when the foreground components
FOl/v through F08/v are supplied from the calculator 904,

25 the adjusting portion 905 multiples each of the foreground



The synt hesizer 1001 conbi nes a certain background imge with the

f oreground conponent image supplied fromthe foreground/ background
separator 105 based on the m xture ratio a supplied fromthe m xture-ratio
cal culator 104 and 15 the area information supplied fromthe area
specifying unit 103, and outputs the synthesized inmage in which the
certain background i mage and the foreground conponent inage are conbi ned.
Fig. 85 illustrates the configuration_of the 20 synthesizer 1001. A
background conmponent generator 1021~ ééﬁerates a background conponent i nmage
based on the m xture ratio a and a certain background i mage, and supplies
the background conponent imge to a m xed-area-image synthesizing portion

1022. 25ctheofiiexed- anedvi MRGe ughnNFIeyivz byg ther bieint032 aovinies v,188 the
background conmponent inmage supplied fromthe background conponent

gener at od. . 8021 5w s ke tbobegadundheofpareniounigd xedo vad ue® gaxlerate a

m xed- area synt hesi zed i nage, and supplies the generated m xture-area

synt hesi zédoughg& 0o fanom Shilmhgeodyorhédiuzi ig edrimiom tEMR23.asTshawmge

synt hesi zer 1023 conbi nes the foreground conponent inmage, the m xed-area
synt hesi 28d Filgag82suppl i ed from the ni xed- area-i mage synt hesi zi ng portion
1022, and the_ certain background i mage based on the area information so as
10 t o gener at &hg §9ﬂﬂﬁ§épﬁeﬂorﬁﬁgé 9agdséﬁpéﬂ?§ the Aerdpseussed above, the

synt hesi zer 1001 is able to
component image consisting of the foreground pixel values

without motion blur calculated as described above to a
motion-blur adder 906 and a selector 907.
The motion-blur adder 906 is able to adjust the amount

10 of motion blur by usiné the amount v' by which motion blur
is adjusted, which is different from the amount of movement
v, for example, the amount v' by which motion blur is
adjusted, which is one half the value of the amount of
movement v, or the amount v' by which motion blur is

15 adjusted, which is irrelevant to the amount of movement v.
For example, as shown in Fig. 75, the mbtion—blur adder 906
divides the foreground pixel value Fi without motion blur by
the amount v' by which motion blur is adjusted so as to
obtain the foreground component Fi/v'. The motion-blur

20 adder 906 then calculates the sum of the foreground
components Fi/v', thereby generating the pixel value in
which the amount of motion blur is adjusted. For example,
when the amount v' by which motion blur is adjusted is 3,
the pixel value C02 is set to (FOl)/v', the pixel value C3

25 is set to (F01+F02)/v', the pixel value C04 is set to



conbi ne the foreground conponent inage with a certain background inage.
The i nage obtai ned by conbining a foreground conponent 15 image with a
certain background i nage based on the mxture ratio a, which is the
feature quantity, appears nore natural conpared to an inage obtained by
sinmply conmbining pixels. Fig. 86 is a block diagramillustrating another
configuration of the function of the signal processing 20 apparatus for
adj usting the anount of notion blur. ng si gnal processing apparatus shown
in Fig. 2 sequentially perforns the 3 a-speci fying operation and the
calculation for the mxture ratio a. In contrast, the signal processing
apparatus shown in Fig. 86 sinultaneously perfornms the area 25 specifying
operati onFahdFPBReFO3) ¢ul' at eod tbe pheedi xhlne €0589s wsati @aoca. The
functional elements simlar to those in the block diagramof Fig. 2 are
desi gnat ¢80&irFA3tRE434me .ref erence numerals, and an expl anation thereof is
thus omtted. 5 An input inage is supplied to a mxture-ratio cal cul ator
1101, a for egfeRinapbhekygpbundadeprr 4¢ br suppRieshehe afenegpeundyi ng unit
103, and the object extracting unit 101. The m xture-ratio cal culator 1101
cal cul at ESTPBRSBE dRAIEhéN| WPEEh FhgeampHatest| matdennbrdtusr dsratio when it
is 10 assyned that each pixel contained in the input image belongs to the
covertd BHeR§FEANGCarEs, S8AGCERE &8¢ nated mixture ratio when it is

assumed that Fﬁghsgiégéogogé?lngeégsfhgased on a selection signal

reflecting a user's selection, either the foreground
component image supplied from the adjusting portion 905 from
which motion blur is eliminated or the foreground component

10 image supplied from the motion-blur adder 906 in which the
amount of motion blur is adjusted, and outputs the selected
foreground component image.

As discussed above, the motion-blur adjusting unit 106
is able to adjust the amount of motion blur based on the

15 selection signal and the amount v' by which motion blur is
adjusted.

The processing for adjusting the amount of motion blur
of the foreground executed by the motion-blur adjusting unit
106 configured as shown in Fig. 79 is described below with

20 reference to the flowchart of Fig. 83.

In.step S901, the unit-of-processing determining
portion 901 of the motion-blur adjusting unit 106 generates
the unit of processing based on the motion vector and the
area information, and supplies the generated unit of

25 processing to the model-forming portion 902 and the



i nput inmage belongs to the uncovered background area, and supplies the
estimated m xture ratios cal culated as 15 descri bed above to the

f oreground/ background separator 1102. Fig. 87 is a block diagram
illustrating an exanple of the configuration of the m xture-ratio

cal culator 1101. An estimated-m xture-ratio processor 401 shown in Fig. 87
is the sanme as the estimted-m xture-ratio processor 401 20 shown in Fig.
46. An estimated-m xture-ratio processor 402 shown in Fig. 87 is the sane
as the estimated-m xture-,ratio proce8Sof 402 shown in Fig. 46. The
estimated-m xture-rati o processor 401 calculates the estinmated m xture
ratio for each pixel by the 25 conputation corresponding to a nodel of the
covered adjfetihgciporetiund aoea based on the input image, and outputs the
calcul ated estimated m xture ratio. The estimated-m xture-rati o processor
402 cal cul at esn shepessdat ede nmxtial efoahingf poresach pozebfbyhehe 5
conput ati on corresponding to a nodel of the uncovered background area
based onmphéonnpdtiri pdjestand ootipufld 6t belecdlsc vlraed eesitiosattde ni xt ure
rati o. The foreground/ background separator 1102 generates the foreground
conponenfopgagacepginge tenshe emegatbadedoyemend vi@ngstihentwd triokt ur e
ratio cal cul ated when_it is assuned that the pixel belongs to the covered
backgt ouR§CSRES18Gpp| LB8d StERPoMIORe gt @aBALtiON0 JeRiec@taroP0B101, the

estimated mxture ratio calculated when it is assunmed that the pixe
generates, based on the selected or generated model, the

equations for calculating the foreground components by the
difference between the pixel values of the foreground
component image.

10 In step 5904, the calculator 904 sets the pixel values
of the foreground component image in the generated equations,
and extracts the foreground components by using the
difference between the pixel values based on the equations
in which the pixel values are set. In step S905, the

15 calculator 904 determines whether all the foreground
components corresponding to the unit of processing have been
eXxtracted. If it is determined that all the foreground
components corresponding to the unit of processing have not
been extracted, the process returns to step S904, and the

20 processing for extracting the foreground components is
repeated.

If it is determined in step S905 that all the
foreground components corresponding to the unit of
processing have been extracted, the process proceeds to step

25 $5906. 1In step 5906, the adjusting portion 905 adjusts each



bel ongs to the uncovered background area supplied fromthe 15 m xture-ratio
cal cul ator 1101, and the area information supplied fromthe area

spéci fying unit 103, and supplies the generated foreground conponent inage
to the notion-blur adjusting unit 106 and the selector 107. Fig. 88 is a
bl ock diagramillustrating an exanple of 20 the configuration of the

f or egr ound/ background separator 1102. The elenents simlar to those of the
f oregr ound/ backgr ound separator 105 sﬂggm_in Fig. 63 are indicated by the
-sanme reference nunerals, and an expla ion 25 thereof is thus omtted. -
191 A selector 1121 selects, based on the area information supplied from
the area specifying unit 103, either the estimated m xture ratio

cal cul at ed whenfotegsoasdunedpbhahtst Relpivxehrbebangesve sheptdedr ed
background area supplied 5 fromthe m xture-ratio cal culator 1101 or the
esti mat edrom xhaer ealatiletoal &dhabededhen thei smasstned tbaemehé pi sel

bel ongs to the uncovered background area supplied fromthe mxture-ratio
cal cul at 8 te0¢btand Shpplfpesdrhendepézedd vadgeismidd vnitkratehr Z0B4Vt o t he
separating portion 601 as the 10 m xture ratio a. The separating portion
601 extrA&pB whéchome§ieunglugodporéaldnafedi-he background conponents from

the pixel values of the_pixels belonging to the mxed area based on the
mxt e ratiold SEPPIFPRA7fr BAftRetiensbiBr 349¢raffor Ralculates the

foreground pixel wvalues in which the amount of motion blur
is adjusted, and the selector 907 selects the image without
motion blur or the image in which the amount of motion blur
is adjusted, and outputs the selected image. Then the

10 process ends.

As described above, the motion-blur adjusting unit 106
configured as shown in Fig. 79 is able to more speedily
adjust motion blur of the foreground image containing motion
blur according to simpler computations.

15 A known technique for partially eliminating motion blur,
such as a Wiener filter, is effective when being used in the
ideal state, but is not sufficient for an actual image
quantized and containing noise. 1In contrast, it is proved
that the motion-blur adjusting unit 106 configured as shown

20 in Fig. 79 is sufficiently effective for an actual image
quantized and containing noise. It is thus possible to
eliminate motion blur with high precision.

Fig. 84 is a block diagram illustrating another
configuration of the function of the signal processing

25 apparatus.



15 area information, and supplies the extracted foreground conponents to

t he synt hesi zer 603 and al so supplies the background conponents to the
synt hesi zer 605. The separating portion 601 can be configured simlarly to
the counterpart shown in Fig. 68. 20 The synt hesi zer 603 synt hesizes the
foreground conponent inmage and outputs it. The synthesizer 605

synt hesi zes the background conponent inmage and outputs it. The notion-blur
adjusting unit 106 shown in Fig. 86_Ci§7 be configured simlarly to the
counterpart shown in Fig. 2. 25 The tion-blur adjusting unit 106 adjusts
the amount of - 192 notion blur contained in the foreground conponent

i mge supplied fromthe foreground/ background separator 1102 based on the
area i nformtTha ahdmehesnmpimbhavetbothoandshowputia Ftibe Roaeground
conponent image in which the anount of nmotion 5 blur is adjusted. The

sel ect or deG7gshdend with gheS86Gagel eetferdnasecumeralfsor amdamm e, a sel ection
signal reflecting a user's selection, the foreground conponent i mge

suppl i ed ekpdanglte onf ghegeodnd/sbadigr omvid tesbar at or 1102 or the foreground
10 conponent inmage supplied fromthe notion-blur adjusting unit 106 in

whi ch the anplhe 8FeppEPER1EVLRTI Y¥nadj 49BeguPRAdesoatpat $nfRENaEliest ed

foreground conponent image., As di scussed above, the signal processing
apparat us® ShGwRiKtUEegradd o Sadinvd ate tadidsrnche é‘riﬁﬂ’%’tesdfz%tli%‘? Dlur 15

contained In g | 1Bge,£2rree0ondl 08,09+, 96395a80d:19% ®6L mixture
ratio o to the foreground/background separator 105 and the
synthesizer 1001.
The foreground/background separator 105 supplies the
10 foreground component image to the synthesizer 1001.

The synthesizer 1001 combines a certain background
image with the foreground component image supplied from the
foreground/background separator 105 based on the mixture
ratio a supplied from the mixture-ratio calculator 104 and

15 the area information supplied from the area specifying unit
103, and outputs the synthesized image in which the certain
background image and the foreground component image are
combined.

Fig. 85 illustrates the configuration of the

20 synthesizer 1001. A background component generator 1021
generates a background component. image based on the mixture
ratio o and a certain background image, and supplies the
background component image to a mixed-area-image
synthesizing portion 1022.

25 The mixed-area-image synthesizing portion 1022 combines



of the input inmage, and outputs the resulting foreground object inmage. As
inthe first enbodinent, the signal processing apparatus configured as
shown in Fig. 86 is able to calculate the m xture ratio a, which is
enbedded 20 information, and outputs the calculated mxture ratio a. Fig.
89 is a block diagramillustrating another configuration of the function
of the signal processing apparatus for conbining a foreground conponent
image with a certain background inggz 8Tk_le si gnal processing apparatus 25
shown in Fig. 84 perforns the area-sp glfying operation and - 193 the
calculation for the mxture ratio a in a serial manner. |In contrast, the
signal processing apparatus shown in Fig. 89 perforns the area-specifying
oper at i ofthenéache roandulcampomeindr iag ensuppld ecatiiroma the dgudraaddueld manner .
5 The functional elenents simlar to those indicated by the block of Fig.
86 are i nohpaned thyenierasamre L0&fle weride theurforaigsouamdd campesindndimagre
thereof is thus omtted. The m xture-ratio calculator 1101 shown in Fig. 89
cal cul at €9, asaded JenerRds @pitiXadagaea mynddesidesd imaaeur @ndlo rati o when
it is assuned that each pixel contained in the input inmage belongs to the
covered SaPRgESInFIEr genemid echaixddmemared myntdes iizad dmgsen ta s
assuned that each pixel , contained in the input inage belongs to the

unco redmaﬁgbﬁép6§ﬁ§%%%%% P 9% the estimated mixture ratios 15

cal cul at eq asdescrLbed aboue 19 Lhg obg" eargynd(bagkoround, separ ator 1102

component image, the mixed-area synthesized image supplied

from the mixed-area-image synthesizing portion 1022, and the

certain background image based on the area information so as
10 - to generate a synthesized image, and outputs it.

As discussed above, the synthesizer 1001 is able to
combine the foreground component image with a certain
background image.

The image obtained by combining a foreground component

15 image with a certain background image based on the mixture
ratio o, which is the feature quantity, appears more natural
compared to an image obtained by simply combining pixels.

Fig. 86 is a block diagram illustrating another
configuration of the function of the signal processing

20 apparatus for adjusting the amount of motion blur. The
signal processing apparatus shown in Fig. 2 sequentially
performs the area-specifying operation and the calculation
for the mixture ratio a. In contrast, the signal processing
apparatus shown in Fig. 86 simultaneously performs the area-

25 specifying operatibn and the calculation for the mixture



The foreground/ background separator 1102 shown in Fig. 89 generates the
foreground conponent image fromthe input inage based on the estimted

m xture ratio calculated when 20 it is assumed that the pixel belongs to

t he covered background area supplied fromthe m xture-ratio cal cul at or

1101, the estimated m xture ratio calculated when it is assuned that the
pi xel belongs to the uncovered background area supplied fromthe

m xture-ratio cal culator 1101, and 25 hge_area i nformation supplied from
the area specifying unit - 194 103, & supplies the generated foreground
conponent image to the synthesizer 1201. The synthesizer 1201 conbi nes a
certain background inmage with the foreground conponent inmage supplied from
the 5 feoré&dground/ background separator 1102 based on the estinmated m xture
ratio calculated when it is assunmed that the pixel belongs to the covered
background ar@aestippttaédnalomlehentsi giniéaratpotbakeuliat thelbdockt he
estimated m xture ratio calculated when it is assumed that the pixel

bel ongs €éagram @ fufdevered tisadlegricinad st o4 thuphe adrfe gmfarendext ure-rati o
cal cul ator 1101, and the area information supplied fromthe area

speci fyi AYMEFALS103ndaRd GHPFENs tliee She Z&d thygeniittaghi ch the
certain background inage and the foreground conponent inmage are conbi ned.

15 Fig. 90 ilTBstPREEsIPAECCOHAT PYRPALFEN 6 3t ReXT¥FRTRESIPer 1201. The
ngf;hg?%ﬁ%ﬁﬁ nt Z 13.:,9 | %r fto?:etgr}oosuend/gac Dgeromn%(:kse%aﬁgaft%rg O].fl O|?2I,g'th8e5 are
area specifying unit 103, and the object extracting unit 101.
The mixture-ratio calculator 1101 calculates, based on
the input image, the estimated mixture ratio when it is
10 assumed that each pixel contained in the input image belongs
to the covered background area, and the estimated mixture
ratio when it is assumed that each pixel contained in the
input image belongs to the uncovered background area, and
supplies the estimated mixture ratios calculated as
15 described above to the foreground/background separator 1102.
Fig. 87 is a block diagram illustrating an example of
the configuration of the mixture-ratio calculator 1101.
An estimated-mixture-ratio processor 401 shown in Fig.
87 is the same as the estimated-mixture-ratio processor 401
20 shown in Fig. 46. An estimated-mixture-ratio processor 402
shown in Fig. 87 is the same as the estimated-mixture-ratio
processor 402 shown in Fig. 46.
The estimated-mixture-ratio processor 401 calculates
the estimated mixture ratio for each pixel by the

25 computation corresponding to a model of the covered




reference nunerals, and explanation thereof is thus omtted. A selector
1221 sel ects, based on the area information 20 supplied fromthe area
speci fying unit 103, either the estimated m xture ratio calcul ated when it
is assuned that the pixel belongs to the covered background area supplied
fromthe m xture-ratio calculator 1101 or the estimated mxture ratio
cal cul ated when it is assuned that the pixel 25 belongs to the uncovered
background area supplied fromthe - 195 mxture-ratio cal culator 1101, and
supplies the selected estimated mxtd®® ratio to the background component
generator 1021 as the mxture ratio a. The background conponent generator
1021 shown in Fig. 5 90 generates a background conponent imnmage based on

the m XYk dhird asMdLd fdrredde alectigd 22hansh gputerdrad n
background i mage, and supplies the background conponent inage to the

M xed- ar earlidgs: &Y e Nesi Al ) ot A2 . 10 The mi xed- area-i mage
synt hesi zi ng portion 1022 shown in Fig. 90 conbi nes the background .
conmponent i magees @limat ed-ndwtiire-hacker it essmordR @drenatteys 1021 with
the foreground conponent imago so as to generate a m xed-area synthesized
i mge, arithes g inestddienigenereatesk in B axaech Ibisghtihwestized | mage to the
i mage synthesi zing portion 1023. The inmage synthesizing portion 1023
conbi hes admputfagriayr ook csppuoiierd ioreganpoddie of xdte areeosgredesi zed i mage
supplied fromthe m xed-area-i mage synt hesi zing portion 1022,
background area based on the input image, and outputs the
calculated estimated mixture ratio.
The foreground/background separator 1102 generates the
foreground component image from the input image based on the
10 estimated mixture ratio calculated when it is assumed that
the pixel belongs to the covered background area supplied
from the mixture-ratio calculator 1101, the estimated
mixture ratio calculated when it is assumed that the pixel
belongs to the uncovered background area supplied from the
15 mixture-ratio calculator 1101, and the area information
supplied from the area specifying unit 103, and supplies the
generated foreground component image to the motion-blur
adjusting unit 106 and the selector 107.
Fig. 88 1s a block diagram illustrating an example of
20 the configuration of the foreground/background separator
1102.
The elements similar to those of the
foreground/background separator 105 shown in Fig. 63 are

indicated by the same reference numerals, and an explanation

25 thereof is thus omitted.



and the background i mage based on the area information so as 20 to generate
a synthesized image and outputs it. In this manner, the synthesizer 1201 is
able to conbine the foreground conponent inmage with a certain background

i mge. The enbodi nent has been di scussed above by setting the 25 m xture
ratio cc to the ratio of the background conponents - 196 <contained in the
pi xel values. However, the mxture ratio a my be set to the ratio of the
foreground conponents contained in the pixel values. The enbodi nent has
been di scussed above by setting the~ 32doving direction of the foreground
object to the direction fromthe left to the right. However, the noving
direction is not restricted to the above-described direction. In the above

description, a geakctpacelinagellatisngpasedhbeetdien@ieionalfospateoand time
axis information is 10 projected onto a time space having a two-di mensi onal

space anmghpplniedxiron e rdd 0rsgue ilsHingy aindideam TareirtheHaeyer,  the
present invention is not restricted to this exanple, and can be applied to
t he fol | mstngnadase miWeIrea wrteat era laomllatted ofhdr rist isfagsmiedrthat
one-di mensi onal space is projected 15 onto a smaller anount of second
i nf or mat itdre ipixeel eladigensd died cpeosd datlortowrd gerss atwgep bived he
projection can be corrected, significant information can be extracted, or
a nor & ndingmltharagis are m i tdeelsiwlet. o THel Glersorthes exb thienatied i s not
restricted to a CCD, and
mixture ratio calculated when it is assumed that the pixel
belongs to the uncovered background area supplied from the
mixture-ratio calculator 1101, and supplies the selected
estimated mixture ratio to the separating portion 601 as the
10 mixture ratio a.
The separating portion 601 extracts the foreground
components and the background components from the pixel
values of the pixels belonging to the mixed area based on
the mixture ratio a supplied from the selector 1121 and the
15 area information, and supplies the extracted foreground
components to the synthesizer 603 and also supplies the
background components to the synthesizer 605.
The separating portion 601 can be configured similarly
to the counterpart shown in Fig. 68.
20 The synthesizer 603 synthesizes the foreground
component image and outputs it. The synthesizer 605
synthesizes the background component image and outputs it.
The motion-blur adjusting unit 106 shown in Fig. 86 can

be configured similarly to the counterpart shown in Fig. 2.

25 The motion-blur adjusting unit 106 adjusts the amount of



20 may be anot her type of sensor, such as a solid-state inmage- capturing
devi ce, for exanple, a BBD (Bucket Brigade Device), a CID (Charge

I njection Device), or a CPD (Charge Primng Device), or a CMOS

(Conpl enentary Metal Oxide Sem conductor). Also, the sensor does not have
to be a sensor in which 25 detection devices are arranged in a matrix, and
may be a - 197 sensor in which detection devices are arranged in one line.
A recording nmediumin which a programfor perform ng the signal processing
of the present invention is recorded 18y be formed of a package mediumin
which the programis 5 recorded, which is distributed for providing the
programto a user separately fromthe conputer, as shown in Fig. 1, such

as the ma@RQiont bk @htEikEddingne fidpt JurRlicifyRknt riadganame) di sk),
the optical disc 52 (CD-ROM (Conpact Disc-Read Only Menory) and a DVD

(Digital svepddled €ridmsahe U dgumpirickoypiumilsebada toyr (1110 wdgwg MD
(Mni-Disc) (registered trade nane)), or the sem conductor nenory 54. The
recor di ngpnmesdheumrreay ial foornae ifoor reedi dfhed e tROW 22 cdrorg  dmat budisitcscont ai ned
in the storage unit 28 in which the programis recorded, such recording
medi um bdiheg furedmbechd cotfparten tusieragehiire widialy Preestmrued iaf theet icomput er .
The steps formng the programrecorded in a recording nediumnmay be

execub ed dwrond egijesitied.according to the orders described in the

speci fication. However, they do not have to be executed in a tine-series
manner, and tRbg FBYeBECZ01EXeshord donddgr-efttl pedrectsdi Wagsal op.,

for example, a selection signal reflecting a user's
selection, the foreground component image supplied from the
foreground/background separator 1102 or the foreground
10 component image supplied from the motion-blur adjusting unit
106 in which the amount of motion blur is adjusted, and
outputs the selected foreground component image.
As discussed above, the signal processing apparatus'
shown in Fig. 86 is able to adjust the amount of motion blur
15 contained in an image corresponding to a foreground object
of the input image, and outputs the resulting foreground
object image. As in the first embodiment, the signal
processing apparatus configured as shown in Fig. 86 is able
to calculate the mixture ratio a, which is embedded
20 information, and outputs the calculated mixture ratio a.
Fig. 89 is a block diagram illustrating another
configuration of the function of the signal processing
apparatus for combining a foreground component image with a
certain background image. The signal processing apparatus

25 shown in Fig. 84 performs the area-specifying operation and



I ndustrial Applicability According to the present invention, a region in
which mxture occurs can be detected. 25 - 198 .CLAIMS 1. An inage
processi ng apparatus for detecting a mxed area frominage data which is
formed of a predeterm ned nunber of pieces of pixel data obtained by an

i mage-capturing device 5 including a predeterm ned nunber of pixels, the
pi xel s having a tine integrating function, the m xed area being obtained
as the pixel data in which a plurality of objects are mxed in the rea
wor |l d, said innage processing apparafui93c6nprising: 10 notion conpensati on
means for conpensating for the notion of frames of the inmage data; and
area detection neans for detecting the m xed area based on the difference

bet ween the paieluldatianatfotrhehecarikespendiatgoposii @n setitdle manner.
not i on- conpensated franes. 15 2. An inmmge processing apparatus according to
claim 1, Inwvaeneirassai dhar &d gahetle piricek sErars atelacituist downxde diea to
whi ch at | east the pixel data belongs when the difference is greater than
or equal 8Bopartfbreshdahe. aleaAsperddes imgooessiartg cappadatihe according to
claim2, 20 wherein said area detection nmeans further detects, based on
t enpor al celandetdbnt He rddéhec treck thinee d adrioa o d ncev ereet 1 isdc kgamoerd area i n
whi ch a foreground object conponent of
5 The functional elements similar to those indicated by
the block of Fig. 86 are indicated by the same reference
numerals, and an explanation thereof is thus omitted.
The mixture-ratio calculator 1101 shown in Fig. 89
calculates, based on the input image, the estimated mixture
10 ratio when it is assumed that each pixel contained in the
input image belongs to the covered background area, and the
estimated mixture ratio when it is assumed that each pixel
contained in the input image belongs to the uncovered
background area, and supplies the estimated mixture ratios
15 calculated as described above to the foreground/background
separator 1102 and a synthesizer 1201.
The foreground/background separator 1102 shown in Fig.
89 generates the foreground component image from the input
image based on the estimated mixture ratio calculated when
20 it is assumed that the pixel belongs to the covered
background area supplied from the mixture-ratio calculator
1101, the estimated mixture ratio calculated when it is
assumed that the pixel belongs to the uncovered background

area supplied from the mixture-ratio calculator 1101, and

25 the area information supplied from the area specifying unit



the objects corresponding to a foreground increases over tinme and an
uncover ed background area in which a background 25 object conponent of the
objects corresponding to a - 199 background increases over tinme. 4. An

i mage processing apparatus according to claim?2, wherein said area
detection neans further detects, based on a notion vector corresponding to
the pixel data in each of 5 the franes, a covered background area in which
a foreground object conponent of the objects corresponding to a

foreground increases over time and anl®fcovered background area in which a
background obj ect conponent of the objects corresponding to a background

i ncreases over tinme. 10 5. An inage processing apparatus according to claim

4, furthes,cemp isighd Ny itk \RG1atde! edd ey JRANIiffonddat eGlddig the
notion vector. 6. An inage processing apparatus according to C|alﬁ?l,
further aeahesisyhtfedildea riaddlo, cal cul ati on means for 15 cal cul ating a
m xture ratio indicating the state in which the objects are mxed in the
pi xel data. 7ThansymipesprzecedRioigcappinaisus aectadini@ackgriozing 6, further
conprising separation nmeans for separating at |east a foreground object
conponentingige hel Wbjtdet sfaomrgmspehdiagpditernto mdge egropinded riwon hehepi xel
data of the m xed area based on the mxture ratio. 8. An image processing
appar at usk crsgsadingy has kdmiundy sedanratner Kdidpriasi ety awttilon-dd tuimatidist i ng
means for adjusting
mixture ratio calculated when it is assumed that the pixel
belongs to the covered background area supplied from the
mixture-ratio calculator 1101, the estimated mixture ratio
calculated when it is assumed that the pixel belongs to the
10 uncovered background area supplied from the mixture-ratio
calculator 1101, and the area information supplied from the
area specifying unit 103, and outputs the synthesized image
in which the certain background image and the foreground
component image are combined.
15 Fig. 90 illustrates the configuration of the
synthesizer 1201. The functional elements similar to those
of the block diagram of Fig. 85 are designated with the same
reference numerals, and explanation thereof is thus omitted.
A selector 1221 selects, based on the area information
20 supplied from the area specifying unit 103, either the
estimated mixture ratio calculated when it is assumed that
the pixel belongs to the covered background area supplied
from the mixture-ratio calculator 1101 or the estimated

mixture ratio calculated when it is assumed that the pixel

25 Dbelongs to the uncovered background area supplied from the



t he amount of notion blur in the separated foreground object 25 conponent.
- 200 9. An inmmge processing apparatus according to claim7, further
conpri sing synthesizing nmeans for synthesizing another desired object with
t he separated foreground object conponent based on the mxture ratio. 5 10.
An i mage processing apparatus according to claim1, wherein said notion
conpensati on neans perforns notion conpensation by shifting a peripheral
frame around a designated frane so that a background object of the
plurality of objects in the designared®Prane is disposed at 10 the sane

pi xel position as the background object in the peripheral frane; and said
area detection neans detects at |east the m xed area based on the

di f f er engg xhefreeen tike JMIARERMANS! @d RYIJANYAItHd ayE 2k d he _
designated frane. 15 11. An inmge processing apparatus according to claim

10, whekgitindled alicaude! ecition teans Dakigesiryt aldnarantovi ng

determ nation neans for performng a stationary or noving determnation
based on gelne rditfidfrernerde deettremitdtmya xeltidatoes at the correspondi ng pi xel
position in the notion 20 conpensated peri pheral frame and the designated
frame; and s@hd adreigdetedt compopans denectsorbdded ehowhne ind&dgr.m nati on
of said stationary/noving determ nation neans, in which of a foreground

area $or iPéd ashegdbesa Ff drearanavnd sigmestnerdnpaeara Hased mp ttee f or egr ound
object in the
mixture ratio o supplied from the selector 1221 and a

certain background image, and supplies the background
component image to the mixed-area-image synthesizing portion
1022.

10 The mixed-area-image synthesizing portion 1022 shown in
Fig. 90 combines the background component image supplied
from the background component generator 1021 with the
foreground component image so as to generate a mixed-area
synthesized image, and supplies the generated mixed-area

15 synthesized image to the image synthesizing portion 1023.

The image synthesizing portion 1023 combines the
foreground component image, the mixed-area synthesized image
supplied from the mixed-area-image synthesizing portion 1022,
and the background image based on the area information so as

20 to generate a synthesized image and outputs it.

In this manner, the synthesizer 1201 is able to combine
the foreground component image with a certain background
image.

The embodiment has been discussed above by setting the

25 mixture ratio a to the ratio of the background components



25 plurality of objects, a background area formed of only a - 201
background obj ect conponent form ng the background object, or the m xed
area the pixel position is. 12. An inage processing apparatus according to
claim1l, wherein said area detection neans specifies an uncovered 5
background area and a covered background area in the m xed area based on
the determ nation of said stationary/noving determ nation neans, the
uncover ed background area being.. forned at the trailing end in the
direction in which the foreground ob@&t ~i s noving, the covered background
area 10 being fornmed at the leading end in the direction in which the
foreground object is noving. 13. An inmage processing nethod for detecting a

m xed ar eanthio@d Taoe ndata ehi 6l luesf.or MRredferd RRJAetigrtirRed arupel of
pi eces of pixel data obtained by an image-capturing device 15 including a

predet er Mae®enwatert Ofthl xeltSo fe HeX dotredt@int) ddripoientd egrating
function, the m xed area being obtained as the pixel data in which a
pl uralityoeftadbjeerctin tavee plivedd valudse real world, said inage processing
met hod conprising: 20 a notion conpensating step of conpensating for the
notion of frambs efbbhHeéememigdadabaenadd sensaeea abetvecbiyngestepgoftheet ecti ng
the m xed area based on the difference between the pixel data at the
cor r eSpomdivigrp eiineadri am ahehetiagrews@myshsdriar § rianddie ZEreetiAn i mage
processi@Q met hod according to claim13, . . .
rom the left to the right. However, the moving direction
is not restricted to the above-described direction.
In the above description, a real-space image having a
three-dimensional space and time axis information is
10 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
can be applied to the following case. When a greater amount
of first information in one-dimensional space is projected
15 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,
or a more natural image can be synthesized.
The sensor used herein is not restricted to a CCD, and
20 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
Device), or a CMOS (Complementary Metal Oxide Semiconductor).

Also, the sensor does not have to be a sensor in which

25 detection devices are arranged in a matrix, and may be a



- 202 wherein, in said area detecting step, the mxed area to which at

| east the pixel data belongs is detected when the difference is greater
than or equal to a threshold. 15. An inmage processing nethod according to
claim14, 5 wherein, in said area detecting step, a covered background

area in which a foreground object conponent of the objects corresponding
to a foreground increases over tinme and an uncovered background area in
whi ch a background object conponent of the objects corresponding to a
background 10 increases over tine arelrther detected based on tenporal
change of the detected m xed area. 16. An inmage processing nethod accordi ng
to claim14, wherein, in said area detecting step, a covered background

area in whirdom ffronegraunik tdjteidn cyprentand dhenfiecdts ke cormespondi ng
to a foreground increases over tinme and an wuncovered background area in
whi ch a backgRouedorkji@ct mecdnpoientwhdich ke paljeeis foor esiFIdiing to a
background increases over tinme are further detected based on a notion
vect or cdrresypigrdngpracddwinpy xef et g1t es esc hi wferd thieorf risgesscoed 7. An
i mge processing nethod according to claim16, further conprising a notion
vect or detastthienf eyl of f al giaecita gy ntdubl umntirorwhvisadt orthe kB-odran nage
processing nmethod according to claim13, further conprising a
m xt uPe- redar dast c Whitdh gl s tdbips tof 18- exh| ot apfargi g xthe epredraom i tali cat i ng
the state in which - 203 ‘

a user separately from the computer, as shown in Fig. 1,

such as the magnetic disk 51 (including a floppy (registered

trade name) disk), the optical disc 52 (CD-ROM (Compact

Disc-Read Only Memory) and a DVD (Digital Versatile Disc)),

10 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 or a

hard disk contained in the storage unit 28 in which the

program is recorded, such recording medium being provided to

15 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
orders described in the specification. However, they do not

have to be executed in a time-series manner, and they may be

20 executed concurrently or individually.

Industrial Applicability
According to the present invention, a region in which

mixture occurs can be detected.

25



the objects are mxed in the pixel data. 19. An inmage processing net hod
according to claim 18, further conprising a separating step of separating
at least a foreground object conponent of the objects corresponding 5 to a
foreground fromthe pixel data of the m xed area based on the mxture
ratio. 20. An inmage processing nethod according to claim 19, further
conprising a notion-blur adjusting step of adjusting the anount of notion
blur in the separated foreground object 10 conponent. 21. An inmage
processi ng net hod according to clai m 198 further conprising a synthesizing
step of synthesizing another desired object with the separated foreground
obj ect conponent based on the m xture ratio. 15 22. An inage processing

met hod according to claim13, wherecoaIM$ sai d notion conpensating step,
notion conpensation is performed by shifting a peripheral frame around a

desi gnat éd f Paneimsge ato ce dwickg rappat athj e clowfdd -t plgralnidedfaady ect s
in the designated franme is disposed at 20 the sane pixel position as the
backgr ourfdrosbjiestgd matee whieth pherfadrrfadane ank dde tsainl regde anuhedeac td hg
step, at least the mxed area is detected based on the difference between
t he not i ®iecssnpdhgsital slatipdrtaidtediy @ ey aesignat o fdeanece 25 23.
An i mage processing nethod according to claim?22, - 204 wherein said area
det ec®i ngstlaplingt|azedetermined number of pixels, the pixels

having a time integrating function, the mixed area being
obtained as the pixel data in which a plurality of objects
are mixed in the real world, said image processing apparatus
comprising:

10 motion compensation means for compensating for the
motion of frames of the image data; and

area detection means for detecting the mixed area based
on the difference between the pixel data at the
corresponding position in the motion-compensated frames.

15 2. An image processing apparatus according to claim 1,
wherein said area detection means detects the mixed area to
which at least the pixel data belongs when the difference is
greater than or equal to a threshold.

3. An image processing apparatus according to claim 2,

20 wherein said area detection means further detects, based on
temporal change of the detected mixed area, a covered
background area in which a foreground object component of
the objects corresponding to a foreground increases over
time and an uncovered background area in which a background

25 object component of the objects corresponding to a



stationary/ noving determining step of performng a stationary or noving
determ nation based on the difference between the pixel data at the
correspondi ng pi xel position 5 in the notion-conpensated peripheral franme
and the designated frane; and in said area detecting step, it is detected
based on the determ nation of said stationary/noving determ nation neans
in which of a foreground area fornmed of only a 10 foreground object
conponent form ng the foreground object in the plurality of objects, a
background area fornmed of only a béck@?oﬁnd obj ect component formng the
background object, or the m xed area the pixel position is. 24. An inmage
processi ng net hod according to claim?23, 15 wherein, in said area

det ect i ngaskgpoudd Unecovases okacka@raend area and a covered background area
in the mxed area are specified based on the determ nation of said

st ati onady/ mawvi dgadet prvicealsiion EPRATAtle adrorddhed tobadkgmo@nd area bei ng
formed at the trailing end in the 20 direction in which the foreground
obj ect i whemeiing satikle areav éed¢dcidokhgmeand Suedhiea pig teatnpd batseidhenl eadi ng
end in the direction in which the foreground object is nmoving. 25. A
recordi ng mediom Wacitng @ocoepspoacdingadabltbeppdgredmdafter inmegehprodcessi ng
recorded therein, the program being 25 adapted to detect a m xed area from
i maged dathewdiremeiss a zEverkedr peg ket oangy edererdsi wdd ohurbdorelonsiueskes of
pi xel data  obtained by an inmage-capturing device including a
object component of the objects corresponding to a
foreground increases over time and an uncovered background
area in which a background object component of the objects
corresponding to a background increases over time.
10 5. An image processing apparatus according to claim 4,
further comprising motion vector detection means for
detecting the motion vector.
6. An image processing apparatus according to claim 1,
further comprising mixture-ratio calculation means for
15 calculating a mixture ratio indicating the state in which
the objects are mixed in the pixel data.
7. An image processing apparatus according to claim 6,
further comprising separation means for separating at least
a foreground object component of the objects corresponding

20 to a foreground from the pixel data of the mixed area based
on the mixture ratio.
8. An image processing apparatus according to claim 7,
further comprising motion-blur adjusting means for adjusting

the amount of motion blur in the separated foreground object

25 component.



predet erm ned nunber of pixels, the pixels having a time integrating
function, the m xed area being obtained as the 5 pixel data in which a
plurality of objects are mxed in the real world, the program conprising:
a notion conpensating step of conpensating for the notion of franes of the
i mge data; and an area detecting step of detecting the m xed area 10
based on the difference between the pixel data at the corresponding
position in the notion-conpensated franes. 26. A recording nedium
according to claim25, wherein, in 3@ area detecting step, the nixed
area to which at |least the pixel data belongs is detected when the
difference is 15 greater than or equal to a threshold. 21. A recording

Tedi um acgor dngiieye| gige s i nheihdratils Satdraied doteLiing step, a
covered background area in whic a foreground object component of the

obj ects cluresgonchmgrising $onegsolnthdg neeLaseso OVEyn thd®i gy an uncover ed
20 background area in which a background object conponent of the objects

cor r esporatioithen dedhokdrauiect net Bastse ovepardte® B6eedrotimeroseseet ed
based on tenporal change of the detected m xed area. 28. A recording
medi um acerRpIRAt daded nerRethevrereiure imat25. said area detecting step, a
covered background area in which - 206 a foreground object conponent of
the oBj ect®. cdint epadrli PrePCe®s g xR DANES | acceedasg overctaie Bnd an
uncovered @ background area in which a background object conponent of

wherein said motion compensation means performs motion

compensation by shifting a peripheral frame around a

designated frame so that a background object of the

plurality of objects in the designated frame is disposed at

10 the.same pixel position as the background object in the

peripheral frame; and

said area detection means detects at least the mixed
area based on the difference between the motion-compensated
peripheral frame and the designated frame.

15 11. An image processing apparatus according to claim 10,
wherein said area detection means includes stationary/moving
determination means for performing a stationary or moving
determination based on the difference between the pixel data
at the corresponding pixel position in the motion-

20 compensated peripheral frame and the designated frame; and

said area detection means detects, based on the
determination of said stationary/moving determination means,
in which of a foreground area formed of only a foreground

object component forming the foreground object in the

25 plurality_of objects, a background area formed of only a



t he objects corresponding to a background increases over 5 tine are further
detected based on a notion vector corresponding to the pixel data in each
of "the franes. 29. A recording medium according to claim 28, wherein the
program further conprises a notion vector detecting step of detecting the
notion vector. 10 30. A recording nmedium according to claim25, wherein the
program further conprises a mxture-ratio calculating step of calculating
a mxture ratio indicating the state %@_mhich the objects are mxed in the
pi xel data. 31. A recording nmedi um ac }dTng to claim30, wherein the 15
program further conprises a separating step of separating at |east a

f oreground obj ect conponent of the objects corresponding to a foreground
from t hebptkgkodatiaobf etheconibwadnar €éarhasgdtae bhekgryundeobdeca, 32. A

recordi ng medi um according to claim 31, wherein the 20 programfurther
conpri sesrathet ndrell areadjthst phgedt ppsatiocadjissti ng t he anmount of notion
blur in the separated foreground object conponent. 33. A recording nedi um
accordi n§2t o Bhaimagdé, puheeesninghepppreguametoptrhéngcdwprcilees al,
synthesi zing step of 25 synthesizing another desired object with the
separ at edhergd7 shidegreandesecddoncorponenprelbafdgsornt haceiverede rati o.
34. A recording nmedium according to claim?25, wherein, in said notion
conpehsabpA§IEPEPd ABEROANELRPERYEEEREN PREKIFONEY RE@aby Ns bRt Pigresd
peri pheral frame around a designated, , , ,
area based on the determination of said stationary/moving
determination means, the uncovered background area being .
formed at the trailing end in the direction in which the
foreground object is moving, the covered background area
10 being formed at the leading end in the direction in which
the foreground object is moving.
13. An image processing method for detecting a mixed area
from image data which is formed of a predetermined number of
pieces of pixel data obtained by an image-capturing device
15 including a predetermined number of pixels, the pixels
having a time integrating function, the mixed area being
obtained as the pixel data in which a plurality of objects
are mixed in the real world, said image processing method
comprising:
20 a motion compensating step of compensating for the
motion of frames of the image data; and
an area detecting step of detecting the mixed area
based on the difference between the pixel data at the

corresponding position in the motion-compensated frames.

25 14. An image processing method according to claim 13,



5 franme so that a background object in the designated franme is disposed at
the sane pixel position as the background object in the peripheral frane;
and in said area detecting step, at |least the mxed area is detected based
on the difference between the notion 10 conpensated peripheral frame and
the designated frame. 35. A recording nmedium according to claim34, wherein
said area detecting step includes a stationary/noving determning step of
perform ng a stationary or noving detér ination based on the difference
bet ween the pi xel data at the 15 corr Qggﬁding pi xel position in the

not i on- conpensated peripheral frame and the designated frane; and in said
area detecting step, it is detected based on the determ nation of said

st at i onampyerRiimg idetserid matdaonie teedring rs i, hthod el fent egreaurah ar ea f or med
of only a_20 foreground object conponent form ng the foreground object in
the plurahich oft gisjasdt S hea Maegromied berlemdorire dlaifeardd/ wherbartegr ound

obj ect conponent form ng the background object, or the m xed area the

pi xel postithifeFeance do dxead@w dihap mediagmadc dor di rihtesheilad.m 35, wherein,
in 25 said area detecting step, an uncovered background area and a - 208
cover ed Backgrdurdegfe PEArasfeing et hace 2 aor digeti e exlaipnsled on t he

determ nati on .,of said stationary/noving determ nation neans, the uncovered
backggnouﬁv SFR hdhFa¥brARsP sdetesdiymigtiary enFaverast Rgkanawd i n which

the 5 foreground ject i novi ng, . t he covered background area
af%a in ﬁﬂyé% a f%regrod%d object componenéJof the objects

corresponding to a foreground increases over time and an
uncovered background area in which a background object
component of the objects corresponding to a background
10 increases over time are further detected based on temporal
change of the detected mixed area.
16. An image processing method according to claim 14,
wherein, in said area detecting step, a covered background
area in which a foreground object component of the objects
15 corresponding to a foreground increases over time and an
uncovered background area in which a background object
component of the objects corresponding to a background
increases over time are further detected based on a motion
vector corresponding to the pixel data in each of the frames.
20 17. An image processing method according to claim 16,
further comprising a motion vector detecting step of
detecting the motion vector.
18. An image processing method according to claim 13,
further comprising a mixture-ratio calculating step of

25 calculating a mixture ratio indicating the state in which



being forned at the leading end in the direction in which the foreground
object is noving. 37. A program which causes a conputer to execute the
foll owi ng steps, the conputer being adapted to detect a 10 m xed area from
i mage data which is forned of a predeterm ned nunber of pieces of pixe

data obtai ned by an inmage-capturing device including a predeterm ned
nunber of pixels, the pixels having a tinme integrating function, the

m xed area bei ng obtained as the pixe %gta in which a 15 plurality of

obj ects are mxed in the real world: 0ot i on conpensating step of
conpensating for the notion of franmes of the inmage data; and an area
detecting step of detecting the m xed area based on the difference between
t he pi xethdavhjattshere2fiigedr éapohdi pgxpasdkican i n t he noti on- conpensat ed
frames. 38. A program according to claim37, wherein, in said area

det ecti ngSst epn ihegsi redcaseangomehholl atcbedingt he pilrél 1l8@ata bel ongs is
detected when the difference is greater than or equal to a threshold. 25
39. A préyrahesaceomariging el sepr3atingessen, ofnseppgasing at209asfet ecti ng
step, a covered background area in which a foreground object conponent of
t he obj edt §oregreypenabigctocorPPBrEgr 6lindhenebdasts 6osrespPrBdAnd an
uncover ed background area in which a_background object conponent of the
obj e s 5°c8r fREBERAIRE £5OR E&ék&#ﬁﬁﬁddﬁﬁér8§s§§eoWéFe?|ﬁEe&rPasﬁGrther

detect ed based on tenporal ,change of the detected
on the mixture ratio.

20. An image processing method according to claim 19,
further comprising a motion-blur adjusting step of adjusting
the amount of motion blur in the separated foreground object

10 component.

21. An image processing method according to claim 19,
further comprising a synthesizing step of synthesizing
another desired object with the separated foreground object
component based on the mixture ratio.

15 22. An image processing method according to claim 13,
wherein, in said motion compensating step, motion
compensation is performed by shifting a peripheral frame
around a designated frame so that a background object of the
plurality of objects in the designated frame is disposed at

20 the same pixel position as the background object in the
peripheral frame; and

in said area detecting step, at least the mixed area is
detected based on the difference between the motion-
compensated peripheral frame and the designated frame.

25 23. An image processing method according to claim 22,



m xed area. 40. A program according to claim38, wherein, in said area
detecting step, a covered background area in which a 10 foreground object
conmponent of the objects corresponding to a foreground increases over tine
and an uncovered background area in which a background object conponent of
the objects corresponding to a background increases over tinme are further
detected based on a notion vector corresponding to 15 the pixel data in
each of the frames. 41. A program accqrding to claim40, further conprising
a notion vector detecting step of de%@ ting the notion vector. 42. A
program according to claim37, further conprising a mxture-ratio
calculating step of calculating a mxture 20 ratio indicating the state in
whi ch t hevhehjediot sadrde adeceddtectihey pte idadlaudek3.a A program according to
claim42, further conprising a separating step of separating at |east a

f or egr oursdt adhijcery /crmpiore rite tof ot ivel roh | sods b rgeasfrandinmg 4 o a f or eground
from25 the pixel data of the m xed area based on the m xture ratio. - 210
44. A pr sradrhcesy dimgnawing aleterdyidatridrerbasedrarsitie adi ffidremsdl ur

adj usting step of adjusting the amount of notion blur in the separated
foregr ou?ﬂ?témeéttthﬁ)rmdff@ntdaftﬁs.am reo grarh eswordiing nixel aow43iorf urt her
conprising a. 5 synthesizing step of synthesizing another desired object

wi th Phe epfdyeattt: YO < A Recghicht LR dnsh & nixture ratio.

designated frame; and

in said area detecting step, it is detected based on
the determination of said stationary/moving determination
means in which of a foreground area formed of only a

10 foreground object component forming the foreground object in
the plurality of objects, a background area formed of only a
background object component forming the background object,
or the mixed area the pixel position is.

24. An image processing method according to claim 23,

15 wherein, in said area detecting step, an uncovered
background area and a covered background area in the mixed
area are specified based on the determination of said
stationary/moving determination means, the uncovered
background area being formed at the trailing end in the

20 direction in which the foreground object is moving, the
covered background area being formed at the leading end in
the direction in which the foreground object is moving.

25. A recording medium having a computer-readable program
for image processing recorded therein, the program being

25 adapted to detect a mixed area from image data which is



46. A program according to claim 37, wherein, in said notion conpensating
step, notion conpensation is perforned 10 by shifting a peripheral frane
around a designated frane so that a background object of the plurality of
objects in the designated franme is disposed at the sane pixel position as
t he background object in the peripheral frame; and in said area detecting
step, at least the mxed area is 15 detected based on the difference

bet ween the notion- conpensated peripaﬁéal frame and the designated frane.
47. A program according to claim46; rein said area detecting step

i ncludes a stationary/noving determning step of performng a stationary
or noving determ nation based on 20 the difference between the pixel data
at the cdprasdondi agpriidéetle rmddicld ommbert lof miteioes- odmpaxedt edhtger i pher al
frame and the designated frame; and in said area detecting step, it is
det ect edobisédednbyt e detagericagttiuer nof deaiidestiatdlowsmy @Vvi ng

determ nation 25 neans in which of a foreground area forned of only a -
211 for pgedeterobjnect ncopsanerdt piigredisng thiee pfigedgr d@vd nabjeediimen the
plurality of objects, a background area formed of only a background object
conponentint@omatg nohd upadkgroutdieoBji&ed arsa fedng a&fadmed tafe Hiskel
position is. S 48. A program according to claim47, wherein, in said area
det ec?i n®igedp dadm dic sPeicdd ab R e pLIfEtE EFremEedddkditdund area
in the m xed area are _specified based on the determ nation of said

st at i onafFRrioWATd e tEniBFAITAR (ORI 1Sing:

a motion compensating step of compensating for the
motion of frames of the image data; and
an area detecting step of detecting the mixed area
10 based'on the difference between the pixel data at the
corresponding position in the motion-compensated frames.
26. A recording medium according to claim 25, wherein, in
sald area detecting step, the ﬁixed area to which at least
the pixel data belongs is detected when the difference 1is
15 greater than or equal to a threshold.
27. A recording medium according to claim 26, wherein, in
said area detecting step, a covered background area in which
a foreground object component of the objects corresponding
to a foreground increases over time and an uncovered
20 background area in which a background object component of
the objects corresponding to a background increases over
time are further detected based on temporal change of the
detected mixed area.
28. A recording medium according to claim 26, wherein, in

25 said area detecting step, a covered background area in which



t he uncovered background area being forned at the trailing 10 end in the
direction in which the foreground object is noving, the covered background
area being forned at the leading end in the direction in which the
foreground object is noving. 49. An inmage-capturing apparatus conprising:
15 i mage-capturing nmeans for outputting a subject inage captured by an

i mage-capturing device including a predeterm ned nunber of pixels as imge
data consisting of a predeterm ned ngﬂfer of pieces of pixel data, the

pi xel s having a tinme integrating fun n; 20 notion conpensation neans
for conpensating for the notion of frames of the inmage data; and area
detection neans for detecting fromthe inage data a m xed area as the

pi xel data foradicind @iset idomminerobjettisharsbiéces ddrtdepde@ingor!d
based on the difference 25 between the pixel data at the correspondi ng

posi tion i, & hore@dAindroinareaonpenssat edinfe s . artbOundswérege- capt uri ng
apparatus according to claim49, wherein said area detection neans detects
t he ni xedPagkarqund viieh I vWiebeh a Hea giomduntteb et onosnydreent het
difference is 5 greater than or equal to a threshold. 51. An

i mage- capthft i9R) SPpRrR RS IRABHNhFQ @ PatkaBoind wergas e ever ea
detection nmeans further detects, based on tenporal change of the detected
ni xed>ar 2™ TR Sr WP dRfBRE Haed P APl anrerfeund obj ect

conmponent of , )
P corresponding to the pixel data in each of the frames.

29. A recording medium according to claim 28, wherein the
program further comprises a motion vector detecting step of
detecting the motion vector.

10 30. A recording medium according to claim 25, wherein the
program further comprises a mixture-ratio calculating step
of calculating a mixture ratio indicating the state in which
the objects are mixed in the pixel data.

31. A recording medium according to claim 30, wherein the

15 program further comprises a separating step of separating at
least a foreground object component of the objects
corresponding to a foreground from the pixel data of the
mixed area based on the mixture ratio.

32, A reéording medium according to claim 31, wherein the

20 program further comprises a motion-blur adjusting step of
adjusting the amount of motion blur in the separated
foreground object component.

33. A recording medium according to claim 31, wherein the
program further comprises a synthesizing step of

25 synthesizing another desired object with the separated



10 the objects corresponding to a foreground increases over tinme and an
uncover ed background area in which a background object conponent of the
obj ects corresponding to a background increases over tine. 52. An

i mage-capturing apparatus according to claimb50, 15 wherein said area
detection neans further detects, based on a notion vector corresponding to
the pixel data in each of the frames, a covered background area in which a
foreground object conponent of the_ogéicgs corresponding to a foreground

i ncreases over tinme and an uncovered kground 20 area in which a
background obj ect conponent of the objects corresponding to a background

i ncreases over tinme. 53. An image-capturing apparatus according to claim
52, furfheegeonpdi sbjgctotbmponentobadetiechi chenmamsufrer radéect i ng t he
notion vector. 25 54. An inmage-capturing apparatus according to claim49, -
213 furBhAer aompcbsidiggninetdns- pacboddalge toarileimm@ans whereipal ¢l ating a
mxture ratio indicating the state in which the objects are mxed in the
pi xel dasaidsBotAgn prgecsaptdnongtepparationacesrensgtienclidi m 54, 5
further conprising separation means for separating at |east a foreground
obj ect coepdrERedobYt KEidhiiact & PEriPESsERdi fgameo a& orgidegr G&Sd FRdRck he

pi xel data of the m xed area based on the mxture ratio. 56. An

i mage? captafengCappaitatuP25EEEPYPRg obd eCtailm 58 festgrated SRS disng

not i on- bl yr i in ns for j i.n .
dgsp%%£%§%E %th%a%e %ix%qlg%%ﬁtqon as the background object

in the peripheral frame; and
in said area detecting step, at least the mixed area is
detected based on the difference between the motion-
10 compensated peripheral frame and the designated frame.
35. A recording medium according to claim 34, wherein said
area detecting step includes a stationary/moving determining
step of performing a stationary or moving determination
based on the difference between the pixel data at the
15 corresponding pixel position in the motion-compensated
peripheral frame and the designated frame; and
in said area detecting step, it is detected based on
the determination of said stationary/moving determination
means in which of a foreground area formed of only a
20 foreground object component forming the foreground object in
the plurality of objects, a background area formed of only a
background object component forming the background object,
or the mixed area the pixel position is.
36. A recording medium according to claim 35, wherein, in

25 said area detecting step, an uncovered background area and a



the amount of notion blur in the separated foreground object conponent.

57. An inmage-capturing apparatus according to claim55, further conprising
synt hesi zi ng neans for synthesizing 15 another desired object with the
separated foreground object conmponent based on the m xture ratio. 58. An

i mage- capturing apparatus according to claim49, wherein said notion
conpensati on neans perforns notion conpensation by shifting a peripheral
frame around a 20 designated franme so %Eag a background object of the
plurality of objects in the designate& rane i s disposed at the sanme pixe
position as the background object in the peripheral franme; and said area
detection neans detects at least the mxed 25 area based on the difference
bet ween tdowensd deakynpenmshtagtka 24 hepeviixHveraated raaree sprebitfhieeddesi gnat ed
frame. 59. An imge-capturing apparatus according to claimb58, wherein

sai d ar edad@een dhersmiseimigiaiden stfatsagihrsatohvanary/detwing nat i on means
for performng a stationary or noving 5 determ nation_ based on the

di f f er ence eSSt itae TFarE, ddie ungotared fradegsitih@iiadeigesi tion in
the notion- conpensated per.i pheral frame and the designated frane; and said
area det QT Adaddidiiedtlsnh £l Bh thfe e iAThaih othigth sl

stati pnary/ novi n eterm nation means, . 10 in mh'%gﬁgf a foreground area

formed of O(fr‘ﬁgyroé'g‘fdg (Sind BB Tofdth &RV S HIRF HHO YRS i%fund obj ect

in the being formed at the leading end in the direction in which
the foreground object is moving.
37. A program which causes a computer to execute the
following steps, the computer being adapted to detect a
10 mixed area from image data which is formed of a
predetermined number of pieces of pixel data obtained by an
image-capturing device including a predetermined number of
pixels, the pixels having a time integrating function, the
mixed area being obtained as the pixel data in which a
15 plurality of objects are mixed in the real world:
a motion compensating step of compensating for the
motion of frames of the image data; and |
an area detecting step of detecting the mixed area
based on the difference between the pixel data at the
20 corresponding position in the motion-compensated frames.
38. A program according to claim 37, wherein, in said area
detecting step, the mixed area to which at least the pixel
data belongs is detected when the difference is greater than
or equal to a threshold.

25 39. A program according to claim 38, wherein, in said area



plurality of objects, a background area fornmed of only a background obj ect
conponent form ng the background object, or the m xed area the pixel
position is. 15 60. An inmage-capturing apparatus according to claim59,
wherein said area detection neans specifies an uncovered background area
and a covered background area in the m xed area based on the determ nation
of said stationary/noving determ nation neans, the uncovered background
area being 20 forned at the trailing Egg.in the direction in which the
foreground object is noving, the cove background area being forned at
the leading end in the direction in which the foreground object is noving.
detecting step, a covered background area in which a
foreground object component of the objects corresponding to
a foreground increases over time and an uncovered background
area in which a background object component of the objects
5 corresponding to a background increases over time are
further detected based on temporal change of the detected
mixed area.
40. A program according to claim 38, wherein, in said area
detecting step, a covered background area in which a
10 foreground object component of the objects corresponding to
a foreground increases over time and an uncovered background
area in which a background object component of the objects
corresponding to a background increases over time are
further detected based on a motion vector corresponding to
15 the pixel data in each of the frames.
41. A program according to claim 40, further comprising a
motion vector detecting step of detecting the motion vector.
42. A program according to claim 37, further comprising a
mixture-ratio calculating step of calculating a mixture
20 ratio indicating the state in which the objects are mixed in
the pixel data.
43. A program according to claim 42, further comprising a
separating step of separating at least a foreground object

component of the objects corresponding to a foreground from

25 the pixel data of the mixed area based on the mixture ratio.
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44. A program according to claim 43, further comprising a
motion-blur adjusting step of adjusting the amount of motion
blur in the separated foreground object component.
45. A program according to claim 43, further comprising a
synthesizing step of synthesizing another desired object
with the separated foreground object component based on the
mixture ratio.
46. A program according to claim 37, wherein, in said
motion compensating step, motion compensation is performed
by shifting a peripheral frame around a designated frame so
that a background object of the plurality of objects in the
designated frame is disposed at the same pixel position as
the background object in the peripheral frame; and

in said area detecting step, at least the mixed area is
detected based on the difference between the motion-
compensated peripheral frame and the designated frame.
47. A program according to claim 46, wherein said area
detecting step includes a stationary/moving determining step
of performing a stationary or moving determination based on
the difference between the pixel data at the corresponding
pixel position in the motion-compensated peripheral frame
and the designated frame; and

in said area detecting step, it is detected based on
the determination of said stationary/moving determination

means in which of a foreground area formed of only a
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foreground object component forming the foreground object in
the plurality of objects, a background area formed of only a
background object component forming the background object,
or the mixed area the pixel position is.
48. A program according to claim 47, wherein, in said area
detecting step, an uncovered background area and a covered
background area in the mixed area are specified based on the
determination of said stationary/moving determination means,
the uncovered background area being formed at the trailing
end in the direction in which the foreground object is
moving, the covered background area being formed at the
leading end in the direction in which the foreground object
is moving.
49. 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 as image data consisting of a
predetermined number of pieces of pixel data, the pixels
having a time integrating function;

motion compensation means for compensating for the
motion of frames of the image data; and

area detection means for detecting from the image data
a mixed area as the pixel data in which a plurality of
objects are mixed in the real world based on the difference

between the pixel data at the corresponding position in the
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motion-compensated frames.

50. An image-capturing apparatus according to claim 49,
wherein said area detection means detects the mixed area to
which at least the pixel data belongs when the difference is
greater than or equal to a threshold.

51. An image-capturing apparatus according to claim 50,
wherein said area detection means further detects, based on
temporal change of the detected mixed area, a covered
background area in which a foreground object component of
the objects corresponding to a foreground increases over
time and an uncovered background area in which a background
object component of the objects corresponding to a
background increases over time.

52. An image-capturing apparatus according to claim 50,
wherein said area detection means further detects, based on
a motion vector corresponding to the pixel data in each of
the frames, a covered background area in which a foreground
object component of the objects corresponding to a
foreground increases over time and an uncovered background
area in which a background object component of the objects
corresponding to a background increases over time.

53. An image-capturing apparatus according to claim 52,
further comprising motion vector detection means for
detecting the motion vector.

54. An image-capturing apparatus according to claim 49,
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further comprising mixture-ratio calculation means for
calculating a mixture ratio indicating the state in which
the objects are mixed in the pixel data.
55. An image—cépturing apparatus according to claim 54,
further comprising separation means for separating at least
a foreground object component of the objects corresponding
to a foreground from the pixel data of the mixed area based
on the mixture ratio.
56. An image-capturing apparatus according to claim 55,
further comprising motion-blur adjusting means for adjusting
the amount of motion blur in the separated foreground object
component.
57. An image-capturing apparatus according to claim 55,
further comprising synthesizing means for synthesizing
another desired object with the separated foreground object
component based on the mixture ratio.
58. An image-capturing épparatus according to claim 49,
wherein said motion compensation means performs motion
compensation by shifting a peripheral frame around a
designated frame so that a background object of the
plurality of objects in the designated frame is disposed at
fhe same pixel position as the background object in the
peripheral frame; and

said area detection means detects at least the mixed

area based on the difference between the motion-compensated
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peripheral frame and the designated frame.

59. An image-capturing apparatus according to claim 58,

wherein said area detection means includes stationary/moving

determination means for performing a stationary or moving

determination based on the difference between the pixel data

at the corresponding pixel position in the motion-

compensated peripheral frame and the designated frame; and

said area detection means detects,
determination of said stationary/moving
in which of a foreground area formed of
object component forming the foreground
plurality of objects, a background area

background object component forming the

or the mixed area the pixel position is.

based on the

determination means,
only a foreground
object in the
formed of only a

background object,

60. An image-capturing apparatus according to claim 59,

wherein said area detection means specifies an uncovered

background area and a covered background area in the mixed

area based on the determination of said

stationary/moving

determination means, the uncovered background area being

formed at the trailing end in the direction in which the

foreground object is moving, the covered background area

being formed at the leading end in the direction in which

the foreground object is moving.



