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AND | MAGE- CAPTURI NG APPARATUS 5 Technical Field The present imyv Qtion
relates to i mage processing appara re particula*&?ﬂ £8-an

i mage processing apparatus in whi cmm@m'\‘ mmwmge bet ween a signal detected
by a sensor and the real world is RQto consideration. 10 Background
Art A technique for detecting i nci dents occurrlng inthe real world by a
sensor and for processing sanpled data output fromthe i mage sensor is

wi dely used. 15 For exanple, notion btuk occurs in an i nage obtai ned by
capturing an object noving in front of a predeterm ned TR
background with a video canera if the nnving speed is rmn gh.

H therto, in order to prevent suc&mg? pr, for 20 exanpt@2t he speed
of an electronic shutter is increa o) as to decrease the exposure tine.

However, jumdhepg@igsNg AvDokntthe ﬁrﬁ'@'tr&@fHé@eeﬁNbsmAéﬁ— md 1S

necessary to adjust the shutter speed of vi deo canera béefore capturlng
an i mage. APpmrrigl y, there

5 Technical Field
The present invention relates to image processing
apparatuses, and more particularly, to an image processing
apparatus in which a difference between a signal detected by

a sensor and the real world is taken into consideration.

10
Background Art
A technique for detecting incidents occurring in the
real world by a sensor and for processing sampled data
output from the image sensor is widely used.
15 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
speed is relatively high.

Hitherto, in order to prevent such motion blur, for

20 example, the speed of an electronic shutter is increased so

as to decrease the exposure time.

However, in the method in which the shutter speed is
increased, it is necessary to adjust the shutter speed of a
video camera before capturing an image. Accordingly, there

25 is a problem in which blurred images cannot be corrected to



25 is a problemin which blurred i mages cannot be corrected to - 52 1In
this specification, an imge to be captured corresponding to an object in
the real world is referred to as an inmage object. An input inage supplied
to the signal processing 5 apparatus is supplied to an object extracting
unit 101, an area specifying unit 103, a mxture-ratio cal cul ator 104,
and a foreground/ background separator 105. The object extracting unit 101
extracts a rough inmage object corresponding to a foreground object
contained in the 10 input imge, and sgpplies the extracted i mage object
to a notion detector 102. The object extracting unit 101 detects, for
exanpl e, an outline of the foreground i mage object contained in the input

i mge so as ta extract a rough .i.mge _object correspondin o the
f or eground obj ?C.hllss sﬁ?é”oéé]g%ac loég‘t raé'bﬁ!“f*f‘bg%%q bleofaé%ur s a rough i mage
obj ect corres ondin??to a backgr ou d.ob{ect coPtain I i mge,

and suppl?%gr ﬂ%O%Q ActRPT neESo j%%t ?% FR2 %%?f%nl%eigg?B%gﬁgéq The

obj ect extracti i extracts a rough image object corresponding to
t he 20 ba%ég%%u#%aggj%%%g%anl for exanple, the difference between the
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and the rough I mage obje correspondi ng
area specifying unit 103, a mixture-ratio calculator 104,
and a foreground/background separator 105,
The object extracting unit 101 extracts a rough image

object corresponding to a foreground object contained in the

10 input image, and supplies the extracted image object to a
motion detector 102. The object extracting unit 101 detects,
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.a

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

20 Dbackground object from, for example, the difference between
the input image and the extracted image object corresponding
to the foreground object.

Alternatively, for example, the object extracting unit

101 may extract the rough image object corresponding to the

25 foreground object and the rough image object corresponding



obtain sharp i mages. Disclosure of Invention The present invention has been
made in view of the 5 above-described background. Accordingly, it is an
object of the present invention to nake it possible to elimnate notion
blur contained in a blurred image. A first inmage processing apparatus of
the present invention includes: area specifying neans for specifying a 10
non-m xed area forned of a foreground area consisting of foreground object
conmponents which forma foreground object of inage data and a background
area consi sting of background object-cdmponents which form a background
object of the inmmge data, or a mxed area in which the foreground object
15 conponents and t he background object conponents area m xed; and

processin ut 4 or sinultaneously perform ng, based on a
result ob a?%gg %hgg%ggﬁgé?%g the area by the area specifying neans,

processing for separating the foreground object conponents and the
background object 20 conponents from pi xel data of the m xed area, and

processi ngis&05sgkb My pathPg@nePEHON blur fromthe separated foreground
obj ect components. The i nmage processing apparatus may further include

equal - portion et qetd Sh trepifed Ofoflt £E thdh A @IURL POLY IPN 1D consisting
of adj acent pixel data of the foreground area whose val ues are

subst @t i abbyeeqeatrive@asicRhetind TheAcpEOEEEFLNY execyt AANCHTRENES HRY
simul taneously performat |east the processing for separating the
foregrountdhebpeetent invention to make it possible to eliminate
motion blur contained in a blurred image.
A first image processing apparatus of the present
invention includes: area specifying means for specifying a
10 non-mixed area formed of a foreground area consisting of
foreground object components which form a foreground object
of image data and a background area consisting of background
object components which form a background object of the
image data, or a mixed area in which the foreground object
15 components and the background object components area mixed;
and processing execution means for simultaneously performing,
based on a result obtained by specifying the area by the
area specifying means, processing for separating the
foreground object components and the background object
20 components from pixel data of the mixed area, and processing
for eliminating motion blur from the separated foreground
object components.
The image processing apparatus may further include
equal-portion detection means for detecting an equal portion

25 consisting of adjacent pixel data of the foreground area



conponents and the background object conponents fromthe 5 pixel data of
the m xed area and the processing for elimnating notion blur fromthe
separated foreground object conponents based on the detected equal portion
and the result obtained by specifying the area by the area specifying
means. 10 The inmage processing apparatus nmay further include
unit-of - processing determ ning neans for determning a unit of processing
consisting of a plurality of the foreground object conponents and the
background object conmponents based on & position of the equal portion. The
processi ng 15 execution nmeans may sinultaneously perform for each unit of
processi ng, the processing for separating the foreground object conponents
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corresponding to the piIx longing to e mx area or the
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than the pixel data of the equal portion. 25 The equal -portion detection

means maycolgd&eént Heaedughe NOLEkPRolYd COBPEEE NorRp S & €5 epEsn Ofnd he pi xel
data with a threshold. The equal -portion detection neans nay detect the

equal 5 positeh dotsiSf i tige ofiitde achacend phaxeproossshayi fgrthe 5 nunber of
pi xel s greater than or equal to the nunber of
eliminating motion blur from the separated foreground object
components based on the detected equal portion and the
result obtained by specifying the area by the area
specifying means.

10 The image processing apparatus may further include
unit-of-processing determining means for determining a unit
of processing consisting of a plurality of the foreground
object components and the background objéct éomponents based
on a position of the equal portion. The processing

15 execution means may simultaneously perform, for each unit of
processing, the processing for separating the foreground
object components and the background object components and
the processing for eliminating motion blur from the
separated foreground object components.

20 The unit-of-processing determining means may determine
the unit of processing corresponding to the pixel data
belonging to the mixed area or the foreground area which is
located on one straight line and which is other than the

pixel data of the equal portion.

25 The equal-portion detection means may detect the equal



pi xel s corresponding to the anount of novenent of the foreground object.
The processi ng execution nmeans may sinmultaneously performthe processing
for separating the foreground object 10 conponents and the background

obj ect components and the processing for elimnating notion blur fromthe
separated foreground object conponents by applying a cal cul ation
corresponding to a notion vector. The processing execution neans nay

i ncl ude: nodel 15 acquiring means for acquiring a nodel corresponding to
the wunit of processing and a notion -ect-or; equation generating neans for
generating, based on the acquired nodel, an equation corresponding to a
rel ati onship between the pixel data of the unit of processing and the

onegrouns ob 6§ SAIFEIRRLS A0 g, BECAS! qlac ol ok, eomponen

caIcuIaiigﬁkégﬁbigreground obj ect components and the background obj ect
conponents confarned in the unit of processing based on the generated

equation. 25 Aufd reg%lea{:ll%%t&ro%%s&&@cm ¥ P RN e on

i ncl udes: an area Ing step of specitfying a- non-m xed are or med of
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f or eground obj ect I mge data and a background area consi of

backgsoumﬁ@pj@ﬁtpgﬁm@%@&m%ﬁ%fn@q@@pk@csomy oRwst of the image
data, or a mxed area in ich the foreground object conponents and the
backgr ounsli :09] £Cdo ECEPONED 18g af € X&fbunt of movement of the
foreground object.
The processing execution means may simultaneously
perform the processing for separating the foreground object
10 components and the background object components and the
processing for eliminating motion blur from the separated
foreground object components by applying a calculation
corresponding to a motion vector.
The processing execution means may include: model
15 acquiring means for acquiring a model corresponding to the
unit of processing and a motion vector; equation generating
means for generating, based on the acquired model, an
equation corresponding to a relationship between the pixel
data of the unit of processing and the foreground object
20 components and the background object components contained in
the unit of processing; and calculation means for
calculating the foreground object components and the
background object components contained in the unit of

processing based on the generated equation.

25 A first image processing method of the present



and a processing execution step of sinultaneously perform ng, based on a
result obtained by specifying the area by the 10 processing of the area
speci fying step, processing for separating the foreground object
conponents and the background object conmponents fromthe pixel data of the
m xed area, and processing for elimnating notion blur from the separated
foreground object conponents. 15 The i nage processing nethod may further

i nclude an equal -portion detection step of detecting an equal portion
consi sting of adjacent pixel data of 4Ise foreground area whose values are
substantially equal to each other. In the processing of the processing
execution step, at |least the 20 processing for separating the foreground
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execution step, the processing for separating the foreground object
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elimnating notion blur
components and the background object components area mixed;
and a processing execution step of simultaneously performing,
based on a result obtained by specifying the area by the

10 processing of the area specifying step, processing for
separating the foreground object components and the
background object components from the pixel data of the
mixed area, and processing for eliminating motion blur from
the separated foreground object components.

15 The image processing method may further include an
equal-portion detection step of detecting an equal portion
consisting of adjacent pixel data of the foreground area
whose values are substantially equal to each other. 1In the
processing of the processing execution step, at least the

20 processing for separating the foreground object components
and the background object components from the pixel data of
the mixed area and the processing for eliminating motion
blur from the separated foreground object components may be

simultaneously performed based on the detected equal portion

25 and the result obtained by specifying the area by the area



10 fromthe separated foreground object conponents may be simultaneously
performed for each unit of processing. In the processing of the
unit-of-processing determning step, the unit of processing correspondi ng
to the pixel data belonging to the m xed area or the foreground area which
is 15 located on one straight Iine and which is other than the pixel data
of the equal portion may be determ ned. In the processing of the

equal -portion detection step, the equal portion nay be detected by
conparing a difference of the pixel da@awth a threshold. 20 In the
processi ng of the equal -portion detection step, the equal portion
consisting of the adjacent pixel data having the nunber of pixels greater
than or equal.to.the . number of pixels corresponding to an anmount of
novenent ec%%%l?%r%%?%Und obj ect may be detected. 25 In the processing of
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execution step may~ 1 nclude: a nodel acquiring step of acquiring a nodel
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generating step of generating, based on the 10 acquired nodel, an equation

corresponghng HOsatichasf onsdi fqubet peenishe pixethdappoésihegupft of
processi ng and the '
the processing execution step, the processing for separating
the foreground object components and the background object
components and the processing for eliminating motion blur

10 from the separated foreground object components may be
simultaneously performed for each unit of processing.

In the processing of the unit-of-processing determining
step, the unit of processing corresponding to the pixel data
belonging to the mixed area or the foreground area which is

15 located on one straight line and which is other than the
pixel data of the equal portion may be determined.

In the processing of the equal-portion detection step,
the equal portion may be detected by comparing a difference
of the pixel data with a threshold.

20 In the processing of the equal-portion detection step,
the equal portion consisting of the adjacent pixel data
having the number of pixels greater than or equal to the
number of pixels corresponding to an amount of movement of

the foreground object may be detected.

25 In the processing of the processing execution step, the



f oreground object conponents and the background object conponents
contained in the unit of processing; and a calculation step of calculating
t he foreground object 15 conmponents and the background object conponents
contained in the unit of processing based on the generated equation. A
programof a first storage nediumof the present invention includes: an
area specifying step of specifying a non-m xed area forned of a foreground
area consi sting of 20 foreground object components which forma foreground
object of inmage data and a background Ar<ea consisting of background

obj ect components which form a background object of the inage data, or a
m xed area in which the foreground object conponents and the background

bj - L xed: 25 ' i f
Ci'ml  ancouerse bendof et dnthd  BEEFVEGHES, REERS é)%g%%r?é}iﬁ@ the
] il B 3 _
Cenarat | gt nE T raar oo do A f E RO L ADa R e RIS B
. f i .
e s R e S B e S e AL S A

Th ' t ' -porti
e progr ashebndhes Shoy age yﬁ%y@w@uéy{; bEL £b PR Y nﬁsi%gggxg% portion

detection step of detecting an equa portion consi st acent pixe

data of tbelEQlLELONNEL AP Sp&RdINPSE VRl HEEighevsspstantially equal to each
other. In the processing of the processing execution step, at |east the

processi ng forriseparcdd S e f ARk Qjes tex AR e Ak f he
background obj ect conponents fromthe
include: a model acquiring step of acquiring a model
corresponding to the unit of processing and a motion vector;
an equation generating step of generating, based on the
10 acquired model, an equation corresponding to a relationship
between the pixel data of the unit of processing and the
foreground object components and the background object
components contained in the unit of processing; and a
calculation step of calculating the foreground object
15 components and the background object components contained in
the unit of processing based on the generated equation.
A program of a first storage medium of the present
invention includes: an area specifying step of specifying a
non-mixed area formed of a foreground area consisting of
20 foreground object components which form a foreground object
of image data and a background area consisting of background
object components which form a background object of the
image data, or a mixed area in which the foreground object

components and the background object components area mixed;

25 and a processing execution step of simultaneously performing,



pi xel data of the m xed area and the processing for 15 elim nating notion
blur fromthe separated foreground object conponents may be simultaneously
performed based on the detected equal portion and the result obtained by’
specifying the area by the area specifying step. The program of the
storage nmedium may further include a 20 unit-of-processing determ ning
step of determning a unit of processing consisting of a plurality of the
foreground object conponents and the background object conponents based

on a position of the equal portion. I"n8&he processing of the processing
execution step, the processing for separating 25 the foreground object
conponents and the background object 9 conponents and the processing for
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be detected by conparing a difference of the pixel data with a threshol d.

In the precessi dgedf dhe wesedsPDid i for del arihonisd emtidhe bgpatrqerti on
consi sting of the adjacent pixel data having the nunber of pixels greater
than or eghalsématditeed foreground object components.

The program of the storage medium may further include
an equal-portion detection step of detecting an equal
portion consisting of adjacent pixel data of the foreground

10 area whose values are substantially equal to each other. In
the processing of the processing execution step, at least.
the processing for separating the foreground object
components and the background object components from the
pixel data of the mixed area and the processing for

15 eliminating motion blur from the separated foreground object
components may be simultaneously performed based on the
detected equal portion and the result obtained by specifying
the area by the area specifying step.

The program of the storage medium may further include a

20 unit-of-processing determining step of determining a unit of
processing consisting of a plurality of the foreground
object components and the background object components based
on a position of the equal portion. In the processing of
the processing execution step, the processing for separating

25 the foreground object components and the background object



15 nunber of pixels corresponding to an anmount of novenent of the
foreground object may be detected. In the processing of the processing
execution step, the processing for separating the foreground object
conponents and the background object conponents and the processing for 20
elimnating notion blur fromthe separated foreground object conponents
may be sinultaneously perfornmed by applying a calculation corresponding to
a notion vector. The processing of the processing execution step nay

i nclude: a nodel acquiring step of aecquir4 ng a nodel 25 corresponding to
the unit of processing and a notion vector; - 10 an equation generating
step of generating, based on the acquired nodel, an equation correspondi ng
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first programo Invention allows a 10 conmputer to execute: an
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area consi sting of oreground obj ect conponents which forma foreground
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obj ect components which form a background object of the 15 inage data, or a
m xed ar egeldnhydh@hed hend aibgEuEe HjeCcthe foreground area which is
located on one straight line and which is other than the
pixel data of the equal portion may be determined.

In the processing of the equal-portion detection step,

10 the equal portion may be detected by comparing a difference
of the pixel data with a threshold.

In the processing of the equal-portion detection step,
the equal portion consisting of the adjacent pixel data
having the number of pixels greater than or equél to the

15 number of pixels corresponding to an amount of movement of
the foreground object may be detected.

In the processing of the processing execution step, the
processing for separating the foreground object components
and the background object components and the processing for

20 eliminating motion blur from the separated foreground object
components may be simultaneously performed by applying a
calculation corresponding to a motion vector.

The processing of the processing execution step may
include: a model acquiring step of acquiring a model

25 corresponding to the unit of processing and a motion vector;



conponents and the background object conponents area m xed; and a
processi ng execution step of sinultaneously performng, based on a result
obt ai ned by specifying the area by the processing of the area specifying
step, processing for 20 separating the foreground object conponents and the
background object conponents fromthe pixel data of the m xed area, and
processing for elimnating notion blur from the separated foreground

obj ect components. The program may further include an equal -portion 25
detection step of detecting an equal -pb0t+on consisting of - 11 adjacent

pi xel data of the foreground area whose values are substantially equal to
each other. In the processing of the processing execution step, at |east
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In the processing of the processing execution step, the processing for
separati ngaid€lation step of calculating the foreground object
components and the background object components contained in
the unit of processing based on the generated equation.
A first program of the present invention allows a
10 computer to execute: an area specifying step of specifying a
non-mixed area formed of a foreground area consisting of
foreground object components which form a foreground object
of image data and a background area consisting of background
object components which form a background object of the
15 1image data, or a mixed area in which the foreground object
components and the background object components area mixed;
and a processing execution step of simultaneously performing,
based on a result obtained by specifying the area by the
processing of the area specifying step, processing for
20 separating the foreground object components and the
background object components from the pixel data of the
mixed area, and processing for eliminating motion blur from
the separated foreground object components.
The program may further include an equal-portion

25 detection step of detecting an equal portion consisting of



f oreground object conponents and the background object conponents and the
processing for elimnating notion blur fromthe separated foreground

obj ect conmponents may be 20 sinmultaneously perforned for each unit of
processing. In the processing of the unit-of-processing determning step,
the unit of processing corresponding to the pixel data belonging to the
m xed area or the foreground area which is |ocated on one straight |ine
and which is other than the 25 pixel data of the equal portion may be
determined. - 12 1In the processing oflihe equal -portion detection step,
the equal portion nmay be detected by conparing a difference of the pixel
data with a threshold. I n the processi ng of the equal portion detection
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backgrou ect conponents and the processing for elimnating notion
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performed by applying a calculation corresponding to a notion vector. 15
The psoceassdigrffnd b OC assigh@xes uftan Stepiwyl daed use:tise nodel

acquiring step of acquiring a nodel corresponding to the unit of
processi ngioedl srewtdroh tectmrgcessing for eliminating motion blur
from the separated foreground object components may be
simultaneously performed based on the detected equal portion
and the result obtained by specifying the area by the
10 processing of the area specifying step.

The program may further include a unit-of-processing
determining step of determining a unit of processing
consisting of a plurality of the foreground object
components and the background object components based on a

15 position of the equal portion. In the processing of the
processing execution step, the processing for separating the
foreground object components and the background object
components and the processing for eliminating motion blur
from the separated foreground object components may be

20 simultaneously performed for each unit of processing.

In the processing of the unit-of-processing determining
step, the unit of processing corresponding to the pixel data
belonging to the mixed area or the foreground area which is

located on one straight line and which is other than the

25 pixel data of the equal portion may be determined.



an equation generating step of generating, based on the acquired nodel, an
equation corresponding to a relationship 20 between the pixel data of the
unit of processing and the foreground object conponents and the background
obj ect conponents contained in the unit of processing; and a calculation
step of calculating the foreground object conponents and the background
obj ect conponents contained in 25 the unit of processing based on the
generated equation. - 13 A second inmge processing apparatus of the
present invention includes: input neah8 for inputting inmage data having
an object area consisting of object conponents which forman object; and
notion-blur elimnating neans for 5 elimnating notion blur occurring in
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blur elimnating neans may el i'm nate nDtlon bl ur occurring in the
for egrounghar egudy BSstidNdcdhal stvahyest ofhpasdjStent heipéxelagata in the

foreground area of the imge data input by the input neans are
subst ant i h¥¥n@qtied . number of pixels greater than or equal to the
number of pixels corresponding to an amount of movement of
the foreground object may be detected.
In the processing of the processing execution step, the

10 processing for separating the foreground object components
and the background object components and the processing for
eliminating motion blur from the separated foreground object
components may be simultaneously performed by applying a
calculation corresponding to a motion vector.

15 The processing of the processing execution step may
include: a model acquiring step of acquiring a model
corresponding to the unit of processing and a motion vector;
an equation generating step of generating, based on the
acquired model, an equation corresponding to a relationship

20 Dbetween the pixel data of the unit of processing and the
foreground object components and the background object
components contained in the unit of processing; and a
calculation step of calculating the foreground object
components and the background object components contained in

25 the unit of processing based on the generated equation.



The i mage processing apparatus may further include 20 equal -portion
detection neans for detecting an equal portion in which the values of the
pi xel data in the foreground area of the imge data are substantially '
equal . The notion-blur elimnating neans may elimnate notion blur
occurring in the foreground area based on the equal portion detected by
the 2S equal -portion detection neans. - 14 The inmage processing apparatus
may further include wunit-of-processing determ ning nmeans for determning a
unit of processing consisting of a plaBakity of the foreground object
conponents based on a position of the equal portion. 5 The notion-Dblur
elimnating neans may elimnate notion blur of the foreground area for

SZ‘?& mine “tht g inere G S SRR LGOI ERS ™
one_stralgnrer TR REELRAEE: Plngl AORRE PHECL AL Iy T de TR el
portion. Jhe;l &55)@@@.8%9&51 a@&ﬁﬁ@%&lﬁwff&sﬁ@@f E&ﬁﬂ:b‘x@%@rﬁ%ich

speci fying meahs for specitying the foreground area, the ground area,

or the m xgdhaggashiecd NeaggUabt POALH OAr del 86l A LD AGANSaNBYEHEt eCt the
equal portion by conparing a difference of the pixel data with a
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consisting of the adjacent pixel data having the
assuming that values of part of the pixel data in the object
area of the image data input by the input means are
substantially equal.
The input means may input the image data having a

10 foreground area consisting of foreground object components
which form the object, a background area consisting of
background object components which form a background object,
and a mixed area in which the foreground object components
and the background object components are mixed. The motion-

15 Dblur eliminating means may eliminate motion blur occurring
in the foreground area by assuming that wvalues of part of
the pixel data in the foreground area of the image data
input by the input means are substantially equal.

The image processing apparatus may further include

20 equal-portion detection means for detecting an equal portion
in which the values of the pixel data in the foreground area
of the image data are substantially equal. The motion-blur
eliminating means may eliminate motion blur occurring in the
foreground area based on the equal portion detected by the

25 equal-portion detection means.



20 nunber of pixels greater than or equal to the nunber of pixels
correspondi ng to an anount of novenent of the foreground object. The
notion-blur elimnating neans may elimnate notion blur occurring in the-
foreground area by applying a 25 cal cul ation corresponding to a notion
vector. - 15 The notion-blur elimnating neans may include: nodel
acquiring neans for acquiring a nodel corresponding to the wunit of
processi ng and a notion vector; equation generating neans for generating,
based on the acquired nodel, an 5 eguatihon corresponding to a relationship
bet ween the pixel data of the unit of processing and the foreground object
conponents contained in the unit of processing; and calculation neans for

calculating t f or eground object conmponents contained in the unit of
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determ ning neans for determning a uni
of the foreground area for each unit of processing.

The unit-of-processing determining means may determine
the unit of processing corresponding to the pixel data
belonging to the mixed area or the foreground area which is

10 located on one straight line and which 1s other than the
pixel data of the equal portion.

The image processing apparatus may further include area
specifying means for specifying the foreground area, the
background area, or the mixed area.

15 The equal-portion detection means may detect the equal
portion by comparing a difference of the pixel data with a
threshold.

The equal-portion detection means may detect the equal
portion consisting of the adjacent pixel data having the

20 number of pixels greater than or equal to the number of
pixels corresponding to an amount of movement of the
foreground object.

The motion-blur eliminating means may eliminate motion
blur occurring in the foreground area by applying a

25 calculation corresponding to a motion vector.



o f processing consisting of a plurality of the foreground object
conponents and the background object conponents based on a position of the
equal portion. The processing execution nmeans nmay sinultaneously perform
for each unit of 25 processing, the processing for separating the
foreground - 16 object conponents and the background object conponents and
the processing for elimnating notion blur fromthe separated foreground
obj ect components. The unit-of-processing deternm ning neans nmay determn ne

5 the unit of processing correspondifhgl¥o-the pixel data belonging to the
m xed area or the foreground area which is |ocated on one straight |ine
and which is other than the pixel data of the equal portion. The inage
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foreground object. 20 The unit-or-processing determ ning neans nay
si mul Banenyisd ti perdonmdgendinar essing 100t Sepatad ivktddh the pixel
data of the unit of processing and the foreground object
components contained in the unit of processing; and
calculation means for calculating the foreground object
components contained in the unit of processing based on the
10 generated equation.

The motion-blur eliminating means may simultaneously
perform processing for separating the pixel data of the
mixed area into the foreground object components and the
background object components and processing for eliminating

15 motion blur from the separated foreground object components
based on area information indicating a non-mixed area
consisting of the foreground area and the background area or
the mixed area and based on the equal portion.

The image processing apparatus may further include

20 unit-of-processing determining means for determining a unit
of processing consisting of a plurality of the foreground
object components and the background object components based
on a position of the equal portion. The processing

execution means may simultaneously perform, for each unit of

25 processing, the processing for separating the foreground



f oreground object conponents and the background object conponents and the
processing for elimnating notion blur fromthe separated foreground

obj ect conmponents by applying 25 a calculation corresponding to a notion
vector. - 17 The unit-of-processing determ ning nmeans may include: nodel
acquiring neans for acquiring a nodel corresponding to the unit of
processing and a notion vector; equation generating neans for generating,
based on the acquired nodel, 5 an equation corresponding to a relationship
between the pixel data of the unit eoflfrecessing and the foreground

obj ect conmponents and the background object conponents contained in the
unit of processing; and cal culation neans for cal culating the
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step of inputting aving a ect area consisting of object

conponent§eﬁggé%béfﬁﬁfgég5uhdﬂ35§gdtaﬁghﬁbﬂgﬁg§n-blur elimnating step of

el imnating notion ur- occurring in an object area by assum ng that
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i nput by the processing of the input step are substantially equal. 20 In

the processd nghof dheprddials erothespdreginglata thav g doreground area
consi sting of foreground object conponents which formthe object, a
backgrounsk B®ing to the mixed area or the foreground area which is
| located on one straight line and which is other than the
pixel data of the equal portion.
The image processing apparatus may further include area

10 specifying means for specifying the foreground area, the
background area, or the mixed area.

The equal-portion detection means may detect the equal
portion by comparing a difference of the pixel data with a
threshold.

15 The equal-portion detection means may detect the equal
portion consisting of adjacent pixel data having the number
of pixels greater than or equal to the number of pixels
corresponding to an amount of movement of the foreground
object.

20 The unit-or-processing determining means may
simultaneously perform the processing for separating the
foreground object components and the background object
components and the processing for eliminating motion blur
from the separated foreground object components by applying

25 a calculation corresponding to a motion vector.



consi sting of background object conponents which forma background object,
and a m xed area in which the foreground 25 object conponents and the
background obj ect conponents are - 18 mixed may be input. In the
processing of the notion-blur elimnating step, notion blur occurring in
the foreground area may be elimnated by assum ng that val ues of part of
the pixel data in the foreground area of the inmage data 5 i nput by the
processing of the input step are substantially equal. The inage processing
met hod may further include an equal-port+on detection step of detecting an
equal portion in which the values of the pixel data in the foreground area
10 of the image data are substantially equal. In the processing of the

not i on-blur el j m nat,in te not,i on .occurring in_the f round area
nﬁy be e|lﬁln§%§d % oﬁgaﬂ%§Sé&&md%&ﬁﬁﬁ%ﬁ+n§éﬁﬁ édmﬁy tRE H%% cessing of
t he equal rtion detection st e

. further IW%F a%ﬁ%ﬁﬁ%ng(ﬁe?ﬂ SSIﬁ%ﬁﬁnf :%é?% é% 0 Jﬂﬁérn%%lng a
unit of I 4 WA e nd obj ect
conponent s %g@gﬂ on(%f OSI%I on o%m?hée) ﬂé%%i p\(’)é) J%c%)lhn g(ﬂ[ae['%hcsewpr ocessi ng of

the mot!ofebl iy fld “Ehé‘%ﬂé g £ $lne20: 1B} CBaBLUI off thBeabanegtauadagnga my

be elimn uni t o processing. I'n the processing of
uni t - 6f - pLOCLSSI NG et SF P S A1 15§ O & hite 10 10108 h 1 Q@AW @foérespondl ng

to the pixel data
pixel data of the unit of processing and the foreground
object components and the background object components
contained in the unit of processing; and calculation means
for calculating the foreground object components and the

10 Dbackground object components contained in the unit of
processing based on the generated equation.

A second image processing method of the present
invention includes: an input step of inputting image data
having an object area consisting of object components which

15 form an object; and a motion-blur eliminating step of
eliminating motion blur occurring in an object area by
assuming that values of part of the pixel data in the object
area of the image data input by the processing of the input
step are substantially equal.

20 In the processing of the input step, the image data
having a foreground area consisting of foreground object
components which form the object, a background area
consisting of background object components which form a
background object, and a mixed area in which the foreground

25 object components and the background object components are




bel onging to the m xed area or the foreground area which is 25 |ocated on
one straight line and which is other than the - 19 pixel data of the equal
portion may be determ ned. The image processing method may further include
an area specifying step of specifying the foreground area, the background
area, or the mxed area. 5 In the processing of the equal-portion detection
step, the equal portion nay be detected by conparing a difference of the
pi xel data with a threshold. In the processing of the equal -portion
detection step, the equal portion censgsting of the adjacent pixel data 10
havi ng the nunber of pixels greater than or equal to the nunber of pixels
correspondi ng to an anount of novenent of the foreground object may be

corr esponding { nt of of reground | |
bl ur oocUFE Sty Y OHe TOF Lot o e TG BUCS o1 [Tt a-B5 K i ng
cal cul atl o, O[Lesponi g, Lo & oMl 10N SEGIOF 10 d NG, RLACEESLANG, Blnd e

not i on- bl Step mRy 1nC no acquiring step of

acquirin I o) ' it i ti
200 1119 PolTOHEl £ EOLT SEANCLAGY O 0l Lol RERESSS |08 AUk ot on
acqui red el (&N SAANONEOT FOSRONAG dfeR £ @lE Oelyd aded veen t he

pi xel data of  the unit processing and the foreground object conponents
cont aisned; hi, ¢ NSy Uhd Sfocds HLRFSINIEhaNthBuEat b adi O @b eparofiLrl gul ati ng

t he
equal.

The image processing method may further include an
equal-portion detection step of detecting an equal portion
in which the values of the pixel data in the foreground area

10 of the image data are substantially equal. In the
processing of the motion-blur eliminating step, motion blur
occurring in the foreground area may be eliminated based on
the equal portion detected by the processing of the equal-
portion détection step.

15 The image processing method may further include a unit-
of-processing determining step of determining a unit of
processing consisting of a plurality of the foreground
object components based on a position of the equal portion.
In the processing of the motion-blur eliminating step,

20 motion blur of the foreground area may be eliminated for
each unit of processing.

In the processing of the unit-of-processing determining
step, the unit of brocessing corresponding to the pixel data
belonging to the mixed area or the foreground area which is

25 located on one straight line and which is other than the




2S foreground object conponents contained in the unit of - 20 processing
based on the generated equation. In the processing of the notion-blur
elimnating step, processing for separating the pixel data of the m xed
area into the foreground object conponents and the background 5 object
conponents and processing for elimnating notion blur fromthe separated
foreground object conponents nmay be sinmultaneously perforned based on area
information indicating a non-m xed area consisting of the foreground area
and the background area or the m xed-agea-and based on 10 the equal
portion. The inmage processing nethod may further include a unit-

of - processing determning step of determning a unit of processing

consisting, of_a plurality of the foreground .bject conponents and the
backgroud&l%%}é% t%dﬁ%o %t%q%%ﬁéﬂ°ﬁ%gﬁ% %F%d%?{g% efﬁf¥ﬂé’equal portion
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of the pixel data with a threshold.

In the processing of the equal-portion detection step,
the equal portion consisting of the adjacent pixel data

10 having the number of pixels greater than or equal to the
number of pixels corresponding to an amount of movement of
the foreground object may be detected.

In the processing of the motion-blur eliminating step,
motion blur occurring in the foreground area may be

15 eliminated by applying a calculation corresponding to a
motion vector.

The processing of the motion-blur eliminating step may
include: a model acquiring step of acquiring a model
corresponding to the unit of processing and a motion vector;

20 an equation generating step of generating, based on the
acquired model, an equation corresponding to a relationship
between the pixel data of the unit of processing and the
foreground object components contained in the unit of
processing; and a calculation step of calculating the

25 foreground object components contained in the unit of



- 21 The image processing nethod may further include an area specifying
step of specifying the foreground area, the background area, o r the m xed
area. In the processing of the equal-portion detection step, 5 the equal
portion may be detected by conparing a difference of the pixel data with a
threshold. In the processing of the equal-portion detection step, the
equal portion consisting of adjacent pixel data having the nunber of

pi xel s greater than or equal to the nunber of 10 pixels corresponding to
an anmount of novenent of the foregroungpobject nay be detected. In the
processing of the unit-or-processing determining step, the processing for
separating the foreground object conponents and the background object

conponents and the oceSS|ng for eI| natl notion blur fromthe
separate&WQQﬁ%iﬁﬁhi@Q%ﬂ lg?'lorﬂﬂtaneously performed by
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from the separated foreground object components may be
simultaneously performed based on area information
indicating a non-mixed area consisting of the foreground
area and the background area or the mixed area and based on
10 the equal portion.

The image processing method may further include a unit-
of-processing determining step of determining a unit of
processing consisting of a plurality of the foreground
object components and the background object components based

15 on a position of the equal portion. In the processing of
the processing execution step, the processing for separating
the foreground object components and the background object
components and the processing for eliminating motion blur
from the separated foreground object components may be

20 simultaneously performed for each unit of processing.

In the processing of the unit-of-processing determining
step, the unit of processing corresponding to the pixel data
belonging to the mixed area or the foreground area which is
located on one straight line and which is other than the

25 pixel data of the equal portion may be determined.



- 22 processing; and a calculation step of calculating the foreground

obj ect conponents and t he background object conponents contained in the
unit of processing based on the generated equation. 5 A program of a second
storage nediumincludes: an input step of inputting inmge data having an
obj ect area consisting of object conponents which forman object; and a
notion-blur elimnating step of elimnating notion blur occurring in the
obj ect area by assum ng that values of part 10 of the pixel data in the

obj ect area of the inmage data input -bglthe processing of the input step
are substantially equal. |In the processing of the input step, the inmage
data having a foreground area consisting of foreground object conponents
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In the processing of the equal-portion detection step,
the equal portion consisting of adjacent pixel data having
the number of pixels greater than or equal to the number of

10 pixels corresponding to an amount of movement of the
foreground object may be detected.

In the processing of the unit-or-processing determining
step, the processing for separating the foreground object
components and the background object components and the

15 processing for eliminating motion blur from the separated
foreground object components may be simultaneously performed
by applying a calculation corresponding to a motion vector.

The processing of the unit-of-processing determining
step may include: a model acquiring step of acquiring a

20 model corresponding to the unit of processing and a motion
vector; an equation generating step of generating, based on
the acquired model, an equation corresponding to a
relationship between the pixel data of the unit of
processing and the foreground object components and the

25 Dbackground object components contained in the unit of



portion in which the values of the pixel data in the foreground area of
the inmage data are substantially equal. In the processing of the
notion-blur elimnating step, notion blur occurring in the foreground area
may be 5 elimnated based on the equal portion detected by the processing
of the equal -portion detection step. The program of the storage nmedi um may
further include a wunit-of-processing determning step of determning a
unit of processing consisting of a plurality of the foreground 10 obj ect
conponents based on a position of the 2gual portion. |In the processing of
the notion-blur elimnating step, notion blur of the foreground area may
be elimnated for each unit of processing. In the processing of the
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step of inputting image data having an object area
consisting of object components which form an object; and a
motion-blur eliminating step of eliminating motion blur
occurring in the object area by assuming that values of part

10 of the pixel data in the object area of the image data input
by the processing of the input step are substantially equal.

In the processing of the input step, the image data

having a foreground area consisting of foreground object
components which form the object, a background area

15 consisting of background object components which form a
background object, and a mixed area in which the foreground
object components and the background object components are
mixed may be input. In the processing of the motion-blur
eliminating step, motion blur occurring in the foreground

20 area may be eliminated by assuming that values of part of
the pixel data in the foreground area of the image data
input by the processing of the input step are substantially
equal. |

The program of the storage medium may further include

25 an equal-portion detection step of detecting an equal



havi ng the nunber of pixels greater than or equal to the nunber of pixels
correspondi ng to an anount of novenent of the foreground object may be
detected. 5 In the processing of the notion-blur elimnating step, notion
bl ur occurring in the foreground area may be elimnated by applying a

cal cul ation corresponding to a notion vector. The processing of the
notion-blur elimnating step may 10 include: a nodel acquiring step of
acquiring a nodel corresponding to the unit of processing and a notion
vector; an equation generating step-ok3generating, based on the acquired
nodel , an equation corresponding to a relationship between the pixel data
of the unit of processing and the 15 foreground object conponents contai ned
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The program of the storage medium may further include a
unit-of-processing determining step of determining a unit of
processing consisting of a plurality of the foreground

10 object components based on a position of the equal portion.
In the processing of the motion-blur eliminating step,
motion blur of the foreground area may be eliminated for
each unit of processing.

In the processing of the unit-of-processing determining

15 step, the unit of processing corresponding to the pixel data
belonging to the mixed area or the foreground area which is
located on one straight line and which is other than the
pixel data of the equal portion may be determined.

The program of the storage medium may further include

20 an area specifying step of specifying the foreground area,
the background area, or the mixed area.

In the processing of the equal-portion detection step,
the equal portion may be detected by comparing a difference

of the pixel data with a threshold.

25 In the processing of the equal-portion detection step,



The program of the storage nmedium may further include a wunit-of-processing
determ ning step of determning a unit of 5 processing consisting of a
plurality of the foreground object conmponents and the background object
conponents based on a position of the equal portion. In the processing of
t he processing execution step, the processing for separating the

f oreground object conponents and the background object 10 conponents and
the processing for elimnating notion blur fromthe separated foreground
obj ect conmponents may be sinultaneousky perfornmed for each unit of
processing. In the processing of the unit-of-processing determning step,
the unit of processing corresponding to the pixel data 15 belonging to the
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corresponding to an anount of mnovenent of the foreground object ﬁiy be
detected.motion blur occurring in the foreground area may be

eliminated by applylng a calculation corresponding to a
motion vector.
The processing of the motion-blur eliminating step may
10 include: a model acquiring step of acquiring a model
corresponding to the unit of processing and a motion vector;
an equation generating step of generating, based on the
acquired model, an equation corresponding to a relationship
between the pixel data of the unit of processing and the
15 foreground object components contained in the unit of
processing; and a calculation step of calculating the
foreground object components contained in the unit of
processing based on the generated equation.
In the processing of the motion-blur eliminating step,
20 processing for separating the pixel data of the mixed area
into the foreground object components and the background
object components and processing for eliminating motion blur
from the separated foreground object components may be
simultaneously performed based on area information

25 indicating a non-mixed area consisting of the foreground



In the processing of the unit-or-processing determning 5 step, the
processing for separating the foreground object conponents and the
background obj ect conponents and the processing for elimnating notion
blur fromthe separated foreground object conponents may be sinmultaneously
performed by applying a calculation corresponding to a notion vector. 10
The processing of the unit-of-processing determning step nmay include: a
nodel acquiring step of acquiring a nodel corresponding to the unit of
processing and a notion vector; an eq@ation generating step of generating,
based on the acquired nodel, an equation corresponding to a 15

rel ati onship between the pixel data of the unit of processing and the

f oregroun ] onents and the. background gbject conponents
containedgf%Qt%%&ugﬁgp%?CE%F%%ﬁgs?ﬁ%? %ﬁd§gecﬁf§ﬁ$a%F8ﬂ ard %?e%a?%ulating
the fore u ] onents and the background object 20 conponents
containedg$% ?ﬁ%ggn §£%¥8%Pocessing based on the generated equation. A

second programl LI ERSEAt NNt AL Ald B ua £ HIMLEL, 1, RRILE: an

i nput step of I nputting I mge I ng an obj ect area consi'sting of

obj ect ccam@gaea'f_spw&@gszégf@éﬁéﬁaliﬁpﬂlscg,teanéfadm' ﬁﬂﬁ%kaelga e n@% ing

step of - 2 elimnating motion blur occurring in the ol t area
assunisng phate¥al HeScOhsPaEingfothe ]f@ll?i?él_ﬂ@?aofntBQefQPé@%un@r ea of the
0

i mge data input by the processing the input step are substantially

equal . object components and the background object components based
on a position of the equal portion. In the processing of
the processing execution step, the processing for separating
the foreground object components and the background object

10 components and the processing for eliminating motion blur

from the separated foreground object components may be
simultaneously pérformed for each unit of processing.

In the procéssing of the unit-of-processing determining
step, the unit of processing corresponding to the pixel data

15 Dbelonging to the mixed area or the foreground area which is
located on one straight line and which is other than the
pixel data of the equal portion may be determined.

The program of the storage medium may further include
an area specifying step of specifying the foreground area,

20 the background area, or the mixed area.

In the processing of the equal-portion detection step,
the equal portion may be detected by comparing a difference
of the pixel data with a threshold.

In the processing of the eqﬁal-portion detection step,

25 the equal portion consisting of adjacent pixel data having



5 1n the processing of the input step, the inmage data having a foreground
area consi sting of foreground object conponents which formthe object, a
background area consisting of background object conmponents which forma
background object, and a m xed area in which the foreground 10 object
conponents and the background object conponents are m xed may be input. In
the processing of the notion-blur elimnating step, notion blur occurring
in the foreground area may be elimnated by assum ng that val ues of part
of the pixel data in the foreground-a2éa-of the imge data 15 input by the
processing of the input step are substantially equal. The program may
further include an equal -portion detection step of detecting an equal

ortion i ' e | es. o [ ot f.orearound area of
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t he equal f@fggg%@%@q&@qﬂa@tﬁé).dg@écﬂ@jprogram may further include a
unit-of-processing - 28 determning step of determning a unit of

processing cansithld RecRlesd iRlgUH ithe @ itthe f-Qred-und Objeetnigameonent s
based on a position of the equal portion. In the processing of the

not i 08- blditew] ithdadddtesdiany ot i Mpdtadirky ofhd s Fyeanunb-@a my be
elimnated for each unit of

components and the background object components and the
processing for eliminating motion blur from the separated
foreground object components may be simultaneously performed
by applying a calculation corresponding to a motion vector.

10 The processing of the unit-of-processing determining
step may include: a model acquiring step of acquiring a
model corresponding to the unit of processing and a motion
vector; an equation generating step of generating, based on
the acquired model, an equation corresponding to a

15 relationship between the pixel data of the unit of
processing and the foreground object components and the
background object components contained in the unit of
processing; and a calculation step of calculating the
foreground object components and the background object

20 components contained in the unit of processing based on the
generated equation.

A second program of the present invention allows a

computer to execufe: an input step of inputting image data
having an object area consisting of object components which

25 form an object; and a motion-blur eliminating step of



processing. In the processing of the unit-of-processing deternmning step,
the unit of processing corresponding to the pixel data belonging to the

m xed area or the foreground area which is 10 |located on one straight |ine
and which is other than the pixel data of the equal portion nay be
determned. The program may further include an area specifying step of
speci fying the foreground area, the background area, or the mxed area. 15
In the processing of the equal-portion detection step, the equal portion
may be detected by conparing a differenage- of the pixel data with a
threshold. In the processing of the equal-portion detection step, the
equal portion consisting of the adjacent pixel data 20 having the nunber of

[ I h mber, of _pi xel di to an
rmount. of  reyehbne g oo PRt Loy A SRR e o debte h the
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generating step of generating,” based on the acquired nodel, an equation
corregpondi ng 10 tthd PJrdde¥MP of the input step, the image data
having a foreground area consisting of foreground, object
components which form the object, a background area
consisting of background object components which form a
background object, and a mixed area in which the foreground
10 object components and the background object components are
mixed may be input. In the processing of the motion-blur
eliminating step, motion blur occurring in the foreground
area may be eliminated by assuming that values of part of
the pixel data in the foreground area of the image data
15 input by the processing of the input step are substantially
equal.

The program may further include an equal-portion
detection step of detecting an equal portion in which the
values of the pixel data in the foreground area of the image

20 data are substantially equal. In the processing of the
motion-blur eliminating step, motion blur occurring in the
foreground area may be eliminated based on the equal portion
detected by the processing of the equal-portion detection
step.

25 The program may further include a unit-of-processing



bet ween the pixel data of the unit of processing and the foreground object
conponents contained in the unit of processing; and a cal cul ation step of
cal culating the 10 foreground object conmponents contained in the unit of
processi ng based on the generated equation. In the processing of the
notion-blur elimnating step, processing for separating the pixel data of
the m xed area into the foreground object conponents and the background 15
obj ect components and processing for elimnating notion blur fromthe
separated foreground object conponert 28y be sinultaneously perforned
based on area information indicating a non-m xed area consisting of the
foreground area and the background area or the m xed area and based on 20

t he equal , porti.on. Th rogr am.may .further j it-:Qf - processing
det er m nidr‘?&esrtnblﬁnd’fg &gcteg’r rﬁic{r?gteé‘){nulr#ln%% &noqgées%gfleﬁgrol%osnssl?l&i ng of a
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foregrouﬁ%g%ﬁﬁggﬁﬁigkg%ﬁgﬁﬁgq%ﬁgn?ﬁg'background objeE?) céhponents and the

processi ng 4l &l i Pating i bl o fiomddin g eparat e digregieund
obj ect conponents Tay be 5 sinultaneously perfornmed for each unit of

processi ngr ik AR PFRAERS AW Pind Pabdind Linofngi et efssd nepctetarind whg  step,
the unit of processing corresponding to the pixel data
processing.

In the processing of the unit-of-processing determining
step, the unit of processing corresponding to the pixel data
belonging to the mixed area or the foreground area which is

10 located on one straight line and which is other than the
pixel data of the equal portion may be determined.

The program may further include an area specifying step
of specifying the foreground area, the background area, or
the mixed area.

15 In the processing of the equal-portion detection step,
the equal portion may be detected by comparing a difference
of the pixel data with a threshold.

In the processing of the equal-portion detection step,
the equal portion consisting of the adjacent pixel data

20 having the number of pixels greater than or equal to the
number of pixels corresponding to an amount of movement of
the foreground object may be detected.

In the processing of the motion-blur eliminating step,
motion blur occurring in the foreground area may be

25 eliminated by applying a calculation corresponding to a




bel onging to the m xed area or the foreground area which is |ocated on one
straight line and which is other than the 10 pixel data of the equal
portion may be determ ned. The program may further include an area

speci fying step of specifying the foreground area, the background area, or
the m xed area. In the processing of the equal -portion detection step, 15
the equal portion may be detected by conparing a difference of the pixel
data with a threshold. In the processing of the equal -portion detection
step, the equal portion consisting ef 2gdiacent pixel data having the
nunber of pixels greater than or equal to the nunber of 20 pixels
correspondi ng to an anount of novenent of the foreground object nay be
detected._In,the processing of the unit-or-processing determning step,

t he procé@%?h%nfggcg%ﬁarating the foreground object conponents and the

o ur from t he SEbATRRP S OF G RSP A SorbaTR ﬁ%gmr%gﬁtﬂoﬁr%y”m o
i mul t ' | at i [ t
ot on vedtarioRhce HhOREL AYa TP ¥ ot e 1B T4t la ot BRRE T g ot ep
on vect ST Grf t 61 ) _ Step.
The uni 1 of Feoneeal g ndae oty oo E\RATEEEELS B, FUSLURRIEETRE i of

generafingn b@sLdiOn gbAer AEHNG T £CeJOLE! goRB-£OLALT 0P, £05T&5PONI NG O &

rel ati onshi p between ?he pi xel “dat a of t%e unit o
acquired model, an equation corresponding to a relationship
between the pixel data of the unit of processing and the
foreground object components contained in the unit of |
processing; and a calculation step of calculating the

10 foreground object components contained in the unit of

processing based on the generated equation.

In the processing of the motion-blur eliminating step,
processing for separating the pixel data of the mixed area
into the foreground object components and the background

15 object components and processing for eliminating motion blur
from the separated foreground object components may be
simultaneously performed based on area information
indicating a non-mixed area consisting of the foreground
area and the background area or the mixed area and based on

20 the equal portion.

The program may further include a unit-of-processing
determining step of determining a unit of processing
consisting of a plurality of the foreground object
components and the background object components based on a

25 position of the equal portion. 1In the processing of the



processi ng and the foreground object conponents and the 10 background

obj ect conponents contained in the unit of processing; and a cal cul ation
step of calculating the foreground object conponents and the background
obj ect conponents contained in the unit of processing based on the
generated equation. 15 A first inmage-capturing apparatus of the present

i nvention includes: image-capturing neans for outputting a subject inage
captured by an inage-capturing device including a predeterm ned nunber of
pi xel s and having a time integrating Bgnetion as inage data fornmed of a
predeterm ned 20 nunber of pixel data; area specifying neans for specifying
a non-mxed area fornmed of a foreground area consisting of foreground

obj ect conPonents which forma foreground object of the inmage data and a
backgr ourBareas LBASFLTFHGIOF S btk gF Tl GET Set “EohPoneme: i T m a
backgroung ob%ect 5 0of the image d taé ﬁrta nixeg area iq%mhi h the
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Processi ngs Kol c htay DRy | 0gr FOLNOR BbUrcbtRMiblie sePaEatedsihoreground
obj ect conmponents. The i mage-capturing apparatus may further include
In the processing of the unit-of-processing determining
step, the unit of processing corresponding to the pixel data
belonging to the mixed area or the foreground area which is
located on one straight line and which is other than the
10 pixel data of the equal portion may be determined.

The program may further include an area specifying step
of specifying the foreground area, the background area, or
the mixed area.

In the processing of the equal-portion detection step,

15 the equal portion may be detected by comparing a difference
of the pixel data with a threshold.

In the processing of the equal-portion detection step,
the equal portion consisting of adjacent pixel data having
the number of pixels greater than or equal to the number of

20 pixels corresponding to an amount of movement of the
foreground object may be detected.

In the processing of the unit-or-processing determining
step, the processing for.separating the foreground object
components and the background object components and the

25 processing for eliminating motion blur from the separated



10 equal -portion detection neans for detecting an equal portion consisting
of adj acent pixel data of the foreground area whose values are
substantially equal to each other. The processing execution nmeans nay
simul taneously performat |east the processing for separating the
foreground object 15 conponents and the background object conmponents from
the pixel data of the m xed area and the processing for elimnating
notion blur fromthe separated foreground object conponents based on the
detected equal portion and the resuktzgbtained by specifying the area by
the area 20 specifying nmeans. The inmmge-capturing apparatus may further
include unit- of-processing determning neans for determning a unit of
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vector; an equation generating step of generating, based on
the acquired model, an equation corresponding to a
relationship between the pixel data of the unit of
processing and the foreground object components and the

10 Dbackground object components contained in the unit of
processing; and a calculation step of calculating the
foreground object components and the background object
components contained in the unit of processing based on the
generated equation.

15 A first image-capturing apparatus of the present
invention includes: image-capturing means for outputting a
subject image captured by an image-capturing device
including a predetermined number of pixels and having a time
integrating function as image data formed of a predetermined

20 number of pixel data; area specifying means for specifying a
non-mixed area formed of a foreground area consisting of
foreground object components which form a foreground object
of the image data and a background area consisting of
background object components which form a background object

25 of the image data, or a mixed area in which the foreground



The equal - portion detection neans nmay detect the equal portion by
conparing a difference of the pixel data with a threshold. The
equal - portion detection nmeans may detect the equal 15 portion consisting’
of the adjacent pixel data having the nunber of pixels greater than or
equal to the nunber of pixels corresponding to an anmount of novenent of
the foreground object. The processing execution neans may sinmultaneously
20 performthe processing for separating the foreground object conponents
and t he background object components-aBd the processing for elimnating
nmotion blur fromthe separated foreground object conponents by applying a
cal culation corresponding to a notion vector. 25 The processing execution
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components from the pixel data of the mixed area,,and
processing for.eliminating motion blur from the separated
foreground object components.

The image-capturing apparatus may further include

10 equal-portion detection means for detecting an equal portion
consisting of adjacent pixel data of the foreground area
whose values are substantially equal to each other. The
processing execution means may simultaneously perform at
least the processing for separating the foreground object

15 components and the background object components from the
pixel data of the mixed area and the processing for
eliminating motion blur from the separated foreground object
components based on the detected equal portion and the
result obtained by specifying the area by the area

20 specifying means.

The image-capturing apparatus may further include unit-
of-processing determining means for determining a unit of
processing consisting of a pluraiity of the foreground
object components and the background object components based

25 on a position of the equal portion. The processing



invention includes: imge-capturing neans for outputting a subject inmge
captured by an i nmage-capturing device including a predeterm ned nunber of
pi xel s and having a tinme 15 integrating function as inage data fornmed of a
predeterm ned nunber of pixel data and having an object area consisting of
obj ect conmponents which forman object; and notion-blur elimnating neans
for elimnating notion blur occurring in the object area by assum ng that
val ues of part of the pixel 20 data in the object area of the inage data
are substantially equal. The input meaps-may input the imge data having a
foreground area consisting of foreground object conponents which formthe
obj ect, a background area consisting of 25 background object conponents
which forma bac&ground object, -.35 and.a mxed areg in ich the
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data afe §%§§f§@é%a%$¥e§ﬂ&@ﬁd b5 8P EGRp Hh MRt s el | m nating means may
el imnate tron blur oCcurring in the oreground area based on the equal
portion detect@f Wi f-processing determining means may,determine
the unit of processing corresponding to the pixel data
belonging to the mixed area or the foreground area which is
located on one straight line and which is other than the
10 pixel data of the equal portion. |
The equal-portion detection means may detect the equal
portion by comparing a difference of the pixel data with a
threshold.
The equal-portion detection means may detect the equal
15 portion consisting of the adjacent pixel data having the
number of pixels greater than or equal to the number of
pixels corresponding to an amount of movement of the
foreground object.
The processing execution means may simultaneously
20 perform the processing for separating the foreground object
components and the background object components and the
processing for eliminating motion blur from the separated
foregrouhd object components by applying a calculation
corresponding to a motion vector.

25 The processing execution means may include: model




equal -portion detection neans. The inage-capturing apparatus may further

i nclude unit- 15 of-processing determ ning neans for determning a unit of
processi ng consisting of a plurality of the foreground object conponents
based on a position of the equal portion. The notion-blur elimnating
nmeans may elimnate notion blur of the foreground area for each unit of
processi ng. 20 The unit-of -processi ng determ ni ng neans may determ ne the
unit of processing corresponding to the pixel data belonging to the m xed
area or the foreground area which is- Bgcated on one straight |ine and
which is other than the pixel data of the equal portion. 25 The

i mage- capturing apparatus nay further include area - 36 specifying means

for specif the fore und area,. th b d h d
arca. The lrbwaah?dﬁ%aq%mﬁ ARt e Bl éopStr 3o by

di f f th
tﬂ”‘%d on e b dd et Mates Saldbiildherding g o
e adj ace i h I
Lotthe ndiiRn® fE ALALANA0 dten i 'tb@f‘o ¢ icibifed MEEa Clad A0 Of COLS

fOfengUf‘Q PR B854 - ?{PP?%%M& | g §|fﬂ§@£6ﬁ§hf§a@§txﬁ@¥n edidrigate motion

bl ur occufr Ing 1n reground area by applying a calculation
corregponging 4P @ndoih PP YEG M cessing and the foreground object

components and the background object components contained in
the unit of processing; and calculation means for
calculating the foreground ocbject components and the
background object components contained in the unit of

10 processing based on the generated equation.

A second image-capturing apparatus of the present
invention includes: image-capturing means for outputting a
subject image captured by an image-capturing device
including a predetermined number of pixels and'having a time

15 integrating function as image data formed of a predetermined
number of pixel data and having an object area consisting of
object components which form an object; and motion-blur
eliminating means for eliminating motion blur occurring in
the object area by assuming that values of part of the pixel

20 data in the object area of the image data ére substantially
equal.

The input means may input the image data having a
foreground area consisting of foreground object components
which form the object, a background area consisting of

25 background object components which form a background object,




The notion-blur elimnating nmeans may include: nodel 15 acquiring nmeans
for acquiring a nodel corresponding to the wunit of processing and a notion
vector; equation generating nmeans for generating, based on the acquired
nodel , an equation corresponding to a relationship between the pixel data
~of the unit of processing and the foreground object 20 conmponents
contained in the unit of processing; and cal cul ati on neans for cal cul ati ng
t he foreground object conponents contained in the unit of processing based
on the generated equation. The notien3bBlur elimnating neans nmay
si mul taneously 25 perform processing for separating the pixel data of the
- 37 mxed area into the foreground object conmponents and the background
obj ect conggnents and grocessin for el%ninatin ur fromthe
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the processing for separating the foreground object conponents and the
backgr oundrghiesl, €R8PPALAL Sm@BAs are substantially equal.,

The image-capturing apparatus may further include
equal-portion detection means for detecting an equal portion
in which the values of the pixel data in the foreground area

10 of the image data are substantially equal. The motion-blur
eliminating means may eliminate motion blur occurring in the
foreground area based on the equal portion detected by the
equal-portion detection means.

The image-capturing apparatus may further include unit-

15 of-processing determining means for determining a unit of
‘processing consisting of a plurality of the foreground
object components based on a position of the equal portion.
The motion-blur eliminating means may eliminate motion blur
of the foreground area for each unit of processing.

20 The unit-of-processing determining means may determine
the unit of processing corresponding to the pixel data
belonging to the mixed area or the foreground area which is
located on one straight line and which is other than the
pixel data of the equal portion.

25 The image-capturing apparatus may further include area



15 the processing for elimnating notion blur fromthe separated
foreground object conponents. The unit-of-processing determ ni ng neans nay
determine the unit of processing corresponding to the pixel data '
bel onging to the m xed area or the foreground area which is 20 | ocated on
one straight line and which is other than the pixel data of the equal
portion. The image-capturing apparatus may further include area specifying
nmeans for specifying the foreground area, the background area, or the

m xed area. 25 The equal -portion detecBéoAn neans may detect the equal - 38
portion by conparing a difference of the pixel data with a threshold. The
equal -portion detection neans may detect the equal portion consisting of
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The equal-portion detection means may detect the equal
portion consisting of the adjacent pixel data having the
number of pixels greater than or equal to the number of
pixels corresponding to an amount of movement of the
10 foreground object.
The motion-blur eliminating means may eliminate motion
blur occurring in the foreground area by applying a
calculation corresponding to a motion vector.
The motion-blur eliminating means may include: model
15 acquiring means for acquiring a model corresponding to the
unit of processing and a motion vector; equation generating
means for generating, based on the acquired model, an
equation corresponding to a relationship between the pixel
data of the unit of processing and the foreground object
20 components contained in the unit of processing; and
calculation means for calculating the foreground object
components contained in the unit of processing based on the
generated equation.

The motion-blur eliminating means may simultaneously

25 perform processing for separating the pixel data of the



the unit of processing and a notion vector; equation generating nmeans for

generating, based on the acquired nodel,

rel ati onshi p between the pixel data of the unit of processi ng and the
foreground 20 object components and the background obj ect conponents
contained in the unit of processing; and cal cul ation means for cal cul ating
t he foreground object conponents and the background object conponents
contained in the unit of processing based on the generated equation. 25 -
39 Brief Description of the Drawings Bi’lg- 1 is a bl ock di agram

illustrating the configuration of an enbodi nent of a signal processing
apparatus according to the present invention. 5 Fig. 2 is a block diagram
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consisting of the foreground area and the background area or
the mixed area and based on the equal portion.

The image-capturing apparatus may further include unit-
of-processing determining means for determining a unit of
processing consisting of a plurality of the foreground
object components and the background object components based
on a position of the equal portion. The processing
execution means may simultaneously perform, for each unit of
processing, the processing for separating the foreground
object components and the background object components and
the processing for eliminating motion blur from the
separated foreground object components.

The unit-of-processing determining means may determine
the unit of processing corresponding to the pixel data
belonging to the mixed area or the foreground area which is
located on one straight line and which is other than the
pixel data of the equal portion.

The image~-capturing apparatus may further include area
specifying means fof specifying the foreground area, the
background area, or the mixed area.

The equal-portion detection means may detect the equal

an equation corresponding to a

6A



Fig. 7 illustrates a background area, a foreground area, a mxed area, a
covered background area, and an uncovered background area. 20 Fig. 8
illustrates a nodel obtained by expanding in the tinme direction the pixel
val ues of pixels aligned side-by- side in an i mage obtai ned by
i mage-capturing an object corresponding to a stationary foreground and an
the object corresponding to a stationary background. 25 Fig. 9 illustrates
a nodel in which pixel values are - 40 expanded in the tine direction and
the period corresponding to the shuttgs tine is divided. Fig. 10
illustrates a nodel in which pixel values are expanded in the tine
direction and the period corresponding 5to the shutter time is divided.
Fig. 11 illustrates a nodel i W% %? ues are . e ande in the tine
directi orP%)%ll?Iheb%e‘f‘?l%a%loI?? e% It "nﬁen‘i% T e %u‘ft}é‘? LA ded.
Fig. 12 |IIustra{§s an exanple in which pixels in a 10 foreground area, a
backgrounﬁhE?%% hd a m xed area are extracted. Fig. 13 illustrates the

Ve ‘E}‘e‘s"{‘ﬁ“'tﬁé T SR P S orf Mok ), 0GR e e ROl P} xe!
pi xel n%@ftf‘&? cﬁyﬁtﬁﬁﬁ'& tgtg%tls d?{{)/l)@@i'@é‘tértqa\trﬂ?gp@ﬂé%mber

correspondi ng er t I ded
5 of pixels greater than or equal to the number of pixels

corresponding to an amount of movement of the foreground
object.
The unit-or-processing determining means may
simultaneously perform the processing for separating the
10 foreground object components and the background object
components and the processing for eliminating motion blur
from the separated foreground object components by applying
a calculation corresponding to a motion vector.
The unit-of-processing determining means May include:
15 model acquiring means for acquiring a model corresponding to
the unit of processing and a motion vector; equation
generating means for generating, based on the acquired model,
an equation corresponding to a relationship between the
pixel data of the unit of processing and the foreground
20 object components and the background object components
contained in the unit of processing; and calculation means
for calculating the foreground object components and the
background object components contained in the unit of
processing based on the generated equation.

25




Fig. 15 illustrates a nodel in which pixel values are expanded in the tine
direction and the period corresponding 20 to the shutter tinme is divided.

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

Fig. 17 illustrates a nodel in which pixel values are 25 expanded in the
time direction and the period corresponding - 41 to the shutter tine is
divided. Fig. 18 illustrates a nodel in which pixel values are expanded in
the tine direction and the period corrdspending to the shutter tine is
divided. 5 Fig. 19 is a flowhart illustrating the processing for

adj usting the anount of notion blur. Fig. 20 is a bl ock diagram
illustratin n.exanpl e. of he configuration of an area specifying unit
103. Fig.éﬁgeflP%§?$§?€§O%n°%n€%% §ﬁ%ﬁl%%§object 10 corresponding to a
foreground is Jmwying.. Fig., 22.,!l.us : ggq . ich pixel values are
expanded in the 91 QE ol ragc ]iotz)cn]l a%%#%agﬁ Slzlrlﬁ%) cgérlrﬂegp%édi ng to the shutter

expanced i R . . SR s
expanded Ta RS TTRE7 T BeTt oo and TRa por  bd” EBr FbcBEodi g o the. Shutt or
time is diyidedeyf gcc&_@fldiﬂlJJU§&r§ﬁ@s%§e§@ﬂel ihPeMPiGh, pi xel values are

expanded 1h the tinme direction and the period correspondi ng

S Fig. 2 is a block diagram illustrating the signal
processing apparatus.
Fig. 3 illustrates the image capturing performed by a
sensor.
Fig. 4 illustrates the arrangement of pixels.
10 Fig. 5 illustrates the operation of a detection device.
Fig. 6A illustrates an image obtained by image-
capturing an object corresponding to a moving foreground and
an object corresponding to a stationary background.
Fig. 6B illustrates a model obtained by expanding in

15 the time direction pixel values corresponding to one line of
an image.

Fig. 7 illustrates a background area, a foreground area,
a mixed area, a covered background area, and an uncovered
background area.

20 Fig. 8 illustrates a model obtained by expanding in the
time direction the pixel values of pixels aligned side-by-
side in an image obtained by image-capturing an object
corresponding to a stationary foreground and an the object
corresponding to a stationary background.

25 Fig. 9 illustrates a model in which pixel values are



to the shutter tine is divided. 20 Fig. 25 illustrates the conditions for
determning the area. Fig. 26A illustrates an exanple of the result
obtained by specifying the area by the area specifying unit 103. Fig. 26B
illustrates an exanple of the result obtained 25 by specifying the area by
the area specifying unit 103. - 42 Fig. 26Cillustrates an exanple of the
result obtained by specifying the area by the area specifying unit 103.
Fig. 26D illustrates an exanple of the result obtained by specifying the

area by the area specifying unit 103- B0OFrg. 27 illustrates an exanpl e of

the result obtained by specifying the area by the area specifying unit

103. Fig. 28 is a flomchart illustrating the area specifying processing.
Fig. 29 is bl qg %g a@1lll stratin er _10. qgnfl uration of the

ar ea spec?*@?% N n}? Eli) ﬁﬁe??T%st?%.e % RoberYi BT BRI XE val ues

are expapnded in_the ting, dlrectlo t he period correspondlng to the
shutter t %EQ?% %?%?%%ﬁ t¥$% 1%1 ?fus fates an exanpl e of a background

i mage. 15 Fi gy 32 4 alltﬂ E}&Bdélgbﬁg{ @1&95312&11 | usf G urAtd on of a

bi nary- obj ect -i'hage extTac |ng po ion trates the

cal cul ati op, Of 84 COLTELATE e YBH&Etion and the period corresponding

5 to the shutter time is divided.

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

Fig. 12 illustrates an example in which pixels in a

10 foreground area, a background area, and a mixed area are
extracted.

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

15 Fig. 14 illustrates a model in which pixel values are
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

20 to the shutter time is divided.

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

Fig. 17 illustrates a model in which pixel values are

25 expanded in the time direction and the period corresponding



20 Fig. 33B illustrates the calculation of a correlation value. Fig. 34A
illustrates the calculation of a correlation value. Fig. 34B illustrates
the calculation of a correlation 25 value. - 43 Fig. 35 illustrates an
exanple of the binary object image. Fig. 36 is a bl ock diagram
illustrating the configuration of a tinme change detector 303. 5 Fig. 37
illustrates determ nations nmade by an area determ ning portion 342. Fig.
38 illustrates an exanple of determi nations made by the tinme change
detector 303. Fig. 39 is a flowhart-i hhustrating the area specifying 10
processing perfornmed by the area specifying unit 103. Fig. 40 is a
flowchart illustrating details of the area specifying processing. Fig. 41

is a block diagramillustratin till another configuration of the area
speci f yi ng° uk? g@%ttﬁﬁ e hg $%Vbd%$ock diagramillustrating the

ot on- compendaid ot ber BRI & BB bri Lape dge BaR S 4R
'3'8'19“ rat g3  MRELAN; SOPRENSALL OF; PELE PLABLNBYtn&Opl PEHOL PP SOSRENSAT OF

to the shutter time is divided.
5 Fig. 19 is a flowchart illustrating the processing for
adjusting the amount of motion blur.

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

Fig. 21 illustrates an image when an object

10 corresponding to a foreground is moving.

Fig. 22 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.

Fig. 23 illustrates a model in which pixelavalues are

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

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

20 Fig. 25 illustrates the conditions for determining the
area.

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

Fig. 26B illustrates an example of the result obtained

25 by specifying the area by the area specifying unit 103.



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

46 is a flowhart illustrating details of the robust processing. 25 Fig.
47 is a block diagramillustrating an exanple of - 44 the configuration of
a mxture-ratio calculator 104. Fig. 48 illustrates an exanple of the
ideal mxture ratio a. Fig. 49 illustrates a nodel in which pixel values
are 5 expanded in the tine direction and the period corresponding to the
shutter tine is divided. i Fig. 50 illustrates a nodel in which pixel
values are expanded in the tine directon and the period corresponding to
the shutter tinme is divided. 10 Fig. 51 illustrates the approximation using
the <correlation of foreground conponents. Fig. 52 illustrates the

(oLt Lone P 00 G M Bl R i LA R 10,
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by specifying the area by the area specifying unit 103.
5 Fig. 27 illustrates an example of the result obtained
by specifying the area by the area specifying unif 103.
Fig. 28 is a flowchart illustrating the area specifying
processing.
Fig. 29 is a block diagram illustrating another
10 configuration of the area specifying unit 103.
Fig. 30 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.
Fig. 31 illustrates an example of a backgrbund image.

15 Fig. 32 is a block diagram illustrating the

configuration of a binary-object-image extracting portion

302,
Fig. 33A illustrates the calculation of a correlation
value.
20 Fig. 33B illustrates the calculation of a correlation
value.
Fig. 34A illustrates the calculation of a correlation
value.

Fig. 34B illustrates the calculation of a correlation

25 value.



calculating the estimated m xture ratio. Fig. 58 illustrates a straight
line for approximating the mxture ratio (x. 25 Fig. 59 illustrates a

pl ane for approximating the - 45 mxture ratio a. Fig. 60 illustrates the
rel ati onships of the pixels in a plurality of frames when the m xture ratio
ais calculated. Fig. 61 is a block diagramillustrating another 5
configuration of the m xture-ratio estimtion processor 401. Fig. 62
illustrates an exanple of the estimated m xture ratio. Fig. 63 is a
flowchart illustrating the m xture-rat4e -cal cul ati ng processing. 10 Fig.
64 is a flowhart illustrating the processing for estimating the m xture
rati o by using a nodel corresponding to a covered background area. Fig. 65

is a block diagramjJlustrati an _exanpl e of _the confiquration of a
backgr ound/ f O?Eglggr'odr% llsj']gld'hsra%‘iagﬁgesl(fg‘ efgéorﬁ%ge %%AHTE? Ickifsr}ar]%f ¥ nput

i mge, a foreground conponent image, and a background conponent i nage.
Fig. 66B T7#9Strates a nodel obtained by expanding pixels of one line in

the tine di rec&]{?ﬁg%e}:lﬁ% 67bﬂc{é#%ira?§mail@9ﬂrdﬂﬂgior¥$i% pi xel val ues are

20 expanded in Irection a € perio esponding to the

| S?U“er tLoBeiSuriviggdo s FiOe iR EhlNGLTLescRopmggs . in which pixel values

are
5 Fig. 37 illustrates determinations made by an area

determining portion 342.
Fig. 38 illustrates an example of determinations made
by the time change detector 303.
Fig. 39 is a flowchart illustrating the area specifying
10 processing performed by the area specifying unit 103.
Fig. 40 is a flowchart illustrating details of the area
specifying processing.
Fig. 41 is a block diagram illustrating still another
configuration of the area specifying unit 103.
15 Fig. 42 is a block diagram illustrating the
configuration of a robust-processing portion 361.
Fig. 43 illustrates motion compensation performed by a
motion compensator 381.
Fig. 44 illustrates motion compensation performed by
20 the motion compensator 381.
Fig. 45 is a flowchart illustrating the area specifying
processing.
Fig. 46 is a flowchart illustrating details of the
robust processing. |

25 Fig. 47 is a block diagram illustrating an example of



expanded in the time direction and the period corresponding to the shutter
time is divided. 25 Fig. 69 illustrates a nodel in which pixel values are -
46 expanded in the tinme direction and the period corresponding to the

shutter time is divided. Fig. 70 is a block diagramillustrating an exanple

of the configuration of a separating portion 601. 5 Fig. 71A illustrates
an exanple of a separated foreground conponent inage. Fig. 71B illustrates
an exanpl e of a separated background conponent inage. Fig. 72 is a
flowchart illustrating the processing figr- 10 separating a foreground and a

background. Fig. 73 is a block diagramillustrating an exanple of the
configuration of a notion-blur adjusting unit 106. Fig.-74 is a block

diagramillustratjng an exanple of the confjguration of tion-blur

el [ nat | TR (VAT APREAT G (9.8 AR FIRTTREEE SA HORERSTh W oh the pi xel
values are expanded i.n the tine direction and. the period_.cqorresponding to
the shutter tiTe s4%dilai]d’e53:.r5\'—tiegg. %76 %)ﬁaﬂfgﬁ'?ﬂ estq"ae r?bc[]eeaﬂ' i ’ﬁ?%r&'u the pi xel
values are expanded in the time direction and the period 20 correspondi ng
to the shi?t®? ¥tme is divided. Fig. 77 illustrates a nodel in which the

Dy S, BT A 4 W TS A are
5 expanded in the time direction and the period corresponding
to the shutter time is divided.

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

10 Fig. 51 illustrates the approximation using the
correlation of foreground components.

Fig. 52 illustrates the relationship among C, N, and P.

Fig. 53 is a block diagram illustrating the
configuration of an estimated-mixture-ratio précessor 401.

15 Fig. 54 illustrates an example of the estimated mixture
ratio.

Fig. 55 is a block diagram illustrating another
configuration of the mixture-ratio calculator 104.

Fig. 56 is a flowchart illustrating the processing for

20 calculating the mixture ratio.

Fig. 57 is a flowchart illustrating the processing for
calculating the estimated mixture ratio.

Fig. 58 illustrates a straight line for approximating
the mixture ratio a.

25 Fig. 59 illustrates a plane for approximating the



Fig. 78 illustrates an exanple of the pixels fromwhich 25 notion blur is
elimnated. - 47 Fig. 79 illustrates an exanple of the pixels from which
notion blur is elimnated. Fig. 80 illustrates an exanple of the pixels to
which notion blur is added. 5 Fig. 81 illustrates the processing for

adj usting background conponents. Fig. 82 illustrates an inmage obtained by
capturing stationary black quadrilaterals. Fig. 83 illustrates an i mge
obtai ned by capturing the 10 noving black quadrilaterals. Fig. 84
illustrates an exanple of a result obtaisned by executing the processing by
the notion-blur adjusting unit 106. Fig. 85 is a flowhart illustrating

t he processing for 15 adjusting the anount of notion blur. Fig. 86 is a
fl owchart %ustrat%n& t he processing for elimnating nmotion blur of a
foregrounﬁl§ WhonEAti?nige. Fig. 87 is a block diagran1i||ustrating

g, 56 111 ustheeett e Benit oy o o1 4 SRt 8 oo Fadis B0 &0
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Fig. 61 is a block diagram illustrating another
5 configuration of the mixture-ratio estimation processor 401.
Fig. 62 illustrates an example of the estimated mixture
ratio.
Fig. 63 is a flowchart illustrating the mixture-ratio
calculating processing.

10 Fig. 64 is a flowchart illustrating the processing for
estimating the mixture ratio by using a model corresponding
to a covered background area.

Fig. 65 is a block diagram illustrating an example of
the configuration of a background/foreground séparator 105.

15 Fig. 66A illustrates an input image, a foreground
component image, and a background component image.

Fig. 66B illustrates a model obtained by expanding
pixels of one line in the time direction.
Fig. 67 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. 68 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. 69 illustrates a model in which pixel values are




25 apparatus. - 48 Fig. 90 is a block diagramillustrating the
configuration of a mxture-ratio calculator 1101. Fig. 91 is a block
diagramillustrating the configuration of a foreground/ background
separator 1102. 5 Fig. 92 is a block diagramillustrating still another
configuration of the function of the signal processing apparatus. Fig. 93
illustrates the configuration of a synthesizer 1201. 10 Fig. 94 is a bl ock

diagramillustrating still another configuration of the signal processing
apparatus. Fig. 95 is a block diagramdidl Fustrating the configuration of a
separating/blur-elimnating unit 1503. Fig. 96 illustrates the unit of

processing and a nodel 15 corresponding to the unit of processing. Fig. 97
illustrates_ th nit of processin a_nmd p i uni t
of  procesERRgRartgth obe PSS, At BEPREnCATR ore pPoceEd Aot iRty tabid
correspongdin o_ih L. o] Lpng. 20 Fig. 99 illustrates the unit of
processingoa %gash%gggp %%@%eg%oﬁg?%gggb the unit of processing. Fig. 100

e oo b B R LSO SR e e Bl e e
result. 2R.FLOnrif3rhfidnfbevghaebathtyalrgbirgohheoprocessing for
5 Fig. 71A illustrates an example of a separated
foreground component image.

Fig. 71B illustrates an example of a separated
background component image.

Fig. 72 is a flowchart illustrating the processing for

10 separating a foreground and a background.

Fig. 73 is a block diagram illustrating an example of
the configuration of a motion-blur adjusting unit 106.

Fig.. 74 is a block diagram illustrating an example of
the configuration of a motion-blur eliminatingnunit 108.

15 Fig. 75 illustrates a model in which the pixel values
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
are‘expanded in the time direction and the period

20 corresponding to the shutter time is divided.

Fig. 77 illustrates a model in which the pixel values
are expanded in the time direction and the period
corresponding to the shutter time is divided.

Fig. 78 illustrates an example of the pixels from which

25 motion blur is eliminated.



- 49 elimnating notion blur. Fig. 104 is a flowhart illustrating

si mul taneous processing for separating a foreground and a background and
for elimnating notion blur. 5 Fig. 105 is a block diagramillustrating
still another configuration of the signal processing apparatus.. Fig. 106
is a block diagramillustrating the configuration of a notion-blur
elimnating unit 106. Fig. 107 illustrates a nodel supplied to an equation
10 generator 1622. Fig. 108 illustrates a nodel supplied to the equation
generator 1622. Fig. 109 illustrates-tge €al cul ati on of the pixel values.
15 Fig. 110 is a flowhart illustrating the processing for elimnating
notion blur. Fig. 111 is a flowhart illustrating the processing for

el imnating nDtlon bl ur. _.of a foreground c oge % 4 Best Nb%e for
Carrying Out tHE I iverdtilds tEaGes1 3 eéaﬁp bﬁa?ﬁ Flﬁs FEE KEE

configuration of an enbodi nment of a signal processing apparatus according
to the prRteifin 9&Hﬁu%§)c& Central Processing Unit) 21 executes

e S S PR B
motion blur is added.
5 Fig. 81 illustrates the processing for adjusting
background components.

Fig. 82 illustrates an image obtained by capturing
stationary black quadrilaterals.

Fig. 83 illustrates an image obtained by capturing the

10 moving black quadrilaterals.

Fig. 84 illustrates an example of a result obtained by
executing the processing by the motion-blur adjusting unit
106.

Fig. 85 is a flowchart illustrating the prbcessing for

15 adjusting the amount of motion blur.

Fig. 86 is a flowchart illustrating the processing for
eliminating motion blur of a foreground component image.

Fig. 87 is a block diagram illustrating another
configuration of the function of a signal processing

20 apparatus. |

Fig. 88 illustrates the configuration of a synthesizer
1001.

Fig. 89 is a block diagram illustrating still another
confiéuration of the function of the signal processing

25 apparatus.



the CPU 21 and data are stored in a RAM (Random Access Menory) 23 as
required. The CPU 21, the ROM 22, and the RAM 23 are connected to each
other by a bus 24. 5 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 video
canera, a keyboard, a nouse, a mcrophone, and so on, and an output unit
27, which is forned of a display, a speaker, and so on, are connected to
the input/output 10 interface 25. The CPU 21 executes various types of
processing in response to a command rng8t -fromthe input. wunit 26. The CPU
21 then outputs an imge or sound obtained as a result of the processing
to the output unit 27. The storage unit 28 connected to the input/output

15 i f i ned of, f . . di d

orograns oxecti T B tHo TBU ST SHE A U 19 Sha. A" commun cat i on
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unit for 20 obfal nidyg AN oyt of; Ay ,se0son Altarnal ingl v, a program may

be obtai ned via he comuni cation unit 29 and stored in the storage unit
28. A drb8§f§§%fgﬁﬂéﬁt8§ L0rb PEGHORNE /ONERYEohRE CEEBERa Loy A { YRS @

magnetic di sk an optical distC 52, a magheto- 25 optical disk 53, a .
sem conduct or pEADIYL S Drpldvek |diyram Sl 1wheRa SUeh sk ec itk medi um i s

attached to the drive 30, and obtains a programor data stored in the
correspondbfiffiguration of the function of the signal processing
apparatus.
Fig. 93 illustrates the configuration of a synthesizer
1201.
10 Fig. 94 is a block diagram illustrating still another
configuration of the signal processing apparatus.
Fig. 95 is a block diagram illustrating the
configuration of a separating/blur-eliminating unit 1503.
Fig. 96 illustrates the unit of processingzand a model
15 corresponding to the unit of processing.
Fig. 97 illustrates the unit of processing and a model
corresponding to the unit of processing.
Fig. 98 illustrates the unit of processing and a model
corresponding to the unit of processing.
20 Fig. 99 illustrates the unit of processing and a model
corresponding to the unit of processing.
Fig. 100 illustrates the calculation of pixel wvalues.
Fig. 101 illustrates an example of an input image.
Fig. 102 illustrates an example of a processing result.

25 Fig. 103 is a flowchart illustrating the processing for



medi um The obtained programor data is transferred to the storage unit 28
and stored therein if necessary. 5 A description is given below, by taking
a nore specific exanple, of a signal processing apparatus for spegifying’
an area having enbedded significant information fromdata obtained by a
sensor or for extracting enbedded significant information. In the
follow ng exanple, a CCD |ine sensor or 10 a CCD area sensor corresponds to
the sensor, the area information or the m xture ratio corresponds to
significant information, and the m xtgpe-of a foreground and a background
in the m xed area corresponds to notion blur or a distortion. 15 Fig. 2 is
a block diagramillustrating the signal processing apparatus. It does not
matter whether the indivjdu%g functions of the signal processing apparatus

are inple%%&ﬁ%&??&PQEﬂQﬁﬁﬁQa W sof t war e. That is, the block diagranms of
LIl 20 sPest fhertign Ty Pehardare Sodk dlagiam gh sgliere
m0e, CESTRRIEAPIELE RN, O o EOUSEHLILA T SRVEIRIL g
R L e R R e A
menory and  the 4 npWs iy@YLhlock diagram illustrating still another
configuration of the signal processing épparatus.
Fig. 106 is a block diagram illustrating the
configuration of a motion-blur eliminating unit 106.
Fig. 107 illustrates a model supplied to an equation
10 generator 1622.
Fig. 108 illustrates a model supplied to the equation
generator 1622.
Fig. 109 illustrates the calculation of the pixel
values.
15 Fig. 110 is a flowchart illustrating the processing for
eliminating motion blur.

Fig. 111 is a flowchart illustrating the processing for

eliminating motion blur of a foreground component image.

20 Best Mode for Carrying Out the Invention
Fig. 1 is a block diagram illustrating the
configuration of an embodiment of a signal processing
apparatus according to the present invention. A CPU
(Central Processing Unit) 21 executes various types of

25 processing according to programs stored in a ROM (Read Only



The notion detector 102 cal cul ates a notion vector of 5 the roughly
extracted i nage object corresponding to the foreground object according to
a techni que, such as block mtching, gradient, phase correlation, or '
pel -recursive technique, and supplies the calcul ated notion vector and the
nmoti on-vector positional information (which is information 10 for
specifying the positions of the pixels corresponding to the notion vector)
to an area specifying unit 103 and a notion-blur extracting unit 106. The
notion vector output fromthe notion-deipector 102 contains informtion
correspondi ng to the anmount of novenent 15 v. The notion detector 102 may
out put the notion vector of each inmage object, together wth the pixel

it i nf or ppt i on. f i fying, the pixgls of the i bj ect, t
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corresponding to or egroun he” obj ect extracting unit 101 and
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CPU 21 wvia the bus 24. An input unit 26, which is formed of
a video camera, a keyboard, a mouse, a microphone, and so on,
and an output unit 27, which is formed of a display, a
speaker, and so on, are connected to the input/output
10 interface 25. The CPU 21 executes various types of
processing in response to a command input from the input.
unit 26. The CPU 21 then outputs an image or sound obtained
as a result of the processing to the output unit 27.
The storage unit 28 connected to the inpuf/output
15 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
device via the Internet or another network. In this example,
the communication unit 29 serves as an obtaining unit for
20 obtaining an output of a sensor.
Alternatively, a program may be obtained via the
communication unit 29 and stored in the storage unit 28.
A drive 30 connected to the input/output interface 25
drives a magnetic disk 51, an optical disc 52, a magneto-

25 optical disk 53, a semiconductor memory 54, or the like,




5 corresponding to a noving object. The area specifying unit 103 determ nes
to which of a foreground area, a background area, or a m xed area each

pi xel of the input inage belongs, and supplies information indicating to
whi ch area each pixel belongs (hereinafter 10 referred to as "area
information") to the mxture-ratio calculator 104, the

f or egr ound/ background separator 105, and the notion-blur adjusting unit
106. The m xture-ratio cal cul ator 104 calculates the mxture ratio
corresponding to the pixels contained gn a m xed area 15 63 (hereinafter
referred to as the "m xture ratio (%) based on the input inmage, the notion
vector and the.positional information thereof supplied fromthe notion

detector 102, and the area information suppli.ed from.the, area specifyin

uni t 103,""11%1% b3 e%e?%&rﬁ%nﬁﬁcgﬁf‘%ﬁ% %JP?%CQ%% 9 Tt edg"?]b‘ﬁ%jcgackg?/ou%d
separator_105.. The mxture ratio a,is_a | j ndi.cat the ratio of the
i mgge corfSheth &2 7 ra S #HYy o q%éa bsaeé gérlgc;uinrgd%}b?eéc&gfe(%?%orrgac?lnﬂ ter also
be referred.to as ~.bac ts)) i ' ressed
by equat i%%d](‘%“, V\%l'lpé(’j:‘h&l%sé)ﬂg%d gg%g)ﬁgl%ﬁv.d%ﬁﬁég%%ﬁee%ﬁo&uﬁtﬁgtac gr ound
Separat of 49, SeRM AL 09g LIty L Py | GR!0 hd ok egrapnd conponent i mage
formed of "Only” "the I mage conponents corresponding to the foreground obj ect
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background conponent 1'mage formed of only the
example, of a signal processing apparatus for spe¢ifying an
area having embedded significant information from data
obtained by a sensor or for extracting embedded significént
information. In the following example, a CCD line sensor or
10 a CCD area sensor corresponds to the sensor, the area
information or the mixture ratio corresponds to significant
information, and the mixture of a foreground and a
background in the mixed area corresponds to motion blur or a
distortion.
15 Fig. 2 is a block diagram illustrating the signal
processing apparatus.

It does not matter whether the individual functions of
the signal processing apparatus are implemented by hardware
or software. That is, the block diagrams of this

20 specification may be hardware block diagrams or software
functional block diagrams.

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

25 capturing characteristics of the sensor.



background conponents based on the area information supplied fromthe area
specifying unit 103 and the m xture ratio a supplied fromthe

m xture-ratio cal cul ator 104, and supplies the foreground conponent inage
to the notion-blur adjusting 10 unit 106 and a sel ector 107. The separated
foreground conponent inmage nmay be set as the final output. A nore precise
foreground and background can be obtai ned conpared to a known nethod in
which only a foreground and a background are specified w thout considering
the m xed area. 15 The notion-blur adjgsti-ng unit 106 determ nes the unit

of processing indicating at |east one pixel contained in the foreground
conponent inmage based on the anount of novenent v obtained fromthe notion

YESE Cpect?i BB %%5‘5555%%‘%6%?5 %%ﬁéfﬂé%ﬁ%ggﬁsfg%%%%@tﬁ e Rotron: bl ur
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f oregroun o] nen ge supplied fromthe 25 foreground/ background
separatorj('jR%Smh?]}lf('a g g%n vector and - 56 the positional information
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the notion-blur adjusting unit 106 adjusts the anount not 1 on ur
cont aigiedi 8 i-JS'ﬁglflezeQﬁ@k'E!gtéQ”PﬁQ&@to]bﬁ@ﬁ@ bYrtE88BY¥hAIngStdechgasi ng, or

i ncreasing the nbtion blur contained in the foreground Conponent i mge.

The noti opobbyfrodffiUsbl 88t UAktording to a technique, such as block
matching, gradient, phase correlation, or pel-recursive
technique, and supplies the calculated motion vector and the
motion-vector positional information (which is information

10 for specifying the positions of the pixels corresponding to
the motion vector) to an area specifying unit 103 and a
motion-blur extracting unit 106.

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

15  wv.

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

20 The amount of movement v is a value indicating a
positional change in an image corresponding to a moving
object in units of the pixel pitch. For example, if an
object image corresponding to a foreground is moving such
that it is displayed at a position four pixels away from a

25 reference frame when it is positioned in the subsequent



106 then outputs the foreground conponent image in which anount of notion
blur is adjusted to the selector 107. It is not essential that the notion
vector and the positional 10 information thereof be used. The sel ector 107
sel ects one of the foreground conponent imnmage supplied fromthe

f oreground/ background separator 10S and the foreground conponent inage in
whi ch the anount of notion blur is adjusted supplied fromthe 15

not i on-blur adjusting unit 106 based on, for exanple, a selection signal
reflecting a user's selection, and outjuts the selected foreground
conponent image. An input inmage supplied to the signal processing
apparatus is discussed below with reference to Figs. 3 20 through 18. Fig.

3 illustrates |nage capturing perforned b sensor. The sensor is forned
of, for &XaMSreths é@@ n%cﬁ% ﬁéb%@ OPIEES ¢ARSPa provided with

a OCD area sensor ch_is sol te |nag|ng devi ce. An 25 object 111
correspoﬁﬁqﬁ?§ﬂ9qgﬁﬂ§f§§r5€ﬁh oEe@ﬁgnga %0rld - 57 noves, for exanpl e,
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correspondi ng sensor he sensor captures the
e e s e s enans s Wi e
outpuks the CANIHAY ] IS MM Sffedy ames. For exanpl e,

The area specifying unit 103 determines to which of a
foreground area, a background area, or a mixed area each
pixel of the input image belongs, and suppliés information
indicating to wﬁich area each pixel belongs (hereinafter

10 referred to as "area information") to the mixture-ratio
calculator 104, the foreground/background separator 105, and
the motion-blur adjusting unit 106.
The mixture-ratio calculator 104 calculates the mixture
ratio corresponding to the pixels contained in’a mixed area
15 63 (hereinafter referred to as the "mixture ratio a") based
on the input image, the motion vector and the positional
information thereof supplied from the motion detector 102,
and the area information supplied from the area specifying
unit 103, and supplies the mixture ratio a to the
20 foreground/background separator 105.

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

25 shown below.



t he sensor outputs an inmage having 30 franes per second. The exposure tine
of the sensor can be 1/30 second. The 10 exposure tine is a period from
when the sensor starts converting input light into electrical charge until
when the conversion fromthe input light to the electrical charge is
finished. The exposure time is also referred to as a "shutter tinme". 15
Fig. 4 illustrates the arrangenent of pixels. In Fig. 4, A through |
i ndi cate the individual pixels. The pixels are disposed on a plane of a
correspondi ng i mage. One detection devigse-corresponding to each pixel is
di sposed on the sensor. Wen the sensor perforns inmage capturing, each 20
det ecti on device outputs a pi xel value of the corresponding pixel formng
t he i mage. For_ exanpl e, osition of the ete |on devi_ce the X
di rection corF@?péﬁ&?gFBUPﬁé SO SEREFEE én SERE |%§§ethﬁhlle t he
position of the detection dev i he Y dir tJOﬂ [of0) s he 25
vertical dR¥ctiMPSrH & rf‘;ogreegro cﬁsm%%%%etc HHY qur'?n Cﬁ eot%q'(}{l on
devi ce, ich is, for Q%Q, ctrical
char ge ‘?nld“aagepecfcfmobao ce;(@)}'?i"i)éesponde r%%ﬁg;)’g] S%Heé: rréed]%eyn regéste t he
converted C T, te Ofa £hag g d S0 @l rfgrpd:gortl onal
to the|r1é§£§ %ﬁgﬁréﬁgﬁgﬂt I ght and %e perlé% for |ch t he Ilght IS
i nput g }%{%%&ﬂ@& SEENt i d oy ?&Hﬁe&"@f%r@ﬁ} rigal charge

ca

converte romt nput Ight to the Stored electri charge during
background components based on the area information supplied

from the area specifying unit 103 and the mixture ratio «
supplied from the mixture-ratio calculator 104, and supplies
the foreground component image to the motion-blur adjusting
10 unit 106 and a selector 107. The separated foreground
component image may be set as the final outpﬁt. A more
precise foreground and background can be obtained compared
to a known method in which only a foreground and a
background are specified without considering tﬂe mixed area.
15 The motion-blur adjusting unit 1Q6 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
information. The unit of processing is data that specifies
20 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
apparatus, the foreground component image supplied from the

25 foreground/background separator 105, the motion vector and



t he period corresponding to the shutter tinme. That is, the 10 detection
device integrates the input light during the period corresponding to the.
shutter tinme and stores the electrical charge corresponding to the anount
of integrated light. It can be considered that the detection device has
an integrating function wth respect to tinme. 15 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, -amkis output. Accordingly, each pixel
val ue output fromthe sensor is a value projected on a 20 |linear space,
which is aresult of integrating a certain three-dinmensional portion of
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backggoungl i fmae Pl &6t i fdbaBhd Scrfe WAW di IBISIF aldrtG idfed MBgeHbt ai ned
by capturing a noving iject 111 corresponding to a foreground
foreground component image. The motion-blur adju$ting unit
106 then outputs the foreground component image in which
amount of motion blur is adjusted to the selector 107. it
is not essential that the motion vector and the positional
10 information thereof be used.

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

15 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

20 through 18.

Fig. 3 illustrates image capturing performed by a
sensor. The sensor is formed of, for example, a CCD
(Charge-Coupled Device) video camera provided with a CCD
area sensor, which is a solid-state imaging device. An

25 object 111 corresponding to a foreground in the real world



10 and a stationary object 112 corresponding to a background. In the
exanpl e shown in Fig. 6A, the object corresponding to the foreground is
novi ng horizontally fromthe left to the right with respect to the screen.
Fig. 6B illustrates a nodel obtained by expandi ng pi xel 15 val ues
corresponding to one line of the inmage showm in Fig. 6A in the tine
direction. The horizontal direction showmn in Fig. 6B corresponds to the
spatial direction Xin Fig. 6A. The values of the pixels in the background
area are forned only fromthe backgro8nd-conponents, that is, the 20

i mge conponents corresponding to the background object. The val ues of the
pi xels in the foreground area are forned only fromthe foreground

obj bot - THEVR UERS ot OREL B Xar S BrE PR GEdt ot 8 S EL b Bl 25141 bim ho-
of tho pi SEFSCPR TheSRIREn of bacar £ TRSRREy ] Pank  BeckatR g SR i onent o

and the foreground conponents, it may be referred to as a "distortion
area". The m xed area is further classified into a covered background area

5 and an uncovged hackoround, aea.n e, cayesed Rackoround area is a mixed

area at a position corresponding to the Teading end’in the direction in
whi ch ¢ hec&?fé‘g}ﬁ&‘i@ﬂnﬁbtgcﬁhé SEHPYyPEundNebgetREr REEKTERENOnEOEPONENtS are

gradual ly covered with the 10 foreground over tine.
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

10 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 also referred to as a
"shutter time".

15 Fig. 4 illustrates the arrangement of pixels. In Fig.
4, 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, each

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

25 wvertical direction on the image.



In contrast, the uncovered background area is a m xed area correspondi ng
to the trailing end in the direction in which the foreground object is
novi ng, where the background conponents gradually appear over time. 15 As
di scussed above, the image containing the foreground area, the background
area, or the covered background area or the uncovered background area is
input into the area specifying unit 103, the m xture-ratio cal cul ator 104,
and the foreground/ background separator 10S as the input image. 20 Fig. 7
illustrates the background area, the-fegeground area, the m xed area, the
covered background area, and the uncovered background area di scussed
above. In the areas corresponding to the inage showmn in Fig. 6, the

background area S _a statj.onary rtign, the foreground, area.,is 25
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al i gned side-by-side, pixels arranged in one |ine on the screen can be
sel ected.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

10 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.

15 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

20 linear space, which is a result of integrating a certain
three-dimensional portion of the object corresponding to the
foreground or the background with respect to the shutter
time.

The signal processing apparatus extracts significant

25 information embedded in the output signal, for example, the



The pi xel values indicated by FO1l through FO4 shown in Fig. 8 are val ues of
the pixels corresponding to the object of the stationary foreground. The
pi xel val ues indicated by 15 B0l through BO4 shown in Fig. 8 are val ues of
t he pi xels corresponding to the object of the stationary background. In
the vertical directionin Fig. 8 tinme elapses from the top to the bottom
in Fig. 8 The position at the top side of the rectangle in Fig. 8
corresponds to the tine at 20 which the sensor starts converting input
light into electrical charge, and thesposition at the bottom side of the
rectangle in Fig. 8 corresponds to the tinme at which the conversion from .
the input light into the electrical charge is finished. That is t he

di stance fromthe top side to the 25 bottom side of rectan le in Fig. 8
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distortion caused by the mixture of the foreground image
object and the background image object.
Fig. 6A is a view illustrating an image obtained by
capturing a moving object 111 correspohding to a foreground
10 and a stationary object 112 corresponding to a background.
In the example shown in Fig. 6A, the object corresponding to
the foreground is moving horizontally from the left to the
right with respect to the screen.
Fig. 6B illustrates a model obtained by exbanding pixel
15 values corresponding to one line of the image shown in Fig.
6A in the time direction. The horizontal direction shown in
Fig. 6B corresponds to the spatial direction X in Fig. 6A.
The values of the pixels in the background area are
formed only from the background components, that is, the
20 image components corresponding to the background object.
The values of the pixels in the foreground area are formed
only from the foreground components, that is, the image
components corresponding to the foreground object.
The values of the pixels of the mixed area are formed

25 from the background components and the foreground components.



change during the period corresponding to the shutter tine. The period
corresponding to the shutter tine is divided 15 into two or nbre portions
of equal periods. For exanple, if the nunber of virtual divided portions
is 4, the nodel shown in Fig. 8 can be represented by the nodel shown in
Fig. 11. The nunber of virtual divided portions can be set according to
t he anbunt of novenent v of the object corresponding to 20 the foreground
within the shutter tinme. For exanple, the nunber of virtual divided
portions is set to 4 when the anmount @b wovenent v is 4, and the period
corresponding to the shutter tine is divided into four portions. The
uppernost line in Fig. 11 corresponds to the first 25 divided period from
when the shutter, has pened The seco i,n gorre ponds
1o the Sesthtcdror GERLRer: 6 1% oRrSRoh meg’gww‘?dhage%p%ﬁ%d oﬁlﬁ%gt hi rd
line in F C rr onds to the third eriod from t
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di viding the pixel by the nunber

The covered background area is a mixed area at a
position corresponding to the leading end in the direction
in which the foreground object i1s moving, where the
background components are gradually covered with the

10 foreground over time.

In contrast, the uncovered background area is a mixed
area corresponding to the trailing end in the direction in
which the foreground object is moving, where the background
components gradually appear over time. ‘

15 As discussed above, the image containing the foreground
area, the background area, or the covered background area or
the uncovered background area is input into the area
specifying unit 103, the mixture-ratio calculator 104, and
the foreground/background separator 105 as the input image.

20 Fig. 7 illustrates the background area, the foreground
area, the mixed area, the covered background area, and the
uncovered background area discussed above. In the areas
corresponding to the image shown in Fig. 6, the background
area 1s a stationary portion, the foreground area is a

25 moving portion, the covered background area of the mixed



of virtual divided portions. Simlarly, when the object 15 corresponding to
the foreground is stationary, the foreground conponent FO2/v is equal to

t he val ue obtained by dividing the pixel value FO02 by the nunber of ‘
virtual divided portions, the foreground conponent FO3/v is equal to the
val ue obtai ned by dividing the pixel value FO3 by the 20 nunber of virtual
di vi ded portions, and the foreground conponent FO4/v is equal to the val ue
obtained by dividing the pixel value FO4 by the nunmber of virtual divided
portions. When the object correspondingite the background is 25 stationary,
the light input into the sensor does not change, - 64 and thus, the
background conponent BO1l/v is equal to the value obtained by dividing the

i xel val ue BOl by the nunb fovirtual divid t] Simlarly, wh
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BO4/v is gggﬁlr$8 éhe val ue obtained by dividing the pixel value B04 by
the numbe?®6t?%77t%al di vi ded portions. Mre specifically, when the object

Corregponding ﬁfb;lgaillustrates a model obtained by expanding in the
time direction the pixel values of the pixels aligned side-
by-side in the image obtained'by capturing the image of the
object corresponding to the stationary foreground and the
image of the object corresponding to the stationary

10 Dbackground. For example, as the pixels aligned side-by-side,
pixels arranged in one line on the screen can be selected.

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

15 B0l through B04 shown in Fig. 8 are values of the pixels
corresponding to the object of the stationary background.

In the vertical direction in Fig. 8, time elapses from
the top to the bottom in Fig. 8. The position at the top
side of the rectangle in Fig. 8 corresponds to the time at

20 which the sensor starts converting input light intd
electrical charge, and the position at the bottom side of
the rectangle in Fig. 8 corresponds to the time at which the
conversion from the input light into the electrical charge
is finished. That is, the distance from the top side to the

25 bottom side of the rectangle in Fig. 8 corresponds to the



foreground is stationary, the light corresponding to the 15 foreground
object input into the sensor does not change during the period
corresponding to the shutter time. Accordingly, the foreground conmponent
FO1/v corresponding to the first portion of the shutter tinme/v from when
the shutter has opened, the foreground conponent FO1l/v 20 corresponding to
the second portion of the shutter tinme/v fromwhen the shutter has opened,
t he foreground conponent FO01/v corresponding to the third portion of the
shutter tinme/v fromwhen the shutter Bas-opened, and the foreground
conponent FO1l/v corresponding to the fourth portion of the 25 shutter
tinme/v fromwhen the shutter has opened becone the - 65 sane value. The
same applies_to FO2/v through FO4/v,.as in the case of FOl/v. Wen the

obj ect cotPREHoNdFHEEto the background is stationary, the Iight
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BO1l/ v corgﬁggonding to the 10 second portion of the shutter tinme/v from
when the shufter has opened, the background conponent B01l/v correspondi ng

to the third mitﬂmﬁnéﬂe Shutdefod | 1ve/mi § r am e g a Sl tfe has
opened, and the background conponent B0l/v ‘corresponding to the fourth
portion ofpiheashytteFtibABAVin Fig. 6. More specifically, in the
example shown in Fig. 8, the distance from the left side of
the rectangle indicated by "FO0l1" in Fig. 8 to the right side
of the rectangle indicated by "B04" is eight times the pixel
10 pitch, i.e., eight consecutive pixels.
| When the foreground object and the background object
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
15 into two or more portions of equal periods. For example, if
the number of virtual divided portions is 4, the model shown
in Fig. 8 can be represented by the model shown in Fig. 11.
The number of virtual divided portions can be set according
to the amount of movement v of the object corresponding to
20 the foreground within the shutter time. For example, the
number of virtual divided portions is set to 4 when the
amount of movement v is 4, and the period corresponding to
the shutter time is divided into four portions.

The uppermost line in Fig. 11 corresponds to the first

25 divided period from when the shutter has opened. The second



15 from when the shutter has opened becone the sane val ue. The sane
applies to B02/v through BO4/v. A description is given of the case in which
the object corresponding to the foreground is noving and the object '

corresponding to the background is stationary. 20 Fig. 10 illustrates a
nodel obtained by expanding in the tinme direction the pixel values of the
pi xels in one |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. Skneg 25 one frane is a short period, it
can be assuned that the - 66 object corresponding to the foreground is a
rigid body noving with constant velocity. In Fig. 10, the object imge
correspondj ng to the foreground is. moving such that it.is osi tioned four
i xel o LOLAHE TH g0 wi th TRRERROIE 2% T TEHUE 9 ASthaie T 199 o
di spl ayed_.in thﬁ subsequent frame. _In Fig. 4O ﬁf i f 1 th
| ef t most F FBIWRY ¢ 1S L&’b‘bﬁ%r Pl e %érl]g tﬂoh% h% %c?e%%elsmlcf( gﬂe C A Fi g.
10, the ixels fromithe fifih. piXx % Og nf{p&ﬁ&@ f the left
bel ong to‘_??]ﬁ%e?\??(% _a?%a?h%/\hilhgﬁp#sg ‘ﬁ{e&ec% e‘?%f&é(‘fo ackgr'lbrtlm %]r_ea. In Fig.
10, the 1LOOFOSt, PL XGho 004 ONOFnL Oco i, PRCKQT gl Ay oy i Al
corresponding to the foreground is noving such that it gradually covers
the ol e%cgﬁéef@&f'%n@iwd%a%lbf&mfpémdw@a@rtﬁé Brufesorgiagly, the
conmponents 15 contained 1 n the pixel values of the pixels belonging to the
opened.
The shutter time divided in accordance with the amount
of movement v is also hereinafter referred to as the
"shutter time/v".
10 When the object corresponding to the foreground is
stationary, the light input into the sensor does not change,
and thus, the foreground component FO0l/v is equal to the
value obtained by dividing the pixel value FO01l by the number
of virtual divided portions. Similarly, when Ehe object
15 corresponding to the foreground is stationary, the
foreground component F02/v is equal to the value obtained by
dividing the pixel value F02 by the number of virtual
divided portions, the foreground component F03/v is equal to
the value obtained by dividing the pixel value F03 by the
20 number of virtual divided portions, and the foreground
component F04/v is equal to the value obtained by dividing
the pixel value F04 by the number of virtual divided
portions.

When the object corresponding to the background is

25 stationary, the light input into the sensor does not change,




covered background area change fromthe background conponents to the
foreground conponents at a certain time during the period corresponding to
the shutter time. For exanple, the pixel value M surrounded by the thick

20 frame in Fig. 10 is expressed by equation (1) below M=

B02/ v+B02/ v+FO07/ v+F06/v (1) For exanple, the fifth pixel fromthe left
contains a background conponent corresponding to one portion of the
shutter tine/v and foreground conponents corresponding to 25 three portions
of the shutter tine/v, and thus, the-mxture - 67 ratio a of the fifth

pi xel fromthe left is 1/4. The sixth pixel fromthe left contains
background conponents corresponding to two portions of the shutter tine/v
and foreground conponents corresponding to t aortions .of the 5 shutter
time/v, a0 HES, tHhe Ragkareunst COmpogent B/t 1 S fal fSPomPhe | eft is
1/2. The seventh pixel fromthe left . contai.ns back und nent

cor r esporf@iif toé"'{)arﬁné’é bé’o{HJinT%ln(ﬁ e Rt evraqt errgo\c/3L akt)r}’dctg{gfoglruzng)re%und
conmponent__ correspondi ng, t o _one .pQrtion..of. it h j 2 d thus, 10
the m xt e Vr]atﬁudﬁa C%TV %heed)fpﬁﬁ lo%fsx'el l?%ln]i%]ﬁlef’l gﬁe%lr stt 5/ ﬁ.b\ﬁ eIctacncan be
assuned that the object canrespondi it r nd-yds a rigid body,
and the f%orrergﬁ's J!orkﬁcetc Of{hse %%D%%&vréfhl%gsnts%gnoﬁ% |’Ogcl te)sl such that it is

o e e MR RIS, Hally L auesnent, M docpreli) v, 10
left in Fig dhFadespond R H® T Sthe number of virtual

divided portions, the background component BO3/v is equal to
the value obtained by dividing the pixel value B0O3 by the
number of virtual divided portions, and the background

10 component B04/v is equal to the value obtained by dividing
the pixel value B04 by the number of virtual divided
portions.

More specifically, when the object corresponding to the

foreground is stationary, the light corresponding to the

15 foreground object input into the sensor does not change
during the period corresponding to the shutter time.
Accordingly, the foreground component FOl/v corresponding to
the first portion of the shutter time/v from when the
shutter has opened, the foreground component FOl/v

20 corresponding to the second portion of the shutter time/v
from when the shutter has opened, the foreground component
FO0l/v corresponding to the third portion of the shutter
time/v from when the shutter has opened, and the foreground
component F0l/v corresponding to the fourth portion of the

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



portion of the shutter tine/v fromwhen the shutter has opened is equal to
the foreground conponent of the fifth pixel fromthe left in Fig. 10
corresponding to the second 20 portion of the shutter tine/v from when the
shutter has opened. Simlarly, the foreground conponent FO7/v is equal to
t he foreground conponent of the sixth pixel fromthe left in Fig. 10
corresponding to the third portion of the shutter tinme/v fromwhen the
shutter has opened, and the foreground 25 conponent of the seventh pixel
fromthe left in Fig. 10 - 68 correspgnding to the fourth portion of the
shutter tine/v fromwhen the shutter has opened. It can be assuned that

t he obj ect corresponding to the foreground is a rigid body, and the

foreground object is novi ng Wi con u that it.s

di spl ayed¥sura el ghteo S ﬁpéﬂthshsctongo bs %ﬁéﬁi‘ﬁ‘r Y AGSorE ngly,
for exanple the fo{ roound conponent FO06/v of the third plxel fromthe
left in H nﬁlng to the first portlon of the shutter tine/v

Fom unen {ne huttﬁgmhg%c e IAL S BhgorgaLaund component  of

the fourth p corres on tot e second

f. t.h h v f ddalarly,
Fget :‘ gpegsrto%fgmi s E)nen tv C’{og:tge% to ﬁ}u}]t% oregrofng corrpor?ent o?.rthe
fifthcpi )&9{3“{8{ Oqu ec]rleefée vénrhd:é%e o:_tﬂ SUARSRAN NP i the il rd portion

of the sh v from when t utter” has opened, and the foreground

conponent . of - 4846, 8 1 1 %8le foamddie di8ld. | mMdddrdikyly, the

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

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

15 from when the shutter has opened become the same value. The
same applies to B02/v through B04/v.

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

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

25 one frame is a short period, it can be assumed that the



corresponding to the fourth portion of the shutter time/v from when the
shutter has opened. 20 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 displayed four pixels to the right in

t he subsequent franme. Accordingly, for exanple, the foreground conponent
FO5/v of the second 25 pixel fromthe left in Fig. 10 corresponding to the
first - 69 portion of the shutter tine/v fromwhen the shutter has opened
is equal to the foreground conponent-ofcthe third pixel fromthe left in
Fig. 10 corresponding to the second portion of the shutter tinme/v from
when the shutter has 5 opened. Simlarly, the foreground conponent FO5/v is

equal to_.the foreground co ne of. the f i . . t left i

Ped o AR G e SR T e gt S e LA BodiE o' £ om when
t he shutter .has opened, and.the, fareground nt f i f. j xel
fromt ﬁe et 9 Wigh.cote tc&erlgscg'ot di ng oEpjt%[lr:gq’frbcefurttl’f'ug p?ohjl}'fel%en ltg%%])ée
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t he objeé?’cor espondi n oreground 1s a Tigl and the

foregrou J 5 ' [ 4 | t tadn v elaad tyk thatg it is

di spl aye%%ﬁérl dp?fxoé‘{%\ﬁtlg%l\fllge tf’bl gtﬁ{bgi n the slubseqeus?rﬁ&f ramea. Accordingly,

for examyl&setdie.d %%@%&omongnaiggﬂﬂe@f ihhenkebtpBegtienpi Xebnen Fig.
0

10 corresponding to the first portion e shutter tinme/v fromwhen the
shutter has openedd.s1®Quahet @ixels from the leftmost pixel to the
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
10 background area. In Fig. 10, the rightmost pixel belongs to
the background area.

The object corresponding to the fo;eground is moving
such that it gradually covers the object corresponding to
the background over time. Accordingly, the coﬂponents

15 contained in the pixel values of the pixels belonging to the
covered background area change from the background
components to the foreground components at a certain time
during the period corresponding to the shutter time.

For example, the pixel value M surrounded by the thick

20 frame in Fig. 10 is expressed by equation (1) below.

M = B02/v+B02/v+F07/v+F06/v (1)

For example, the fifth pixel from the left contains a
background component corresponding to one portion of the

shutter time/v and foreground components corresponding to

25 three portions of the shutter time/v, and thus, the mixture




t he foreground conponent of the second pixel fromthe left 20 in Fig. 10
corresponding to the second portion of the shutter tinme/v fromwhen 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 tine/v 25 from when the
shutter has opened, and the foreground - 70 conponent of the fourth pixel
fromthe left in Fig. 10 corresponding to the fourth portion of the
shutter tinme/v fromwhen the shutter &as-opened. Since the foreground area
corresponding to the noving 5 object contains not i on qur as di scussed
above, it can also be referred to as a "distortion area” Fig. 11

‘x%l 322;2&% B PSS A s P D G dhe 1) 5?21@%@1%?2%6'
' Fig. p‘i’ffi ey %ef%"ﬁ%déa%%uanﬂ%é R o R 10 T e e i s
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f oregroun rigl body Ing wth constant velocity. 11, the

obj ect i nRg&, b3 G &ﬁ@l}gé Mkt dhes M EHPWY o TYtibAL dheHd ght such

that it is positioned pi xels to'the right with respect to a reference
frameswhesnideds gl Ay ethd ncrhr@ sus qduentire fra0®s d oFitthe Llixdrhe pixels

fromthe leftnost pixel to the

pixel from the left is 1/2. The seventh pixel from the left
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,

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

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,

15 for example, the foreground component FO07/v of the fourth
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 fifth
pixel from the left in Fig. 10 corresponding to the second

20 portion of the shutter time/v from when the shutter has
opened. Similarly, the foreground component FO07/v is equal
to the foreground component of the sixth 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

25 component of the seventh pixel from the left in Fig. 10



20 fourth pixel belong to the background area. In Fig. 11, the pixels from
the fifth pixel to the seventh pixels fromthe |left belong to the m xed
area, which is an uncovered background area. In Fig. 11, the rightnost

pi xel belongs to the foreground area. 25 The object corresponding to the
foreground which covers - 71 the object corresponding to the background is
nmovi ng such that it is gradually renpoved fromthe object corresponding to
t he background over tinme. Accordingly, the conponents contained in the

pi xel values of the pixels bel ongi ng-t@sthe 5 uncovered background area
change fromthe foreground conponents to the background conponents at a
certain time of the period corresponding to the shutter tine. For exanple,

the pixel val ue M d py the thick f in Fig. 11 ] d
by cquat i SHETSPoABTRE  EBROST | R rG b s R ) SEbP et it ¥ The 11t 1

pi xel fromthe |eft _contal ckar conponents corresponding to three
portions g%oTh%heghE??e?h?Fﬁ%Feﬁ%%doggﬁg?éground conponent corresponding to
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the shut{glihyngive éaﬁsﬁaﬂﬁ,véhscﬂtyfgﬁ@hrehse @t?ist8§s§1é9@d2@0@£XG|

fromthe left is 1/2. The seventh pixel fromthe |eft

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

10 opened is equal to the foreground component of the fourth
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 pixelerom the left

15 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 sixth pixel from the left in Fig. 10
corresponding to the fourth 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, 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 F05/v of the second

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



contai ns a background conponent corresponding to one portion of the
shutter tinme/v and foreground conponents corresponding to three portions
of the shutter time/v, and thus, the mxture ratio a of the seventh pixel
fromthe left 25 is 1/4. - 72 \Wen equations (1) and (2) are
general i zed, the pixel value Mcan be expressed by equation (3): M= (X - B
+ Fi / v (3) where ais the mxture ratio, B indicates a pixel value of 5
t he background, and Fi/v designates a foreground conponent. It can be
assuned that the object corresponding @ the foreground is a rigid body,
which is noving with constant velocity, and the anmount of novenent is 4.
Accordingly, for exanple, the foreground conponent FO1l/v of the fifth

fhée'shﬁ?téé‘r){?";%ﬁ/%% {:I?an %ﬁa@%%ﬁé@ﬁ%ﬁEfpﬁlﬁﬁvivﬂ%%tnﬁa@f‘%hﬂtéasl B35 the
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time/v
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 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 éisplayed four

15 pixels to the right in the subsequent frame. Accordingly,
for example, the foreground component F04/v of the left most
pixel in Fig. 10 corresponding to the first portion of the
shutter time/v from when the shutter has opened is equal to
the foreground component of the second pixel from the left

20 in Fig. 10 corresponding to the second portion of the
shutter time/v from when the shutter has opened. Similarly,
the foreground 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

25 from when the shutter has opened, and the foreground



fromwhen the shutter has opened. It can be assuned that the object
corresponding to the foreground is a rigid body, which is noving with
constant velocity, and the anmount of novenment v is 4. Accordingly, - 73
for exanple, the foreground conponent FO02/v of the sixth pixel fromthe
left in Fig. 11 corresponding to the first portion of the shutter tinme/v
fromwhen the shutter has opened is equal to the foreground conponent of
the seventh 5 pixel fromthe left in Fig. 11 corresponding to the second
portion of the shutter tine/v fromwienthe shutter has opened. Simlarly,
t he foreground conponent FO2/v is equal to the foreground conponent of the
eighth pixel fromthe left in Fig. 11 corresponding to the third portion
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be 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

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

15 corresponding to the foreground is moving to the right such
that it is positioned four pixels to the right with respect
to a reference frame when it is displayed in the subsequent
frame.

In Fig. 11, the pixels from the leftmost pixel to the-

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

25 The object corresponding to the foreground which covers



nunber of virtual divided portions corresponds to the anobunt of novenent
v. Cenerally, the anmount of novenent v 25 corresponds to the noving speed
of the object corresponding - 74 to the foreground. For exanple, if the
obj ect corresponding to the foreground is noving such that it is displayed
four pixels to the right with respect to a certain frame when it is
positioned in the subsequent franme, the anmount of 5 novenent v is set to 4.
The nunber of virtual divided portions is set to 4 in accordance with the
amount of novenent v. Simlarly, when7the object corresponding to the
foreground is nmoving such that it is displayed six pixels to the left with
respect to a certain frane when it is 10 positioned in the subsequent
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background area, an . area are extracted froman’inage containing
a fOreigrOHHQOVEP%&%QQEQi'QQn%Oa@@aOéhéﬁ&e”?)\!bxﬁgth@ topakroin@ stationary

background. In the exanple shown in Fig. 12, the object
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).

10 M' = F02/v+F0l/v+B26/v+B26/v (2)

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

15 mixture ratio o of the fifth pixel from the left is 3/4.
The sixth pixel from the left contains background components
corresponding to two portions of the shutter time/v and
foreground components corresponding to two portions of the
shutter time/v, and thus, the mixture ratio a of the sixth

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

25 is 1/4.



corresponding to the foreground is horizontally noving with 25 respect to
the screen. - 75 Franme #n+l is a frame subsequent to franme #n, and frane
#n+2 is a frane subsequent to frane #n+l. Pixels in the foreground area,

t he background area, and the m xed area are extracted fromone of franes
#n through S #n+2, and the anount of novenent v is set to 4. A node
obt ai ned by expanding the pixel values of the extracted pixels in the tine
direction is shown in Fig. 13. Since the object corresponding to the
foreground is noving, the pixel valuwe32ir the foreground area are forned
10 of four different foreground conponents corresponding to the shutter
time/v. For exanple the | eft most pi xel of the pixels in the foreground

h . .
fhe pi xel s i n THE: FHHEGHBtnd Horf™ i Hoidon B 21 £ s M ect
corresponglfg tﬁ g Q% gégggg%adgyf gﬁ%ﬁggﬁy( lght i nput into the sensor

correspondlng to r oun shu% er tinme does not change.
In this case, the plxel | ues in the background area do not contain
motion blur. 28 Fhe pBxel2yBLued in the nixed area consisting of a3)covered
background area or an uncoévered background area are forned of foreground
conponents and background conponents. A description is given below of a

model obtghpgd kyisexpandigeubs kheibi "B dhaeehtes bhgipéxebayabues of the
5 the background, and Fi/v designates a foreground component.
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 FO0l/v of the fifth pixel

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

15 Similarly, the foreground component FO0l/v is equal to the
foreground component of the seventh pixel from the left in
Fig. 11 corresponding to the third portion of the shutter
time/v from when the shutter has opened, and the foreground
component of the eighth pixel from the left in Fig. 11

20 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, which is moving with constant

velocity, and the amount of movement v is 4. Accordingly,



2S pi xels which are aligned side-by-side in a plurality of - 76 frames and
whi ch are located at the sane positions when the frames are overl apped
when the inmage corresponding to the object is noving. For exanple, when
the image corresponding to the object is noving horizontally with respect
to the 5 screen, pixels aligned on the screen can be selected as the

pi xel s aligned side-by-side. Fig. 14 illustrates a nodel obtained by
expanding in the time direction the pixels which are aligned side-by-side
in three frames of an imge obtai ned-by3capturing an object 10
corresponding to a stationary background and which are |ocated at the sanme
positions when the franes are overl apped. Frane #n. is the frame subsequent

f -1, f + i :
e e b
shown in ., 14 [ I ' s
S o o e S et AL S co SRl nd e SR ALY
stati onary, (g, Pixelnyalpes. Oof {1ige APTELHRAPLAGRL X {dy dgane #n- 1

"t hrough fYane do'n ange. For exanpl e, e pi xe ranme #n and

the pixelolf,fdane dath |ogaled Rredlifuteriasnondng, postd iaylet he pixel

havi ng the pi xel . in frame” #n-1 have the pixel value BO5. Fig. 15
i1l ustr atﬁg)fél npesh obt aj oed by expandi nebiFespdeairgecdifiectioide pixel s

whi ch are I gned side-by-side 25 in three frames of an inage obtained by
qapturingpggtp@me@f 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
10 shutter time/v from when the shutter has opened.

It can be assumed that the object corresponding to the
foreground is a rigid body, which is moving with constant
velocity, and the amount of movement v is 4. Accordingly,
for example, the foreground component FO03/v of the seventh

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

20 opened.

It has been described with reference to Figs. 9 through
11 that the number of virtual divided portions is 4. The
number of virtual divided portions corresponds to the amount

of movement v. Generally, the amount of movement v

25 corresponds to the moving speed of the object corresponding



- 77 corresponding to a foreground that is noving to the right in Fig. 15
together with an object corresponding to a stationary background and which
are located at the sane positions when the franes are overl apped. The '

nmodel shown 5 in Fig. 1S contains a covered background area. In Fig. 15, it
can be assunmed that the object corresponding to the foreground is arigid

body nmoving with constant velocity, and that it is noving such that it is

di spl ayed four pixels to the right in the subsequent franme. 10 Accordingly,
t he amount of novenment v is 4, and the7aupber of virtual divided portions

is 4. For exanple, the foreground conponent of the |leftnost pixel of frane
#n-1 in Fig. 15 corresponding to the first portion of the shutter tinme/v

from when the shutter has, 15 ened is, F12/v, . .and e fo . t
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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
10 positioned in the subsequent frame, the amount of movement v
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
15 which consists of a covered background or an uncovered
background, which are discussed above, to the foreground
components and the background components corresponding to
the divided periods of the shutter time.
Fig. 12 illustrates an example in which pixels in the
20 foreground area, the background area, and the mixed area are
extracted from an image containing a foreground
corresponding to an object moving in front of a stationary
background. In the example shown in Fig. 12, the object

corresponding to the foreground is horizontally moving with

25 respect to the screen.




#n-1 in Fig. 15 corresponding to the second portion of the shutter tine/v
fromwhen the shutter has opened is F11/v. The foreground conponent of the
second pixel fromthe left in Fig. 15 corresponding to the third portion
of the shutter 5 tinme/v fromwhen the shutter has opened is also F11/v. The
foreground conponent of the third pixel fromthe left in Fig. 15
corresponding to the fourth portion of the shutter time/v from when the
shutter has opened is F11/v. The foreground conponent of the |eftnost pixel
of frame 10 #n-1 in Fig. 15 correspendéng to the third portion of the
shutter tinme/v fromwhen the shutter has opened is F10/v. The foreground
conponent of the second pixel fromthe left in Fig. 15 corresponding to
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The backgrou conponents of t nird pixel fromthe left of frame #n-1
in Fig 1p,¢9!respopdlNgnotRrthe hbtsherNdvSe§088t pest i Onspofodde shutter

tinme/v from 25 when the shutfer has opened are B02/v. The background - 79
conponent §pehihb8 Houskbanbxel trempikell ehlueé bradrRedextracted
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

10 of four different foreground components corresponding to the
shutter time/v. For -example, the leftmost pixel of the
pixels in the foreground area shown in Fig. 13 consists of
F0l/v, F02/v, FO03/v, and F04/v. That is, the pixels in the
foreground contain motion blur. 5

15 Since the object corresponding to the background is
stationary, light input into the sensor corresponding to the
background during the shutter time does not change. In this
case, the pixel values in the background area do not contain
motion blur.

20 The pixel values in the mixed area consisting of a
covered background area or an uncovered background area are
formed of foreground components and background components.

A description is given below of a model obtained by
expanding in the time direction the pixel values of the

25 pixels which are aligned side-by-side in a plurality of



in Fig. 15 corresponding to the first through third portions of the
shutter tinme/v fromwhen the shutter has opened are BO03/v. 5 In franme #n-1
in Fig. 15, the leftnost pixel fromthe left belongs to the foreground
area, and the second through fourth pixels fromthe |eft belong to the
m xed area, which 1is a covered background area. The fifth through twelfth
pi xels fromthe left of frame 10 #n-1 in Fig. 15 belong to the background
area, and the pixel values thereof are B04 through Bll, respectively. The
first through fifth pixels fromthe Lefifg n frame #n in Fig. 15 belong to
the foreground area. The foreground conponent in the shutter tine/v in the
foreground area of 15 frame #n is any one of FO5/v through F12/v. It can be
assuned that the object .correspondin
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sevent h pi xe romthe left"in Fig. 15 corresponding to the
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

10 corresponding to a stationary background and which are
located at the same positions when the frames are overlapped.
Frame #n is the frame subsequent to frame #n-1, and frame
#n+l is the frame subsequent to frame #n. The same applies
to the other frames.

15 The pixel values B0l through Bl2 shown in Fig. 14 are
pixel values corresponding to the stationary background
object. Since the object corresponding to the background is
stationary, the pixel values of the corresponding pixels in
frame #n-1 through frame #n+l do not change. For example,

20 the pixel in frame #n and the pixel in frame #n+l located at
the corresponding position of the pixel having the pixel
value B05 in frame #n-1 have the pixel wvalue BO0S.

Fig. 15 illustrates a model obtained by expanding in
the time direction the pixels which are aligned side-by-side

25 in three frames of an image obtained by capturing an object



third portion of the shutter tine/v fromwhen the shutter has opened and
t he foreground conponent of the eighth pixel 5 fromthe 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 fifth pixel
fromthe left of frame #n in Fig. 15 corresponding to the second 10
portion of the shutter tine/v fromwhen the shutter has opened is Fl11/v.
The foreground conponent of the sixth pixel fromthe left in Fig. 15
corresponding to the third portion ef7the shutter tinme/v fromwhen the
shutter has opened is also F11/v. The foreground conponent of the 15
seventh pixel fromthe left in Fig. 15 corresponding to the fourth portion
of the shutter tine/v fromwhen the utter ., has opened |§?F11/v The
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to the background is

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.

10 Accordingly, the amount of movement v is 4, and the number
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

15 opened is Fl2/v, and the foreground component of the second
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 third
pixel from the left in Fig. 15 corresponding to the third

20 portion of the shutter time/v from when the shutter has
opened and the foreground component of the fourth pixel from
the left in Fig. 15 corresponding to the fourth portion of
the shutter time/v from when the shutter has opened are
Fl2/v.

25 The foreground component of the leftmost pixel of frame



stationary, the background conponent of the sixth pixel from 5 the left of
frame #n in Fig. 15 corresponding to the first portion of the shutter
time/v fromwhen the shutter has opened is B05/v. The background
conponents of the seventh pixel fromthe left of frame #n in Fig. 15
corresponding to the first and second portions of the shutter tine/v from
10 when the shutter has opened are B06/v. The background conponents of the
eighth pixel fromthe left of frame #n in Fig. 15 corresponding to the
first through third portion of the shggter tinme/v fromwhen the shutter
has opened are BO7/v. 15 In frame #n in Fig. 15, the sixth through eighth
pi xels fromthe | eft belong to the m xed area which is a covered
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t he foreground conponent of the ninth pixel

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 Fll/v.
The foreground component of the leftmost pixel of frame
10 #n-1 in Fig. 15 corresponding to the third portion of the
shutter time/v from when the shutter has opened is Fl0/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 opene& is also
15 F10/v. The foreground component of the leftmost pixel of
frame #n-1 in Fig. 15 corresponding to 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 second pixel
20 from the left of frame #n-1 in Fig. 15 corresponding to the
first portion of the shutter time/v from when the shutter
has opened is B0l/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

25 when the shutter has opened are B02/v. The background



5 fromthe left of frame #n+l in Fig. 15 corresponding to the first
portion of the shutter tine/v fromwhen the, shutter has opened is Fl12/v,
and the foreground conponent of the tenth pixel fromthe left in Fig. 15°
corresponding to the second portion of the shutter tine/v fromwhen the
shutter 10 has opened is also F12/v. The foreground conponent of the

el eventh pixel fromthe left in Fig. 15 corresponding to the third portion
of the shutter time/v fromwhen the shutter has opened and the foreground
conponent of the twelfth pixel fromthegleft in Fig. 15 corresponding to
the fourth portion 15 of the shutter tinme/v fromwhen the shutter has
opened are F12/v. The foreground conponent of the ninth pixel fromthe
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is F10/v. The oreground conponent of ‘the tent
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

10 #n-1 in Fig. 15 belong to the background area, énd the pixel
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 foregroﬁnd area of

15 frame #n is any one of F05/v through Fl2/v.

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 the foreground image is
displayed four pixels to the right in the subsequent frame.

20 Accordingly, the foreground component of the fifth pixel
from the left of frame #n in Fig. 15 corresponding to the
first portion of the shutter time/v from when the shutter
has opened is Fl2/v, and the foreground component of the
sixth pixel from the left in Fig. 15 corresponding to the

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



pi xel fromthe left in Fig. 15 corresponding to the fourth portion of the
shutter tinme/v fromwhen the-shutter has opened is also F10/v. The
foreground conponent of the ninth pixel fromthe left of frame #n+i in
Fig. 15 corresponding 10 to the fourth portion of the shutter time/v from
when the shutter has opened is FO9/v. Since the object corresponding to

t he background is stationary, the background conponent of the tenth pixel
fromthe left of frame #n+l in Fig. 15 corresponding to the first 15
portion of the shutter tine/v fromwhegothe shutter has opened is B09/v.
The background conponents of the eleventh pixel fromthe left of frane
#n+l in Fig. 15 corresponding to the first and second portions of the
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of the shutter time/v from when the shutter has obened are
Fl2/v.
The foreground component of the fifth pixel from the
left of frame #n in Fig. 15 corresponding to the second
10 portion of the shutter time/v from when the shutter has
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 componenE of the
15 seventh pixel from the left in Fig. 15 corresponding to the
fourth portion of the shutter time/v from when the shutter
has opened is Fll/v.
The foreground component of the fifth pixel from the
left of frame #n in Fig. 15 corresponding to the third
20 portion of the shutter time/v from when the shutter has
opened is F10/v. The foreground component of the sixth
pixel from the left in Fig. 15 corresponding to the fourth
portion of the shutter time/v from when the shutter has
opened is also F10/v. The foreground component of the fifth

25 pixel from the left of frame #n in Fig. 15 corresponding to



in three frames of an i mage obtained by capturing an object corresponding
to a foreground that is noving to the right in Fig. 17 together with an
obj ect corresponding to a 10 stationary background and which are | ocated at
the sane positions when the franes are overl apped. The nodel shown in
Fig. 17 contains an uncovered background area. In Fig. 17, it can be
assuned that the object corresponding to the foreground is a rigid body
noving with 15 constant velocity, and that it is noving such that it is

di spl ayed four pixels to the right i'p ghe-subsequent frane. Accordingly,

t he amount of novenment v is 4. For exanple, the foreground conponent of the
| eftmost pixel of frame #n-1 in Fig. 17 corresponding to the first 20

ortion of the shutter tinme/v_fromwhen the shutter has opened is F13/v,
gnd t he f%?%g 8ﬁﬁﬁhc5%55h%%t°5fE?ﬂeggﬁgBﬁH CHRKEY From theR &% in Fig. 17

correspond%gg to the secoqg %go#égyn of the shutter tinme/v fromwhen the
shutter h3 Bﬁﬁn%%si%p%?i 31v7/ The f oreground conponent of the third 25
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portion of the shutter time/v from when the shutter has
opened is BO05/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

10 when the shutter has opened are B06/v. The background
components of the eighth pixel from the left of frame #n in
Fig. 15 corresponding to the first through third portion of
the shutter time/v from when the shutter has opened are
BO7/v.

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

The ninth through twelfth pixels from the left of frame
#n in Fig. 15 belong to the background area, and the pixel

20 wvalues thereof are BO8 through Bll, respectively.

The first through ninth pixels from the left in frame
#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 F0l/v through Fl12/v.

25 It can be assumed that the object corresponding to the



portion of the shutter tine/v fromwhen the shutter has opened is Fl14/v.
The foreground conponent of the third 10 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 third

pi xel fromthe left in Fig. 17 corresponding to the first portion of the
shutter tinme/v fromwhen the shutter has 15 opened is F15/v. Since the

obj ect corresponding to the background is stationary, the background
conponents of the leftnost pixel of-fgame #n-1 in Fig. 17 corresponding to
the second through fourth portions of the shutter tine/v fromwhen the
shutter 20 has opened are B25/v. The background conponents of the second
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ar2 e;a SThefrb@r ege ovads corpongné Hh+ihenfrage is esyrossondifd3ty thdrough
reary. first portion of the shutter time/v from when the, shutter
has opened is Fl12/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
10 has opened is also Fl12/v. The foreground component of the
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
15 of the shutter time/v from when the shutter has opened are
Fl2/v.

The foreground component of the ninth pixel from the
left of frame #n+l in Fig. 15 corresponding to the second
portion of the shutter time/v from when the shutter has

20 opened is Fll/v. The foreground component of the tenth
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
eleventh pixel from the left in Fig. 15 corresponding to the

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



The | eftnost pixel through the fourth pixel fromthe 10 left of frane #n
in Fig. 17 belong to the background area, and the pixel values thereof are
B25 t hrough B28, respectively. It can be assuned that the object ‘
corresponding to the foreground is a rigid body noving with constant
velocity, 15 and that it is noving such that it is displayed four pixels
to the right in the subsequent frame. Accordingly, the foreground
conponent of the fifth pixel fromthe left of frame #n in Fig. 17
corresponding to the first portion of gRBe-shutter tine/v fromwhen the
shutter has opened is F13/v, 20 and the foreground conponent of the sixth
pi xel fromthe left in Fig. 17 corresponding to the second portion of the
shutter tjinme/v fromwhe e shutter has opened is also F13/v. The
foregrounﬁa%dﬁ%%%%%tl%fﬁi e'seventh pixel from the left in Fig. 17

correspondi ng 1o the third portion of 25 the shutter tinme/y frqom when the
shutter has oth Ye Oarnec?rtorlrgld? RPNy o ec&?ﬁb%rﬁ”cﬁnftfﬁ@mei%&ﬁh pi xel
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corresponding to t rst portion o rom when t he
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pi xel fromthe left in Fig. 17 corresponding to the second portion of the

shutter tpieédy from vhenméhe shuti@l PSScorresponding 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

10 to 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 tenth pixel from
the left of frame #n+l in Fig. 15 correspondin& to the first

15 portion of the shutter time/v from when the shutter has
opened is B09/v. The background components of the eleventh
pixel from the left of frame #n+l in Fig. 15 corresponding
to the first and second portions of the shutter time/v from
when the shutter has opened are B10/v. The background

20 components of the twelfth pixel from the left of frame #n+l
in Fig. 15 corresponding to the first through third portion
of the shutter time/v from when the shutter has opened are
Bll/v.

In frame #n+l1 in Fig. 15, the tenth through twelfth

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



10 opened is al so F14/v. The foreground conponent of the eighth pixel from

the left in Fig. 17 corresponding to the first portion of the shutter
time/v fromwhen the shutter has opened is F15/v. Since the object
corresponding to the background is 15 stationary, the background
conponents of the fifth pixel fromthe left of frame #n in Fig. 17

corresponding to the second through fourth portions of the shutter tine/v
from when the shutter has opened are B29/v. The background conponents of

the sixth pixel fromthe left of framegfn-in 20 Fig. 17 corresponding to

the third and fourth portions of the shutter tinme/v fromwhen the shutter
has opened are B30/v. The background conponent of the seventh pixel from
the left of frame #n in Fig._ 17 corresponding to the fourth portion of the
shutter tTREFEEF AT IREA ALt ter has 25 opened is B31/v. - 88 In franme

Onin Fig. 17,-the fifth pixel .through .the seventh pixel fromthe |eft
bel ong to the Fnl'l(ix]'ec} éarlesa,ao Cidc olf; agin Wirchvé etcfuﬁ%?cc{zé)ryomrzfrcé:&.ng'rhe
eighth th g pi I : r M. in Fi.q. 17
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On correspgnding to the period of the shutter tine/v is any one of F13/v
t hrough F20/v. The | eftnost pixel through the eighth pixel fromthe 10

left of frame gingrl i1 iHilghsthhRE ANGdL 1t R Ak WP HLRing 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 foreground that is moving to the right in
Fig. 17 together with an object corresponding to a

10 stationary background and which are located at the same
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 bod§ moving with

15 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.

For example, the foreground component of the leftmost

pixel of frame #n-1 in Fig. 17 corresponding to the first

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

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



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 constant velocity, 15 and that it is noving such that it is
di spl ayed four pixels to the right in the subsequent frane. Accordingly,
the foreground conmponent of the ninth pixel fromthe left of franme #n+l
in Fig. 17 corresponding to the first portion of the shutter tine/v from
when the shutter has opened is F13/v, 20 and the foreground conponent of
the tenth pixel fromthe left in Fig.g47-corresponding to the second
portion of the shutter time/v fromwhen the shutter has opened is also
F13/v. The foreground conponent of the eleventh pixel from the left in
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pi xel fromthe left in Fig. 17 corresponding to the secon pofiion of the
shutter tgye/yy, fromwhen the shutter has 10 opened is also F14/v. The
foreground conponent of the twelfth pixel fromthe left in Fig. 17

correspondi ng e @ eground 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

10 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 Fl14/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

15 opened is F15/v.

Since the object corresponding to the background is
stationary, the background components of the leftmost pixel
of frame #n-1 in Fig. 17 corresponding to the second through
fourth portions of the shutter time/v from when the shutter

20 has opened are B25/v. The background components of the
second pixel from the left of frame #n-1 in Fig. 17
corresponding to the third 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

25 frame #n-1 in Fig. 17 corresponding to the fourth portion of



first portion of the shutter tine/v fromwhen the shutter has opened is
F15/v. Since the object corresponding to the background is 15 stationary,
t he background conponents of the ninth pixel fromthe left of frame #n+l1
in Fig. 17 corresponding to the second through fourth portions of the
shutter tinme/v from when the shutter has opened are B33/v. The background
conponents of the tenth pixel fromthe left of franme #n+l in 20 Fig. 17
corresponding to the third and fourth portions of the shutter tine/v from
when the shutter has opened are B34Fv86The background conponent of the
el eventh pixel from the left of frame #n+l in Fig. 17 corresponding to the
fourth portion of the shutter tine/v fromwhen the shutter 25 has opened
is 335/v. 9 r ak +_| ' int h_through el.ev h
Shecnaotber’ ERRelD ErbA Bhdn e SEcTed hob LRI G B )y

pi xels fromt e mxed are I"s “an

uncovered backgy %@r#ﬁ@dl Tihr? i .I flt-}'n’ péﬁglhleéétg@e%ﬁ]ce?uiln)gélt t?IrJJ me #n+l in

Fig. 5 17 belongs to the foreground area conpon in the
shutter t{ge/¥nifqthexl orsaiongdear ede ohi kEQMRr &R ynish 2 e of F13
t hrough F16, respec?i%ely. Fig& 18 iIIus%ratesra nﬁﬁ%+éof9%n£$nage obt ai ned

by extraghtbetbe HRERGFOURG gpaRonents fromthe pixel values 10 shown in
Fig. 17. Referring back to Fig. 2, the area specifying unit 103 specifies
fl ags g ndi cat img tRowhiichc oy At s from the left of
frame #n-1 in Fig. 17 belong to the foreground area. The
foreground component of the frame is any one of Fl3/v
through F24/v.
The leftmost pixel through the fourth pixel from the

10 left of frame #n in Fig. 17 belong to the background area,
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,

15 and that it is moving such that it is displayed four pixels
to the right in the subsequent frame. Accordingly, the
foreground component of the fifth pixel from the left of
frame #n in Fig. 17 corresponding to the first portion of
the shutter time/v from when the shutter has opened is F13/v,

20 and the foreground component of the sixth 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 seventh pixel from
the left in Fig. 17 corresponding to the third portion of

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



background area, a covered background area, or an uncovered background area
the individual pixels of the input imge 15 belong by using the pixel
values of a plurality of franmes, and supplies the flags to the

m xture-ratio cal cul ator 104 and the notion- bl ur adjusting unit 106 as the
area information. The m xture-ratio calculator 104 cal cul ates the m xture
20 ratio a for each pixel contained in the m xed area based on the pixel
values of a plurality of franes and the area information, and supplies the
calculated mxture ratio a to the feregreund/ background separator 105. The
f or egr ound/ background separator 105 extracts the 25 foreground conponent

i mage consisting of only the foreground - conponents based on the pixel

I fe
Fatio o hfotils i belpdi S wine a%%‘ée‘n’?rfﬁ%' i ﬂoﬁ%ﬁfﬁ{ﬁr
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separator 105, the notion vector supplied fromthe notion detector 102, and
the area 10 i niQr nRdeQf cvPldoReh Jed® 10Fe ML D iSREC i fidid t%%3 and

then outputs the foreground conponent image in which notion | ur
adj usted. Ldhe Pf oeessd Neh fof @il UStT neb A hes SR g Of o Mtd O A ur
portion of the shutter time/v from when the shutter has
opened is Fl4/v. The foreground component of the seventh
pixel from the left in Fig. 17 corresponding to the second
portion of the shutter time/v from when the shutter has
10 opened is also Fl4/v. The foreground component of the
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 F15/v.
Since the object corresponding to the bacEQround is
15 .stationary, the background components of the fifth pixel
from the left of frame #n in Fig. 17 corresponding to the
second through fourth portions of the shutter time/v from
when the shutter has opened are B29/v. The background
components of the sixth pixel from the left of frame #n in
20  Fig. 17 corresponding to the third and fourth portions of
the shutter time/v from when the shutter 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

25 opened is B31l/v.



performed by the signal processing apparatus is described 15 below with
reference to the flowhart of Fig. 19. In step Sil, the area specifying
unit 103 executes area specifying processing, based on an input inmage, for
generating area information indicating to which of a foreground area, a
background area, a covered background area, or an uncovered 20 background
area each pixel of the input imge belongs. Details of the area specifying
processing are given below. The area specifying unit 103 supplies the
generated area " information to the nm-x88re-ratio calculator 104. In step
Sil, the area specifying unit 103 may generate, 25 based on the input
image, area information indicating to - 92 which of the foreground area,

t he backgroundlrgrﬁaamdé)r#ﬁ hg, gixed Ar e&é rﬁgﬂﬁjlor?ﬁ?efftbk% ertheach pi xel

bel ongs to a ‘covered bacKgrou ar€a or an uncovered ounéaarea)

each piXeé?gégﬁﬂepiQQPtfi&RQEthaggﬂsbeigﬁéh£§ Eﬁé?%}ﬁgg 2rea, .which

f or egr ound ground separ at or and t not I on ur  adjusting unit 106

det er m ne; pageduRRctHLMi K EEkYPHuRE LPEa MOtion vector whether the m xed
area is a covered background “area or an uncovered background area. For

exanple, if thee idyytti n@%d% divedosad pikdhe ordered tde: for eground
area, 10 the m xed area, and the background area in the direction of the
noti ors veetame #h is Heger 7 nedléhat té hehsl edegr@nd SaBea covered

background area. If the input inage is disposed in the order of the
backgr oundahueaint tiee nfxedgasend andatbe foaegr#nndonresodndile €brection
of the notion vector, it is
the period of the shutter time/v is any one of Fl1l3/v through
F20/v.
The leftmost pixel through the eighth pixel from the

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

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

15 and that it is moving such that it is displayed four pixels
to the right in the subsequent frame. Accordingly, the
foreground component of the ninth pixel from the left of
frame #n+l in Fig. 17 corresponding to the first portion of
the shutter time/v from when the shutter has opened is F13/v,

20 and the foreground component of the tenth 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 eleventh pixel from

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

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



15 determ ned that the m xed area is an uncovered background area. In step
S12, the mxture-ratio calculator 104 calculates the mxture ratio a for
each pixel contained in the mxed area based on the input inage and the
area 20 information. Details of the mxture ratio calculating processing
are given below. The m xture-ratio calculator 104 supplies the calcul ated
m xture ratio a to the foreground/ background separator 105. In step S13,

t he foreground/ background separator 105 25 extracts the foreground
conponents fromthe input inmage - 93- Based on the area information and the
m xture ratio a, and supplies the foreground conponents to the notion-blur
adjusting unit 106 as the foreground conponent image. In step S14, the

not i on-blftlgrnl%g%&%& rﬁiﬁ}ﬁeﬁ'@%{f gﬁlggw‘ﬂ% f?ﬁegf ippnocﬁtl (I;E;i}eggfi n vector and

t he area mat 1 on, e uni processin The lrbosi tions

of consecgid ve Pixels A SRE i j Lrecti ing to
any of the dlrmcovered bs?ckgrﬁdﬂ&aﬁr%g, t %ﬂ?o%ég%é]bﬁ]cfggr%ge? %ﬁl e covered

backgr oung e A, £ Adh aftbAd S tshi e AN to i n dtd QD @4y, contained in the
f oreground conponents corresponding to the unit of processing. Details of

the processi ngHeOrt cadigisiindg ot ondiRURLE @fhMdreh BiWe 1are gl vgR below. In
step S15, the signal processing apparatus determ nes 15 whether the
processi nefts df nfsdred Hrovl tihe M) el Bad@eesddnding to the first
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
10 opened is also Fl4/v. The foreground component of the
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 bacﬁground is
15 stationary, the background components of the ninth pixel
from the left of frame #n+l in Fig. 17 corresponding to the
second through fourth portions of the shutter time/v from
when the shutter has opened are B33/v. The background
components of the tenth pixel from the left of frame #n+1 in
20 Fig. 17 corresponding to the third and fourth portions of
the shutter time/v from when the shutter has opened are
B34/v. The background component of the eleventh pixel from
the left of frame #n+l in Fig. 17 corresponding to the
fourth portion of the shutter time/v from when the shutter

25 has opened is B35/v.



it is determned that the processing is not finished for the whole screen,
the process proceeds to step S14, and the processing for adjusting the
anount of notion blur for the foreground conponents corresponding to the
unit of 20 processing is repeated. If it is determned in step S15 that the
processing is finished for the whole screen, the processing is conpleted.
In this manner, the signal processing apparatus is capable of adjusting the
anount of notion blur contained in 25 the foreground by separating the
foreground and the - 94 background- %hat is, the signal processing
apparatus is capable of adjusting the amobunt of notion blur contained in
sanpl ed data indicating the pixel values of the foreground pixels. 5 The

fi t th f 103, .th t t
colculat or S04 (A0 a3 A iEle'oun Sl it et o
tion-bl 0 20 bl ock
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speci fyi ngniih 11403 JheoRLeay sper MM@ 4pL4 103 shown in Fig. 20 does

not use a notion vector. ane nory stores an i nput i nmage inunits
of frames. Wiemd hedimge ﬁl@(éle faresed d& fgang fn #&{} Al 31 eer Y
e ore

201 stores frame #n-2, which is the frane two 15 frane frame #n,
f r ame 5#n-17 E@ﬂdﬁg$3téfﬁhérfﬁﬁhéﬁﬁhnd area. The foreground component
in the shutter time/v in the foreground area of frame #n+1l
is any one of F13 through F16, respectively.

Fig. 18 illustrates a model of an image obtained by

extracting the foreground components from the pixel values
10 shown in Fig. 17.

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 iﬁput image

15 belong by using the pixel values of a plurality of frames,
and supplies the flags to the mixture-ratio calculator 104
and the motion-blur adjusting unit 106 as the area
information.

The mixture-ratio calculator 104 calculates the mixture

20 ratio a for each pixel contained in the mixed area based on
the pixel values of a plurality of frames and the area
information, and supplies the calculated mixture ratio o to
the foreground/background separator 105.

The foreground/background separator 105 extracts the

25 foreground component image consisting of only the foreground



franme before frame #n, frame #n, frane #n+l, which is the frane one frane
after franme #n, frame #n+2, which is the franme two frames after frane #n.
A stationary/ nmoving determ ning portion 202-1 reads the 20 pixel value of
the pi xel of frame #n+2 | ocated at the sane position as a designated pixel
of frame In in which the area to which the pixel belongs is determ ned,
and reads the pixel value of the pixel of franme #n+l | ocated at the sane
position of the designated pixel of franme #n fromthe franme 25 nenory 201,
and cal cul ates the absolute value of-the - 95 difference between the read
pi xel values. The stationary/noving determ ning portion 202-1 determ nes
whet her the absolute value of the difference between the pixel val ue of

f # ' f_f 5 1 cth t
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pi xel of frame #n+2 and t ramne
smal | er thanuorieaualid o od he threshold Th, the stationary/ noving
determ ning portion 202-1 supplies a stationary/noving determ nation

indicating |itsleatic®nanybli@ HRE @Ea O8N GPHHOR1263mbuntd A
stationary/ noving determ ning portion 202-2 reads the pixel value of a
desi gnat eslf prodel orofo fum it imtedichtidieforeground 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
10 information supplied from the area specifying unit 103, and
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
15 below with reference to the flowchart of Fig. 19. 1In step
S11, the area specifying unit 103 executes area specifying
processing, based on an input image, for generating area
information indicating to which of a foreground area, a
background area, a covered background area, or an uncovered
20 background area each pixel of the input image belongs.
Details of the area specifying processing are given below.
The area specifying unit 103 supplies the generated area
information to the mixture-ratio calculator 104.
In step S11, the area specifying unit 103 may generate,

25 Dbased on the input image, area information indicating to



area to which the pixel belongs is determ ned, and reads the pixel value
of the pixel of frame #n+l1l | ocated at the sane position as the designated
pi xel of frame #n fromthe frame 20 nenory 201, and cal cul ates the absol ute
value of the difference between the pixel values. The stationary/ noving
determ ning portion 202-2 determ nes whet her the absolute value of the

di fference between the pi xel value of frame #n+l1l and the pixel val ue of
frame #n is greater than a 25 preset threshold Th. If it is determ ned that
the absolute - 96 value of the differepce between the pixel values is
greater than the threshold Th, a stationary/noving determ nation

i ndicating "noving" is supplied to the area determ ning portion 203-1 and

i j t] 3.2, If if, 5.s deternined that the absol ut
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determning portion 203- 1 and the area determning p

stati Onaryém%%ﬂ%ﬁrm@i%@@rfﬁf% @@I&é@?dslﬁaﬁ%ﬁi%%ee,‘éﬁﬁ of a

desi gnat ed pi xel of franme #n in whi the areato bel ongs

i's deter nEdweslyr gl fsasisg # hend Ss b aed t ol 1es ofnd hen®ingt i -drae #n-1
| ocated at the same position as the designated pixel of frame #n fromthe
frane nesdyys20dy @itk cpl € et emihe whsad ube v ugivdcthen 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,
10 the mixed area, and the background area in the direction of
the motion vector, it is determined that the mixed area is a
covered background area. If the input image is disposed in
the order of the background area, the mixed area, and the
foreground area in the direction of the motion‘vector, it is
15 determined that the mixed area is an uncovered background
area.
In step S12, the mixture-ratio calculator 104
calculates the mixture ratio a for each pixel contained in
the mixed area based on the input image and the area
20 information. Details of the mixture ratio calculating
processing are given below. The mixture-ratio calculator
104 supplies the calculated mixture ratio a to the
foreground/background separator 105.

In step S13, the foreground/background separator 105

25 extracts the foreground components from the input image



di fference between the pixel values. The stationary/noving determ ning
portion 202-3 determ nes whet her the absolute 20 value of the difference
bet ween the pixel value of frame #n and the pixel value of frame #n-1 is -
greater than a preset threshold Th. If it is determ ned that the absolute
value of the difference between the pixel values is greater than the
threshold Th, a stationary/noving determnation 25 indicating "nmoving" is
supplied to the area determning - 97 portion 203-2 and an area

determ ning portion 203-3. If it is-deBerm ned that the absol ute val ue of
the difference between the pixel value of the pixel of franme #n and the
pi xel value of the pixel of franme #n-1 is snaller than or 5 equal to the
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of frame #nm in which the area ongs 1S det er mi ned,

and reads the rrpigtelp WAAIC tofo R Rl & JRER iy 2uliacalRd at the sare

position as the deS|gnated pi xel of frame #nfrom rane 15 menory 201,
and cal cyaiesatde, ahsdditen ialdiandiidderedidf %&@C@@eéﬂ@aen the pixel

val ues. The stationary/noving determning portion 202-4 determ nes whet her
the absol it formeat it of thdeurdi f fef encecded weercide pixetatdd ugmeof frame #n-
positions of consecutive pixels disposed in the moving
direction and belonging to any of the uncovered backgrouﬁd
area, the foreground area, and the covered background area,
10 and adjusts the amount of motion blur contained in the
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 apparafﬁs determines
15 whether the processing is finished for the whole screen. If
it is determined that the processing is not finished for the
whole screen, the process proceeds to step S14, and the
processing for adjusting the amount of motion blur for the
foreground components corresponding to the unit of
20 processing is repeated.
If it is determined in step S15 that the processing is
finished for the whole screen, the processing is completed.
In this manner, the signal processing apparatus is
capable of adjusting the amount of motion blur contained in

25 the foreground by separating the foreground and the
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value of frame #n-2 is greater than a preset 20 threshold

is determ ned that the absolute value of the difference between

values is greater than the threshold Th, a stationary/ novi

portion 203-3. If it is determ ned that the absolute value 25 of the
di fference between the pixel value of the pixel of - 98 frane #n-1
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he stationary/ noving determ nation
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 an example of
the configuration of the area specifying unit 103. The area
specifying unit 103 shown in Fig. 20 does not use a motion
vector. A frame memory 201 stores an input image in units
of frames. When the image to be processed is frame #n, the
frame memory 201 stores frame #n-2, which is the frame two
frames before frame #n, frame #n-1, which is the frame one
frame before frame #n, frame #n, frame #n+l, which is the
frame one frame after frame #n, frame #n+2, which is the
frame two frames after frame #n.

A stationary/moving determining portion 202-1 reads the
pixel value of the pixel of frame #n+2 located at the same
position as a designated pixel of 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 designated pixel of frame #n from the frame

memory 201, and calculates the absolute value of the

ed



supplied fromthe stationary/ noving determ ning portion 202 20 2 indicates
"stationary", the area specifying unit 203-1 determnes that the

desi gnat ed pi xel of frane #n does not belong to an uncovered background
area, and sets "0", which indicates that the designated pixel does not

bel ong to an uncovered background area, in the uncovered-background-area
25 determining flag associated with the designated pixel. - 99 The area
determ ning portion 203-1 supplies the uncovered-background-area
determining flag in which "1" or "0- pS set as discussed above to a
determ ning-flag-storing franme nenory 204. 5 Wen the stationary/ noving
determ nation supplied from the stationary/ noving determ ning portion
202-2 indicates "stationary' and when,the stationary/ noving determ nation
Suppl i ed P DR TRRCS (5 FORER s RovE P det BT FF RS Por t1oh 2027 3 1 ndl cat e
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stationary/noving determning portion 202-2 i1 ndicates "noving or

stati enarysnpyéfge et sl abt Ofet SLRPLERSLAT BN t herSiat | ONAE Y ARV &Y
determ ning portion 202- 3 indicate "noving", the area determning portion

203-2 that the difference is greater than the threshold Th, a

en the

stationary/moving determination indicating "moving" is
supplied to an area determining portion 203-1. If it is
determined that the absolute value of the difference between

10 the pixel value of the pixel of frame #n+2 and the pixel
value of the pixel of frame #n+l is smaller than or equal to
the threshold Th, the stationary/moving determining portion
202-1 supplies a stationary/moving determination indicating
"stationary" to the area determining portion 203-1.

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

20 memory 201, and calculates the absolute value of the
difference between the pixel values. The stationary/moving
determining portion 202-2 determines whether the absolute
value of the difference between the pixel value of frame
#n+l and the pixel value of frame #n is greater than a

25 preset threshold Th. If it is determined that the absolute



determ nes that the designated pixel of frame #n does not 20 belong to the
stationary area, and sets "0", which indicates that the pixel does not
belong to the stationary area, in the stationary-area determ ning flag
associated with the designated pixel. The area determ ning portion 203-2
supplies the 25 stationary-area determning flag in which "1" or "0" is set
- 100 as discussed above to the determ ning-flag-storing frame nenory
204. \Wen the stationary/noving determnination supplied from the
stationary/ noving determ ning portion 202-2 indicates 5 "noving” and when
the stationary/ noving determ nation supplied fromthe stationary/ noving
determ ning portion 202- 3 indicate "noving", the area determ ning portion

203-2 det i hat , .t i t i . I h
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the stationaryd o g datErdd Nt RLd G202 coitidifates -5t atjonar y", the
area determning portion 203-2 determ nes that the designated pixel of

frames#n gdoesetdmihed ofiat cHheapEIg: afelue afl e di'fferemiech indicates
that the pixel does not belong to the noving area, in the
between the pixel value of the pixel of frame #n+]l and the
pixel value of the pixel of frame #n is smaller than or
equal to the threshold Th, the stationary/moving determining
portion 202-2 supplies a stationary/moving determination
10 indicating "stationary" to the area determining portion 203-
1 and the area determining portion 203-2.

A stationary/moving determining portion 202-3 reads the
pixel value of a designated pixel of frame #n in which the
area to which the pixel belongs is determined, and reads the

15 pixel value of the pixel of frame #n-1 located at the same
position as the designated pixel of frame #n from the frame
memory 201, and calculates the absolute value of the
difference between the pixel values. The stationary/moving
determinihg portion 202-3 determines whether the absolute

20 value of the difference between the pixel value of frame #n
and the pixel value of frame #n-1 1s greater than a 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

25 indicating "moving" is supplied to the area determining



20 noving-area determning flag associated with the designated pixel. The
area determ ning portion 203-2 supplies the noving- area determ ning flag
in which "1" or "0" is set as discussed above to the '
determ ning-flag-storing frame nmenory 25 204. - 101 \When the

stationary/ noving determ nation supplied from the stationary/ noving
determ ning portion 202-3 indicates "noving" and when the

stationary/ noving determination supplied fromthe stationary/ noving
determ ning portion 202 5 4 indicate-"87ationary", the area determ ning
portion 203-3 determ nes that the designated pixel of franme #n belongs to
a covered background area, and sets "1", which indicates that the

desi t i | . [ .
cg\slle?gg- ac%ﬁr(og{ﬁn - a_?ée]gasnd{e?aeé %erne?ca(r)l\é %f%&%&%%a&%e%%hﬁt ﬁeI fdelstl ghat ed
ol . . . . . h
g![ )z;'?i on%ﬁn%%‘?%%ﬁ%%%%%{ @ép%%@%‘ - tl}érzg?%g@géslﬁdg%%ﬂocnéar 5" or when

the statinarydimomidg deteryinad ion csdipplied df omhe st alipnaly/ moving
%) 1(’.){?6 ar ea

determ ning portion 202 15 4 i1ndicate "noving", eterm ni ng

portion 30331 el &l NdfNeghd dtxd N desi anatipd i xel sof1 f4.ane, #p gloes not
bel ong to a covered background area, and sets "0", which indicates that

the desi gnai£r 5 Xgle daese s 1DENONEHS $taCidred 0/ Raekdf Qb @i8ding N the
cover ed- background-area 20 determ ning flag associated wth the designated
pi xel . portion 202-3 supplies a stationary/moving determination
indicating "stationary" to the area determining portion 203-
2 and the area determining portion 203-3.
A stationary/moving determining portion 202-4 reads the
10 pixel value of the pixel of frame #n-1 located at the same
position as a designated pixel of frame #n in which the area
to 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 designated pixel of frame #n from the frame
15 memory 201, and calculates the absolute value of the
difference between the pixel values. The stationary/moving
determining portion 202-4 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
20 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
indicating "moving" is supplied to the area determining
portion 203-3. If it is determined that the absolute wvalue

25 of the difference between the pixel value of the pixel of



The area determ ning portion 203-3 supplies the covered-background-area
determning flag in which "1" or "0" is set as discussed above to the .
determ ning-flag-storing frame nenory 204. 25 The determ ni ng-flag-storing
frame nenory 204 thus - 102 stores the uncovered-background- area
determining flag supplied fromthe area determ ning portion 203-1, the
stationary-area determning flag supplied fromthe area determ ning
portion 203-2, the noving-area determning flag 5 supplied fromthe area
determ ning portion 203-2, and the <oy&red-background-area determ ning
flag supplied fromthe area determ ning portion 203-3. The

det er m ni ng- flag storing frame nenory 204 supplies t he

SEfZY%;ﬁ?fnlS% PRI B e A i SR A e
covere %%(l%t%eg zereo%fdﬁfaﬁr@ 't'}ﬂa éhq:% Ooqued]?{ el n to a synt esi zer

205. The nerates area | or mat'i’on |nd|cat|ng to which

or the Eovereﬁﬁ%‘?%é‘%ﬁﬁ%ﬂ“area&?aéi”‘% T QAR S Pl o e
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determ ning flag, the noving-area determning flag, an
cover gd- W%M%@J&%ﬂﬁﬂrﬁg{;ﬂdﬂmﬁ laB-s3ippl i ed fromthe

determning-flag-storing 20 frame menmory 204, and supplies the area
information t@han dekesHatidaallydgostioy de thraTRatRen YugBdied from
the stationary/moving determining portion 202-1 indicates
"stationary" and when the stationary/moving determination
supplied from the stationary/moving determining portion 202-
10 2 indicates "moving", the area determining portion 203-1
determines that the designated pixel of frame #n belongs to
an uncovered background area, and sets "1", which indicates
that the designated pixel belongs to an uncovered background
area, in an uncovered-background-area determinfng flag
15 associated with the designated pixel.

When the stationary/moving determination supplied from
the stationary/moving determining portion 202-1 indicates
"moving" or when the stationary/moving determination
supplied from thé stationary/moving determining portion 202-

20 2 indicates "stationary", the area specifying unit 203-1
determines that the designated pixel of frame #n does not
belong to an uncovered background area, and sets "0", which
indicates that the designated pixel does not beiong to an
uncovered background area, in the uncovered-background-area

25 determining flag associated with the designated pixel.



The determ ning-flag-storing frame nmenory 206 stores

the area infornmation

supplied fromthe synthesizer 205, and also outputs the area information

stored therein.

25 An exanpl e of the processing perforned by the area - 103

specifying unit 103 is described belowwith reference to Figs. 21 through
25. When the object corresponding to the foreground is noving, the
position of the imge corresponding to the 5 object on the screen changes
in every frame. As shown in Fig. 21, the imge corresponding to the
| ocated at the position indicated by ¥a(x, y) in frane #n is positioned
at Yn+l (x, y) in frame #n+l, which is subsequent to franme #n. A node
obt ai ned by expanding in the tine direction the 10 pixel values of the

pi xel s al | necys] Ay 8l L o IR0 et 0aL i d mage
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the stationary/moving determining portion 202-2 indicates
"stationary" and when the stationary/moving determination
supplied from the stationary/moving determining portion 202-
3 indicate "stationary", the area determining portion 203-2
determines that the designated pixel of frame #n belongs to
the stationary area, and sets "1", which indicates that the
pixel belongs to the stationary area, in a stationary-area
determining flag associated with the designated pixel.

When the stationary/moving determination éhpplied from
the stationary/moving determining portion 202-2 indicates
"moving" or when the stationary/moving determination
supplied from the stationary/moving determining portion 202-
3 indicate "moving", the area determining portion 203-2
determines that the designated pixel of frame #n does not
belong to the stationary area, and sets "0", which indicates
that the pixel does not belong to the stationary area, in
the stationary-area determining flag associated with the
designated pixel.

The area determining portion 203-2 supplies the

stationary-area determining flag in which "1" or "O" is set

obj ect

For exanpl e,

ng to " s “SHoun T g 242 For exanp
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t hrough the seventeenth pixel fromthe left in frame #n+l. In franme #n,
the pixels belonging to the covered 25 background area are the el eventh
through thirteenth pixels - 104 fromthe left, and the pixels belonging to
t he uncovered background area are the second through fourth pixels from
the left. In frame #n+l, the pixels belonging to the covered background
area are the fifteenth through 5 seventeenth pixels fromthe |eft, and the
pi xel s belonging to the uncovered background area are the sixth through
eighth pixels fromthe left. In the-examle shown in Fig. 22, since the
foreground conponents contained in frame #n are noved by four pixels in

10 frame #n+l, the anount of novenent v is 4. The nunber of virtual divided

portions is 4. in ac nce wth the amunt e cription
i s now gid®erf J&r%ﬁ%%f&?é%mf% 55 xfgf vcg?ttﬁe%nl’ojfn Wag‘il é‘r?&tlbeq o%garl ne; to the
m xed area in tggr%ranes 15 before and after a designated frame. In Fig.

23, the nging to a covered background area in frame #n in which
t he backgroun%h

foreground is fﬁh#%$agﬁ%F#%%e h thrgﬂQﬁﬂéeventeen @%rééﬂé%tgh%%he
left. n%gc&ghfo@%nr%&{?gd m& bt 1¥6n f3 43 e2nidy i ugh

sevent ee franes In t e previous frane #n-1 contain only

backgEouNLSOIPERCLS ith bAoA 01 ey Gk DI UGk aknaditen 1 Leenth
I X

through seventeent
supplied from the stationary/moving determining peortion 202-

3 indicate "moving", the area determining portion 203-2
determines that the designated pixel of frame #n belongs to
the moving area, and sets "1", which indicates that the
10 designated pixel belongs to the moving area, in a moving-
area determining flag associated with the designated pixel.
When the stationary/moving determination supplied from
the stationary/moving determining portion 202-2 indicates
"stationary" or when the stationary/moving determination
15 supplied from the stationary/moving determining portion 202-
3 indicate "stationary", the area determining portion 203-2
determines that the designated pixel of frame #n does not
belong to the moving area, and sets "0", which indicates
that the pixel does not belong to the moving area, in the
20 moving-area determining flag associated with the designated
pixel.
The area determining portion 203-2 supplies the moving-
area determining flag in which "1" or "O" 1is set as
discussed above to the determining-flag-storing frame memory

25 204.




fromthe left in frame #n-2, which is one before frane #n-1, 25 contain
-only background conponents and belong to the - 105 background area. Since
t he object corresponding to the background is stationary, the pixel value
of the fifteenth pixel fromthe left in frame *n-1 does not change from
the pixel value of 5 the fifteenth pixel fromthe left in frame *n-2.
Simlarly, the pixel value of the sixteenth pixel fromthe left in frane
*n-1 does not change fromthe pixel value of the sixteenth pixel fromthe
left in frame 4n-2, and the pixel val d®lof the seventeenth pixel fromthe
left in franme #n-1 10 does not change fromthe pixel value of the
seventeenth pixel fromthe left in frame 4n-2. That is, the pixels in

frame #n-1 angniehamef Kha i or@hioaRYdig Giekt@ ridl 8 akii el %uggllqaai Rgolo the
covered background area in frame 4n consist of only background 15

conponentihe ath tikh 4 ¥alowidld e tdaiietindpdetighange.3 E(didgl y, the
absol ute value of the difference between the pixel values is al nost O.

Thus, t he'redwaiirig@naind Mndmahaladterttidratid whoeidey fastdheipives in frame
4n-1 and frame #n-2 corresponding to the pixels belonging to the m xed
area 20 igugplained *frduy tite sttt icoreary/mowing diet e mimyy geardicon 20262-4 i s
"stationary". Since the pixels belonging to the covered background area in
f rame54n & adntdicr feor'eratuinthamynporsrd sreshelqtiemiiniva) yese tilver 836 e
different fromthose of frame #n-1

determines that the designated pixel of frame #n belongs to

a covered background area, and sets "1", which indicates

that the designated pixel belongs to the covered background

area, in a covered-background-area determining flag

10 associated with the designated pixel.

When the stationary/moving determination supplied from
the stationary/moving determining portion 202-3 indicates
"stationary" or when the stationary/moving determination
supplied from the stationary/moving determining portion 202-

15 4 indicate "moving", the area determining'portion 203-3
determines that the designated pixel of frame #n does not
belong to a covered background area, and sets "0", which
indicates that the designated pixel does not belong to a
covered background area, in the covered-background-area

20 determining flag associated with the designated pixel.

The area determining portion 203-3 supplies the
covered-background-area determining flag in which "1" or "O"
is set as discussed above to the determining-flag-storing

frame memory 204.

25 The determining-flag-storing frame memory 204 thus



25 consisting of only background conponents. Accordingly, the - 106
stationary/ noving determ nation nade for the pixels belonging to the m xed
area in frame #n and the corresponding pixels in frame #n-1 by the ‘
stationary/ noving determning portion 202-3 is "noving". 5 Wen the
stationary/noving determnation result indicating "noving" is supplied
fromthe stationary/noving determning portion 202-3, and when the
stationary/nmoving determnation result indicating "stationary" is supplied
fromthe stationary/ noving detern nirndgOgorti on 202-4, as 10 di scussed
above, the area determ ning portion 203-3 determ nes that the
correspondi ng pi xels belong to a covered background area. In Fig. 24, in

frame #n ddb My &hd i RAKYLIL IGoutdld alde Al G AHEY Of movement

v in the foreground 1s 15 4, the pixels contained in'a red

backgr oundhp18a I dnl16 1e Gk tdyt@i&ﬂrfiqgj bR 6] S d9-am the left. Since

the anmount of novenent v is 4, the second through fourth pixels fromthe

left in thetsihsaguented IR i o HI@N @Iﬁﬁmi&aoﬂ&gfnpm Gagonents and

bel ong to the background area. In 20 frame #n+2, which is subsequent to
frame #ndetddiersienpibriivroegisfourde pioelmyfaran tha drefithientaiay only

background conponents and belong to the background area. Since the object
cor r eSporsdiprg. itedd tfhenbategranead det e rstiatiimanarort itdre Jquzxed, waldenef the
second pixel fromthe 25 left in frame #n+2 does not change from the pixel
val ue of covered-background-area determining flag supplied from the
area determining portion 203-3.
The determining-flag-storing frame memory 204 supplies
the uncovered-background-area determining flag, the
10 stationary-area determining flag, the moving-area
determining flag, and the covered-background-area
determining flag stored therein to a synthesizer 205. The
synthesizer 205 generates area information indicating to
which of the uncovered background area, the stétionary area,
15 the moving area, or the covered background area each pixel
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
20 frame memory 204, and supplies the area information to a
determining-flag-storing frame memory 206,
The determining-flag-storing frame memory 206 stores
the area information supplied from the synthesizer 205, and

also outputs the area information stored therein.

25 An example of the processing performed by the area



- 107 the second pixel fromthe left in frame #n+l. Simlarly, the pixel
value of the third pixel fromthe left in frane 4n+2 does not change from
the pi xel value of the third pixel fromthe left in frame #n+l, and the

pi xel value of the 5 fourth pixel fromthe left in frame #n+2 does not
change fromthe pixel value of the fourth pixel fromthe.left in frame
#n+l . That is, the pixels in frame #n+l1 and frame #n+2 corresponding to

t he pi xels belonging to the uncovered 10 background area in frane #n
consi st of only background conponents,l@hd-the pixel values thereof do not
~change. Accordingly, the absolute value of the difference between the

pi xel values is alnost 0. Thus, the stationary/noving determ nation nmade

bl ong) nGeR e ALY (B by 100 TR TrAabTand BEIGy QLR RIE0L ARG el e P xS

det er m ni pg gor&&oghrggéﬁlzgs "stationary". Since the pixels belonging to
the uncover & "backgroun area in frame #n contain foreground conponents,

the pixel 20 maly éF@sfé)étaé&ldééﬁ@r{mgfﬁmﬁ@%@r&%éedm;nﬂ

consi sting of only background conponents. Accordingly, _ _
statl Onarﬁé{mﬁgﬂgtﬂs gﬁme%hoafn@p!@ {RbgEheoPEE8bSNAPREORSI AiBet O the mi xed
e

area in frame #n andt correspondi ng pixels in frame #n+l by the
stati gnar yhye¥tNgn2bndeterabni BBangeti 0N 808r¢ Es8amBLVi A" showd08n
Fig. 21, the image corresponding to the object located at
the position indicated by ¥Yn(x, y) in frame #n is positioned
at Yn+l(x, y) in frame #n+l, which is subsequent to frame #n.
A model obtained by expanding in the time direction the

10 pixel values of the pixels aligned side-by-side in the
moving direction of the image corresponding to the
foreground object is shown in Fig. 24. For example, if the
moving direction of the image corresponding to the
foreground object is horizontal with respect to the screen,

15 the model shown in Fig. 22 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. 22, the line in frame #n is equal to the line
in frame #n+l.

20 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+l.

In frame #n, the pixels belonging to the covered

25 Dbackground area are the eleventh through thirteenth pixels



When the stationary/ noving determ nation result indicating "nmoving" is
supplied fromthe stationary/noving determ ning portion 202-2, and when
the stationary/noving determnation result indicating "stationary" is
supplied 5 fromthe stationary/ noving determ ning portion 202-1, as

di scussed above, the area determning portion 203-1 determ nes that the
correspondi ng pi xels belong to an uncovered background area. Fig. 25
illustrates determ nation conditions in frame 10 #n nade by the area
speci fying unit 103. Wen the deternihddien result for the pixel in frane
#n-2 located at the sanme inmage position as a designated pixel in frame #n
to be processed and for the pixel in frane #n-1 | ocated at the sane

posi11on 85chieydos apat el plel oLach el el Sps LAl ghacy,.gad when Lhe

det ermi nati on resu i'gna prx Pr are e pixel in

frame #n- %ack ¢aLed ?%eghgréagﬁe QEESnBO%hEFB%Ba%oBQth kgﬂétﬁgoﬂ'xe' in

frame #n I's V|n € area spécifyrng uni eter nés t hat the pixel

in frame ﬂﬂallg@kong plergneoygied 20 Backggouadonpeny Yhes

the
determ nation resul or the pixel inframe #n an plxeP in frame #n-1

| ocat ed akob@%eaaﬁgckaée@ndpa§bglg@eaaheh@légéba@ﬁt%ﬁreu§a| in frame #n is
stationary, and the determnation result for the pixel in frame #n 25

and the pbéebnt@eh&ﬁnglﬁetg Feeat edeall offie sade thebgexe1308e1BAghhion as
the designated pixel In frame #n is stationary,
to the uncovered background area are the sixth through
elghth pixels from the left.
In the example shown in Fig. 22, since the foreground
components contained in frame #n are moved by four pixels in
10 frame #n+l, the amount of movement v is 4. The number of
virtual divided portions is 4 in accordance with the amount
of movement v.
A description is now given of a change in pixel wvalues
of the pixels belonging to the mixed area in the frames
15 Dbefore and after a designated frame.
In Fig. 23, 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.
20 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,

25 contain only background components and belong to the



the area specifying unit 103 determ nes that the designated pixel in frane
#n belongs to the stationary area. Wien the determnation result for the
pixel in frame #n 5 and the pixel in frame 4n-1 |ocated at the sanme i nmage’
position as the designated pixel in frame #n is noving, and when the
determnation result for the pixel in frame #n and the pixel in frame #n+l
| ocated at the sanme inage position as the designated pixel in franme #n is
noving, the area 10 specifying unit 103 determ nes that the designated

pi xel in frame #n belongs to the novi h§Sarea. Wien the determ nation
result for the pixel in frame #n and the pixel in frame #n+l | ocated at
the sane image position as the designated pixel in frame #n is noving, and
15 when the determination result for the pixel in frane #n+l |ocated at

t he sane iﬁﬁ%@rﬁggptﬁgﬁ%és the designated pixel in frane #n and the pixel

[0 frame #nt2 LegglLedyal obﬁgﬁéaesrriaggssdggg tboBnasphiggdeshanated pi xel

in frame #n is i onary, e area ecl ng unit eterm nes that the

20 design qoV I Rpkar NvR8LRNGST o aridheRwWehed : Rackgraurdar ea.
Fi gs. 26A%%%$3%§ﬁ§§éDQPFI%gﬁﬁgtg%ekénples gf #he area %égterninatioﬁ

resul ts ohltaingd By fae sarea GPRECIHN RGhamdiet £ria3 thlh phixdl 2BAuet BE pi xels
which are determned to belong 25 to a covered background area are

i ndi caged dhe WitttRenith Pig%kel- fibth t2@3,1dhe ipi elameniincl2 .ar g iggllarmiyned to
bel ong to an uncovered background area are indicated in white.

the pixel value of the sixteenth pixel from the left in

frame #n-1 does not change from the pixel value of the

sixteenth pixel from the left in frame #n-2, and the pixel

value of the seventeenth pixel from the left in frame #n-1

10 does not change from the pixel value of the seventeenth

pixel from the left in frame #n-2.

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

15 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

20 in frame #n by the stationary/moving determining portion
202-4 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

25 consisting of only background components. Accordingly, the



In Fig. 26C, the pixels which are determned to belong to a noving area
are indicated in white. In Fig. 26D, the 5 pixels which are determned to
belong to a stationary area are indicated in white. Fig. 27 illustrates
the area information indicating the mxed area, in the formof an imge,
selected fromthe area information output fromthe

determ ning-flag-storing frame 10 nenory 206. In Fig. 27, the pixels which
are determned to belong to the covered background area or the uncovered
background area, i.e., the pixels whtcho@re determned to belong to the
m xed area, are indicated in white. The area information indicating the
m xed area output fromthe 15 determ ning-flag-storing frame nmenory 206

desi gnat es. LDec, TLued 3t ea AD0.LNP BOILLORSIDAYLRO A L EXLur e Surf ounded by

the porti are-in oregroun area. ea specifying

processi ngq 98559£5Eﬁ°b¥9%h§i§58aarége¥hf¥k§ﬂ upjt ;183§ described bel ow

with reference’to owchart of Fig In step S201, the frane

menor y 20&099%%81’%@1%%' H‘E‘Q@lgf ih! 2P EmENgR- 1h59ueﬁef g@gﬁlgﬂazymsbyﬂgng
frame #n. In step S he stationary/ moving determning portion

detern1neaegggﬁhggnghgoggggﬁnpUQLBOQSreﬁgbgn or the 25 pixel in frame #n 1
and the pixel in frane #n located at the - 111 sane position is

statignary. |fyhénisndedestineshyhadvide dsedenmaaioondasdt is
stationary, the process proceeds to step S203 in which the
st ationar yhan¥aogndetovingngipostippbied from the stationary/moving
determining portion 202-3, and when the stationary/moving
determination result indicating "stationary" is supplied
from the stationary/moving determining portion 202-4, as
10 discussed above, the area determining portion 203-3
determines that the corresponding pixels belong to a covered
background area.
In Fig. 24, in frame #n in which the background is
stationary and the amount of movement v in the'foreground is
15 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+l contain only
background components and belong to the background area. In
20 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

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



202-2 determ nes whether the determnation result for the 5 pixel in frane
#n and the pixel in frame #n+l located at the sane position is stationary.
If it is determined in step S203 that the determ nation result for the '
pi xel in frame #n and the pixel in frame #n+l |ocated at the same position
is stationary, the process 10 proceeds to step S204. In step S204, the area
determ ning portion 203-2 sets "1", which indicates that the pixel to be
processed belongs to the stationary area, in the stationary- area
determning flag associated with the-pilR&l -to be processed. The area
determ ning portion 203-2 supplies the 15 stationary-area determ ning flag
to the determning-flag- storing frame nenory 204, and the process proceeds

to step $205dllorld digdetarl Red 1031 90 93924 hat, ot he (dgterghnat | on

result for the pixe ranme #n- t he pixe af&yrocated at

the sane Wi(ﬁ%i tpiigcréli %a?‘(-t)ﬁri F Qe itgiirgdnip?x%qt %réﬁ%gﬁ: e![ Ee%ttegrﬁs%lg%m hat the

determ nation'result the pix rame e pi xe rame #n+1

| ocat ed atyni1bheicdMROTHENYR IF3 PRI pitdae Riz{%le 10F Q%epEﬂﬁ?%sggxgqes
not belong to a stationary area. Accordingly, the 25 processing step

S204 is skirppetheand fithe nprreGaRs 4pHaceass thbldixdeq aMeSE5thkn step
S205, the stationary/ noving determ ning portion 202-3 determ nes whet her

t he deser fonatthomik@sulfiroofhleh@ e fiti Xl firanfer 38 24k sandtt Raapiggel in
frame #n | ocated at the
from the pixel value of the fourth pixel from the left in
frame #n+1.
That is, the pixels in frame #n+l and frame #n+2

corresponding to the pixels belonging to the uncovered

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

15 #n+2 corresponding to the pixels belonging to the mixed area
in frame #n by the stationary/moving determining portion
202-1 is "stationary".

Since the pixels belonging to the uncovered background

area in frame #n contain foreground components, the pixel

20 values thereof are different from those of frame #n+l
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+l by the stationary/moving

25 determining portion 202-2 is "moving".



5 sanme position is noving. If it is determned that the determ nation
result is noving, the process proceeds to step S206 in which the
stationary/ noving determ ning portion 202- 2 determ nes whether the
determnation result for the pixel in frame #n and the pixel in frame #n+l
| ocated at the same 10 position is noving. If it is determned in step
S206 that the determination result for the pixel in frame #n and the pixe
in frame #n+l |ocated at the sanme position is noving, the process proceeds
to step S207. In step S207, the area-déf&rmining portion 15 203-2 sets "1",
whi ch indicates that the pixel to be processed belongs to a noving area,
in the noving-area determning flag associated wth the pixel to be

processed.  InananeendeLeustBhag, 26203 t%?ﬂ@h??%géhgsgﬁikng ar ea

determning flag to t eternln storing nenory 204, and
the process,Hreaseds R ikgP $20&udd iidg 'ﬁo‘?t?tt‘?{em that
t he deternlnatlongﬁfesult Egr theﬁgéag In frame #n §ﬁ2 plxgﬁ
frame #n JdOaehah tS¥FE 2Pesizt,i Qhd %h%trﬁt’dl'fén%rt)étl(ynaﬂrgéhrmﬂl% _
determned in step 6 that the determ nation result the pixel in

frame #n metﬁmrmtwn iR fulame ngith diecated sati onakdd itsheguppIB gRoSi tion is
stationary, the pixel in frame #n does not belong to a noving area.

Accor dbnglfiront theprsaeessinag yWinovEirep dB2@tniisiski preticandozhe ,precess
proceeds to step S208. In step S208, the stationary/noving deternining
portion SliXe?rsheditadovienesheheairear ddte rdatramy mpatdtden eddl-tL for the
determineé that the corresponding pixels belong to an
uncovered background area.
Fig. 25 illustrates determination conditions in frame
10 #n made by the area specifying unit 103. When the
determination result for the pixel in frame #n-2 located at
the same image position as a designated pixel in frame #n to
be processed and for the pixel in frame #n-1 located at the
same position as the designated pixel in frame #n is
15 stationary, and when the determination result for the
designated pixel in frame #n and the pixel in frame #n-1
located at the same image position as the designated pixel
in frame #n is moving, the area specifying unit 103
determines that the pixel in frame #n+l belongs to a covered
20 Dbackground area.
When the determination result for the pixel in frame #n
and the pixel in frame #n-1 located at the same image
position as the designated pixel in frame #n is stationary,

and when the determination result for the pixel in frame #n

25 and the pixel in frame #n+l located at the same image



pi xel in frane #n-2 and the pixel in frame #n-1 |l ocated at the sane
position is stationary. If it is determned that the determnnation result
is stationary, the process proceeds to step S209 in which the

stationary/ noving determ ning 10 portion 202-3 determ nes whet her the
determnation result for the pixel in frame #n-1 and the pixel in frame #n
| ocated at the sanme position is noving. If it is determned in step S209
that the determnation result for the pixel in frame #n-1 and the pixel in
frame #n 15 located at the sane posttlOA +s noving, the process proceeds
to step S210. In step S210, the area determ ning portion 203-3 sets "1",
whi ch indicates that the pixel to be processed belongs to a covered

backgr oun rea, in.t vered-hac ng-.ar. et,er m_ni f.l
associate%q%qﬁioPhgsZE%ﬁi%%F§9§%E§%p§g%%gsg3.ﬁﬁagga#gaqéeﬁgg%ﬁﬁﬁgﬁyportion
203-3  suppll h red- r d-ar r o ni.ng ..t ;

et er i ni B0 FRS S5 A R S ety S0 eI = &3 Foebss SUsnaEag (o
step S211..; re erm Rj r ti-0 0 : i he
covered-bggéggogﬁdigggg g%%ﬁ%?ﬁ@%g Plgg%tgt%ﬁé%%%gyggzﬁéfning-flag;stpring
frame menory ZﬁﬂenaEHetH@t@%ﬂQﬁé%ionléésu@EpﬁéﬁdﬁhE0F§k€P PR1lirahb hh 1S
determned in step S208 that the determ nation result for the pixel in
frame #n- 2nandncheiRienelin Frhmangn-4n1bdaeca ed ahe! Ransanmapesition is

noving, or if it is 5 determned in step S209 that the pixel in frame #n-1
and the posltiioh samhettdsicnaddabikke SaNE Rew HWods mostiaki, oaaty,
when the determination result for the pixel in frame #n and
the pixel in frame #n+l located at the same image position
as the designated pixel in frame #n is moving, the area
10 specifying unit 103 determines that the designated pixel in
frame #n belongs to the moving area.

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

15 when the determination result for the pixel in frame #n+1
located at the same image position as the designated pixel
in frame #n and the pixel in frame #n+2 located at the same
image position as the designated pixel in frame #n is
stationary, the area specifying ﬁnit 103 determines that the

20 designated pixel in frame #n belongs to an uncovered
background area.

Figs. 26A through 26D illustrate examples of the area
determination results obtained by the area specifying unit
103. In Fig. 26A, the pixels which are determined to belong

25 to a covered background area are indicated in white. In Fig.



the pixel in frame #n does not belong to a covered background area.
Accordingly, the processing of step S210 is skipped, and the process
proceeds to step S211. 10 In step S211, the stationary/ noving determ ning
portion 202-2 determ nes whether the determination result for the pixel
in frame #n and the pixel in frane #n+l | ocated at the sane position is
noving. If it is determined in step S211 that the determ nation result is
novi ng, the process 15 proceeds to step S212 in which the stationary/ noving
determ ning portion 202-1 determ nes-whebher the determ nation result for
the pixel in frame 4n+l and the pixel in frane #n+2 | ocated at the sane
position is stationary. 20 If it is determned in step S212 that the

det erm nablen rhESHike QN WhiBnPLYE! dbBolhafRa#REI LRGN PRl TN TTane

#n+2 | ocaf'e same poSition’is stationary, the process proceeds to

step 5213,nLBvateR Baliyrbiifaabedalaiel ThaildreR0nh! oRi2A3 1 sets 1

whi ch i ndicates pi xel to be 25 processed belongs to an uncovered

backgr ound ar egn kﬁgthﬁec 11fe HOLOYE' H61 PRCKOE 04BLa Bh ERdELErBE TbRG T ag
associated wt the prxél tfo be processed. The area deternining portion

203-1 supplbi gSmbRendneousr adebackgraued- ihaghdeker niai reg.f bay,t enkhe
determ ning-flag-storing franme nenory 204, and 5 the process proceeds to

step R14pikklist whs cebeendeed rininstiepoSBElohlatot he stateprangt hega resul t
for the pixel in frame #n and the pixel in frame #n+1

are indicated in white. .

Fig. 27 illustrates the area information indicating the
mixed area, in the form of an image, selected from the area
information output from the determining-flag-storing frame

10 memory 206. In Fig. 27, the pixels which are determined to
belong to the covered background area or the uncovered
background area, i.e., the pixels which are determined to
belong to the mixed area, are indicated in white. The area
information indicating the mixed area output from the

15 determining-flag-storing frame memory 206 designates the
mixed area and the portions having a texture surrounded by
the portions without a texture in the foreground area.

The area specifying processing performed by the area
specifying unit 103 is described below with reference to the

20 flowchart of Fig. 28. In step S201, the frame memory 201
obtains an image of frame #n-2 through frame #n+2 including
frame #n.

In step S202, the stationary/moving determining portion
202-3 determines whether the determination result for the

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



| ocated at the same position is stationary, or if it is determned in step
S212 that the determination result for 10 the pixel in franme #n+l and the
pixel in frame #n+2 is noving, the pixel in frame #n does not belong to an
uncover ed background area. Accordingly, the processing of step S213 is

ski pped, and the process proceeds to step S214. In step 5214, the area
specifying unit 103 determ nes 15 whether the areas of all the pixels in
frame #n are specified. If it is determined that the areas of all the

pi xels in frame #n are not yet specifigtll the process returns to step
S202, and the area specifying processing is repeated for the remaining
pixels. 20 If it is determined in step S214 that the areas of all the

pi xel s insgpgﬁgo% 1308 ieeg;%gﬁgna&pe PRRCEES ;@ g@%Qalnga $hep SRLS- In

step S215 e synthesi zer generates area information indicating the

m xed areg.has qnaelgﬂeregﬂ ev@%egtgﬁg%gaeyndtﬁ@eare%eggnbebege&gagoand the

covered 2 bac ground- ar ea eternlnlng lag stored in the"determning - 116

fl ag- st orispgpf 5am8 Eﬁﬁ%hxc%Oéhea@@a%h%aa99vﬁb%ﬁﬁ§ akedrmiRiagMBbirefon
indicating to which of the uncovered background "area, the stationary area,

the novi ngoareade®kriifegoVaeede rbaskytetedmanad ieackepiuie! fbel engs, and
sets the generated 5 area information in the determning-flag-storing frane

menor ys 204 xEhe ipr Feensi #a and ke paxplletedfrAsedisnelsiedatkdver the area
specifying unit 103 is capable of generating area information indicating
to which same position is stationary.

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

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

15 stationary-area determining flag to the determining-flag-
storing frame memory 204, and the process proceeds to step
S205.

If it is determined in step S202 that the determination
result for the pixel in frame #n-1 and the pixel in frame #n

20 located at the same position is moviﬁg, or if it is
determined in step S203 that the determination result for
the pixel in frame #n and the pixel in frame #n+l located at
the same position is moving, the pixel to be processed does
not belong to a stationary area. Accordingly, the

25 processing of step S204 is skipped, and the process proceeds



of the noving area, the stationary area, the uncovered 10 background area,
or the covered background area each of the pixels contained in a franme
bel ongs. The area specifying unit 103 nay apply logical ORto the area
information corresponding to the uncovered background area and the area

i nformation corresponding to 15 the covered background area so as to
generate area information corresponding to the m xed area, and then may
generate area information consisting of flags indicating to which of the
noving area, the stationary area, or-theE2mxed area the individual pixels
contained in the frane belong. 20 Wen the object corresponding to the
foreground has a texture, the area specifying unit 103 is able to specify
t he nDV|gg gES% Pg precisely. The area specifying unit 103 is able to
out put theé area ofmation indicating the noving area as the area 25

| nformation !”gfxc?ﬁéé:gsﬁ £, f@ﬁ@%@é‘é‘ﬁor@éfﬁ‘/m@@ﬁg%é’&%ﬁni ng%&? tidf ea

information in e’ stationary area as ar ea

i ndi catingobhg B@EE%QHBQ %seheifh%h@meebgﬁ@hah%nbeegu@@s%kb@ﬂe assuni ng
that the object corresponding to the background is stationary. 5 However,

the abovepdeacriiRedraneasarechhi BHePpORBISLATLCARe BR apBhied gvepnkf the
i mage correspondlng to the background area contains notion For exanple, if

the i mmgesafer pespendhndst Aotrhaghackgr eundsatedernivaf enatytnevi ng, the
area specifying unit 103 shifts the overall inage in
determination result is moving, the process proceeds to step
S206 in which the stationary/moving determining portion 202-
2 determines whether the determination result for the pixel
in frame #n and the pixel in frame #n+l located at the same
10 position is moving.

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

15 203-2 sets "1", which indicates that the pixel to be
processed belongs to a moving area, in the moving-area
determining flag associlated with the pixel to be processed.
The area determining area 203-2 supplies the moving-area
determining flag to the determining-flag-storing frame

20 memory 204, and the process proceeds to step S208.

If it is determined in step S205 that the determination
result for the pixel in frame #n-1 and the pixel in frame #n
located at the same position is stationary, or if it is
determined in step S206 that the determination result for

25 the pixel in frame #n and the pixel in frame #n+l located at



10 accordance with this notion, and perforns processing in a nmanner
simlar to the case in which the object corresponding to the background is
stationary. If the image corresponding to the background area contains
locally different notions, the area specifying unit 103 selects the pixels
15 corresponding to the notions, and executes the above- described
processing. Fig. 29 is a block diagramillustrating an exanple of the
configuration of the area specifying unit 103. The area specifying unit
103 shown in Fig. 29 does not use a +roii®n-20 vector. A background inage
generator 301 generates a background image corresponding to an i nput

i mge, and supplies the generated background i mage to a bi nary-object-

| mage extractLig.Pertion 02, Thebagkatound.i gnge, generater sa0logxtracts,

for exanp corresponding a background ob

conta nednhp hOeohgPLL 5 &é§%§&”§98a.a”ﬂc8898E§&§§h;PﬁgP§958éQEPH%i8?96- An

exanpl e of al ne expanding rnt ection the pixe

val ues of .pLxe | ik gned; sida- byx§i i i LI ect | 0 i mge
corresponﬁ?% %gog %gfggég?gﬁhdxgﬁjggf ?§°§E§ﬁﬂp¥ﬁegfg$ gg.ggg? %iggble, i f

the moving difecii{on £304 Nerhdrbges €L5HLEPANEH Ny t e dvem i e PHHthobj ect
is horizontal with respect to the screen, the nodel shown in Fig. 30 is a

nodel bt apped Byrexpandsnghetherptxel deabupsnatiphxeksultspesedhe
side-by-side on a single 10 line in the tine domain.

pixel in frame #n-2 and the pixel in frame #n-1 located at
the same position is stationary. If it is determined that
the determination result is stationary, the process proceeds
to step S209 in which the stationary/moving determining

10 portion 202-3 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 in step $209 that the determination

result for the pixel in frame #n-1 and the pixel in frame #n

15 located at the same position is moving, the process proceeds
to step S210. In step S210, the area determining portion
203-3 sets "1", which indicates that the pixel to be
processed belongs to a covered background area, in the
covered-background-area determining flag associated with the

20 pixel to be processed. The area determining portion 203-3
supplies the covered-background-area determining flag to the
determining-flag-storing frame memory 204, and the process
proceeds to step S211. The area determining portion 203-3

supplies the covered-background-area determining flag to the

25 determining-flag-storing frame memory 204, and the process



In Fig. 30, the line in frame #n is the sane as the line in franme #n-1 and
the line in frame #n+l. In frame #n, the foreground conponents
corresponding to the object contained in the sixth through seventeenth
pixels 15 fromthe left are contained in the second through thirteenth

pi xels fromthe left in frame #n-1 and are also contained in the tenth

t hrough twenty-first pixel fromthe left in frame #n+l. In frame #n-1, the
pi xel s belonging to the covered 20 background area are the el eventh through
thirteenth pixels fromthe left, and 11 pixels belonging to the uncovered
background area are the second through fourth pixels from the left. In
frame #n, the pixels belonging to the covered background area are the

fifteenthp%gégﬁgg §gv§9é§§§§@ipixels 25 fromthe left, and the pixels

bel ongi ng € Uuncover 19 background area are the sixth through

el hth pixel s {7 Ue gd&ling dds 18R & o8 henl xel belanglng: i The

covered background area are the ninete rou pi xel s

fromthe Lebhirandr! bRoPbXeLs bRl eRBhBO4A0o! BRaScHOCRYRE 2dj Ragkground area

are the tenth through t pi xel's fromt rame t he

pi xel s bekangi ngcheelingt PARKIEQHBdpo8L BRCAT EsthEvihE St opi Xel 1 Erom the left,
and the fourteenth through twenty-first pixels fromthe left. In frame *n,

the 1@ pi yetsrRehengingstept beobaekgeovnd pigalais Eheméi gst1 shaowmh fift
pi xels fromthe left, and the ei ghteenth
pixel in frame #n located at the same position is stationary,
the pixel in frame #n does not belong to a covered
background area. Accordingly, the processing of step S210
is skipped, and the process proceeds to step S211.

10 In step S211, the stationary/moving determining portion
202-2 determines whether the determination result for the
pixel in frame #n and the pixel in frame #n+l located at the
same position is moving. 1If it is determined in step S211
that the determination result is moving, the pfocess

15 proceeds to step S212 in which the stationary/moving
determining portion 202-1 determines whether the
determination result for the pixel in frame #n+l and the
pixel in frame #n+2 located at the same position is
stationary.

20 If it is determined in step 5212 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 S213. In step S213, the area determining
portion 203-1 sets "1", which indicates that the pixel to be

25 processed belongs to an uncovered background area, in the



t hrough twenty-first pixels fromthe left. In frame #n+l, the pixels

bel onging to the background area are the first through ninth pixels from
the left. 15 An exanple of the background i nage corresponding to the
exanpl e shown in Fig. 30 generated by the background i nage generator 301
is shown in Fig. 31. The background i mage consists of the pixels
correspondi ng to the background object, and does not contain inmage
conponents corresponding 20 to the foreground object. The

bi nary-obj ect-i mage extracting portieoniB®2- generates a binary object inmage
based on the correlation between the background i mage and the input inmage,
and supplies the generated binary object inage to a tine change 25

det ect or §g§0vé¥%§%8ag%ﬁro§§dLgrg?bgggérﬂkﬁgéggrﬁ%éu%%%g%%ageéggét%

configuration 0O ary-objecrt-rnmage ex

correl'at i oggval ye, cab cylagor delogal it 85k NGe cGRRESLALI g peiyeen the

backgr oun ge supplred fromthe 5 background i nmage ge 01 and the

i nput i magg3se gﬁg%QiegeEﬁéaﬁﬁcévé9é&ebﬁg%§?oﬁﬁhuﬁia nge§@9ﬂ%ég§g%ﬂg

generated corre ion value to a thres val ue processor

COVre'ati@Ta&akHetHé|8@E@Eﬁin§§%—@PHELgﬁoﬁgﬂétEQHme(ﬂémBPy b0k, exagpl e,
3x3- background i mage bl ocks having X4 10 at "the center, as shown in Fig.

33A, and thBe pebcexampkecedus- E@CEGéEUBthUB_ge bl ocks having Y4 at the
center which corresponds to the background i nage bl ocks, as shown in Fig.
If it is determined in step S211 that the determination

result for the pixel in frame #n and the pixel in frame #n+1l
located at the same position is stationary, or if it is
determined in step $212 that the determination result for

10 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 S213 is skipped, and the process proceeds to step S214.

In step S214, the area specifying unit 103 determines

15 whether the areas of all the pixels in frame #n are
specified. If it is determined that the areas of all the
pixels in frame #n are not yet specified, the process
returns to step S202, and the area specifying processing is
repeated for the remaining pixels.

20 If it is determined in step S214 that the areas of all
the pixels in frame #n are specified, the process proceeds
to step S215. In step S215, the synthesizer 215 generates
area information indicating the mixed area based on the

uncovered-background-area determining flag and the covered-

25 Dbackground-area determining flag stored in the determining-



33B, thereby calculating a correlation value corresponding to Y4. 8 8 15
Correlation value = E(Xi - X))z (Yi - Y) i=Oi=0(4) 9 Y=i=08_28 _2
( (Yi -Y) ~i=0i=09 The correlation-value cal culator 321 supplies the
correlation val ue cal cul ated for each pixel as discussed 20 above to the

t hreshol d-val ue processor 322. (5) (6) - 121 Alternatively, the

correl ation-val ue cal cul ator 321 may apply equation (7) to, for exanple,
3x3-background i mage blocks having X4 at the center, as shown in Fig. 34A
and to, for exanple, 3x3-background ibhege- bl ocks having Y4 at the 5 center
whi ch corresponds to the background i mage bl ocks, as shown in Fig. 34B,
thereby cal cul ating the sumof; absolute values of differences

gg;responﬁi&g-geoe(fng%mé RABROLY oy al MRS 9181 fERLLOCES Frla! (X - YI)I

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

5 area information in the determining-flag-storing frame

memory 206. The processing is then completed.

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

10 background area, or the covered background area each of the
pixels contained in a frame belongs.

The area specifying unit 103 may apply logical OR to
the area information corresponding to the uncovered
background area and the area information correéponding to

15 the covered background area so as to generate area
information corresponding to the mixed area, and then may
generate area information consisting of flags indicating to
which of the moving area, the stationary area,.or the mixed
area the individual pixels contained in the frame belong.

20 When the object corresponding to the foreground has a
texture, the area specifying unit 103 is able to specify the
moving area more precisely.

The area specifying unit 103 is able to output the area

information indicating the moving area as the area

25 information indicating the foreground area, and outputs the



i =0 The correl ation-val ue cal cul ator 321 supplies the sum 10 of the

absol ute values of the differences calculated as described above to the

t hreshol d-val ue processor 322 as the correlation value. The

t hreshol d- val ue processor 322 conpares the pixel value of the correlation
image with a threshold thO If the 15 correlation value is smaller than or
equal to the threshold thOQ 1 is set in the pixel value of the binary
object image. |If the correlation value is greater than the threshold thQ
O is set in the pixel value of the btnaxry object imge. The '

t hreshol d- val ue processor 322 then outputs the binary object 20 i nrage whose
pi xel value is set to 0 or 1. The threshol d- value processor 322 may store

From an_ chternit ToRBTrat i EAEEREafr aPRL IRk Repg 85 BY TR 122
Corresloonﬁh??rﬁlgtigﬁ SRQ%aE’J{m?E@?%”B&&k ?@QﬁdSQP&Q in Fig. 30 Inthe

bi nary objeci 1 nage, I's sé e pIX val ues of the pixels having a

h.' h | . . , . 5 . : . k d. .
| Pustrating Che CoR B ot o ar The T P gt AR e o Bod Rmen

illustrating configuration of t en
det er mi ni gg5 £Re éé?f‘eé’f:oﬁdi?h&efo'E‘hér]@%kggeuﬁdfi@n'@tg?ﬂ@ﬁé(ry?"ll stores a

bi nary objecCt 1 mage of frame #n-1, franme and franme #n+l~ supplied from
t he bimnaryonbires] - tABYS8bove-described area specifying 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 area specifying unit 103 shifts the overall image in
10 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 area specifying unit 103 selects the pixelé
15 corresponding to the motions, and executes the above-
described processing.

Fig. 29 is a block diagram illustrating an example of
the configuration of the area specifying unit 103. The area
specifying unit 103 shown in Fig. 29 does not use a motion

20 vector. A background image generator 301 generates a
background image corresponding to an input image, and
supplies the generated background image to a binary-object-
image extracting portion 302. The background image

generator 301 extracts, for example, an image object

25 corresponding to a background object contained in the input



10 extracting portion 302. An area determ ning portion 342 determ nes the
area of each pixel of frane #n based on the binary object image of frane
#n-1, frame #n, and frame #n+l1l so as to generate area information, and
outputs the generated area information. 15 Fig. 37 illustrates the

determ nations made by the area determ ning portion 342. \Wen the

desi gnated pi xel of the binary object inmage in frame #n is 0, the area
determning portion 342 determ nes that the designated pixel in frame #n
bel ongs to the background area. 20 Whehl8he desi gnated pixel of the binary
object image in franme #n is 1, and when the correspondi ng pixel of the

bi nary object image in frame #n-1 is 1, and when the correspondi ng pi xel

of the bigggéggbgggt gﬁgggFgPhéﬁgggaggggou%éd}mathe area determ ni ng

portion 3 erm nés srgna p|§8r in frame #n belongs to

t he foregr oun%r%@ﬁézgﬁdy\aﬁg%é?ﬁ%gg%%@ggtg eixel s of 't{c}fe i%t}ihega]‘:r%ilobj ect

image in frane #n i respondi pi Xe %ary

obj ect i”BgﬁeEEiBﬁaﬁgg#ﬁikeﬂsvgluEQeofrﬁ?nggeégﬁghgg SE8EL%gDs§é3 in

determ nes that the signated pixel 1n frane el ongs a covered

backgroungdhar gaviMyen: thet desi grakrdinh¥e! cOLrbBs-RiNALYgbsect image in
frame #n is 1, and when the correspondi ng pi xel of the” binary object inage

in frae #ordgksufd bbgeadteasdghewni DhNYigPOBhI, oNrd42.4ehgLa] Nnes that the
designated pixel in franme #n 10 bel ongs to an uncovered background area.
moving direction of the image corresponding to the
foreground object is horizontal with respect to the screen,
the model shown in Fig. 30 is a model obtained by expanding
the pixel values of pixels disposed side-by-side on a single
10 line in the time domain.
In Fig. 30, the line in frame #n is the same as the
line in frame #n-1 and the line in frame #n+1.
In frame #n, the foreground components corresponding to
the object contained in the sixth through seventeenth pixels
15 from the left are contained in the second through thirteenth
pixels from the left in frame #n-1 and are also contained in
the tenth through twenty-first pixel from the left in frame
#n+1l.
In frame #n-1, 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, the pixels belonging to the covered
background area are the fifteenth through seventeenth pixels

25 from the left, and the pixels belonging to the uncovered



Fig. 38 illustrates an exanple of the determ nations nade by the tine
change detector 303 on the binary object inage corresponding to the nodel
of the input inmage shown in Fig. 30. The tine change detector 303
determnes that the 15 first through fifth pixels fromthe left in frame
#n bel ong to.the-background area since the corresponding pi xels of the

bi nary object image in frame #n are 0. The tinme change detector 303

determ nes that the sixth through ninth pixels fromthe left belong to the
uncovered 20 background area since thgi1pixels of the binary object inmge
in frame 4n are 1, and the corresponding pixels in frame 4n+l are 0. The
ti me change detector 303 determ nes that the tenth through thirteenth

s R b el
o ST S B0 RABRRR R R B O
seventeenbheREFELaG! P el ehL BehoBles ! akbgsEovgEsg, backst ound o

Co”esloong'&?glsp%ﬁghsth@ frage git%ﬁltﬁéepreIEeb wﬁg‘fﬁ?ﬂgﬁsgﬁée“ or 303

det er m ne at t éi ghteenth rough™twenty-firs . “fromthe left
bel ongs 1QnEBVEP@deEEQPQHGHd 59@a5hg@ethaetgﬁtﬁeﬁﬁeafibﬂgtwémﬁ of the

bi nary object inmage I n frame Zn are
pixels from the 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. 1In frame #n, the

10 pixels belonging to the background area are the first
through fifth pixels from the left, and the eighteenth
through twenty-first pixels from the left. In frame #n+1,
the pixels belonging to the background area are the first
through ninth pixels from the left.

15 An example of the background image corresponding to the
example shown in Fig. 30 generated by the background image
generator 301 is shown in Fig. 31. The background image
consists of the pixels corresponding to the background
object, and does not contain image components corresponding

20 to the foreground object.

The binary-object-image extracting portion 302
generates a binafy object image based on the correlation
between the background image and the input image, and
supplies the generated binary object image to a time change

25 detector 303.



The area specifying processing perfornmed by the area specifying unit 103
is described belowwth reference to the flowhart of Fig. 39. In step
S301, the background i mage 15 generator 301 of the area specifying unit 103
extracts, for exanple, an imge object corresponding to a background

obj ect contained in an input imge based on the input image so as to
generate a background i mage, and supplies the generated background inmage
to the binary-object-imge 20 extracting portion 302. In step S302, the

bi nary-obj ect-i mage extracting port+aR®02 cal cul ates a correl ation val ue
between the input inmage and the background i mage supplied fromthe
background i nage generator 301 according to for exanple, calculation 25

d! scussed_vvi t_I nqgf esrf)r(ﬁfse toDle& Cis I1 rﬁstelsﬁggettﬁ%lzfj

bi nary- obj ect ge ‘extracting por ary object inmage
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the processing is conplefed. Detai e area determ ning proceSS|ng in
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In step S321, the area determning portion 342 of the 10 tine c ange

det ectror BASkgedendl NesSguhgtheratbe desi gnat ede Pixghti Mndfanso #is Sﬁ@red’ in
the frame nenory 341 is 0. If it is determned that the designated pixe
in frame g8nésdabe a correlation value, and supplies the generated
correlation value to a threshold-value processor 322.
The correlation-value calculator 321 applies equation
(4) to, for example, 3x3-background image blocks having Xy
10 at the center, as shown in Fig. 33A, and to, for example,
3x3-background image blocks having Y, at the center which
corresponds to the background image blocks, as shown in Fig.

33B, thereby calculating a correlation value corresponding

to ¥,.
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The correlation-value calculator 321 supplies the
correlation value calculated for each pixel as discussed

20 above to the threshold-value processor 322.



the process proceeds to step S322. In step S322, it is determ ned that the
desi gnated pixel in franme #n belongs to 15 the background area, and the
processing is conpleted. If it is determned in step S321 that the
designated pixel in frame #n is 1, the process proceeds to step S323. In
step S323, the area determ ning portion 342 of the time change detector
303 determ nes whether the designated pixel 20 in frame #n stored in the
frame nenory 341 is 1, and whether the corresponding pixel in frame #n-1
is 0. If it is determned that the despgnated pixel in frame #n is 1 and
the corresponding pixel in frame #n-1 is 0, the process proceeds to step
S324. In step S324, it is determned that 25 the designated pixel in frame
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f # t # 1, th
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values of differences corresponding to Y.

8
Sum of absolute values of differences = 2:|Mi - YD, (7

The correlation-value calculator 321 supplies the sum
10 of the absolute values of the differences calculated as
described above te the threshold-value processor 322 as the
correlation value.
The.threshold—value proceésor 322 compares:the pixel
value of the correlation image with a threshold thO. If the
15 correlation value is smaller than or equal to the threshold
th0, 1 is set in the pixel value of the binary object image.
If the correlation value is greater than the threshold tho,
0 is set in the pixel value of the binary object image. The
threshold-value processor 322 then outputs the binafy object
20 image whose pixel value is set to 0 or 1. The threshold-
value processor 322 may store the threshold th0 therein in
advance, or may use the threshold thO input from an external
source.

Fig. 35 illustrates the binary object image



If it is determned in step S325 that the designated 15 pixel in frame #n
is 0, or that the corresponding pixel in frame #n+l is 1, the process
proceeds to step 5327. In step S327, the area determ ning portion 342 of
the tinme change detector 303 determ nes that the designated pixel in frane
#n belongs to the foreground area, and the processing is 20 conpleted. As
di scussed above, the area specifying unit 103 is able to specify, based on
the correlation value between the input imge and the corresponding
background i mage, to which of the ferggeound areéea, the background area,
the covered 25 background area, or the uncovered background area each pi xel
- 127 of the input imge bel ongs, and generates area infornmation
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nuneral s, and an explanation there us om
robust - pr seesgiBAnAOL hikge.361 generates a robust binary object inage based
on binary object images of N frames supplied fromthe binary-object-inage

extraciing poFigon3802s anslewk paisgtde {0bustrbiNgsyeobi ect imge to the
ti me change detector 303.

configuration of the time change detector 303. When

determining the area of a pixel in frame #n, a frame memory

341 stores a binary object image of frame #n~1, frame #n;

and frame #n+l supplied from the binary-object-image

10 extracting portion 302.

An area determining portion 342 determines the area of
each pixel of frame #n based on the binary object image of
frame #n-1, frame #n, and frame #n+l so as to generate area
information, and outputs the generated area information.

15 Fig. 37 illustrates the determinations made by the area
determining portion 342. When the designated pixel of the
binary object image in frame #n is 0, the area determining
portion 342 determines that the designated pixel in frame #n
belongs to the background area.

20 When the designated pixel of the binary object image in
frame #n is 1, and when the corresponding pixel of the
binary object imége in frame #n-1 is 1, and when the
corresponding pixel of the binary object image in frame #n+1

is 1, the area determining portion 342 determines that the

25 designated pixel in frame #n belongs to the foreground area.



15 Fig. 42 is a block diagramillustrating the configuration of the
robust - processing portion 361. A nption conpensator 381 conpensates for
the notion of the binary object inmages of N frames based on the notion
vector and the positional information thereof supplied fromthe 20 notion
detector 102, and outputs a notion-conpensated binary object image to a
switch 382. The notion conpensation perfornmed by the notion conpensator
381 is discussed below with reference to exanples shown in Figs. 43 and
44. It is now assuned, for 25 exanple, 1eRat the area in frame #n is to be
processed. \Wen - 128 binary object images of frame #n-1, frame #n, and
frame #n+1 shown in Fig. 43 are input, the notion conpensator 381

compensat es | ofinthecHBluon: ghathe BioavoebLeetolgmae ofs frare an- and

t he binary object inmage o

in Fig. 44rahased 98 he . Aolhan %ﬁ@t85rggggngggngbgeéFaeﬂgvgbgn det ect or

1P2, and supplies the notion-conpensate to the

switch 382inlhe swikeh %ﬁageuaﬁu%§ahge#ﬁuﬁ'%53%2”Eﬁ@53289 ALPaLY 10,30 ect

imge of the first frame t6 a franme nenor and - outp

mot i on- COﬁbQﬁiaheG4blHétérﬁ@hé@tthﬁﬁg%h@fdEQ@gné@%8n91§E§n§nt?rgmgrgP
menory 383-2. Simlarly, the switch 382 outputs the notion-conpensated

b|nar¢5obbeabngsagesaOEobb@eﬁhbédkbbbﬁﬂﬂhaEEbL)_th frame to frame menoles
383-3 15 through 383-(N-1), and outputs the notion-conpensated binary

When the designated pixel of the binary obje¢t image in
frame #n is 1, and when the corresponding pixel of the
binary object image in frame #n+l is 0, the area determining
portion 342 determines that the designated pixel in frame #n

10 belongs to an uncovered background area.

Fig. 38 illustrates an example of the determinations
made by the time change detector 303 on the binary object
image corresponding to the model of the input image shown in
Fig. 30. The time change detector 303 determines that the

15 first through fifth pixels from the left in frame #n belong
to. the ‘background area since the corresponding pixels of the
binary object image in frame #n are 0.

The time change detector 303 determines that the sixth

through ninth pixels from the left belong to the uncovered

20 background area since the pixels of the binary object image
in frame #n are 1, and the corresponding pixels in frame
#intl are 0,

The time change detector 303 determines that the tenth
through thirteenth pixels from the left belong to the

25 foreground area since the pixels of the binary object image



object imge of the NNth frame to a frame nmenory 383-N. The franme nenory
383-1 stores the notion-conpensated binary object inage of the first

frame, and outputs the stored binary object imge to a weighting portion
384-1. 20 The franme menory 383-2 st ores the notion-conpensated binary

obj ect imge of the second frane, and outputs the stored binary object
image to a weighting portion 384-2. Simlarly, the frame nenories 383-3

t hrough 383-(N-1) stores the notion-conpensated binary object imges of
the 25 third through (N-1)-th franmes;y andl eutputs the stored binary - 129
obj ect imges to weighting portions 384-3 through 384-(N-1). The frane
menory 383-N stores the notion-conpensated binary object inmage of the N-th

f N he, st i ghti ti

384 N o Theraarshihners o ?Qﬁ%ﬁfi‘eﬁﬁkﬁ brbeB2fRle Faafrdte B-5F L he"
b f ied f

The frame mensry adat A8 Yo EPL Rt Ry p e %fé'h??éﬁ‘e éﬁd s%%%p# bsa

wei ght ed b|naIWhec%umgncﬂgﬁgga&étéghégxgﬁgn&ggg hti ng portion
10 384-2 multiplies the pixel value of the notion- conpensate bi nary

obj ect | mAgervéehbe ERESH fé@ﬁ@nﬁéaﬂth fe08 £h 3-2 by a
predet er m ned wei ght w2, g%d supplies t é melghtg% E.%gfﬁggg?%% § mage to

t he accuntbatbe c885red5b&¢k@ﬁbﬁﬁd 4heavei BB | fife POL Lé PBS, B84z 3 through
384-(N- 1) multiply the pixel values of the notion-conpensated
binary object image in frame #n are 1, and the corresponding
pixels in frame #n-1 are 0.

The time change detector 303 determines that the

eighteenth through twenty-first pixels from the left belong
10 to the background area since the corresponding pixels of the
binary object image in frame #n are O.

The area specifying processing performed by the area
specifying unit 103 is described below with reference to the
flowchart of Fig. 39. 1In step S301, the backgfound image

15 generator 301 of the area specifying unit 103 extracts, for
example, an image object corresponding to a background
object contained in an input image based on the input image
SO as to generate a background image, and supplies the
generated background image to the binary-object-image

20 extracting portion 302.

In step S302, the binary-object-image extracting
portion 302 calculates a correlation value between the input
image and the background image supplied from the background
image generator 301 according to, for example, calculation

25 discussed with reference to Fig. 33. In step S303, the



bi nary object images of the third through (N-1)-th frames supplied from
the frame nenories 383-3 through 383-(N-1) by predeterm ned weights w3

t hrough wW(N-1), and supplies the 20 wei ghted binary object imges to the
accunul ator 385. The weighting portion 384-N nultiplies the pixel val ue of
the notion-conpensated binary object image of the N-th frame supplied
fromthe frame nenory 383-N by a predeterm ned weight wWN, and supplies the
wei ghted bi nary object inage to 25 the accunulator 385. - 130 The
accunul ator 385 accunul ates the pi xel vabkues of the notion-conpensated

bi nary object images multiplied by the weights wl through wN of the first
through N-th frames, and conpares the accunul ated pi xel value with the
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i nput i magRe THee3h8a3SPREIfYing processing performed by the area
speci fying unit 103 configured as shown in Fig. 41 is 15 described bel ow

with rieferenceld stde d3onchand ©fndi tharfe adhecSLCRSS NS o Stigp, S341
t hrough step S343 are sim|lar
area determining processing, and the processing is completed.
Details of the area determining processing in step S304

are described below with reference to the flowchart of Fig.
40. In step S321, the area determining portion 342 of the

10 time change detector 303 determines whether the designated
pixel in frame #n stored in the frame memory 341 is 0. If
it is determined that the designated pixel in frame #n is O,
the process proceeds to step S322. 1In step S322, it is
determined that the designated pixel in frame #n belongs to

15 the background area, and the processing is completed.

If it is determined in step S321 that the designated

pixel in frame #n is 1, the process proceeds to step S323.
In step S$323, the area determining portion 342 of the time
change detector 303 determines whether the designated pixel

20 in frame #n stored in the frame memory 341 is 1, and whether
the corresponding pixel in frame #n-1 is 0. If it is
determined that the designated pixel in frame #n is 1 and
the corresponding pixel in frame #n-1 is 0, the process
proceeds to step S324. 1In step $324, it is determined that

25 the designated pixel in frame #n belongs to the covered



to those of step S301 through step S303 discussed with reference to the
flowhart of Fig. 39, and an explanation thereof is thus omtted. 20 In
step S344, the robust-processing portion 361 perforns the robust
processing. In step S345, the tinme change detector 303 perfornms the area
determ ni ng processing, and the processing is conpleted. Details of the
processing of step S345 are simlar to the 25 processing discussed with
reference to the flowhart of Fig. - 131 40, and an explanation thereof is
thus omtted. Details of the robust propzessing corresponding to the
processing of step S344 in Fig. 45 are given belowwith reference to the
flowhart of Fig. 46. In step S361, the 5 notion conpensator 381 perforns
t he noti og,cRHPERSAL of n.input binary object i e based on the
not i on vec?orggn &t%gg%bs??ﬁoE% ?ﬁ?%?ﬁif%%nl h%?%%?gg%%plied fromthe
nmotion detectpF 402 14y P2y o1, of frame nmenpries 383-1
t hrough 383-N st oreslst he %%Iﬁt%espoﬁd} nsgrgkeerﬁ)tsl%grlfc% N Sllcg%tr?éjry obj ect
i mage suppixed vhartiife ShtLh 382, | 3 n%% r obust - processi ng
portion 361 determ nes whet her hl%iﬂ%?%e@%?ég$r¥é %%gb?% %f%ﬁ%xﬂnlf
i s deternfrgfle thatl NLHi parynObp £SE é@ﬁ&ﬁ§ e he process
returns to step S361, and theq%roézssing ?%égsggéc%%%%ﬁg% %hg. Qwsﬁ?ﬂa_
Mot i 06 0f 32, bilnaryrobj este iiBURQNShHRRT DFLSSE N d Of 1,51 LG L he binary
obj ect imge are repeated.

detector 303 determines whether the designated pixel in

it

frame #n stored in the frame memory 341 is 1, and whether
the corresponding pixel in frame #n+l is 0. TIFf it is
determined that the designated pixel in frame #n is 1 and
10 the corresponding pixel in frame #n+1 is 0, the process
pProceeds to step S326. 1In step S326, it is determined that
the designated pixel in frame #n belongs to the uncovered
background area, and the processing is completed.

If it is determined in step S325 that the aesignated

15 pixel in frame #n is 0, or that the corresponding pixel in
frame #n+l1 is 1, the process proceeds to step S$327. 1In step
S327, the area determining portion 342 of the time change
detector 303 determines that the designated pixel in frame
#n belongs to the foreground area, and the processing is

20 completed.

As discussed above, the area specifying unit 103 is
able to specify, based on the correlation value between the
input image and the corresponding background image, to which
of the foreground area, the background area, the covered

25 Dbackground area, or the uncovered background area each pixel



If it is determned in step S363 that N binary object 1nmages are stored,
the process proceeds to step S364 in 20 which weighting is performed. In
step 5364, the weighting portions 384-1 through 384-N multiply the
corresponding N binary object images by the weights wi through wN. In step
S365, the accunulator 385 accumulates the N weighted binary object images.
25 In step S366, the accunulator 385 generates a binary - 132 object |nage
fromthe accumul ated i mages by, for exanple, conparing the accumul ated
value with a predetermned threshold thf,-and the processing is conpleted.
As di scussed above, the area specifying unit 103 5 configured as shown in
Fig. 41 is able to generate area infornmation based on the robust binary
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h of l 10 th ere ackgroun
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configuration of the mxture-ratio cal cul ator

estlnatedcahf&aﬁgaE§bhoo@reﬁesaeéa49$e8§k9ehat Ri8n148 esk é?g m xture
ratio for each ™ pixel by calculating a nodel a covered ground ar ea

based »n tpecifipuhgi TAYE, 1oanshéwﬁphhesltghe4@ahgag%eﬂo€%h”@éeéog‘ xture
ratio to a mxture-ratio determ ning portion 4
and positional information thereof_supplled from the motion
detector 102. The same elements as those shown in Fig. 29
are designated with like reference numerals, and an
explanation thereof is thus omitted.

10 A robust-processing portion 361 generates a robust
binary object image based on binary object images of N
frames supplied from the binary-object-image extracting
portion 302, and outputs the robust binary object image to
the time change detector 303.

15 Fig. 42 is a block diagram illustrating the
configuration of the robust-processing portion 361. A
motion compensator 381 compensates for the motion of the
binary object images of N frames based on the motion vector
and the positional information thereof supplied from the

20 motion detector 102, and outputs a motion-compensated binary
object image to a switch 382.

The motion compensation performed by the motion
compensator 381 is discussed below with reference to
examples shown in Figs. 43 and 44. It is now assumed, for

25 example, that the area in frame #n is to be processed. When



An estimated-m xture-rati o processor 402 cal cul ates an 20 estinated

m xture ratio for each pixel by calculating a nodel of an uncovered
background area based on the input image, and supplies the cal cul ated
estimated m xture ratio to the mxture-ratio determ ning portion 403.
Since it can be assuned that the object corresponding 25 to the foreground
is moving with constant velocity within -- 133 the shutter tine, the

m xture ratio a of the pixels belonging to a nm xed area exhibits the
following characteristics. That is,-thesnm-xture ratio a linearly changes
according to the positional change in the pixels. 5 If the positional
change in the pixels is one-dinensional, a change in the mxture ratio a

can be repeasey! o sLipearbyes bl g aogfthonal ghage Lo the pixgle,ie

t wo- di nensi ona e"mxture ratio

plane. . Staegn! B peb oqaogrgngn{omﬁetﬁ Beibn csmggg B8 as Rl e (e
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proportional to the amount of novenent v wt utter trne of the

foregroundraha An-exanml enef biReridesleBtXtinLger gl S wnin Fig.
48. The graglent 1 of the ideal ﬁ?xtu?g ratloeg ?E ? menﬁﬁgg aréa can be

represent eddbyatbe bectpeoeabmplet BROwAMHNFigl, WQYeRBRAE4VonASnghown in
Fig. 48, the ideal mxture ratio a has the
motion vector supplied from the motion detector 102, and
supplies the motion-compensated binary object images to the
switch 382,

The switch 382 outputs the motion-compensated binary

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

15 through 383-(N-1), and outputs the motion-compensated binary
object image of the N-th frame to a frame memory 383-N.

The frame memory 383-1 stores the motion-compensated
binary object image of the first frame, and outputs the
stored binary object image to a weighting portion 384-1.

20 The frame memory 383-2 stbres the motion~compensated binary
object image of the second frame, and outputs the stored
binary object image to a weighting portion 384-2.

Similarly, the frame memories 383-3 through 383-(N-1)
stores the motion-compensated binary object images of the

25 third through (N-1)-th frames, and outputs the stored binary



20 value of 1 in the background area, the value of 0 in the foreground
area, and the value of greater than 0 and snmaller than 1 in the m xed
area. In the exanple shown in Fig. 49, the pixel value C06 of the seventh:
pi xel fromthe left in frame #n can be indicated 25 by equation (8) by
usi ng the pixel value PO6 of the seventh - 134 - pixel fromthe left in
frame #n-1. CO6 =BO 6/ v+BOG6/ Vv+FO01/ Vv+FO0O2/ v =P06/ v+
PO6 / v + FO1 / v + FO2 / v (8 z =2/ v P06 + Fi / v In equation (8),
the pixel value C06 is indicated by a 1%9p+xel 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 the background area. That is, the pixel value Mof the pixel

area can BBV Ehr SUERFad By FeRRREY Bo05s SoMD SRN"F 16PTOREBPSEET (RTYI M =
2 Since Phe’ anmenteBr Proaaacht Srores sEnt SR SR breTPaRFatatobinaBY (he
o xel vl e e Pt The aett shat Ta b FEallunEnd SuneRet, RS AR EORET0 Xer Vel ue
in the myefagyedpiect image to a weighting portion 384-N.
3 The weighting portion 384-1 multiplies the pixel value
of the motion-compensated binary object image of the first
frame supplied from the frame memory 383-1 by a
predetermined weight wl, and supplies a weighted binary
object image to an accumulator 385. The weighting portion
10 384-2 multiplies the pixel value of the motion-compensated
binary object image of the second frame supplied from the
frame memory 383-2 by a predetermined weight w2, and
supplies the weighted binary object image to the accumulator
385,
15 Likewise, the weighting portions 384-3 through 384- (N-
1) multiply the pixel values of the motion-compensated
binary object images of the third through (N-1)-th frames
supplied from the frame memories 383-3 through 383~ (N-1) by
predetermined weights w3 through w(N-1), and supplies the
20 weighted binary object images to the accumulator 385. The
weighting portion 384-N multiplies the pixel value of the
motion-compensated binary object image of the N-th frame
supplied from the frame memory 383-N by a predetermined
' weight wN, and supplies the weighted binary object image to

25 the accumulator 385.



while the pixel value P of frame #n-1 prior to frame #n is considered as
the pixel value in the background area. 20 Accordingly, equation (3)
indicating the mxture ratio a can be represented by equation (11): C = a
P+f (11) where f in equation (11) indicates the sumof the foreground -
135 conponents Ei Fi/v contained in the designated pixel. The variables
contained in equation (11) are tw factors, i.e., the mxture ratio a and
the sumf of the foreground conponents. 5 Simlarly, a nodel obtained by
expanding in the time direction the-plxel-values in which the anount

of ,movenmrent is 4 and the nunber of virtual divided portions is 4 in an
uncover ed background area is shown in Fig. 50. As in the representation of

Lne covered baskar pundhaien,e 0, . e, ooy oced Seckoromnd e ile |

pi xel value C of 't esighated frane #n 1s

0 the. TREESoALEROULL eokihe: Lol Halie Moglelr e eriasubaetent o

frame #n 1s consi as the area’ Accordrng tion (3)

| ndi cati et BRe 81 K1 UL bALROWR £2Ncha PErLEPERSEOLAINDY,CAUaRLON (AQ)- C =

a N+f (12) The enbodi nment has been describe assum ng
backgr oundo@Bheet theshatiANagYeqHBuRNe vaeuali eAS the) prbheeushifdg) can

be applied to the case in which t
5 threshold thO, thereby generating the binary object image.

As discussed above, the robust-processing portion 361
generates a robust binary object image from N binary object
images, and supplies it to the time change detector 303.
Accordingly, the area specifying unit 103 configured as

10 shown in Fig. 41 is able to specify the area more precisely
than that shown in Fig. 29 even if noise is contained in the
input image.

The area specifying processing performed by the area
specifying unit 103 configured as shown in Fig: 41 is

15 described below with reference to the flowchart of Fig. 45.
The processings of step S341 through step S343 are similar
to those of step S301 through step S303 discussed with
reference to the flowchart of Fig. 39, and an explanation
thereof is thus omitted.

20 In step S344, the robust-processing portion 361
performs the robust processing.

In step S345, the time change detector 303 performs the
area determining processing, and the processing is completed.
Details of the processing of step S345 are similar to the

25 processing discussed with reference to the flowchart of Fig.



20 background object is nmoving by using the pixel value of a pixel |ocated
corresponding to the anount of novenent v of the background. It is now
assunmed, for exanple, in Fig. 49 that the amount of novenent v of the

obj ect corresponding to the background is 2, and the nunber of virtual
divided 25 portions is 2. In this case, when the object corresponding - 136
to the background is noving to the right in Fig. 49, the pixel value B of
the pixel in the background area in equation (10) is represented by a

pi xel value PO4. Since equations (11} aBd £12) each contain two 5
variables, the mxture ratio a cannot be determ ned wi thout nodifying the
equations. Generally, an inmage has;a strong spatial correlation, and

i m it h oth h I t
the san by cRhElaR pR8T5EexL R ¢ . Bt &5r bt é“aa%&%éﬁts"haig {!Saﬁi ATy
dified h t he, t he
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(13). 2 12ef@?ence tgotﬁe+ffbwéh¥r¥ bf1%1§13h6TheI£'E%gpt§5g12/thgf the
right side in equation (

5 motion compensator 381 performs the motion compensation of
an input binary object image based on the motion vector and
the positional information therecf supplied from the motion
detector 102. 1In step S362, one of the frame memories 383-1
through 383-N stores the corresponding motion-compensated

10 Dbinary object image supplied via the switch 382.

In step 8363, the robust-processing portion 361
determines whether N binary object images are stored. If it
1s determined that N binary object images are not stored,
the process returns to step $361, and the procéssing for

15 compensating for the motion of the binary object image and
the processing for storing the binary object image are
repeated.

If it is determined in step S363 that N binary object
images are stored, the process proceeds to step S364 in

20 which weighting is performed. In step S364, the weighting
portions 384-1 through 384-N multiply the corresponding N
binary object images by the weights wl through wN.

In step S365, the accumulator 385 accumulates the N
weighted binary object images.

25 In step 366, the accumulator 385 generates a binary



corresponds to the mxture ratio a. The second termof the right side in
equation (13) can be expressed by equation 20 (14) by utilizing the pixel
value in the subsequent frame #n+l. 12 1: F / v = (14) 10 1. Fi [/ v i=11
i =7 It is now assuned that equation (15) holds true by - 137 wutilizing the
spatial correlation of the foreground conponent. o _
F=F05=F06=F07=F08=F09=FI 0=F11=F12 (15) Equation (14) can be nodified into
equation (16) by 5 utilizing equation (15). 12 2 Fi/v = - Fi=11v = 13.4
F v (16) As a result, O can be express®eg by equation (17). R = 2/4 (17)

If it is assuned that the foreground conponents in the

object image from the accumulated images by, for example,
comparing the accumulated value with a predetermined
threshold thl, and the processing is completed.

As discussed above, the area specifying unit 103

5 configured as shown in Fig. 41 is able to generate area
information based on the robust binary object image._

As is seen from the foregoing description, the area
specifying unit 103 is able to generate area information
indicating to which of the moving area, the stationary area,

10 the uncovered background area, or the covered background
area each pixel contained in a frame belongs.

Fig. 47 is a block diagram illustrating an example of
the configuration of the mixture-ratio calculator 104. An
estimated-mixture-ratio processor 401 calculates an

15 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
20 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

25 to the foreground is moving with constant velocity within



10 m xed area are equal, as indicated by equation (15), equation (18) can
hold true for all the pixels in the m xed area because of the internal
ratio. ~3 = 1-a (18) If equation (18) holds true, equation (11) can be 15 -
devel oped into equation (19). C=a P+ f y+tv-1a P+ (1-a ZF [ v
(19) i=y = a P+(1-a)N Simlarly, if equation (18) holds true, equation
(12) can be developed into equation (20). C=a N+ f y+V-1 aN+(1-a)
IFi/v (20) i=y a N#(1-(x) P - 138 1In equations (19) and (20), since C, N,
and P are known pixel values, the variaBle contained in equations (19) and
(20) is only the mxture ratio a. The relationship anong C, N, and P in
equations (19) and (20) is showmn in Fig. 52. C5 is the pixel value of the

dest anat et XeL L LR, K0nLoby MILET ARSI EyLatl Rl o calculated

N is the piXe t he position

spatial l y,eophgeRgndbng hoxbheadesi aRat B9 +RI X8k £5118410§

characteristics. That is, the mixture ratio o linearly
changes according to the positional change in the pixels.

5 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

10 assumed that the object corresponding to the foreground is a
rigid body moving with constant velocity.

The gradient of the mixture ratio a is inversely
proportional to the amount of movement v within the shutter
time of the foreground.

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

As shown in Fig. 48, the ideal mixture ratio o has the

20  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. 49, the pixel value C06 of
the seventh pixel from the left in frame #n can be indicated

25 by equation (8) by using the pixel value P06 of the seventh



pi xel value of the pixel in frame #n-1 |located at the 10 position spatially
corresponding to the designated pixel. Accordingly, since one variable is
contained in each of equations (19) and (20), the m xture ratio a is
calculated by utilizing the pixels in the three franes. The condition for
solving the correct mixture ratio a by solving equations 15 (19) and (20)
is as follows. In the i mage object having the sanme foreground conponents in
the m xed area, i.e., in the imge object of the foreground which is
captured when the foreground object-is3gtationary, the pixel values of the
consecutive pixels positioned at the boundary of the inage 20 object
corresponding to the noving direction of the foreground object, the nunber

of pixels Lhg j e._anmopunt of venment v, nust be uniform As
discussedpggggefgpﬁeEhggiﬁ%g %8t'5aﬁeo§nf e pixels belonging to the
covered background area is calculated by 25 equation (21), and the m xture
ratio a of the pixels - 139 belonging to the uncovered background area is
cal cul at ed bf0£¢u§t0i606Y22P96a/¥ ("‘CF&D (P-NEQRL)V (x = (CGP)/(NP) (22)

S5 Fig. S3 is a bl-oghedy agrappikl ) ystr 8§ ngyt pergzonfi guration o 8}he
estimated-m xture-ratio processor 401. A frane nmenory 421 stores an input

i mage in the units -0 fr , plies the frane subsequent to the
frame which is inpu%‘%SE§E§§i£§3€ ?#ﬁge to a frane nmenory 422 and a

In equation (8), the pixel wvalue C06 is indicated by a
5 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
in the background area can be represented by equations (9)
10 and (10), respectively.

M = C06 (9)

B = P06 " (10)

In equation (8), 2/v corresponds to the mixture ratio a.
Since the amount of movement v is 4, the mixture ratio a of

15 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,
while the pixel value P of frame #n-1 prior to frame #n is
considered as the pixel value in the background area.

20  Accordingly, equation (3) indicating the mixture ratio o can
be represented by equation (11):
C=oqa + P+f (11)

where f in equation (11) indicates the sum of the foreground



10 m xture-ratio cal culator 423. A frame nmenory 422 stores an input inmage
in the units of franmes, and supplies the frame subsequent to the frane
supplied fromthe frane nmenory 421 to the m xture-ratio cal cul ator 423. 15
Accordingly, when franme #n+l1 is input into the mxture- ratio cal cul ator
423 as the input inmage, the frame nmenory 421 supplies frame #n to the

m xture-ratio calculator 423, and the frane nenory 422 supplies frame #n-1
to the mxture- ratio calculator 423. 20 The m xture-ratio cal cul ator 423
calculates the estimated m xture ratib36f-the designated pixel by solving
equation (21) based on the pixel value C of the designated pixel in frane
#n, the pixel value N of the pixel in frame #n+l1l |ocated at the position

correspondbp e b4 i - t i gnat ed_pi xel, and the pixel
val ue P of tﬁghﬁ?igl ZP@%‘% 9%@%1?%%61 edga%S Fiet Forted d?ll’&eglr'r espgtthdi ng to
the positivepiapieth i t j . an t s.the_cal cul at ed
estigated ni;?urggrg??g§i%§§ ggaﬁ%ﬁg#lo eﬂlgﬁegg%cﬁﬁ?oﬁﬂﬁ£°¥§'s%afionary,

t he m xtutkermikoucal eat cghat es ' d.mxture ratio
e 2608 4R3 ERLCHLALE oga%ﬁg g§%§8§%§n

of the designated pixel based on the pixel %esignated pi xe

in frame dompodhentpi xel value N of the pixel in frame #n+l | ocated at the
sane position as the designated pixel, and the pixel value P of the pixel

in fréne #n-1 Siocitzed Bt 4 hedATBReSIHd Db A% i did fas anat ad pi xel . and
out puts the cal cul ated estinated
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. 50.
As in the representation of the covered background area,
10 in the uncovered background area, the pixel value C of the
designated frame #n is considered as the pixel value in the
mixed area, while the pixel value N of frame #n+l subsequent
to frame #n is considered as the background area.
Accordingly, equation (3) indicating the mixture ratio o can
15 be represented by equation (12).
C=oa + N+f (12)
The embodiment has been described, assuming that the
background object is stationary. However, equations (8)
through (12) can be applied to the case in which the
20 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. 49
that the amount of movement v of the object corresponding to

the background is 2, and the number of virtual divided

25 portions is 2. In this case, when the object corresponding



m xture ratio. In this manner, the estimated-m xture-ratio cal culator 401
cal cul ates the estimated m xture rati o based on the input inage, and
supplies it to the mxture-ratio 15 determ ning portion 403. The
estimated-m xture-rati o cal cul ator 401 calculates the estimated m xture
rati o of the designated pixel by solving equation (21). The operation of
the estimated- m xture-ratio calculator 402 is simlar to that of the 20
estimated-m xture-ratio cal cul ator 401, except that the

estimated-m xture-ratio cal cul ator 4021%@lculates a different estinmated
m xture ratio of the designated pixel by solving equation (22). Thus, an
expl anation of the estimated-m xture-ratio calculator 402 is omtted. 25
Fig. 54 ilju a n_ex le of .the_estimated mxture - 141 ratio
calcuIate%gbgﬁéhégéggfﬁﬁ?gggﬁiQ?Ef%grﬁ?i%hﬁrB&QEEOFn Epq: fhe ERei mat ed

m xture rgatj Qs [ kOyy D4 | he sult represented by one |ine when
t he annun?i%?lngggﬁ%ng 55 %?gtggi?%r%@réﬁﬁdbﬁﬁﬁgg?uﬂgv?ﬁﬁa ®h constant
velocity b§uddior tioj SiSeg i.n, Fi 8, 1 hat e estimated

mi xt ure ra?io t%anges’af%ns?pf?%%§??§n?¥ ?h%gﬁ$£e%a%?%aP6 Referring back to

Fig. 47, the midld esqald Qo et arm iy pojyt ieoil:h4ocﬁor§t?atisn the mxture ratio
(x based on - the area I nformation supplle3 from the area §becifying uni t

10 103 andatngbTas) nehé omikt€he Ofat 16 & OLIROUNY: 8588 rh Eed without

modifying the equations. Generally, an image has,a strong
spatial correlation, and accordingly, pixels located in
close proximity with each other have almost the same pixel
values.

10 Since the foreground components have a spatially strong
correlation, the equation is modified so that the sum f of
the foreground components can be deduced from the previous
or subsequent frame, thereby determining the mixture ratio o.

‘The pixel value Mc of the seventh pixel frbm the left

15 in frame #n in Fig. 51 can be expressed by equation (13).

2 : 12
Mc=;-BO6+ZFi/V (13)

i=11

The first term 2/v of the right side in equation (13)
corresponds to the mixture ratio a. The second term of the

right side in equation (13) can be expressed by equation

20 (14) by utilizing the pixel value in the subsequent frame
#n+l.
12 10
2Fi/v=B-2Fi/v (14)
i=11 i=7

It is now assumed that equation (15) holds true by



background area, the covered background area, or the uncovered background
area the pixel for which the mxture ratio ais to be calculated bel ongs.
The m xture-ratio determ ning portion 403 sets the mxture ratio (x to O
when 15 the correspondi ng pi xel belongs to the foreground area, and sets
the mxture ratio (x to 1 when the correspondi ng pi xel belongs to the
background area. \Wen the correspondi ng pi xel belongs to the covered
background area, the m xture- ratio determ ning portion 403 sets the

m xture ratio a to 20 the estimated-nmXiure ratio supplied fromthe
estimated m xture-rati o processor 401. \Wen the correspondi ng pi xel

bel ongs to the uncovered background area, the m xture-ratio determ ning
portion 4Q3. h i a h t| ted mxture ratio
supplied g?é%?%%%&egyghé%gé%ai %%?5é§%£ %I%fp o%e§§6?g£8%n The
nixture-ré%hg oflghermning portion - 142 403 outputs the mXxture ratio a
whi ch has n set based on the area information. Fig. 55 is a bl ock

dlagran1|IIustff@gggk@%u%dquogx@ﬁg;@q@u¢F¥L§i 2 the jﬁﬁure ratio cal cul ator

104. A 5 selector 441 supplies a pixel onging to the covered background

area and khe,e96he3pONding Béxﬁbélfﬂe&'fn@&eéthﬁloﬁ”¢1@Pbﬁ§que”t frames to
an estimated-m xture-ratio processor 442 based on the area information

suppl i:d fheemizihe ageatrspaciiying unit 103. The selector 441 supplies a 10
pi xel belonging to the uncovered background area and the corresponding
pler5|r1iT§ greV|o@s @nd subsequent frames

v

i=11

(16)

As a result, B can be expressed by equation (17).

B =2/4 (17)

If it is assumed that the foreground components in the

10 mixed area are equal, as indicated by equation (15),

equation (18) can hold true for all the pixels in the mixed
area because of the internal ratio.

B = 1-a (18)

If equation (18) holds true, equation (11) can be

15 developed into equation (19).
C=a-P+£
y+v-1

@ P+l-a): D Fi/v (19)

a-P+1l-0o)-N
Similarly, if equation (18) holds true, equation (12)

can be developed into equation (20).
C=a -N+f

y+v-1

o N+ (@1-a }:IFL/’V _ (20)

]

a-N+@Q1-a) P



to an estimated-m xture-ratio processor 443 based on the area information
supplied fromthe area specifying unit 103. The estimated-m xture-ratio
processor 442 calculates 15 the estimated mxture ratio of the designated:
pi xel belonging to the covered background area by the cal cul ation

expressed in equation (21) based on the pixel values input fromthe

sel ector 441, and supplies the calculated estimated mxture ratio to a

sel ector 444. 20 The estinmated-m xture-rati o processor 443 calculates the
estimated mixture ratio of the designatad pixel belonging to the uncovered
background area by the calculation expressed in equation (22) based on the
pi xel values input fromthe selector 441, and supplies the 25 cal cul ated

h
o B U g S N
th ratio (x
aﬁgﬁctﬁetggégﬁékg?gggplxe?t ?lgg& %Qq %ﬁggPL%ﬁ 35}8§5n3ﬁ§ysépgcts 5

h
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desi gnat pi xel belongs to the background area: d pixel
bel ongs tg, tBﬁdCPVQheéquﬁﬁﬁbﬁéowmdgaéﬁa (2§ %@'@ﬁbgh 4ﬂ4F§ % ?0

estimated mxture ratio supplied fromthe estimt nlxtur
processor i442hangigetsvhlluasothens ¥kdhignhakiiopdxeYWeR %ngedgﬁlgggted

pi xel belongs to the uncovered background area, the selector 444 selects
t he esti nahédhntkbuméxtakkeOoratio o is calculated. N is the pixel
value of the pixel in frame #n+l located at the position
spatially corresponding to the designated pixel. P is the
pixel value of the pixel in frame #n-1 located at the
10 position spatially corresponding to the designated pixel.
Accordingly, since one variable is contained in each of
equations (19) and (20), the mixture ratio a is calculated
by utilizing the pixels in the three frames. The condition
for solving the correct mixture ratio a by sol&ing equations
15 (19) and (20) is as follows. In the image object having the
same foreground components in the mixed area, i.e., in the
image object of the foreground which is captured when the
foreground object is stationary, the pixel values of the
consecutive pixels positioned at the boundary of the image
20 object corresponding to the moving direction of the
foreground object, the number of pixels being two times the
amount of movement v, must be uniform.
As discussed above, the mixture ratio o of the pixels
belonging to the covered background area is calculated by

25 equation (21), and the mixture ratio o of the pixels



supplied fromthe estimated-m xture-rati o processor 443 and sets it as the
m xture ratio a. The selector ~44 then 15 outputs the mxture ratio a which
has been sel ected and set based on the area information. As discussed
above, the m xture-ratio calculator 104 configured as shown in Fig. 55 is
able to calculate the mxture ratio (x for each pixel contained in the

i mge, and 20 outputs the calculated m xture ratio (x. The cal cul ation
processing for the mxture ratio a perforned by the m xture-ratio

cal cul ator 104 configured as showmm-4n3F g 47 is discussed below with
reference to the flowhart of Fig. 56. In step S401, the m xture-ratio 25
cal cul ator 104 obtains area information supplied fromthe - 144 area

3pect 1Y NG Hd: 4030 | 1) 28R S0P U RLLTRE efleo 1 WrerLat] @ prigpessor

e
401 executeés rocessing for ~esti e mxture ra ng a

nodel Cogé@‘?@ﬂ?ﬂ ngzéo a covered background area, and supplies the
estimate xture tTatio to the mxture-ratio determnmi ning portion 403.

Details of the pro i f@r estimating the mxturgonatio are discussed
bel ow wi th referen§§§§6n§%£ﬂflomchart of Fig. 57. Iﬁ s?ep 5403, the

estimat ed- m xture-falg)o gygoessor 402 10 executes the)processing for
estimating the m xture ratio by using a nodel corresponding to an uncovered

backgmsound ares,g. &y isURPIH18:K e REtdratiad SHpdtingy nafd o to the m xture-
rati o determ ning portion 403.

configuration of the estimated-mixture-ratio processor 401.

A frame memory 421 stores an input image in the units of

frames, and supplies the frame subsequent to the frame which

is input as the input image to a frame memory 422 and a

10 mixture-ratio calculator 423.

A frame memory 422 stores an input image in the units
of frames, and supplies the frame subsequent to the frame
supplied from the frame memory 421 to the mixture-ratio
calculator 423.

15 Accordingly, when frame #n+1 is input into the mixture-
ratio calculator 423 as the input image, the frame memory
421 supplies frame #n to the mixture-ratioc calculator 423,
and the frame memory 422 supplies frame #n-1 to the mixture-
ratio calculator 423.

20 The mixture-ratio calculator 423 calculates the
estimated mixture ratio of the designated pixel by solving
equation (21) based on the pixel value C of the designated
pixel in frame #n, the pixel value N of the pixel in frame
#n+l located at the position corresponding to the position

25 of the designated pixel, and the pixel value P of the pixel



In step S404, the m xture-ratio cal culator 104 15 determ nes whet her the
m xture ratios have been estimated for the whole frane. If it is

determ ned that the m xture ratios have not yet been estinmated for the
whol e franme, the process returns to step S402, and the processing for
estimating the mxture ratio for the subsequent pixel is 20 executed. If
it is determned in step S404 that the m xture ratios have been estinmated
for the whole frane, the process proceeds to step S405. In step S405, the
m xture-ratio determning portion 40318ets the m xture ratio based on the
25 area information supplied fromthe area specifying unit 103 - 145 and
indicating to which of the foreground area, the background area, the
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area, the mxture-ratio determ ning portion 403 Sets the estim m xture
ratio the pixel value C of the designated pixel in frame #n, the
pixel value N of the pixel in frame #n+l located at the same
position as the designated pixel, and the pixel value P of
the pixel in frame #n-1 located at the same position as the
10 designated pixel, and outputs the calculated estimated
mixture ratio.

In this manner, the estimated-mixture-ratio calculator
401 calculates the estimated mixture ratio based on the
input image, and supplies it to the mixture—rafio

15 determining portion 403.

The estimated-mixture-ratio calculator 401 calculates
the estimated mixture ratio of the designated pixel by
solving equation (21). The operation of the estimated-
mixture-ratio calculator 402 is similar to that of the

20 estimated-mixture-ratio calculator 401, except that the
estimated-mixture-ratio calculator 402 calculates a
different estimated mixture ratio of the designated pixel by
solving equation (22). Thus, an explanation of the

estimated-mixture-ratio calculator 402 is omitted.

25 Fig. 54 illustrates an example of the estimated mixture



15 supplied fromthe estimted-m xture-rati o processor 402 as the mxture
ratio a. The processing is then conpleted. As discussed above, the

m xture-ratio calculator 104 is able to calculate the mxture ratio a,
which indicates a feature quantity corresponding to each pixel, based on
the 20 area information supplied fromthe area specifying unit 103, and
the i nput i mage. The processing for calculating the mxture ratio a
performed by the mxture-ratio cal culator 104 configured as shown in Fig.
55 is simlar to that discussed wwth-rederence 25 to the flowhart of Fig.
56, and an explanation thereof is - 146 thus omtted. A description is now
given of, with reference to the flowhart of Fig. 57, the mxture-ratio
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frame #n-1 correspondi ng t eS|gnate i xel' contarnéd |%put

i mage. |no§t€Heng§egEB§nH‘EEHE@trﬁbbgn%ahﬁ%%a%QE.é%%tOQ%ﬁ' t&h 'y
val ue N of the pixel frame™*n+l1 c~ rrespondlng t he S|gnate plxel
contaimed in the iyPsden /YL shown in Fig. 48, that the estimated
mixture ratio changes almost linearly in the mixed area.
Referring back to Fig. 47, the mixture-ratio
determining portion 403 sets the mixture ratio o based on
the area information supplied from the area specifying unit
10 103 and indicating to which of the foreground area, the
background area, the covered background area, or the
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 o to 0 when
15 the corresponding pixel belongs to the foreground area, and
sets the mixture ratio o to 1 when the corresponding pixel
belongs to the background area. When the corresponding
pixel belongs to the covered background area, the mixture-
ratio determining portion 403 sets the mixture ratio o to
20 the estimated mixture ratio supplied from the estimated-
mixture-ratio processor 401. When the corresponding pixel
belongs to the uncovered background area,.the mixture-ratio
determining portion 403 sets the mixture ratio o to the
estimated mixture ratio supplied from the estimated-mixture-

25 ratio processor 402. The mixture-ratio determining portion



In step S424, the mixture-ratio calculator 423 calculates the estinmated

m xture ratio based on the pixel value C of the designated pixel in frane
*n, the pixel value P of the pixel in frame 4n-1, and the pixel value N of
the 20 pixel in frame *n+l. In step S425, the mxture-ratio cal culator 423
determ nes whet her the processing for calculating the estimted m xture
ratio is finished for the whole frame. If it is determned that the
processing for calculating the 25 estimated m xture ratio is not finished
for the whole frane, - 147 the proces3$4Returns to step 5421, the
processing for calculating the estinmated mixture ratio for the subsequent
pi xel is repeated. it is determned in step S425 that the processing 5

for cal culyg eatgn%se%wﬁaﬁqu@e%g of B {1 e IR €T TR B

finished, the processing IS conplete i'scussée
estlnatedtﬁbxgg@g-ﬁﬁ%bgmagﬁgﬁessor 401 is able to calculate the estinmted
m xture ratio based on the Input inmage. 10 The m xture-ratio estimating

processing per fogredsbys ashngcr 8PQ§£aﬁ0£I§§EQPQtﬂH %@ﬁeyncovered
background area in step S403 of Fig. 56 is simlar e processing

i ndi cat edcbyifibarbltovahart tat migrupé- @@kﬁ@rﬁadcaxaﬁékngo@. npdel

correspondi ng to the uncovered background area, and an 15 explanation

theredd isellbosoendtitedupplies a pixel belonging to the covered
background area and the corresponding pixels in the previous
and subsequent frames to an estimated-mixture-ratio
processor 442 based on the area information supplied from
the area specifying unit 103. The selector 441 supplies a

10 pixel belonging to the uncovered background area and the
corresponding pixels in the previous and subsequent frames
to an estimated-mixture-ratio processor 443 based on the
area information supplied from the area specifying unit 103.

The estimated-mixture-ratio processor 442 Ealculates

15 the estimated mixture ratio of the designated pixel
belonging to the covered background area by the calculation
expressed in equation (21) based on the pixel values input
from the selector 441, and supplies the calculated estimated
mixture ratio to a selector 444,

20 The estimated-mixture-ratio processor 443 calculates
the estimated mixture ratio of the designated pixel
belonging to the uncovered background area by the
calculation expressed in equation (22) based on the pixel
values input from the selector 441, and supplies the

25 calculated estimated mixture ratio to the selector 444.



The estimated-m xture-rati o processor 442 and the estimted-m xture-ratio
processor 443 shown in Fig. 55 calculate the estimted m xture rati os by
perform ng processing simlar to that of the flowhart of Fig. 57, and 20
an expl anation thereof is thus omtted. The enbodi nent has been descri bed,
assum ng that the object corresponding to the background is stationary.
However, the above-described processing for determning the mxture ratio
a can be applied even if the imge 25 corresponding to the background area
contains notion. For - 148 exanple,-it48he inmage corresponding to the
background area is uniformy noving, the estimated-m xture-rati o processor
401 shifts the overall imge in accordance wth the notion of the
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the m xed area, and executes the above descr processing

ESt'"HtEddﬁb&bﬂé%eﬁatheQaEQQbﬁbgrtéoﬂhgafo%éEQBhﬁd Q?E& tQﬁd”hé&EEg ratio
estimating processing for all the pixels by uSing a npo el corresponding to

the co;ver@@Leléslaam&géaumdx@n@a $atd% 10a0ul BUktst he aal gubahedtgsti mat ed
m xture ratio as the mxture ratio a. In this case, the
ratio a when the designated pixel belongs to the background
area. When the designated pixel belongs to the covered
background area, the selector 444 selects the estimated
mixture ratio supplied from the estimated-mixture-ratio
10 processor 442 and sets it as the mixture ratio a. When the
designated pixel belongs to the uncovered background area,
the selector 444 selects the estimated mixture ratio
supplied from the estimated-mixture-ratio processor 443 and
sets it as the mixture ratio o. The selector 444 then
15 outputs the mixture ratio o which has been selected and set
based on the area information.

As discussed above, the mixture-ratio calculator 104
configured as shown in Fig. 55 is able to calculate the
mixture ratio o for each pixel contained in the image, and

20 outputs the calculated mixture ratio a.

The calculation processing for the mixture ratio a
performed by the mixture-ratio calculator 104 configured as
shown in Fig. 47 is discussed below with reference to the
flowchart of Fig. 56. In step S401, the mixture-ratio

25 calculator 104 obtains area information supplied from the



m xture ratio a indicates the ratio of the background conponents for the
background conponents of the pixels belonging to the covered background
area, and indicates the 20 ratio of the foreground conponents for the

pi xel s belonging to the uncovered background area. For the pixels

bel onging to the uncovered background area, the absolute value of the

di fference between the mxture ratio a and 1 is calculated, and the
cal cul ated absolute value is set as the mxture 25 ratio a. Then, the
signal processing apparatus is able t0d44149 determne the mxture ratio a
indicating the ratio of the background conponents for the pixels bel onging
to the wuncovered background area. Simlarly, the mxture-ratio cal cul ator

104 may eéfgytgp%é%gggggt@ﬁiyiféyre-fﬁté9?§5§&@@;i@@epégggaiﬁgﬁLfor al | the

pi xel s by uSin corresponding to e uncover ed ckground area so

as-to Outﬂf§t&98-£§££&'€%8 e§§5£n€993%x@a&£g§etﬁ@t'g%@ésébﬁgniéﬁure ratio

(x. Anot her processing rforned e mxture-ra 10 calculator 104 is
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a change 1In the poSition of the pixels because the object corresponding to

the foregrguapdchse PN B WhtBuLONSEAR] ¥RHOSLBPY1iBY thél bstDgatbds
characteristic, an equation in 15 which the mxture ratio (x and the sumf

of the f opegreradr§ENPORENtEe anEx BRPeoxathbedet ornbeisgabbatichreesi on can
hold true. By utilizing a plurality of sets of the pixel
Details of the processing for estimating the mixture ratio
are discussed below with reference to the flowchart of Fig.
57.
In step S403, the estimated-mixture-ratio processor 402
10 executes the processing for estimating the mixture ratio by
using a model corresponding to an uncovered background area,
and supplies the estimated mixture ratio to the mixture-
ratio determining portion 403.
In step S404, the mixture-ratio calculator 104
15 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
process returns to step S402, and the processing for
estimating the mixture ratio for the subsequent pixel is
20 executed.
If it is determined in step S404 that the mixture
ratios have been estimated for the whole frame, the process
proceeds to step S405. 1In step S405, the mixture-ratio

determining portion 403 sets the mixture ratio based on the

25 area information supplied from the area specifying unit 103




val ues of the pixels belonging to the mxed area and the pixel values of
t he pi xels belonging to the background area, 20 the equations in which the
m xture ratio ct and the sumf of the foreground conponents are

approxi mated are solved, thereby calculating the mxture ratio (x. Wen a
change in the mxture ratio (x is approximted as a straight line, the

m xture ratio (x can be expressed by 25 equation (23). - 150 a =it + p
(23) In equation (23), i indicates the spatial index when the position of
the designated pixel is set to 0, 1 deségnates the gradient of the
straight line of the m xture ratio a, 5 and p designates the intercept of
the straight line of the mxture ratio a and al so indicates the m xture

ind the gradh oartEaRnd: 8 PhiBhoabt tiartRRORA, 2HE r BPAt i onshi p among
the i ndexpicbe,gradi got &heaegveigdtBsckgggﬁﬁs%g?' Soghgng 10 Flo. 58

By approximatrng the m xfur as éqoation rality of

d'fferentuHE5§HE§dr EbgﬁréuﬁeraﬁﬁglHﬁ@leXle g?i%ﬁhéPC@Hebﬁ1¥§B£gssed by

two vari abl es. e exa own I'n ive mxture ratios
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and the intercept p. Wien the mxture ratio a i s approximated in the plane
shown 3 n BegerbInifgUBbreNch23)3i Scexpandeflikbtifet REtRPhaReCto 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
pixel belongs to the covered background area, the mixture-
10 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
determining portion 403 sets the estimated mixture ratio
15 supplied from the estimated-mixture-~ratio processor 402 as
the mixture ratio a. The processing is then completed.
As discussed above, the mixture-ratio calculator 104 is
able to calculate the mixture ratio a, which indicates a
feature quantity corresponding to each pixel, based on the
20 area information supplied from the area specifying unit 103,
and the input image.
The processing for calculating the mixture ratio a
performed by the mixture-ratio calculator 104 configured as
shown in Fig. 55 is similar to that discussed with reference

25 to the flowchart of Fig. 56, and an explanation thereof is



by considering the novenent v corresponding to the two 20 directions, i.e.,
the horizontal direction and the vertical direction of the inage, and t he
m xture ratio a can be expressed by equation (24). a =jm+ kg + p (24) In
equation (24), j is the index in the horizontal direction 25 and k is the
index in the vertical direction when the - 151 position of the designated
pixel is 0. In equation (24), m designates the horizontal gradient of the
m xture ratio a in the plane, and q indicates the vertical gradient of the
m xture ratio a in the plane. In equati®®h £24), p indicates 5 the
intercept of the mxture ratio a in the plane. For exanple, in frame #n
shown in Fig. 49, equations (25) through (27) can hold true for Q05

t hr ough C@Kus é@ﬁﬁfg&lvely CO5 = aBBO6/v+f 05 (25) 10 CO6 = a06BO6/ v+f 06
(26) Q07 a0 v+ O7 (27) Assunlng that the foreground conponents

posi 1 oned L0 £ GBS BRI e WAL g hler e sanelof s s e
55y 2, osERAckireugh £33, by fopnd (b aplodenctpatEny Ln st o
repl aced Byoedy¥8th§np{243ingutahbQ81 (&8rresponding to the covered

5 Dbackground area in step 5402 of Fig. 56.

In step S421, the mixture-ratio calculator 423 obtains
the pixel value C of the designated pixel in frame #n from
the frame memory 421.

In step S422, the mixture-ratio calculator 423 obtains

10 from the frame memory 422 the pixel value P of the pixel in
frame #n-1 corresponding to the designated pixel contained
in the input image.

In step S423, the mixture-ratio calculator 423 obtains
the pixel value N of the pixel in frame #n+1l cdrresponding

15 to the designated pixel contained in the input image.

In step $424, the mixture-ratioc calculator 423
calculates the estimated mixture ratio based on the pixel
value C of the designated pixel in frame #n, the pixel value
P of the pixel in frame #n-1, and the pixel value N of the

20 pixel in frame #n+1l.

In step S425, the mixture-ratio calculator 423
determines whether the processing for calculating the
estimated mixture ratio is finished for the whole frame. If
it is determined that the processing for calculating the

25 estimated mixture ratio is not finished for the whole frame,



20 can be expressed by equation (29). f ( x ) = (1- (jmtkg+p)) Fc =]
(-nmFc)+k (-gFc)+((1-p) Fc) = js+kt+u (29) In equation (29), (-nFc), (-qgFc),
and (1-p)Fc are 25 replaced, as expressed by equations (30) through (32), -
- 152 respectively. s = -nFc(30) t = -qFc(31) u = (1-p) Fc(32) 5 1In
equation (29), j is the index in the horizontal direction and k is the
index in the vertical direction when the position of the designated pi xel
is 0. As discussed above, since it can be assuned that the object o
corresponding to the foreground is nmevildg with 10 constant velocity within
the shutter time, and that the foreground conponents positioned in close
proximty with each other are uniform the sumof the foreground

conmponent %hecgﬁo%s%pme%fé%: et%lglee%qlé%tjlon t %g)prfovéthe%gsl}ng? &r)(;hlrjlae ratio a
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replacing the mxture ratio a an e sumo or egroun nts in

equati on @g&klbﬁsu%g@ga%qgﬁtions 20 (24) and (29), the pixel value M can
be expressed by

If it is determined in step S425 that the processing
5 for calculating the estimated mixture ratio for the whole
frame is finished, the processing is completed.

As discussed above, the estimated-mixture-ratio
processor 401 is able to calculate the estimated mixture
ratio based on the input image.

10 The mixture-ratio estimating processing performed by
using a model corresponding to the uncovered background area
in step 5403 of Fig. 56 is similar to the processing
indicated by the flowchart of Fig. 57 performed by using a
model corresponding to the uncovered backgroun& area, and an

15 explanation thereof is thus omitted.

The estimated-mixture-ratio processor 442 and the
estimated-mixture-ratio processor 443 shown in Fig. 55
calculate the estimated mixture ratios by performing
processing similar to that of the flowchart of Fig. 57, and

20 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 determining the
mixture ratio a can be applied even if the image

25 corresponding to the background area contains motion. For



equation (34) . M= (jmtkq+p)B+j s+kt+u = j BmtkBg+Bp+j s+kt+u (34) In
equation (34), unknown variables are six factors, 25 such as the

hori zontal gradient mof the mxture ratio a in - 153 the plane, the
vertical gradient g of the mxture ratio a in the plane, and the
intercepts of the mxture ratio a in the plane, p, s, t, and u. The pi xel
val ue M and the pixel value B are set in 5 equation (34) in accordance
with the pixels close to the designated pixel, and then, a plurality of
equations in which the pixel value M a#8 the pixel value B are set are
solved by the nethod of |east squares, thereby calculating the m xture
ratio a. 10 It is now assuned, for exanple, that the horizontal index j of

the desig ﬁsaglgiX§k Eﬁe5§ﬁ858 gorﬁﬁgggﬂalnﬁemheﬁﬁ%hbgg§§e$u8& the

deS|gnate is set to case val Ge“M or the

pi xel val yg §na§ora§g mevaﬂg ”Eﬁgaésﬁgﬂékbﬁﬂmﬁ§EB?§§?Qt? 5988&g§8r(34> for

15 3x3 pixels located 1nt proximty wt esi
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5 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 processor 401 selects the pixels
corresponding to the motions as the corresponding pixels
10 belonging to the mixed area, and executes the above-
described processing.

The estimated-mixture ratio calculator 104 may execute
only the mixture-ratio estimating processing for all the
pixels by using a model corresponding to the covered

15 background area so as to output 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 background components of the pixels
belonging to the covered background area, and indicates the

20 ratio of the foreground components for thelpixels belonging
to the uncovered background area. For the pixels belonging
to the uncovered background area, the absolute value of the
difference between the mixture ratio o and 1 is calculated,

and the calculated absolute wvalue is set as the mixture

25 ratio a. Then, the signal processing apparatus is able to



M1,0 = (-1) 'B-1,0'm+(0) B 1,0 g+B-1,0p+(-1) s+(0) t+u (38) MO, 0 = (0) BO
Onw(O) BO' 0g+BO, 0p+(0) s+(0) t +u (39) Mr1,0 (+1) 'B+1,0' m+(0)

B+1, 0' g+B+1, 0' p+(+1) s+(0) t+u (40) 25 M1,+1 = (-1) 'B-1, +1' m+(+1)
B-1,+1'g+B-1, +1' p+(-1) .s+(+1) t+u - 154 (41) MO +1 = (0) 'BO +1' m+(+1)
BO, +1' q+BO, +1' p+(0) s+(+1) t+u (42) M1, +1 - (+1) B+1, +1' m+(+1) _

B+1, +1' q+B+1, +1' p+(+1) s+(+1) t+u (43) 5 Since the horizontal index j of
the designated pixel is 0, and the vertical index k of the designated
pixel is 0, the mxture ratio a of theqdesignated pixel is equal to the
value when j is O and k is O in equation (24), i.e., the mxture ratio a
is equal to the intercept p in equation (24). 10 Accordingly, based on the

t 35 43 t he horizantal gradient
M CthebePRrEkhegrha Bty -enatinee .ap@&%&gﬁ 3 ng 2atig 88 %Eeet |
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t th st squares is as follows.
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expressed by equation % i ?3 ?% ? %OM/assuned
that tde Bﬁ&yzﬁﬂbahlgtﬁgbeﬂﬁtﬂb Egﬁlmatlng processing for all the
pixels by using a model corresponding to the uncoyvered
background area so as-to output the calculated estimated
mixture ratio as the mixture ratio «a.
Another processing performed by the mixture-ratio
10 calculator 104 is discussed below.
The mixture ratio o 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
15 which the mixture ratio a 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,
20 the equations in which the mixture ratio a and the sum f of
the foreground components are approximated are solved,
thereby calculating the mixture ratio «.
When a change in the mixture ratio a is approximated as
a straight line, the mixture ratio a can be expressed by

25 equation (23).



vertical gradient g, and the intercepts p, s, t, and u are expressed by
variables w0, W, w2, w3, w4, and wb, respectively, and |jB, kB, B, j, k and
1 are expressed by a0, 25 al, a2, a3, a4, and as, respectively. In '
consideration of - 155 the error ex, equations (35) through (43) can be
nodified into equation (45). 5 Mk =Y ay w + ex y=0 (45) In equation
(45), x is any one of the integers fromO to 8. 5 Equation (46) can be
found fromequation (45). 5 ex = Mk - Yay w y=0 (46) Since the nethod
of |east squares is applied, the squat®0sumE of the error is defined as
foll ows, as expressed by equation (47). 10 E _ ex2 x=0 (47) In order to
mnimze the error, the partial differential value of the variable W with
respect to the éqygrpﬂiun1E of the error should be 0. v(bg)any one of the
i nt egers fromb 1o 5. us, wy is determned so that

In equation.(23), 1 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 o,

5 and p designates the intercept of the straight line of the
mixture ratio a and also indicates the mixture ratio a of
the designated pixel. In equation (23), the index i is
known, and the gradient 1 and the intercept p are unknown.

The relationship among the index i, the gradient 1, and

10 the intercept p is shown in Fig. 58.

By approximating the mixture ratio o as equation (23),
a plurality of different mixture ratios o for a plurality of
pixels can be expressed by two variables. In the example
shown in Fig. 58, the five mixture ratios for five pixels

15 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. 59, equation (23) is expanded into the plane
by considering the movement v corresponding to the two

20 directions, i.e., the horizontal direction and the vertical
direction of the image, and the mixture ratio o can be
expressed by equation (24).

o = jm + kq + p (24)

In equation (24), 7 is the index in the horizontal direction

25 and k is the index in the vertical direction when the



15 equation (48) is satisfied. aE aWw 2 aex ex aw x=0 8 =2lexav=0 x=0
(48) By substituting equation (46) into equation (48), equation (49) is
obtained. 8 581 (av lay. W) =Z av Mk x=0 Y=0 x=0 (49) - 156 For
exanpl e, the sweep-out nethod (Gauss-Jordan elimnation) is applied to the
normal equations consisting of six equations obtained by substituting one
of the integers fromO to 5 into v in equation (49), thereby 5 obtaining
wy. As stated above, wOis the horizontal gradient m wl is the vertica
gradient g, w2 is the intercept p, w3dlb$ s, wvd ist, and ws is u. As

di scussed above, by applying the nmethod of |east squares to the equations
in which the pixel value Mand the

position of the designated pixel is 0. 1In equation (24), m
designates the horizontal gradient of the mixture ratio o in
the plane, and g indicates the vertical gradient of the
mixture ratio o in the plane. In equation (24), p indicates
5 the intercept of the mixture ratio o in the plane.
For example, in frame #n shown in Fig. 49, equations

(25) through (27) can hold true for CO5 through CO07,

respectively.
CO05 = a05:-B05/v+£05 (25)
10 C06 = a06-B06/v+£f06 (26)
C07 = a07+-BO07/v+£07 (27)

Assuming that the foreground components positioned in
close proximity with each other are equal to each other,
i.e., that FOl through FO03 are equal, equation (28) holds

15 true by replacing FOl through F03 by fc.

f(x) = (l-a(x))Fc (28)

In equation (28), x indicates the position in the spatial
direction.

When o (x) is replaced by equation (24), equation (28)

20 can be expressed by equation (29).

f(x) = (1-(jm+kg+p)) -Fc

jr{-m+Fc)+k- (=g Fc)+ ((1-p) *Fc)

js+kt+u (29)
In equation (29), (-m-Fc), (-g:Fc), and (l-p)‘'Fc are

25 replaced, as expressed by equations (30) through (32),



10 pixel value B are set, the horizontal gradient m the vertical gradient
g, and the intercepts p, s, t, and u can be determned. Since the
intercept p is positioned at the point when the indexes i and k are O,
i.e., the mxture ratio a at the 15 central position, it is output. A
description has been given with reference to equations (35) through (43),
by assuming 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
20 B. Inthis case, it is necessary tol1set -normal equations for each of
the cases where the designated pixel is contained in the covered
background area, or the designated pixel is contained in the uncovered

backgr oun NS xanple, if the mxture ratio a of the pixel 25
containedq¥%ﬁ$ﬁ§:8§% red background area in frame #n shown - 157 in Fig.

49 is determ ngd. g&4 through C08. of the pixels in fggne #n and the pixe
val ues P04 t hrough Og of the pixels in frame #n-1 478 set in the nornal

equations. If the ngggre ratio a of the pixels contg%ffd inthe 5
uncover ed background area in frane #n shown in Fig. S determ ned, C28

through C32 of yt be (piLyglgcin frane #n and the pixel g@{ues N28 t hrough N32
of the pixels in frane #n+l are set in the normal equations. Mreover, if,

for exanple, the siwhuienrabbe,a;jof st bre10phxg! 150phai Ngd;Lp,Lhe covered
background area shown in Fig.
direction and k is the index in the vertical direction when
the position of the designated pixel is 0.
As discussed above, since it can be assumed that the
object corresponding to the foreground is moving with
10 constant velocity within the shutter time, and that the
foreground components positioned in close proximity with
each other are uniform, the sum of the foreground components
can be approximated by equation (29).
When the mixture ratio o is approximated By a straight
15 1line, the sum of the foreground components can be expressed
by equation (33).
f(x) = is + u (33)
By replacing the mixture ratio d and the sum of the
foreground components in equation (13) by using equations
20 (24) and (29), the pixel valﬁe M can be expressed by
equation (34).

M

(Jmt+kqg+p) *B+js+kt+u

JB'm+kB-g+B- p+j-s+k-t+u (34)
In equation (34), unknown variables are six factors,

25 such as the horizontal gradient m of the mixture ratio a in



60 is calculated, the follow ng equations (50) through (58) are set. The

pi xel value of the pixel for which the mxture ratio a is calculated is
Mc5. Mel =(-1)Bclm+(-1)Bcl g+Bcl p+(-1)s+(-1)t+u(50) 15Mc2 =(0) Bc2m+(-1)
Bc2g+Bc2p+(0) s+(-1) t+u(Si) M3 =(+1)Bc3m+(-1)Bc3qg+Bc3p+(+1)s+(-1)t+u(52)
M4 =(-1) Bcdm+(0) Bc4q+Bcdp+(-1) s+(0) t+u(53) Mc5 =(0) Bc5m+(0)
Bc5q+Bc5p+(0) s+(0) t+u(54) M6 =(+1) Bcémt(0) Bc6g+Bcbp+(+l) s+(0) t+u(55)
20Mc7 =(-1)Bc7m+(+1) Bc7q+Bc7p+(-1)s+(+1)t+u(56) M8 =(0) Bc8m+(+1)
Bc8g+Bc8p+(0) s+(+1) t+u(57) M9 =(+%)1B89ma+(+1) Bc9g+Bc9p+(+l) s+(+1)
t+u(58) When the m xture ratio a of the pixel contained in the covered
background area in frane #n is cal cul ated, the pixel 25 values Bcl through
Bc9 of th i xel.s, .of e LQu I -1 [ I, #n-1.i.n equations
(50) throggs Peane’r sEEcuRRbErsl aighs Bk, tha E“ﬁgq%irfler’fétilﬁ Praie. o
are used. , of ex I t ' ti Q. .a I.xe contained in
t he uncovgbgdpéggﬁér%gﬁd%gsegﬁ§%g$ﬁgﬁﬁ E?g%RgomggtkggcgﬁégPagegg ?hg

fol | ow ngpaguati enss(5%), thwough (67) are set. The pixel value of the pixel
for which the mxture ratio a is calculated is MuS. (59) Ml =

(-1)Bul m-(-1) Budg+Buket(vdlse(mldhdUetM2pFxel value B are set in

(0) Bu2mt( - 1) Bu2g+Bu2p+(0) s+(-1)t +u(60) 10Mu3

(+1) BuBm+eqhhBudea+Badp+ihlhstordhhte( @lxh the pixels close to the
designated pixel, and then, a plurality of equatiens in
which the pixel value M and the pixel value B are set are
solved by the method of least squares, thereby calculating
the mixture ratio «.

10 It is now assumed, for example, that the horizontal
index j of the designated pixel is set to 0, and the
vertical index k of the designated pixel is set to 0. 1In
this case, when the pixel value M or the pixel value B is
set in the normal equation expressed by equatidn (34) for

15 3x3 pixels located in the proximity with the designated

pixel, equations (35) through (43) are obtained.

Mog,-1= (=1) By, yom+(=1) By, _1"q+B_q, 1P+ (-1) *s+(-1) - t+u
(35)
Mg, = (O)-Bofd-m+(—l)-Bofq-q+B0f4-p+(0)-s+(—l)-t+u (36)

200 Myq, = (+l)-B+L_1-m+(—1)-B+L_1-q+B+L_1-p+(+1)-s+(—1)-t+u
(37)
Mo1,0= (=1) By o'm+(0) "By ¢°q+B_y o°P+(-1) +s+(0) - t+u (38)
Mp,0 = (0) "By, g m+(0) *By o g+Bg, o P+ (0) s+ (0) - t+u (39)
Myp,0 = (#1) *Byq, o M+ (0) *Byg o g+Byq o pt+ (+1) *s+(0) - t+u (40)

25 M‘l,'f'l = ("l) 'B_l’+l'm+ (+l) .B—l,+1lq+B-1,+1.p+(—l) * S+ (+l) ‘t+u



Mu4 = (-1)Budm+(0) Budq+Budp+(-1)s+(0)t+u(62) Mu5 =(0) BuSm+(0)
Bu5g+BuSp+(0) s+(0) t+u(63) Mi6 = (+1)Bubm+(0) Bu6q+Bubp+(+1)s+(0)t+u(64)
Mu7 =(-1) Bu7m+(+1) Bu7g+Bu7p+(-1) s+(+1) t+u(65) 15Mu8 =(0) Bu8m+(+1)
Bu8qg+BuBp+(0) s+(+l) t+u(66) M9 =(+1) Bu9m+(+1) Bu9qg+Bu9p+(+1) s+(+l)
t+u(67) When the m xture ratio a of the pixel contained in the uncovered
background area in frane #n is calculated, the pixel values Bul through
Bu9 of the pixels of the background 20 area in frame #n+l in equations (59)
t hrough (67), respectively, correspondibAg-to the pixels in frame #n are
used. Fig. 61 is a block diagramillustrating the configuration of the
estimated-m xture-rati o processor 401. 25 An inage input into the
estimated-m xture-ratio processor - 159 401 is supplied to a d I?¥ portion
501 and an adder 502. A delay circuit 221 delays the input im é or one

frame, ang suppligs.ghe i.grge togpthe. er H02. fran n i pplied
as the inp8t$%naée§to°fﬁe agde? EB?? ?ﬁgo“g gﬁﬁgyhgﬁﬁg&?pﬁigl sﬁégwies

frame #n-11,1 09, theaddes, 502.m+ T aglder. 20& sets iha 1pixel l.ye. of the
pi xel adjaé%ﬂ? to the pﬁxé for mhid%’?%e nfﬁfﬂTghpatPo a(fgq gaﬁculated,

and the pixel value of frame #n-1 in the normal equation. For exampple, the
adder 502 sets the pixel values 10 Ml through M9 and the pixel val ues Bcl
through Bc9 inSihee bhenmabregoatabnsnbasesl of enNvalboDngnibOY HI%kOUTHs (58),

0, and the vertical index k of the designated pixgl is 0,
the mixture ratio o of the designated pixel is equal to the
value when j is 0 and k is 0 in equation (24), i.e., the
mixture ratio o is equal to the intefcept p in equation (24).

10 Accordingly, based on the nine equations, i.e.,
equations (35) through (43), the horizontal gradient m, the
vertical 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.

15 ' A specific process for calculating the mixture ratio o
by applying the method of least squares is as follows.

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 (44).

20 X = (j+1) 3+ (k+1) (44)

It is now assumed that the horizontal gradient m, the
vertical gradient g, and the intercepts p, s, t, and u are
expressed by variables w0, wl, w2, w3, w4, and w5,
respectively, and jB, kB, B, j, k and 1 are expressed by ao0,

25 al, a2, a3, a4, and a5, respectively. 1In consideration of



respectively. The adder 502 supplies the normal equations in which the

pi xel values are set to a cal cul ator 503. The cal cul ator 503 determ nes the
estimated m xture 15 ratio by solving the normal equations supplied from -
the adder 502 by, for exanple, a sweep-out nethod, and outputs the
determ ned estimated m xture ratio. In this manner, the

estimated-m xture-ratio processor 401 is able to calculate the estinated
m xture ratio based 20 on the input imge, and supplies it to the

m xture-ratio determ ning portion 46315bhe estimated-m xture-ratio
processor 402 is configured simlar to the estimated-m xture-ratio
processor 401, and an explanation thereof is thus omtted. 25 Fig. 62
illustrat ey ezigol f tieate jxture 160 ratio cal.cul ated by
t he esti naq}tcneegfém xtur éﬁr%ﬁutgrigrog%es(rs%r) c%(?f?.&#he( 4e3§t i é’& Fﬁogtl%rlglér atio
shown in Rirgo @ua%itde (agsult represented by one line and obtained by
performng the calculation by generating equations in units of 7x7- 5

pi xel bl ocks t he novenent v of the foreground corresponding to the

obj ect nowWHhg aycomgtiamx velocity is 11. The estinated(4d)xture ratio
changes al nost YFinearly in the m xed area, as shown in Fig. 48. 10 The

m xture-ratio determning portion 403 sets the mxture ratio based on the
areahinLoﬂEa@ﬁumti@mpHM6d,f&OEE e aheaoFpeticl Minte st r18% and.i rdi cating
to ich of the

5 Equation (46) can be found from equation (45).
5
ex=Mx—Zay-wy (46)
y=0

Since the method of least squares is applied, the
square sum E of the error is defined as follows, as

eXpressed by equation (47).

8
10 E = ) ex? (47)
%x=0

In order to minimize the error, the partiil
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

15 equation (48) is satisfied.

OE $ Oex
oW 2 Z;ex | oWy
(48)

8
2- z:ex -av = 0
x=0

By substituting equation (46) into equation (48),

equation (49) is obtained.

] 5

8
Z(av-Zay-Wy) =Zav-Mx (49)
x=0

x=0 y=0



foreground area, the background area, the covered background area, or the
uncover ed background area the pixel for which 15 the mxture ratio ais to
be cal cul ated bel ongs. The mxture-ratio determ ning portion 403 sets the"
m xture ratio to O when the correspondi ng pi xel belongs to the foreground
area, and sets the mxture ratio to 1 when the corresponding pixel bel ongs
to the background area. \Wen the 20 correspondi ng pi xel belongs to the
covered background area, the mxture-ratio determ ning portion 403 sets
the m xture ratio to the estimated f kb6Gre ratio supplied fromthe
estimated-m xture-rati o processor 401. Wen the correspondi ng pixel

bel ongs to the uncovered background area, 25 the m xture-ratio determ ning

portion 403 segﬁ%tggaﬁﬁféyr é_gpgepxga'qméghégeéggﬁg%%%ig*%gxture ratio

supplied fromt Stinmated-m xture-rati o processor m xture-ratio

det er m ni 893 AORLEABAFO3sOYbRYL ! B EhéﬁﬂaﬁméﬁtEgggggspgbé§ﬁs?§ﬁﬁ?get based

on the area I nformati on. e calculation proce e mxtare ratio

per formedoby st ReeflidtUbBsr 8btaiaabcBlakapst92uMhel bAE of the = ,
estimated-m xture-ratio processor 401 is configuréd as shown in Fig. 61 is

di scussedibekgwryi thonebeegnseiheot heinf bgwahabh Q4oki 9tnB3epin step S501,
the m xture-ratio 10 cal cul ator 102 obtains area information Supplied from

the o eaobpathiygngyuni Asl8tatkd sbepeSHNRB, ikheneshbrakedtal Xture-ratio
processor 401 executes the processing for estimating the m xture ratio by
using a ngdeHieotrmspefdisgthe vertical gradient g, w2 is the
intercept p, w3 is s, wd is t, and w5 is u.
As discussed above, by applying the method of least
squares to the equations in which the pixel value M and the
10 pixel value B are set, the horizontal gradient m, the
vertical gradient q, and the intercepts p, s, t, and u can
be determined.
Since the intercept p is positioned at the point when
the indexes i and k are 0, i.e., the mixture ratio a at the
15 central position, it is output.
A description has been given with reference to
equations (35) through (43), 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
20 B. In this case, it is necessary to set normal equations
for each of the cases where the designated pixel is
contained in the covered background area, or the designated
pixel is contained in the uncovered background area.

For example, if the mixture ratio a of the pixel

25 contained in the covered background area in frame #n shown



to a covered background area, and supplies the estimated 15 m xture ratio
to the mxture-ratio determning portion 403. Details of the processing
for estimating the m xture ratio are discussed below with reference to the
flowmchart of Fig. 64. In step S503, the estimted-m xture-rati o processor
402 20 executes the processing for estimating the mxture ratio by using a
nodel corresponding to an uncovered background area, and supplies the
estimated m xture ratio to the mxture- ratio determ ning portion 403. In
step 5504, the mixture-ratio cal cul atot5102 25 determ nes whet her the

m xture ratios have been estimated - 162 for the whole frame. If it is
determ ned that the m xture ratios have not yet been estinmated for the
whol e frang, ¢the roge ; t t : d_th r Lng._for

st mati gt e on feure. farrorntand o3 Flsndn: c8er FuB BEERIE a1 11
is determ I BAS 4.t LXbype 1,0S ve b Lmpted for
t he mholgEgggﬁe?nt gap?ggeggag%rgggggg ?g4sF2%8g?§5?6?n8§tgggsﬁgggﬂ?he

m xture-rahi grafgt %ﬂhnial@g Beg! &ﬁntﬂi@?»na%alt Bﬁug‘;%ﬂé? rati o based on the

10 area information supplied fromthe area specifying unit 101 and

i ndi cating to whi€he Ohikheré or£e{OURAr ERe H1Re1DACKYE QNG A €3y & he
covered background area, or the wuncovered background area the pixel for
whi ch 3 heulicstratedr BhcRgrsuhd Beecgakaufatfd Beal eReen Thermpxtgpejgatio
determined, C28 through C32 of the pixels in frame #n and
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 o of the
10 pixel contained in the covered background area shown in Fig.
60 is calculated, the following equations (50) through (58)

are set. The pixel value of the pixel for which the mixture

ratio a is calculated is Mc5.

Mcl = (-1):Bcl-m+(-1) Bel-g+Bcl p+(~1) s+ (-1) t+u (50)
15 Mc2 = (0)+Bc2-'m+(-1)+Bc2+g+Bc2-p+(0) +s+(-1) - t+u (51)
Mc3 = (+1) *Bc3:'m+(-1) -Bc3+ q+Bc3 p+ (+1) rs+(=-1) - t+u (52)
Mc4 = (-1)+Bcd-'m+(0) +Bcd-g+Bcd p+(-1) s+ (0) - t+u (53)
Mc5 = (0) *Bc5:m+(0) *Bc5-g+Bc5-p+(0) s+ (0) - t+u (54)
Mc6é = (+1)*Bc6'm+(0) +Bc6 g+Bcb p+(+1) s+ (0)-t+u (55)
20 Mc7 = (-1):Bc7:mt+ (+1) *Bc7-g+Bc7 p+(~1) *s+ (+1) - t+u (56)
Mc8 = (0) *Bc8:m+ (+1) -Bc8-g+Bc8 p+(0) *s+ (+1) - t+u (57)

Mc9 = (+1) *BcO9-m+ (+1) Bc9+-g+BcO p+ (+1) *s+ (+1) - t+u (58)
When the mixture ratio o of the pixel contained in the
covered background area in frame #n is calculated, the pixel

25 wvalues Bcl through Bc9 of the pixels of the background area



15 determ ning portion 403 sets the mxture ratio to O when the
correspondi ng pi xel belongs to the foreground area, and sets the m xture
ratio to 1 when the correspondi ng pi xel belongs to the background area.
When the correspondi ng pi xel belongs to the covered background area, the

m xture-ratio 20 determ ning portion 403 sets the estimated m xture ratio
supplied fromthe estinmated-m xture-rati o processor 401 as the mxture
rati o. Wien the correspondi ng pi xel belongs to the uncovered background
area, the mxture-ratio determ ning -pos8i en 403 sets the estinmated m xture
ratio supplied from25 the estinmated-m xture-rati o processor 402 as the

m xture - 163 ratio. The processing is then conpleted. As di scussed above,

h i .e- i | cul,at 1 i I I th i Xt ti ,
wnioh | naiSaceets Hiedi ih SAREPES d8P) cEbERtitRg (Eh) GabRoRERE! VbHsad on
the 5 area infapmaliay SupRkied; (Lo Lhe faLga gReqilyiagquni t 101, and the
i nput inmage. By using“the mXxtdare ratio a, It i's possiblé’'to separate the

foreground compenepbs apdublie, bAGKOLPUAAro COORERCEY! SeCORLALNRE I N Lhe pixel

value while mainfaining 1 rnformation o not i on ur contained in

the i mage c,6@LkaSRORMI Ry et anke%iet%_&i BQcQBjr%lﬁhd Ll cbhenbfRIE %iéYn%BESi zed

based on the mxture ratio a, i's possible to create an 1 magé contai ni ng

moti ons bl 4k chhatlgrbehesnktheosnerdngl ebe tABYIsNg 50h) eatowihchehai Lhtul Iy
15 reflects the real world.

set. The pixel value of the pixel for which the mixture

ratio o is calculated is Mub5.

Mul = (-1)-Bul-m+(-1) *Bul-g+Bul-p+(-1) s+ (-1) -t+u (59)
Mu2 = (0)-Bu2-m+(-1) Bu2-q+Bu2-p+(0) *s+(-1) t+u (60)
10 Mu3 = (+1) *Bu3-'mt+(-1) +Bu3-g+Bu3 p+(+1) s+ (-1) - t+u (61)
Mu4 = (-1)+Buéd-'m+(0) - Bud-q+Bud- p+(-1)-s+(0) t+u (62)
Mu5 = (0) *BuS+'m+(0) +Bub-qg+Bub:p+(0) +s+(0) - t+u (63)
Mu6 = (+1)-Bu6-m+(0) +Bu6-q+Bué p+(+1) s+ (0) t+u (64)
Mu7 = (-1)-Bu7-m+(+1) -Bu7-q+Bu7-p+(-1) -s+(+1) -t+u  (65)
15 Mu8 = (0)-Bu8-+m+(+1)-Bu8-q+Bus8-p+(0) -s+(+1) -t+u (66)

Mu9 = (+1) -Bu9-m+(+1) *Bu9:qg+Bul-p+(+1) *s+(+1) -t+u (67)

When the mixture ratio o of the pixel contained in the
uncovered background area in frame #n is calculated, the
pixel values Bul through BuS of the pixels of the background

20 area in frame #n+l in equations (59) through (67),

respectively, corresponding to the pixels in frame #n are
used.

Fig. 61 is a block diagram illustrating the
configuration of the estimated-mixture-ratio processor 401.

25 An image input into the estimated-mixture-ratio processor



‘A description is now given of, with reference to the flowhart of Fig. 64,
the m xture-ratio estimating processing by using a nodel corresponding to
the covered background area in step S502 of Fig. 63. 20 In step S521, the
adder 502 sets the pixel value contained in the input inmage and the pixel
val ue contained in the image supplied fromthe delay circuit 221 in a
normal equation corresponding to a nodel of the covered background area.
25 In step S522, the estimted-m xture-ratio processor 401 - 164

det erm nes whether the setting of the 1agget pixels is finished. If it is
determ ned that the setting of the target pixels is not finished, the
process returns to step S521, and the processing for setting the pixel

s hat tPC 10 s R RECRYAL ] R1LE LEREALRTSOLT Shly LR 28KELTLAES 10 SteP

S522 that the Seft pirxel'sTrs es
roceeds to st 5 es e
gstlnated n1xtﬁ$%e$%f %ggg%e%%fiéé??éF @¢§ %ﬁ?ﬁoﬁﬁggga%%yﬁﬁ§ch the
pi xel s vakysﬁearsnaeéup NdeQUERUL $mbhE EélEHEagﬁgernbﬁku

reyhah
di scussed above, the es?lnated m xture-ratio processor 40? |s a
cal cul at eghhesesuppaied abXEHéelnﬁatlmeagegooehéhsdaepusoz"HEE 15 The

m xture-ratio estinmating processing by using a nodel Correspondlng to the
uncovey eddbaekgeovadiar gali Bupp&Pes frame #n-1 to the adder 502.

The adder 502 sets the pixel value of the pixel
adjacent to the pixel for which the mixture ratio a is
calculated, and the pixel value of frame #n-1 in the normal
equation. For example, the adder 502 sets the pixel values

10 Mcl through Mc9 and the pixel values Bcl through Bc9 in the
normal equations based on equations (50) through (58),
respectively. The adder 502 supplies the normal equations
in which the pixel values are set to a calculator 503.

The calculator 503 determines the estimated mixture

15 ratio by solving the normal equations supplied from the
adder 502 by, for example, a sweep-out method, and outputs
the determined estimated mixture ratio.

In this manner, the estimated-mixture-ratio processor
401 1s able to calculate the estimated mixture ratio based

20 on the input image, and supplies it to the mixture-ratio
determining portion 403.

The estimated-mixture-ratio processor 402 is configured
similar to the estimated-mixture-ratio processor 401, and an

explanation thereof is thus omitted.

25 Fig. 62 illustrates an example of the estimated mixture



S153 of Fig. 63 is simlar to the processing indicated by the flowhart of
Fig. 64 by using the nornmal equations corresponding to a nodel of the
uncover ed background area, 20 and an explanation thereof is thus omtted.
The enbodi nent has been descri bed, assum ng that the object corresponding
to the background is stationary. However, the above-described

m xture-ratio calculation processing can be applied even if the inage
corresponding to 25 the background area contains notion. For exanple, if
the - 165 1inmage corresponding to the béagkground area is uniformy noving,
the estimated-m xture-rati o processor 401 shifts the overall inmage in
accordance with this notion, and perfornms processing in a manner simlar

to the casgci whiehiLbeaSyobLRg! ocorqesRanding,Le Lhe: baskground. i o

stationary. € 1 nage correspondi ng ackgroundTaréa cont ai ns

| ocal l'y dhb&?Te@he”BEE?ﬂéte&hﬁiﬁﬁhgg?tggigiéhH%ﬁ'&ﬁt%Eg.pBQCﬁgsgﬁ 401

sel ects the pixels corresponding t notions as t pi xe e?onging to

the m xedrasgatr 2BgrdQeA¥XEQULGSohBel12RavEndessELRaddPHYCEESENTmidhe
f oregr ound/ background separator 105 is discussed below  Fig. 65 is a block

di agram i thustratungtaBneygnBeer2t ihheegnti gHEALhOANOEst BE 7x7-
f or egr ound/ background separator 105. The input imge supplied to the

foregroungihackplodre whbnseparaboemdNd trSoguppki €drkgrausgparating portion
601, a swtch 602, and a switch 604. The area information supplied from
the area specebpbngdingi tol6Beavdjeodi naving wheh constant velocity is
11.
The estimated mixture ratio changes almost linearly in
the mixed area, as shown in Fig. 48.
10 The mixture-ratio determining portion 403 sets the
mixture ratio based on the area information supplied from
the area specifying unit 101 and indicating to which of the
foreground area, the background area, the covered background
area, or the uncovered background area the pixél for which
15 the mixture ratio o is to be calculated belongs. The
mixture-ratio determining portion 403 sets the mixture ratio
to 0 when the corresponding pixel belongs to the foreground
area, and sets the mixture ratic to 1 when the corresponding
pixel belongs to the background area. When the
20 corresponding pixel belongs to the covered background area,
the mixture-ratio determining portion 403 sets the mixture
ratio to the estimated mixture ratio supplied from the
estimated-mixture-ratio processor 401. When the
corresponding pixel belongs to the uncovered background area,

25 the mixture-ratio determining portion 403 sets the mixture



information of the covered background area and the uncovered background
area is supplied to the separating portion 601. 20 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 mxture-ratio calculator 104 is supplied
to the separating portion 601. 25 The separating portion 601 separates the
foreground - 166 conponents fromthe input inmage based on the area

i nformation indicating the covered backgtound area, the area information

i ndi cating the uncovered background area, and the m xture ratio a, and
supplies the separated foreground 5 conponents to a synthesizer 603. The

separatingapeb! kN AdloRl AR 8APALALES ! PRLRACKALBYRd COUBRNERLS T om the;

i nput i mage, supp I es the separated backgro conponents to a
synt hesi zgk+6RatredbRigMikebr8020l ?r@b@%@grmﬁgﬁ a @héehlﬁeﬁEQSPQEang to 10

the foreground is input based on the area information indicating the

foregroundeaé@ﬁapaﬁg puPRLbAS 408! Yutpatpi ¥BksmigeurespaRdbngnht ent s
foreground contained in the input image to the synthesizer 603. The switch

604 is cl psed whenbaspuxeh eherespandnfigrinatidh.t he background is input
based on the area information indicating the background area, and supplies
only the pi xel Bhe coaleshantbmgptocst heibackgr otine mbxt@raedat ot he i nput
imge to the synthesizer 605.
performed by the mixture-ratio calculator 102 whep the
estimated-mixture-ratio processor 401 is configured as shown
in Fig. 61 is discussed below with reference to the
flowchart of Fig. 63. 1In step S501, the mixture-ratio
10 calculator 102 obtains area information supplied from the
area specifying unit 101. In step S502, the estimated-
mixture-ratio processor 401 executes the processing for
estimating the mixture ratio by using a model corresponding
to a covered background area, and supplies the estimated
15 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.
64.
In step S503, the estimated-mixture-ratio processor 402
20 executes the processing for estimating the mixture ratio by
using a model corresponding to an uncovered background area,
and supplies the estimated mixture ratio to the mixture-
ratio determining portion 403.

In step S504, the mixture-ratio calculator 102

25 determines whether the mixture ratios have been estimated



The synt hesizer 603 synthesizes a foreground conponent
the foreground conponents supplied fromthe

pi xel s corresponding to the foreground supplied fromthe switch 602,
outputs the synthesized foreground conponent inage. Since the foreground

area and the m xed area do not overl ap,
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t hereby synthesizing the foreground conponent image. In the

initializing processing executed at thke6éatart of the synthesizing
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area and the m xed area do not overlap, the synthesizer 605 applies,
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| ogi cBf OR 19 ddtermined in step S504 that the mixture
ratios have been estimated for the whole frame, the process
proceeds to step $505. In step 8505, the mixture-ratio
determining portion 403 sets the mixture ratio based on the
area information supplied from the area specifying unit 101
and indicating to which of the foreground area, the
background area, the covered background area, or the
uncovered background area the pixel for which the mixture
ratio is to be calculated belongs. The mixture-ratio
determining portion 403 sets the mixture ratio to 0 when the
corresponding pixel belongs to the foreground area, and sets
the mixture ratio to 1 when the corresponding pixel belongs
to the background area. When the corresponding 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. When the corresponding pixel belongs to
the uncovered background area, the mixture-ratio determining
portion 403 sets the estimated mixture ratio supplied from

the estimated-mixture-ratio processor 402 as the mixture

for



20 background conponents and the background pixels, thereby synthesizing

t he background conponent inage. In the initializing processing executed at
the start of the synthesizing processing for the background conponent

i mage, the synthesizer 605 stores an inmage whose pixel 25 values are all O
inabuilt-in frame nmenory. Then, in the - 168 synthesizing processing for
t he background conponent inage, the synthesizer 605 stores the background
conponent image (overwites the previous inmage by the background conponent
i mage). Accordingly, O is stored in +he6pixels 5 corresponding to the
foreground area in the background conponent image output fromthe

synt hesi zer 605. Figs. 66A and 66B illustrate the input inmage input into

and Iﬁéeﬁégﬁggéﬁﬁ%%ﬁ%ﬁﬁsﬁg Mhaoe sltpuEoteb8Febim che - ComPoneT MmO
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area, andfeh%aké E§5999t99c59reEBSnH&ﬁgdt@r@écﬁrElﬁé@angﬁgehnoﬁhghé'”E
direction. As shown in Figs. 66A and 6 t he background conmponent i nage

out puts fr gmebhenkerpaeoyndshppkaeauadonepaeaboral8pecs@nshst anot the, pi xels
bel onging to the background area and 20 the background conponents cont ai ned
in the pi xgbsthk thput image.
By using the mixture ratio a, it is possible to
separate the foreground components and the background
components contained in the pixel value while maintaining
10 the information of the motion blur contained in the image
corresponding to the moving object.
If the image is synthesized based on the mixture ratio
o, it is possible to create an image containing motion blur
that matches the speed of the moving object which faithfully
15 reflects the real world.
A description is now given of, with reference to the
flowchart of Fig. 64, the mixture-ratio estimating
processing by using a model corresponding to the covered
background area in step S502 of Fig. 63.
20 In step $521, thé adder 502 sets the pixel value
contained in the input image and the pixel value contained
in the image supplied from the delay circuit 221 in a normal
equation corresponding to a model of the covered background

aread.

25 In step S522, the estimated-mixture-ratio processor 401



m xed area. As shown in Figs. 66A and 66B, the foreground conponent

out put fromthe foreground/ background separator 105 consists of the
bel onging to the foreground area and 25 the foreground conmponents cont ai ned
in the pixels of the - 169 m xed area. The pixel values of the pixels in

the m xed area are separated into the background conponents and the
foreground conponents by the foreground/ background separator 105. The 5
separ at ed background conponents form the background conponent i nmage
together with the pixels belonging te t6é& -background area. The separated
foreground conponents form the foreground conponent inage together with

the pixels belonging to the foreground area. 10 As di scussed above,
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m xed area. 20 A description is given bel ow of the processing executed
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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
S523. In step S$523, a calculator 173 calculates the
estimated mixture ratio based on the normal equations in
which the pixels values are set, and outputs the calculated
mixture ratio.

As discussed above, the estimated-mixture-ratio
processor 401 is able to calculate the estimated mixture
ratio based on the input image.

The mixture-ratio estimating processing by using a
model corresponding to the uncovered background area in step
S153 of Fig. 63 is similar to the processing indicated by
the flowchart of Fig. 64 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.
However, the above-described mixture-ratio calculation
processing can be applied even i1f the image corresponding to

the background area contains motion. For example, if the



by the separating portion 601 for separating the foreground conponents and
t he background conponents fromthe pixels belonging to the m xed area.

Fig. 67 illustrates a nodel of an inmge indicating 25 foreground
conponent s and background conponents in tw - 170 franes including a
foreground object noving fromthe left to the right in Fig. 67. In the
nodel of the image shown in Fig. 67, the anmount of novenent v is 4, and

t he nunber of wvirtual divided portions is 4. 5 In frame 4n, the |eftnost

pi xel and the fourteenth through ei ghtéenth pixels fromthe |eft consi st
of only the background conponents and belong to the background area. In
frame 4n, the second through fourth pixels fromthe left contain the

back t .t he f 10 ts, b to th

ncover 0 BEDRoraTRE SEPRALAth cof P SR o Ru O BYaa 5t AOAGRPLH 1 conth-
i xels f ; lef.t Ln b t d,f . d
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area. 51 ncbyare @6tkesb6§d§h§thotﬂh@uﬁﬁcﬁbgghﬁdpﬁéeE%aE&BHhEQ? | et 20

cont ai n background conponents and foreground conponents, an belong to the
uncover ed thackgraendoziedpohdihgat® 4ntl bakf@round area contains
locally different motions, the estimated-mixture-ratio
processor 401 selects the pixels corresponding to the
motions as the pixels belonging to the mixed area, and
10 executes the above-described processing:

The foreground/background separator 105 is discussed
below. Fig. 65 is a block diagram illustrating an example
of the configuration of the foreground/background separator
105. The input image supplied to the foregrouﬂd/background

15 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
background area is supplied to the separating portion 601.

20 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 mixture ratio a supplied from the mixture-ratio

calculator 104 is supplied to the separating portion 601.

25 The separating portion 601 separates the foreground



fifteenth through seventeenth pixels fromthe left contain background
conponents and foreground conponents, and belong to the covered background
area. In frane 4n+l, the ninth 25 through fourteenth pixels fromthe |eft
consist of only the - 171 foreground conponents, and belong to the
foreground area. Fig. 68 illustrates the processing for separating the
foreground conponents fromthe pixels belonging to the covered background
area. In Fig. 68, al through al8 5 indicate m xture ratios of the

i ndi vi dual pixels of frame #n. In FrgleB8- the fifteenth through
seventeenth pixels fromthe [eft belong to the covered background area. The
pi xel value Cl15 of the fifteenth pixel fromthe Ileft in frame #n can be

i ; = / yv+F09 FQ8/ v+FEQ7/ =
o DB oA i ey By, SalbR bERG b fééfe\ﬁﬂérle a5
i i , iyt , i fif h.pi m.t he t _in frane
b and piEqimatiche (A g e ol R A S op kO Re R hs: SEE AFBA 1 ne

left in frigmedRtion I%%iﬁ%@ﬁﬁﬁ5tﬁk h%%g%%ﬁ@ﬂ¥g%&ﬂg%gﬁﬂangggéyoéahhe

fifteenth pixel fromthe left I'n Trane #n can expresse tation

(69) base@h@ﬂn@ﬁ%@EEOQaQQ%)a,f%QdFs%%%hﬁ%%o%ﬁ£+%%}6¥a%%d:fS}QQQ%ERé5 (69)
Simlarly, the sumf16 of the foreground conponents of the sixteenth pixel
fromtée l@hponenftisa® #n sGakhk@izer 603. The separating portion 601
also separates the background components from the. input
image, and supplies the separated background components to a
synthesizer 605.
The switch 602 is closed when a pixel corresponding to
10 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.
The switch 604 is closed when a pixel corfésponding to
15 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.
The synthesizer 603 synthesizes a foreground component
20 image based on the foreground components supplied from the
separating portion 601 and the pixels corresponding to the
foreground supplied from the switch 602, and outputs the
synthesized foreground component image. Since the
foreground area and the mixed area do not overlap, the

25 synthesizer 603 applies, for example, logical OR to the



expressed by equation (70), and the sumfl1l7 of the foreground conponents
of the seventeenth pixel fromthe left 25 in frame #n can be expressed by
equation (71). - 172 f16 = Cl6-al6-P16 (70) f17 = Cl7-al7P17 (71) In this
manner, the foreground conponents fc contained in the pixel value C of the
pi xel belonging to the covered 5 background area can be expressed by
equation (72): fc = GaP (7?) where P designates the pixel value of the
corresponding pixel in the previous frame. Fig. 69 illustrates the
processing for separating the 10 foregreounrd conponents fromthe pixels

bel onging to the uncovered background area. In Fig. 69, al through al8
indicate m xture ratios of the individual pixels of frane #n. In Fig. 69,

th i ft belong to the uncovered
bagk;regaggf&a%ja. tllg %ﬁ%%erf@gv%%&e%h% Ilete%reo%cg 'S)(eltr}Yerrcﬁ]Hli he |eft

[ f i He 1 rtﬁ.]%S i : =
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i ndi cates the minxtuge iwtiialquzmpep%%%%@iaigxgkeghrt%@ the L af %ﬁ'grr]ltfelgo me .

and NO2 desi gnates the pixe val'ue of the second pixel from

frame #n+lthe synthesizing processing for the foreground component
5 image, the synthesizer 603 stores an image whose pixel

values are all 0 in a built-in frame memory. Thepn, in the
synthesizing processing for the foreground component image,
the synthesizer 603 stores the foreground component image
(overwrites the previous image by the foreground component

10  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

image based on the background components supplied from the

15 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
synthesizer 605 applies, for example, logical OR to the

20  background components and the background pixels, thereby
synthesizing the background component image.

In the initializing processing executed at the start of

the synthesizing processing for the background component
image, the synthesizer 605 stores an image whose pixel

25 wvalues are all 0 in a built-in frame memory. Then, in the



The sum f02 of the foreground conponents of the second pixel fromthe |eft
in frame #n can be expressed by equation 25 (74) based on equation (73). -
173 f02 = FO1/v = C02-a2-N02 (74) Simlarly, the sumf03 of the ~
foreground conponents of the third pixel fromthe left in frame #n can be
expressed 5 by equation (75), and the sumf04 of the foreground

components of the fourth pixel fromthe left in fame #n can be expressed
by equation (76). f03 = C03-a3N03 (75) f04 = C04-a4N04 (76) 10 In this
manner, the foreground conponents fu-casBai-ned in the pixel value C of the
pi xel belonging to the uncovered background area can be expressed by
equation (77): fu = G aN (77) where N designates the pixel value of the

COrT eoPOndpincks A b RSN LI o dScusad dhove, the
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the pixels belonging to the m xe

incover ed BACky ot STen T R o tHe Arek PR S i e®
mxture ramagyed . f AccRAGIMRYI%E! 0 is stored in the pixels
5 corresponding to the foreground area in the background
component image output from the synthesizer 605.

Figs. 66A and 66B illustrate the input image input into
the foreground/background separator 105 and the foreground
component image and the background component image output

10 from the foreground/background separator 105.

Fig. 66A is a schematic diagram of an image to be
displayed, and Fig. 66B is a model in which pixels for one
line corresponding to the image shown in Fig. 66A and
containing pixels belonging to the foreground érea, pixels

15 Dbelonging to the background area, and pixels belonging to
the mixed area are expanded in the time direction.

As shown in Figs. 66A and 66B, the background component
image output from the foreground/background separator 105
consists of the pixels belonging to the background area and

20 the background components contained in the pixels of the
mixed area.

As shown in Figs. 66A and 66B, the foreground component
image output from the foreground/background separator 105
consists of the pixel belonging to the foreground area and

25 the foreground components contained in the pixels of the



Fig. 70 is a block diagramillustrating an exanple of 25 the configuration
of the separating portion 601 for - 174 executing the above-described
processing. An inmege input into the separating portion 601 is supplied to-
a frame nmenory 621, and the area information indicating the covered
background area and the uncovered background area supplied 5 fromthe

m xture-ratio calculator 104 and the mxture ratio a are supplied to a
separation processing block 6~2. The frame nenory 621 stores the input
images in units of franmes. Wen a fram®a e be processed is frame On, the
frame nmenory 621 stores frame #n-1, which is the frane one 10 frame before
frame On, frame On, and franme #n+l, which is the franme one frane after

frame On. .k r menory 621 supplies the corresponding pixels in frane
#n-1, fraﬁghgﬁ? ang frame #n+l1 to the separation processing block 622. 15

h ti i k .@2 l; i t | cul at,i ons _di scussed
Wih T orerenos FeoBRRRINGANACK oE2 EnaPBLKELS| 1R rRR SEMBH BRBaChRReanondi ng
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menory 621 based on the area information Indicating thé cover

backgr oundoaipemeditt i tHEC WG RRHHRURE AL AN, Migst ure,ratio a

so as to separate the foreground conponents and th ackgr ound coiponent s
fromthe piepalrathel trgkgdmd doapdneed sarRan RHd ¥R Groudad supplies them

to a frane nenory 623.
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.

10 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,

15 in the background component image, the pixel values of the
pixels corresponding to the foreground area are set to 0,
and significant pixel values are set in the pixels
corresponding to the background area and the pixels
corresponding to the mixed area.

20 A description is given below of the processing executed
by the separating portion 601 for separating the foreground
components and the background components from the pixels
belonging to the mixed area.

Fig. 67 illustrates a model of an image indicating

25 foreground components and background components in two



25 The separation processing block 622 is formed of an | - 175 uncovered
area processor 631, a covered area processor 632, a synthesizer 633, and a
synt hesi zer 634. A nultiplier 641 of the uncovered area processor 631 '
multiplies the pixel value of the pixel in frame #n+l 5 supplied fromthe
frame nenory 621 by the mxture 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 fromthe frame nmenory
621 belongs to the uncovered background/@rea, 10 and supplies the pixel
value nultiplied by the mxture ratio a supplied fromthe nultiplier 641
to a calculator 643 and the synthesizer 634. The val ue obtai ned by

[ tiplyi he . pixel.val f i LN, f }
fatio & ﬁﬁﬁsa% +${a1fﬁ%%8‘s§ﬁ§ﬁe%£§m?§X%%a%é?sl AaTEpg " froRyshge ShE LG D
co nent i . f-fh i i i )
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S tch 64§iétgg‘i2 nendl xghuyel Y€ bvblentPhxel hn LhaMendMnskipelied from the

frame nenor SO as to obtain the foreground conponents. The
cal cul at og; 643,154PPL ks pBeriongoround conponents of the pixel in frame #n

bel ongi ng to the uncovered background area to the synthesizer 633. A
mul tipdier 65119f ridige CaverEte AEBMEHCESHOE]L 6324 the fourteenth
through eighteenth pixels from the left consist of only the
background components and belong to the background area. In
frame #n, the second through fourth pixels from the left
contain the background components and the foreground
10 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
15 foreground components, and belong to the foreground area.

In frame #n+l, the first through fifth pixels from the
left and the eighteenth pixel from the left consist of only
the background components, and belong to the backgrbund area.
In frame #n+l, the sixth through eighth pixels from the left

20 contain background components and foreground components, and
belong to the uncovered background area. In frame #n+l, the
fifteenth through seventeenth pixels from the left contain
background components and foreground components, and belong

to the covered background area. In frame #n+l, the ninth

25 through fourteenth pixels from the left consist of only the



25 multiplies the pixel value of the pixel in frame #n-1 - 176 supplied
fromthe frame nenory 621 by the mxture ratio cc, and outputs the
resulting pixel value to a switch 652. The switch 652 is closed when the

pi xel of frame #n (corresponding to the pixel in franme #n-1) supplied from
the 5 frame nmenory 621 belongs to the covered background area, and

supplies the pixel value nmultiplied by the mxture ratio (x supplied from
the nultiplier 651 to a calculator 653 and the synthesizer 634. The val ue
obtained by nultiplying the pixel valwgiof the pixel in franme #n-1 by the
m xture ratio 10 a output fromthe switch 652 is equivalent to the
background conponents of the pixel value of the corresponding pixel in

{1 om the SoFCoRCBES PPBRPERBS Rl xBPC,KEIERGr tons o180 FaPORA Frame 1
Component s. The-gal Gol 2t bye b5t € HiF: ERotReSThT clrbukeP RbRpLRE NS of 1 he
Cynthesi 260 855 30 R RV AERo S s, “BYSPEAeR e BLLBHA%RE! B8, Lir component s
Che cal bul ot oF "es3o0l PROERS. Foraar otnd” - Eomahcats "BrORE Bifel s bel onging

to thes covanedabackgkeurd rateasand sWRePligd JfiQmt gﬁ)ﬁeqlsc%@tﬂameé n and
supplies the 25 synthesi zed foreground conponents to the frame nmenory 623.
In Fig. 68, 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 (68):

10 C1l5

Bl15/v+F09/v+F08/v+F07/v

al5:-B15+F09/v+F08/v+F07/v

al5-P15+F09/v+F08/v+F07/v (68)
where al5 indicates the mixture ratio of the fifteenth pixel
from the left in frame #n, and P15 designates fhe pixel
15 wvalue of the fifteenth pixel from the left in frame #n-1.
The sum f15 of the foreground components of the
fifteenth pixel from the left in frame #n can be expressed
by equation (69) based on equation (68).
15

FO9/v+F08/v+F07/v
20

Il

Cl5-al15-P1l5 (69)
Similarly, the sum f16 of the foreground components of
the sixteenth pixel from the left in frame #n can be
expressed by equation (70), and the sum f17 of the
foreground components of the seventeenth pixel from the left

25 in frame #n can be expressed by equation (71).



-' 17 7 The synthesizer 634 conbi nes the background conponents of the

pi xel s bel onging to the uncovered background area and supplied fromthe
switch 642 with the background conponents of the pixels belonging to the
covered background area and 5 supplied fromthe switch 652, and supplies

t he synthesized background conponents to the frame nenory 623. The franme
menory 623 stores the foreground conponents and the background conponents
of the pixels in the mxed area of frame On supplied fromthe separation
processing 10 block 622. The franme mre@Bry-623 outputs the stored
foreground conponents of the pixels in the mxed area in frame On and the
st ored background conponents of the pixels in the mxed area in frame On.
15 By utilizin he Ai %L ) io a, which indicates the ature quantity,
t he foregroundg%gnpoggﬁtgignggghe background conponents E%ﬁtained in the
pi xel val ues canybe c¢oophetghy separated. The synthesizer, 6803 conbi nes the
foreground conponents 20 of the pixels in the mxed area imn frane On

output fromthen 8RPArAhhRErPOLhLOR:EQL WA §9§%§%5§L§ Pg!%ﬁ%tgg%%g the

foreground area so as to generate a fofegroun onént : |
synt hesi zen G8% p@ﬁb&nﬁalhﬁeCbé@kﬁh@UngeQOEEQBﬁ?HﬁSOEOtQﬁephég%§ jn the

m xed area in frame On 25 output fromthe separating portion ﬁﬁth t he
pi xel s5- ba8kground area can be expressed by equation (72):
fc = C-a-P (72)
where P designates the pixel value of the corresponding
pixel in the previous frame.
Fig. 69 illustrates the processing for separating the
10  foreground components from the pixels belonging to the
uncovered background area. In Fig. 69, al through al8
indicate mixture ratios of the individual pixels of frame #n.
In Fig. 69, the second through fourth pixels from the left
belong ﬁo the uncovered background area.
15 The pixel value C02 of the second pixel from the left
in frame #n can be expressed by equation (73);:

Cc02 B02/v+RBR02/v+B02/v+F01l/v

a2+B02+F01/v

a2 NO2+F01/v (73)

20 where a2 indicates the mixture ratio of the second pixel
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 £02 of the foreground components of the second
pixel from the left in frame #n can be expressed by equation

25 (74) based on equation (73).



bel ongi ng to the background area so as to generate a background conponent
image. Fig. 71Ais a diagramillustrating an exanple of the foreground
conponent image corresponding to frane #n in Fig. 5 67. The | eftnost pixel
and the fourteenth pixel fromthe |eft consist of only the background
conponents before the foreground and the background are separated, and
thus, the pixel values are set to 0. The second and fourth pixels fromthe
| eft belong to 10 the uncovered background area before the foreground and
the background are separated. AccordingBy+ the background conponents are
set to 0, and the foreground conponents are naintained. The el eventh
through thirteenth pixels fromthe |left belong to the covered background
area bef-~re the §5=f§£fp50und and the background are separ at ed.

Accordi ngly, %e background conponents are set to 0, and the foreground
conponents are maintad . fifth through tenth pixel fromthe left
consist of only the ?%?ﬁg%&%ﬁ% conponents, which are th g4ﬁaintained. 20
Fig. 71Bis a 4 il ratin I b ound conponent
i mge corresp&%ﬁ?ﬂ%éﬁ%y?rgﬁé %%ﬁi%ozpﬁf g?.P%ﬁ%g%£§§?né§*$§§%ﬂt%n t he

fourt eent bl ¥8k A pEkhec bl tneonake! :af ronky hhecbackgr ougd. omgonent s

before the foreground and the background are separated, an the 25

backgropungyceqneneshs (26, Mahat 8heedun- £349% £ ThReSe6P8grbhRQUIh fourth
pi xels fromthe | eft bel ong

components of the fourth pixel from the left in frame #n can

be expressed by equation (76).

f03 = C03~-a3-NO3 (75)
£f04 = C04-04-NO4 (76)
10 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 (77):

fu = C~-a*N (77)

where N designates the pixel value of the corrésponding
15 pixel in the subsequent frame.

As discussed above, the separating portion 601 is able
to separate the foreground components from the pixels
belonging to the mixed area and the background components
from the pixels belonging to the mixed area based on the

20 information indicating the covered background area and the
information indicating the uncovered background area
contained in the area information, and the mixture ratio a
for each pixel.

Fig. 70 is a block diagram illustrating an example of

25 the configuration of the separating portion 601 for



to the uncovered background area before the foreground and the background
are separated. Accordingly, the foreground conponents are set to 0, and

t he background conponents are 5 nmintai ned. The el eventh through thirteenth
pixels fromthe left belong to the covered background area before the
foreground and the background are separated. Accordingly, the foreground
conponents are set to 0, and the background conponents are naintai ned. The
fifth through tenth pixels 10 fromthe left consist of only the foreground
conmponents, and thus, the pixel values7are set to 0. The processing for
separating the foreground and the background executed by the

f or egr ound/ background separator 105 is described belowwth reference to

he fl 15, Fi 4l he f 621 of th
Separ at ng BOPCIBA £B APAereRnti AR B rﬁsaésfaﬁéa%?‘i@%%rmuﬁn %E
which th h h
previous 11 ane 0. T Rad-rhao SaREChEcrtfHE, sBBRE 8400 98 e shoo, e

separat | ofeRb9GeBs1 N0ahkoCke62200f 1nthEnsERBRAL A BOLLL gﬁéoﬁ}o&%gam ar ea

information supplied fromthe mxture-ratio ca S603,

the sepaba&kgeoﬁﬁacg§ahngnaleﬁg éﬁgooéréaeb§69§£8&£89a9§%}%ﬁgg;PQ& obt ai ns

the mxture ratio a supplied fromthe m xture- rati o tor 104. -
180 I: stepmS6R4, mm@uﬁaceaei@dcm@@191&@9%s@raﬁéltﬁétﬁﬁﬁﬁéretPétlo

background conponents fromthe pixel values of th
o are supplied to a separation process1ng 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-1l, which is the frame one

10 frame before frame #n, frame #n, and frame #n+1, 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.

15 The separation processing block 622 applies the
calculations discussed with reference to Figs. 68 and 69 to
the pixel values of the corresponding pixels in frame #n-1,
frame #n, and frame #n+l supplied from the frame memory 621
based on the area information indicating the covered

20 background area and the uncovered background 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.

25 The separation processing block 622 is formed of an



pi xel s belonging to the uncovered background area supplied fromthe frane
menory 621 based on the area information and 5 the mxture ratio a. In
step S605, the uncovered area processor 631 extracts the foreground
conponents fromthe pixel values of the pixels belonging to the uncovered
background area supplied fromthe frane nenory 621 based on the area
information and 10 the m xture ratio a. In step S606, the covered area
processor 632 extracts the background conponents fromthe pixel val ues of
the pixels belonging to the covered background area supplied fromthe
frame nmenory 621 based on the area information and 15 the m xture ratio a.
In step S607, the covered area processor 632 extracts the foreground
conponents fromthe pixel values of the pixels belonging to the covered
background area supplied fromthe frane nenory 621 based on the area
information and 20 the mxture ratio a. In step S608, the synthesizer 633
conbi nes the foreground conponents of the pixels belonging to the
uncover ed background area extracted in the processing of step S605 with

t he foreground conponents of the pixels 25 belonging to the covered
background area extracted in the - 181 processing of step S607. The

synt hesi zed foreground conponents are supplied to the synthesizer 603. The
synt hesi zer 603 further conbines the pixels belonging to the



foreground area supplied via the switch 602 wwth the 5 foreground
conponents supplied fromthe separating portion 601 so as to generate a
foreground conponent image. In step S609, the synthesizer 634 conbines the
background conmponents of the pixels belonging to the uncovered background
area extracted in the processing of 10 step S604 with the background
conponents of the pixels belonging to the covered background area
extracted in the processing of step S606. The synthesi zed background
conponents are supplied to the synt hesiZz®er- 605. The synthesizer 605
further conbines the pixels belonging to the 15 background area supplied
via the switch 604 wwth the background conponents supplied fromthe

2D 21 DNDRLLER 001 50855005 SBEE! 2 8 DEROL UL QIpORENchmac |

step S610; or egroun onent 1image. In

step S611, §£§t§¥££?§ iggghp%g?2%?82§E%Qg§zépe6§gckground conponent i mage.

The processi en co I'scussed above, the

f or eground/ ba d. s.eparat-or i ; ound
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conmponents an ground conmponents fromthe I nput 1 nage based on the

area 25 ighiorpiio8 end thge M ¥AUhe SRR 3piR0H PNt PHiS g 182
f oreground conponent 1 nmage consisting of only the foreground conponents

and the bagksl o4Adr EORPERENEr hHBOReROPSI 621 NPy Ofhe ORL ¥t he PaEKgreound
conmponents. Fig. 73 is a block diagramillustrating the
and outputs the resulting pixel value to a switch,6642. 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,
10 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+l1 by the mixture ratio
o output from the switch 642 is equivalent to the background
15 components of the pixel value of the corresponding pixel in
frame #n.

The calculator 643 subtracts the background components
supplied from the switch 642 from the pixel value of the
pixel in frame #n supplied from the frame memory 621 so as

20 to obtain the foreground components. The calculator 643
supplies the foreground components of the pixel in frame #n
belonging to the uncovered background area to the
synthesizer 633.

A multiplier 651 of the covered area processor 632

25 multiplies the pixel value of the pixel in frame #n-1



5 configuration of the notion-blur adjusting unit 106. A flat-portion _
extracting unit 801 extracts,,fromthe foreground conponent inmage supplied
fromthe foreground/ background separator 105 based on the area _
information supplied fromthe area specifying unit 103, a 10 flat portion
in which the anpunt by which the pixel values of adjacent pixels change is
small. The flat portion extracted by the flat-portion extracting unit 801
consists of pixels having equal pixel values. The flat portion is also
referred to as the "equal portion". 151F6r -exanple, the flat-portion
extracting unit 801 extracts, fromthe foreground conponent inage supplged
from the foreground/ background separator 105 based on the area

i i i t j fAs4N . 103, a_flat portion in
whi oh T e aEB o A R R S, e e Brange 1 <
smal | er thad duRiRToree r%@%ﬁ%ﬁ%bdfﬁg%lpxgﬂukl%5'%9%&&%%@ﬁ%%ra0thﬁ%bunlt

801 al so extracts, for exanple, a ortion in whic € gnnu y

. . . . . , 5
whi ch t he swiitedl 662l Ues absadi asRAl thieXeli%eaf Jfhe fgleqround conmponent 2
i mage change is within 1% The ratio of%the anmount 8§ mﬁich - 183 the

pi xel val Uesrckapgeding ¢b itheapiker ence rhak %U@Ctsiu?gli@df !f%gzpﬁfh i on,
may be set to a desired value. The flat-portion extracting unit 801 also
extracts drafieameportyi 621i bedbngh the thkandaetedevadkig@duati EReapi Xgh 5

val ues of adjacent pixels of the foreground conponent i nmge

supplies the pixel value multiplied by the mixture ratio a
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

10 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

15 pixel in frame #n supplied from the frame memory 621 so as
to obtain the foreground components. The calculator 653
supplies the foreground components of the pixel in frame #n
belonging to the covered background area to the synthesizer
633. |

20 The synthesizer 633 combines the foreground components
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

25 synthesized foreground components to the frame memory 623.



is smaller than the prestored threshold Thf. Mreover, the flat-portion
extracting unit 801 extracts, for exanple, based on the regression line
corresponding to the pixel values of adjacent pixels of the foreground 10
conponent image, a flat portion in which the sumof the errors of the
regression line and the individual pixel values is smaller than the
prestored threshold Thf. The reference value for extracting the flat
portions, such as the threshold Thf or the ratio of the anpbunt by 15

whi ch pi xel val ues change, may be set @@7a-desired value, and the present
invention is not restricted by the reference value for extracting the flat
portions. The reference value for extracting the flat portions nmay

adaptively be ¢RanggdnCoNCEENGHY LOALPLEE! nRehonglng Lg LS exlract ed

flat 20 portions, at-portion extracting un

portion fb%gth@db9§%U@9bEE@hg§g§'{%lth%lﬁ RIS P ed F%@% BELY QEF gg

supplies the foreground conmpon i mage an t he ortlon

uni t - of - PsEEEISiend rABREERNSRY teRi 6428Q2 tnThE of b%tck %hb ﬁ%&b%ﬁ%kk@g uni t
801 al so generates a 25 flat-portion inage consisting of on € plxels

bel ongi ngof 184 pligeflikabelohbliags toahttesepRkired bhck%réuﬁﬁthge bé
elimnating unit 803. The unit-of-processing determning unit §0 gener at es

the urbt efippldeedssirog. tWei elitehdaba,i adidcatibpg ibke tpexekstnis9beatihe
f oreground conponent inage w thout the flat portions based on the
f or egr ounttackgponedt conmgecand thethkatfrpaet 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

10 block 622.

The frame memory 623 outputs the stored foreground
components of the pixels in the mixed area in frame #n and
the stored baékground components of the pixels in the mixed
area in frame #n.

15 By utilizing the mixture ratio o, which indicates the
feature quantity, the foreground components and the
background components contained in the pixel values can be
completely separated.

The synthesizer 603 combines the foreground components

20 of the pixels in the mixed area in frame #n output from the
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

25 output from the separating portion 601 with the pixels



flag supplied fromthe flat-portion extracting unit 801 and the area
information supplied fromthe area specifying unit 103, and supplies the
generated unit of processing to the 10 notion-blur eliminating unit 803
together with the flat- portion flag. The notion-blur elimnating unit 803
cal cul ates the foreground conponents contained in the pixels belonging to
the flat portions fromthe foreground conponent image 15 supplied fromthe
f or egr ound/ background separator 105 based on the flat-portion flag
supplied fromthe unit-of- processing t@derm ning unit 802. The notion-bl ur
elimnating unit 803 elimnates the foreground conponents corresponding to
the flat portions 20 fromthe foreground conponent inage supplied fromthe

foregroungé@gﬁggg F?g_§ﬁgagggg§6éggdbg§§%eggn%gesgrggBSin ormation supplied

fromthe area yi ng uni and u &85Fnd supplied from

the unit-gh-RHPER aiESmPﬁﬁEﬁE”HHEQE.“”it 802. The notion-blur elimnating

unit 803 25 cal cul ates e remal nrng foreground conponents contained in -
185 the pixelgigWhith £& €, SPeghfifd; Pyudhesunl r | 0., pased on
the area infor ma%i on suppl?ed f(%om t%e %r eaayg%%c%yﬁ%gﬁg?tygo?%nd t he
uni t of preeegeblBdSUPRbbAENET PRbgENEoUPEEROhaRPRGCESSERGLEeLEr I NENg uni t
802. 5 The noti on- bl ur glininating un?t 80% conb?nes tggmgp%ge s,kaﬁfch are
gener & edébasedhenlthemcatcyiatedanfiotrgr evndreenpANgNka 1 Ccepbai pgd in the

pi xel s specified by
left_consist of only the background components before the
foreground and the background are separated, and thus, the
pixel values are set to O.
The second and fourth pixels from the left belong to

10 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

15 foreground and the background are separated. Accordingly,
the background components are set to 0, and the foreground
components are maintained. The fifth through tenth pixels
from the left consist of only the foreground components,
which are thus maintained.

20 Fig. 71B is a diagram illustrating an example of the
background component image corresponding to frame #n in Fig.
67. 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

25 background components are maintained.



the unit of processing and the pixels of the flat-portion inmage supplied
fromthe flat-portion extracting unit 801, 10 thereby generating a
foreground conponent image fromwhich notion blur is elimnated. The
notion-blur elimnating unit 803 supplies the foreground conponent inage
wi t hout notion blur to a notion blur adder 804 and a selector 805. is Fig.
74 is a block diagramillustrating the configuration of the notion-blur
elimnating unit 803. The foreground conponent inage supplied fromthe

f oregr ound/ background separator 105,- tlH® unit of processing supplied from
the unit-of-processing determning unit 802, 20 and the notion vector and
the positional information thereof supplied fromthe notion detector 102

are supplied tﬂ} grsrﬁncﬁdd b%%reogl%g q{ertﬂél 3 l The odel -f g Oqgrti on 821

perfornms nodel nnvenent vV an e unit of

processin n% M&’é?v%? dﬂ} %%Jl:%(unahgr dﬁéfé?é 9 POt é@P&h&?la&&t erm nes

- 186 the° Ions o e pl xe es inthe tine

di recti Ontffi‘@dbggﬁ P&ﬁ@&rapé lepeprouad ¢ Cﬁ?@@&?&{'ﬁél?f tRaCko Pbyedukased on

t he amoun eheht v and e unit of procesSing, and generates a nodel

I n which &8&289%&@& a} { ONns o beb weenah et pé X8k o ¥gk 8880 aBsbdige 05 eground

conponents | esi ghated. The nodel -formng portion 821 may select a
nmodel corfesRPRGHBAE, t OThBee 28PEALH OfhABYEREthi¥taedthheixels fodmptiveessi ng

anong a plurality of prestored nodel s. The
left belong to the covered background area before the
foreground and the background are separated. Accordingly,
the foreground components are set to 0, and the background
components are maintained. The fifth through tenth pixels

10 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

15 Fig. 72. 1In step S601, the frame memory 621 of the
separating portion 60l obtains an input image, and stores
frame #n for which the foreground and the background are
separated together with the previous frame #n-1 and the
subsequent frame #n+1.

20 In step S602, the separation processing block 622 of
the separating portion 601 obtains area information supplied
from the mixture-ratio calculator 104. In step S603, the
separation processing block 622 of the separating portion
601 obtains the mixture ratio o supplied from the mixture-

25 ratio calculator 104.



nodel -form ng portion 821 supplies the generated nodel to an 10 equation
generator 822 together with the foreground conponent image. The equati on
generator 822 generates an equation based on the nodel supplied fromthe
nodel -form ng portion 821, and supplies the generated equation to an adder
823 together 15 with the foreground conponent inage. The adder 823 adds the
equation supplied fromthe equation generator 822 to the equations of the
nmet hod of | east squares. The adder 823 supplies the resulting nornal
equation to a cal cul ator 824. The pixdl&) specified by the 20 unit of
processing do not contain the pixels corresponding to the flat portions.
The cal cul ator 824 solves the equation in which the pixel values are set

by the adder 3 80 .a cal.cul at f &ﬁ#Qﬁsﬁ&qp nt
cal cul ator 82 ngesﬁl:eerpat%eioqlt’hgéhze_s ‘%‘Fﬁ"e‘% S dr oa%re%i ch notion bl uregcltsr-%etlsm nat ed
corr esponginged e dia Ll ALLEOf e iCERS| Bo DRSOk tde @l cul at ed

f or egroun conpone ut puts the generated pixels corresponding to

the uni tg}?ixgigcﬁéﬁérﬂ'@iﬂ@ £o SYid NestI3eE r 825 adber S hesd Z esu@2bi gener at es

t he foreground conponent™ 5 inage from which notion blur is elimnated

based on thgn PhelSakOTHESPLPIENT bOsddeonNt ke Ofr P4 OLEESHNG Seppangd from
the calculator 824 and the pixels of the flat-portion imge supplied from

the flsat - pR&thoRrexéragtiageunit 801, and outputs the generated foreground
conponent | mage.

In step S605, 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

10 the mixture ratio «.

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

15 the mixture ratio a.

In step S607, the covered area processor 632 extracts
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

20 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

25 Dbelonging to the covered background area extracted in the



10 The operation of the notion-blur adjusting unit 106 is described bel ow
with reference to Figs. 75 through 80. Fig. 75 illustrates a nodel obtained
by expanding in the tinme direction the pixel values of the pixels on a
straight line corresponding to the notion vector of the 15 foreground
conmponent i mage output fromthe foreground/ background separat or 10? and
input into the flat- portion extracting unit 801. C01' through C23

indicate the pixel values of the individual pixels of the foreground
conmponent image. The foreground conpenéstl i-mage consists of 20 only the
foreground conponents. The flat-portion extracting unit 801 extracts, anpng
the pixels contained in the foreground conponent inage supplied fromthe

foregr OUHQJr%%eri%n%é%%%‘ts% 7105 2’[21% %S/é:ht‘?xt%hsteﬂ%d; 'e}{o‘?:seggf%[?g@ﬁhf ;

S
consecutive pixel s ‘whose afount by wh V change is

smal | er t hmodh@nithr %.%Olsghtppl:h%% tfeneTRE i eShald gBhf | ?ht%hz ufficiently

smal | val ue. The nunber consecutive pirxels extracted b

Cporti Rt i i - tham ¢
flat - portisghthestizact 03 Wirt nBQ1 Josli nke Q%%a%ﬁ&eégé%ﬁégﬁgg%ggghpﬁéﬁ »

novenent v of the foreground object within one'fra

t he amuntfoekgroverentrew @lupphe ooraar ewerd swakic@ClsoizS wa tW tisn one frame,
the flat-portion extracting unit 801 extracts five or nore consecutive

pixelsSinf@hb@houhuetempsn@hWBsbu@@l@h@ngeohnth@esﬁbé%btﬁﬁbuﬁ%rtﬁoﬁ-’ a
flat portion. 10 For exanmple, in the exanple shown in Fig. 76, when
601 so as to generate a foreground component imagg.

In step S609, the synthesizer 634 combines the
background components of the pixels belonging to the
uncovered background area extracted in the processing of

10 step S604 with the background components of the pixels
belonging to the covered background area extracted in the
processing of step S606. The synthesized background
components are supplied to the synthesizer 605. The
synthesizer 605 further combines the pixels befonging to the

15 Dbackground area supplied via the switch 604 with the
background components supplied from the separating portion
601l so as to generate a background component image.

In step S610, the synthesizer 603 outputs the
foreground component image. In step S611, the synthesizer

20 605 outputs the backgrouﬁd component image. The processing
is then completed.

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

25 information and the mixture ratio a, and outputs the



equation (78) holds true, the foreground conponents FO6/v through F14/v
are found to be equal fromthe relationshi ps of equation (79) through
equation (83). Cl0'= Cl11' = Cl2' = C13 = Cl4'(78) 15C10' =

FO6/ v+FO7/ v+F08/ v+F09/ v+F10/ v(79) Cl1' = FO7/v+F08/ v+FO9/ v+F10/ v+FI | / v(80)
Cl12' = F08/v+F09/ v+F10/ v+Fl | / v+F12/v(81) C13' =

FO9/ v+F10/ v+Fi | / v+Fi 2/ v+Fl 3/ v(82) Cl4'= F10/v+Fl |/ v+Fi 2/ v+F13/ v+F14/ v(83)
20That is,the relationship of the foreground conponents FO06/v through Fl14/v
i ndi cated by equation (84) holds true.18%06/v = FO7/v = F08/v = F09/v =
F10/v = F11/v = F12/v = F13/v = F14/v (84) Accordingly, in the subsequent
processing for 25 calculating the foreground conponents, as shown in Fig.

17, - 189foidghaul YoRsEEsaar ind G Cabibl 8L £nd Noe T 0t £OT £HOd: GOTPRRGN] S

FO1/v through”FO5/v and the foreground conponents hr oug
ot her tha@oﬁﬁ@né@f@Qé@@nghéQ@@@P&B&@n&oééﬂpoégﬁQUQHaE@AéHn%§sglﬁb of

flat-portion extracting unit 801 extracts a at portion having equal

pi xel val oy r egeli beekdesuhdecasygentlescri bed processing, generates a
flat-portion flag indicating whether the pixel belongs to a flat portion

according to thiey exty aed i:pmlfck kel ddmim portdivataing khesupplies the flag
to the unit-of-processing determning unit 802. The flat-portion
extracét i ngonhiguBdiiah Sof stippl hesidireblur adjusting unit 106.

A flat-portion extracting unit 801 extracts,;from the
foreground component image supplied from the
foreground/background separator 105 based on the area
information supplied from the area specifying unit 103, a

10 flat portion in which the amount by which the pixel values
of adjacent pixels change is small. The flat portion
extracted by the flat-portion extracting unit 801 consists
of pixels having equal pixel values. The flat portion is
also referred to as the "equal portion".

15 For example, the flat-portion extracting unit 801
extracts, from the foreground component image supplied from
the foreground/background separator 105 based on the area
information supplied from the area specifying unit 103, a
flat portion in which the amount by which the pixel values

20 of adjacent pixels change is smaller than a prestored
threshold ThE.

The flat-portion extracting unit 801 also extracts, for
example, a flat portion in which the amount by which the
pixel values of adjacent pixels of the foreground component

25 image change is within 1%. The ratio of the amount by which



flat-portion image consisting of only the pixels belonging to the flat
portion to the notion-blur elimnating unit 803. The unit-of-processing
determ ning unit 802 generates 15 the unit of processing, which is data
indicating the pixels obtained by elimnating the flat portion fromthe

pi xels on a straight l[ine contained in the foreground conponent inage,

and supplies the unit of processing to the notion-blur elimnating unit 803
together with the flat-portion flag. 20 The notion-blur elimnating unit
803 cal cul ates the foreground conponehBs8 contained in the pixels bel onging
to the flat portion based on the flat-portion flag supplied fromthe
unit-of -processing determning unit 802. The notion-blur elimnating unit

803 el i m pakepikhe bQ&ﬁQ%S%HQn%@ CoRRERCHLS Ceg%akgﬁgei O%Q%ﬁ%%é§%§Pﬁage

bel onging to the flat - porfion fromthe foregrotn

based on thelatl gbrRebhi 0Rall 8¢. sThe+BOLI ARsRLUY %Biﬁkﬁating uni t 803
generates, based on the unit of processing supplieé romthe unit-of 5

processi ng detﬁmﬁiﬂi@QF#@ftiﬁﬁzexﬁﬁa@ﬂyﬁéi@ﬁiEO@OPa$£§%aé%@9ac%£ﬁare”aining
foreground conponents fromthe pixel value of the pixel tfromwhich the
flat portifdati poretouednawnnght bre praabsrandbbeastbai ght thing;gant ai ned in

the foreground conponent inage. 10 For exanple, as shown in Fig. 76, anong
the 2% pi xelsesonft héjsteaighixklinec6f thherboeggoanadcenppaBsgat ihagge, Wwhen
t he tenth_throu%? fourteenth pixels fromthe left belong to

1s smaller than the prestored threshold Thf.

Moreover, the flat-portion extracting unit 801 extracts,
for example, based on the regression line corresponding to
the pixel values of adjacent pixels of the foreground

10 component image, a flat portion in which the sum of the
errors of the regression line and the individual pixel
values is smaller than the prestored threshold Thf.

The reference value for extracting the flat portions,
such as the threshold Thf or the ratio of the amount by

15 which pixel values change, may be set tc a desired value,
and the present invention is not restricted by the reference
value for extracting the flat portions. The reference value
for extracting the flat portions may adaptively be changed.

Concerning the pixels belonging to the extracted flat

20 portions, the flat-portion extracting unit 801 sets a flat-
portion flag indicating that a pixel belongs to a flat
portion, and supplies the foreground component image and the
flat-portion flag to a unit-of-processing determining unit

802. The flat-portion extracting unit 801 also generates a

25 flat-portion image consisting of only the pixels belonging



the flat portion, the foreground conponents belonging to the tenth through
fourteenth pixels fromthe left can be renoved 15 fromthe foreground
conponent image. Accordingly, equations (85) through (102) are generated
for the remaining foreground conponents, i.e., the foreground conponents
FO1/v through FO5/v and the foreground conmponents F15/v through F19/v.
20001"= FO1/v(85) Q02"= FO1l/v+F02/v(86) CO03"= FO01/v+F02/v+F03/v(87) C04"=
FO1/ v+F02/ v+F03/ v+F04/ v(88) C05"= FO1l/v+F02/v+F03/v+F04/ v+F05/v(89) 25C06" =
FO2/ v+F03/ v+F04/ v+F05/v(90) - 191 GO7'84& +03/v+F04/v+F05/v (91) (08" =
FO4/ v+F05/v (92) C09" = FO5/v (93) C15" = F15/v (94) 5 Cl16" = F15/v+F16/v
(95) C17" = F15/V+F16/v+F17/v (96) C18" = F15/v+F16/v+F17/v+F18/v (97)

) o ST LB T s 5 SRR e
F19/ v (10gii£yn§ppﬁgiggi£h§0§pove-described met hod of | east squares

The unit-of-processing determining unit 802 generates

the unit of processing, which is data indicating the pixels

5 of the foreground component image without the flat portions
based on the foreground component image and the flat-portion
flag supplied from the flat-portion extracting unit 801 and
the area information supplied from the area specifying unit
103, and supplies the generated unit of processing to the

10 motion-blur eliminating unit 803 together with the flat-
portion flag.

The motion~blur eliminating unit 803 calculates the
foreground components contained in the pixels belonging to
the flat portions from the foreground componenf image

15 supplied from the foreground/background separator 105 based
on the flat-portion flag supplied from the unit-of-
processing determining unit 802,

The motion-blur eliminating unit 803 eliminates the

foreground components corresponding to the flat portions

20 from the foreground component image supplied from the
foreground/background separator 105 based on the area
information supplied from the area specifying unit 103 and
the unit of processing supplied from the unit-of-processing
determining unit 802. The motion-blur eliminating unit 803

25 calculates the remaining foreground components contained in



to equations (8S) through (102), equations (103) and (104) 15 are found.
54321 FO 1 45432 FO02 34543 FO3 23454 F04 12345 FO5J =y. COl1 '+ C02' +

C03' + C04' + CO5" (02'+ CO03'+ C04' + CO5' + CO6" Q03"+ C04"+ CO5"+ CO6"+
07"  (C04'+ Q05'+ Q06"+ CO7'+ CO8" CO5' ~- CO6'+ CO7'+ CO81- CO9" (103) -
192 54321F15-VCl5 '+ d 6'+ Cl7'+ C18 + C19" 4 5 4 3 2F16Cl6' -C17"+C18"+
Cl9"+ C20" 34543F17C 7' +C18" +C19" +C20" +C21" 23454F18C184 C19"+ C20' + C21
"-1- C22" 12345F19C19' + C20"+ C21'+ C22' + C23" (104) The equation generator
822 of the nmotion-blur elimnating-udi8® 803 generates the equations
corresponding to the unit of processing, for exanple, indicated by 5
equations (103) and (104) The adder 823 of the notion-blur elimnating

?Ploﬁn %?C ee{ fSPef)?hgT gt 1c al ues s(‘bo&,tlaflréecg gy e udOF egF Qi LQpRent i mage
based on the area information supplied from the area
specifying unit 103 and the unit of processing supplied from
the unit-of-processing determining unit 802.

5 The motion-blur eliminating unit 803 combines the
pixels, which are generated based on the calculatgd
foreground components contained in the pixels specified by
the unit of processing and the pixels of the flaf—portion
image supplied from the flat-portion extracting unit 801,

10 thereby generating a foreground component image from which
motion blur is eliminated.

The motion-blur eliminating unit 803 supplies the
foreground component image without motion blur to a motion-
blur adder 804 and a selector 805.

15 Fig. 74 is a block diagram illustrating the
configuration of the motion-blur eliminating unit 803. The
foreground component image supplied from the
foreground/background separator 105, the unit of processing
supplied from the unit-of-processing determining unit 802,

20 and the motion vector and the positional information thereof
supplied from the motion detector 102 are supplied to a
model~-forming portion 821.

The model-forming portion 821 performs model forming
based on the amount of movement v and the unit of processing.

25 More specifically, the model-forming portion 821 determines



conponents contained in the pixels belonging td the flat portion are
elimnated in the equations generated by the 10 equation generator 822. The
cal cul ator 824 of the notion- blur elimnating unit 803 cal cul ates the
foreground conponents contained in the foreground conponent image ot her
than the foreground conponents contained in the pixels belonging to the
flat portion by applying a solution, such 15 as the Chol esky deconposition
to the equations in which the pixel values are set. The cal cul ator 824
generates a foreground conponent i nmagé8w thout notion blur, as shown in
the exanple of Fig. 78, consisting of the pixel value Fi from which notion
blur - 193 is elimnated. In the foreground conponent image from which

notion Dblaye | jAm Fi thr h, EO5.are set in
04" and (I)5e" 1@;?55;‘%@5%03&}]&%% lroglsseot% tzl%cfé’ gﬁ%fgln 'Fﬁl reason

for this it3meOlitre g8 ROSIIHRE & cftotcige%oneg{ %91 o%%m%”gf%t | mge

wWth respect to the screen. The foregroun ge ay set in

desired pasi ipaxel B&%e@moﬁmt@ﬁeoran%tg%rfe&%tv"e?neﬂtx‘jj %neortmsem%' ag to 10
t he foreground conponents, which have been elimnate the unit o

processi ngroeesednen et bb@kz@@@%‘QHMO@%Qel%UREhb%dth%r%%EEQQaE|?R portion
extracting unit 801, and conbines the generated pixels with the foreground
conpongnt bietagenwithleowt xelotviadmeld Whds kewn fiotehirdunéd copehebysgererating a
designated. The model~forming portion 821 may select a
model corresponding to the amount of movement v and the unit
of processing among a plurality of prestored models. The
model-forming portion 821 supplies the generated model to an
10 equation generator 822 together with the foreground
component image.
The equation generator 822 generates an equation based
on the model supplied from the model-forming portion 821,
and supplies the generated equation to an adder 823 together
15 with the foreground component image.
The adder 823 adds the equation supplied from the
equation generator 822 to the equations of the method of
least squares. The adder 823 supplies the resulting normal
equation to a calculator 824. The pixels specified by the
20 unit of processing do not contain the pixels corresponding
to the flat portions.
The calculator 824 solves the equation in which the
pixel values are set by the adder 823 so as to calculate the
foreground components. The calculator 824 generates the

25 pixels from which motion blur is eliminated corresponding to



15 foreground conponent image, such as that shown in Fig. 79. The
notion-blur elimnating unit 803 nay generate the pixels corresponding to
the flat portion based on the foreground conponents FO6/v through Fl4/v
cal cul ated by equation (84). 20 The notion-blur adder 804 is able to

adj ust the anount of notion blur by adding the amount v' by which notion
blur is adjusted, which is different fromthe anmount of novenent v, for
exanpl e, the anount v' by which notion blur is adjusted, which is one half
the value of the amount of 25 novened87v;- or the anount v' by which notion
blur is - 194 adjusted, which is irrelevant to the anount of nobvenent v.
For exanple, as shown in Fig. 80, the notion-blur adder 804 di vi des the

o PO b B T el o JRL 1D claicaeutdibch TR Punly ) of

qﬁéiﬁgt?on | : azla tain the foreground conmponent Fi/v'.
S elonal [ %d%?dk YA S5 dde piup1y dde i@ignd
corrponentcson%ol%ven,tastqh:arnecgy g nera’??lng he pi xel p\S/J'al ue in vﬁnﬁoﬁg{lﬁ?namunt

of motion blyl, i i@jﬁtﬁ%ce@%{irﬁj@fﬂ)'aﬁ,symim amsint v' by which

notion blur is adjusted’is 3, 10 the pixel value C02" is set to (FO1)/v',

the pixel val 4§ C3yntinsSelert @26FQENEAE tHehe&oriexelounal vemPddenits set to
(FO1+FO02+F03) /v', ghd the pixel value CO5" is set to (FO02+F03+F04)/v'. The

Mot i 08- bl Ly, sl deF o O Setphd teSort hel for g relimti nalibe & drgeoserdn itrege 1 n whi ch

t he anount of notion blur is
pixels corresponding to the unit of processing supplied from
the calculator 824 and the pixels of the flat-portion image
supplied from the flat-portion extracting unit 801, and
outputs the generated foreground component image.

10 The operation of the motion-blur adjusting unit 106 is

described below with reference to Figs. 75 through 80.

Fig. 75 illustrates a model obtained by expanding in
the time direction the pixel values of the pixels on a
straight line corresponding to the motion vector of the

15 foreground component image output from the
foreground/background separator 105 and input into the flat-
portion extracting unit 801. COl' through C23' indicate the
pixel values of the individual pixels of the foreground
component image. The foreground component image consists of

20 only the foreground components.

The flat-portion extracting unit 801 extracts, among
the pixels contained in the foreground component image
supplied from the foreground/background separator 105 based
on the threshold Thf, consecutive pixels whose amount by

25 which the pixel values change is smaller than the threshold



adjusted to a selector 805. The sel ector 805 selects one of the foreground
conponent inmage w thout notion blur supplied fromthe calculator 805 and

t he foreground conponent inmage in which 20 the anount of notion blur is

adj usted supplied fromthe notion-blur adder 804 based on, for exanple, a
selection signal reflecting a user's selection, and outputs the selected
f oreground conponent image. As di scussed above, the notion-blur adjusting
unit 106 25 is able to adjust the anpunt of notion blur based on the - 195
sel ection signal and the amount v' by W8&h notion blur is adjusted. The
notion-blur adjusting unit 106 may obtain the background conponent i nmage
fromthe foreground/ background 5 separator 105 so as to adjust the
backgr oundricpnponent i ng. t ol ; el ongi ng ;to the, m xed
area. Fig. 81 ill usﬁgﬁiﬁ%ﬁgﬂ% (r)hgsesés?ist’ng lgérf(e?lo?lr&e)cstr?anrigl t ueﬁac%&’reound
conponent supesdordeddisddit: R igiedl dre Adistd g,y Unid 40§ Among the
pi xel s contained in the background 10 conponent |ﬁﬁge, conce nlnd e

pi xel s beletgtaner iirqy thiei ¢ rgoqedn@teq)é)egj@aecet}eig}%{ge&per ?ﬂfb%ntt he foreground
ac se

conponents are elimnated by the foreground/b groun parator 105. The
not i on- bl wrowedjarst ing funide HF dpkamd b fId OWtIE n R eGLi@n based on the

area information and the anount of 15 novenent v. Anbng the pixel’s
cont ai hed exanhe back giheuntharonp@re o ey Vet N ARe RIke! S
bel onging to the
object is 5 within one frame, the flat-portion extracting
unit 801 extracts five or more consecutive pixels in which
there is almost no change in the pixel values, i.e., a flat
portion.
10 For example, in the example shown in Fig. 76, when
equation (78) holds true, the foreground components F06/v

through Fl4/v are found to be equal from the relationships

of equation (79) through equation (83).

Cl0' = Cl1' = Cl2' = Cl13' = Cl14"' T (78)
15 Cl0' = F06/v+F07/v+F08/v+F09/v+F10/v (79)
Cll' = FO7/v+F08/v+F09/v+F10/v+F11l/v (80)
Cl2' = FO8/v+F09/v+F10/v+F11l/v+F12/v (81)
Cl3' = FO9/v+F10/v+F11/v+F12/v+F13/v (82)
Cl4' = F10/v+F11/v+F12/v+F1l3/v+F14/v (83)

20 That is, the relationship of the foreground components F06/v
through Fl14/v indicated by equation (84) holds true.
F06/v = FO7/v = F08/v = F09/v = F10/v = Fll/v = Fl12/v =
F13/v = Fl4/v (84)
Accordingly, in the subsequent processing for

25 calculating the foreground components, as shown in Fig. 77

14



m xed area, the correspondi ng background conponents are added. For
exanpl e, when the pixel value C02 '' ' contains four 20 background
conponents B0O2/v, the notion-blur adjusting unit 106 adds one background
conponent (B02/V)' (the sane val ue as the background conmponent B02/v) to

t he pi xel value C021''. Wen the pixel value C02111 contains three
background conponents B03/v, the notion-blur adjusting unit 106 adds 25
two background conponents (B03/V)' (the sanme value as the - 196 background
conponent B0O3/v) to the pixel value €COXA1: Wien the pixel value C23 '']|
contai ns three background conmponents B23/v, the notion-blur adjusting unit
106 adds two background conponents (B23/v)' (the sanme value as the 5

backgr oung, cogpgne tngggéga%%gﬁg hea PLx el Yol e %?%%éﬁmteﬁ%m}smeﬁge'

val ue C2411' contal ns ground conponents not 1 on- bl ur

adj ustingronjy 4RBoRGHSFOSLy RREKEROURG: EOFPORENtohEBALY) s k1dpy Same val ue
as the background conponent B24/v) to the pixel value C24111. 10 A

descripti @Hrm%ﬁi ¥eo/vebone of tiddn eXREPESrOfrdhed Eoapbhedts tigs pFocessing
performed by the notion-blur adjusting unit 106 having the configuration

shown in Ehgoud8. FHigv. 82 illustrates an i mage obtai ned by capturing
stationary black quadrilaterals. In contrast, 'Fig. 83 15 illustrates an
i mage Sobt ai nedrthy flagt-+d 1igl drh e atgi rbd aoki & Aedrddttatatad s iemn in Fig.
82. In the inmage shown in Fig. 83, the black quadrilaterals interfere with
each ot hepobgion having equal pixel values required for the above-
described processing, generates a flat-portion flag
indicating whether the pixel belongs to a flat portion
according to the extraction of the flat portion, and
10 supplies the flag to the unit-of-processing determining unit
802. The flat-portion extracting unit 801 also supplies the
flat-portion image consisting of only the pixels belonging
to the flat portion to the motion-blur eliminating unit 803.
The unit-of-processing determining unit 802 generates
15 the unit of processing, which is data indicating the pixels
obtained by eliminating the flat portion from the pixels on
a straight line contained in the foreground component image,
and supplies the unit of processing to the motion-blur
eliminating unit 803 together with the flat-portion flag.
20 The motion-blur eliminating unit 803 calculates the
foreground components contained in the pixels belonging to
the flat portion based on the flat-portion flag supplied
from the unit-of-processing determining unit 802. The

motion-blur eliminating unit 803 eliminates the foreground

25 components contained in the pixels belonging to the flat



nmotion blur. An exanple of the result of the processing perfornmed by 20
the notion-blur adjusting unit 106 having the configuration shown in Fig.
73 on the pixels on the straight line indicated by the broken line in Fig.
83 is shown in Fig. 84. 1In Fig. 84, the solid line indicates the pixel
val ues obtained by perform ng the processing by the notion-blur 25
adjusting unit 106 having the configuration shown in Fig. 73, - 197 the
broken |ine indicates the pixel values on the straight |ine shown in Fig.
83, and the one-dot-chain line indicatE30 the pixel values on the straight
line showmn in Fig. 82. In the broken Iine in Fig. 84, since the pixel
values 5 located at both ends in Fig. 84 are alnost flat (equal), the
not i on- bl L USE] it e i xe S i ng that
They are PPEE oo EE O e oot e e e SR e a2 cea8i ng on the
renainingfpggegoygiggsflggg result shown in Fig. 84 shows that the
notion-blur 10 adjusting unit 106 generates the pixel values that are
al nost equal thd hgoPielb Mat uesiind engtationesy Rdpckatdsladiddateral s
fromthe i mage having incorrect pixel values due to interference caused by
novi ng t hgnbtagkungdagdei pabeeaksngludpeieasabbmshpanuhdtFog- 84 is
obt ai ned by applying the present invention to an imge captured by a CCD
and havi ngracekkneardeekaninbali pnbet 8een theequaubbdnofornchlenlatight and
t he pi xel values, though the inage is not subjected to gama

the remaining foreground components from the pixel value of

the pixel from which the flat portion is removed among the
pixels on the straight line contained in the foreground
component image.

10 For example, as shown in Fig. 76, among the 23 pixels
on the straight line of the foreground component image, when
the tenth through fourteenth pixels from the left belong to
the flat portion, the foreground components belonging to the
tenth through fourteenth pixels from the left can be removed

15 from the foreground component image. Accordingly, equations
(85) through (102) are generated for the remaining
foreground components, i.e., the foreground components FO0l/v

through F05/v and the foreground components F15/v through

F19/v.
20 CO0l" = FOl/v (85)
C02" = FO01l/v+F02/v (86)
CO03" = FO1l/v+F02/v+F03/v (87)
C04" = FO1/v+F02/v+F03/v+F04/v (88)
CO5" = FOl1/v+FQ02/v+F03/v+F04/v+F05/v (89)

25 C06" = F02/v+F03/v+F04/v+F05/v (90)




correction. Simlarly, the effectiveness of the present 20 invention for an
i mage subjected to gamma correction has been proved by an experinment. The
processing for adjusting the amount of notion blur perforned by the
notion-blur adjusting unit 106 having the configuration shown in Fig. 73
is described belowwth 25 reference to the flowhart of Fig. 85 - 198 1In
step S801, the flat-portion extracting unit 801 extracts, fromthe

f oreground conponent image supplied from the foreground/ background
separator 105, a flat portion in whrch9the pixel values of adjacent pixels
are equal. The 5 flat-portion extracting unit 801 then supplies a flat-
portion flag corresponding to the extracted flat portion to the

uni t - of - processp @ Lep@s - PEdG, Ykds S92, and al so  suppligg,the
flat-portion image consisting of on?y the pi xel s belongi'ng'to the fl at
portion to thecomtiong®lpg+d®splimnating unit 803. In step,S802, the
unit-of -processing determning unit 802 generates, based on the
flat-portion f¢eg: +heosnyt of processing indicating thggpgsitions of the
adj acent pixels on the straight line contained in the foreground conponent
15 i mage ot hercthan=thespyxel s belonging to the flat portiggnp, and supplies
the unit of processing to the nmotion-blur elimnating unit 803. In step
S803, 3 he noti©nebl=rFedimmbéing unit 803 cal cul ates thesforeground
conponents corresponding to the

Cl7" = F15/v+F16/v+F17/v (96)
Cl8" = F15/v+F16/v+F17/v+F18/v (97)
Cl9" = F15/v+F16/v+F17/v+F18/v+F19/v (98)
C20" = F16/v+F17/v+F18/v+F19/v (99)
10 C21" = F17/v+F18/v+F19/v (100)
C22" = F18/v+F19/v (101)
C23" = F19/v (102)

By applying the above-described method of least squares
to equations (85) through (102), equations (103) and (104)

15 are found.

5432 1FOIT_ [ COI%CO2%C03%CO4%C05” ]
45432||F02|=""| co2+co3+Co4+C05%CO6”
3454 3| Fo3 C03%CO4"+CO5% CO6™+CO7”
2345 4| Fo4 CO4'+C05"+C06"4+CO7"4 CO8”
1 2345)F0s5] | coshcosCorCosco9”

(103)



20 pixels of the flat portion based on the foreground conponent inmage
supplied fromthe foreground/ background separator 105 and the unit of
processing supplied fromthe unit-of- processing determ ning unit 802, and
al so cal cul ates the foreground conponents corresponding to the unit of 25
processing, thereby elimnating notion blur fromthe - 199 foreground
conponents. The notion-blur elimnating unit 803 outputs the foreground
conponents W thout notion blur to the notion-blur adder 804 and the

sel ector 805. Details of the processih§2for eliminating notion blur in
step S803 are 5 described below with reference to the flowhart of Fig. 86.
In step S804, the notion-blur adjusting unit 806 determ nes whether the

D or e st et chad I Vokss o CLSBCIEH LIV HEIEHCTES) o
ot o S D ST | FBY h L CEB A A I8 A [

ppRs fci TN i o0 vl R B a4 e £ 0 L 4% o
oo Sood] X NS ENTISTE oof CEBREIFRUERLIIRCHT o
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i mage fromwhich notion blur is
- (104)
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The equation generator 822 of the motion-blur
eliminating unit 803 generates the equations corresponding
to the unit of processing, for example, indicated by

5 equations (103) and (104). The adder 823 of the motion-blur
eliminating unit 803 sets the pixel values contained in the
foreground component image from which the foreground
components contained in the pixels belonging to the flat
portion are eliminated in the equations generated by the

10 equation generator 822. The calculator 824 of the motion-
blur eliminating unit 803 calculates the foreground
components contained in the foreground component image other
than the foreground components contained in the pixels
belonging to the flat portion by applying a solution, such

15 as the Cholesky decomposition to the equations in which the
pixel values are set.

The calculator 824 generates a foreground component
image without motion blur, as shown in the example of Fig.

78, consisting of the pixel value Fi from which motion blur



elimnated or the foreground conmponent inmage to which notion blur is

added, and output the selected inmage. The processing is then conpleted. As
di scussed above, the notion-blur adjusting unit 106 25 is able to adjust

t he amount of notion blur of the input - 200 foreground conponent image. A
description is given below, with reference to the flowhart of Fig. 86, of
the processing in step S803 of Fig. 85 for elimnating notion blur of the
f oreground conponent 5 inmage corresponding to the unit of processing
performed by the notion-blur elimnatil®g wunit 803. In step S821, the

nodel -form ng portion 821 of the notion-blur elimnating unit 803
generates a nodel corresponding to the anount of novenent v and the unit

of 10 progessHINGindtesiep S822, the equation generator 822 generates
equati ons based on the generated nodel. In step S823, the adder 823 sets

the pixel values ehe tbeehebaHROUBALEARRRNER ggﬂ§gsmf&8€hﬂh589i§§e

foreground conponents corresponding to the fFat portion are renobved in 15

the gener ailed dguatliignnatied SieRrhS%24.int 18 Adder §83 HeteLy 793 whet her
the pi xel values of all the pi'xels corresponding to the unit of processing

have beense&t inl 04" ainsl detser, maned Fiisat hirke gBi ¥alos a%v%e%oﬁnbgg@"%t in
all the equations, the process returns to step S823, and the processi ng
for se?ti@gct B4 9fi.xelhealreesonn folre tadsatiisonsti $o caReAkedne position
of the foreground component image with respect to the screen.
The foreground component image may be set in desired
positions.
The calculator 824 generates pixels corresponding to

10 the foreground components, which have been eliminated by the
unit of processing, based on the flat-portion image supplied
from the flat-portion extracting unit 801, and combines the
generated pixels with the foreground component image without
motion blur shown in Fig. 78, thereby generating a

15 foreground component image, such as that shown in Fig. 79.

The motion-blur eliminating unit 803 may generate the
pixels corresponding to the flat portion based on the
foreground components F06/v through Fl14/v calculated by
equation (84).

20 The motion-blur adder 804 is able to adjust the amount
of motion blur by adding 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

25 movement v, or the amount v' by which motion blur is



If it is determned in step S824 that the pixels have not been set in al
the equations, the process proceeds to step S825. The cal cul at or 824
cal cul ates the pixel values 25 of the foreground w thout notion blur based
on the equations - 201 in which the pixel values are set supplied fromthe
adder 823. In step 5826, the cal culator 824 conbines the flat- portion

i mge supplied to the flat-portion extracting unit 5 801 with the pixels in
whi ch the pixel values of the foreground without notion blur calculated in
the processing of step S825 are set, 1Phereby generating the foreground
conponent image w thout notion blur. The processing is then conpleted. 10
In this manner, the notion-blur elimnating unit 803 is able to elimnate

moti on bl ur, from the fqr aar qund conpanent +HdMARANIA HRGmIR en bl ur

based on & @%%%nﬁn of novermeént v and the unit of processing. As described

above: . LB W AUARH 1 i, B i B ih 1.0 qlideuaal on

shown in s ‘abl’e to adjust Tthe anount of notion blur contained in

the i nputyfor FEUPRABMY JiTRAE vaA dann WieHI I ue tidn pafuid &y y
elimnating notion blur, ~such as a Wener filter, is effective when being

used in the 2dMeal YatshidWindtsidwo s ficiamudtard av ast wal | mage
quanti zed and containing noise. In contrast, it is proved that the
not i o8- bldyt Ad| ustd N vy toudktd caddrgrrtedriasy 'showfhe motion-blur
adder 804 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,

10 the pixel wvalue C02" is set to (F0l)/v', the pixel value c3"
is set to (FO1+F02)/v', the pixel value CO04" is set to
(FO1+F02+F03)/v', and the pixel value CO5" is set to
(FO2+F03+F04) /v'.

The motion-blur adder 804 supplies the foreground

15 component image in which the amount of motion blur is
adjusted to a selector 805.

The selector 805 selects one of the foreground
component image without motion blur supplied from the
calculator 805 and the foreground component image in which

20 the amount of motion blur is adjusted supplied from the
motion-blur adder 804 based on, for example, a selection
signal reflecting a user's selection, and outputs the
selected foreground component image.

As discussed above, the motion-blur adjusting unit 106

25 is able to adjust the amount of motion blur based on the




in Fig. 73 is sufficiently effective for an actual imge quantized and
containing noise. It is thus possible to 25 elimnate notion blur with high
precision. - 202 Mreover, the flat portion is renoved fromthe ‘
f oreground conponent imge, and the foreground conponents are cal cul ated
for the remaining pixels. Accordingly, the influence of quantizing or

noi se can be inhibited, and the 5 notion-blur adjusting unit 106 having the
configuration shown in Fig. 73 is able to obtain an imge in which the
anmount of notion blur is adjusted withi%$gher precision. Fig. 87 is a

bl ock diagramillustrating another configuration of the function of the
signal processing 10 apparatus. The elenents simlar to those shown in

Fig. 2 arge1desighabegnitindi KRer 8HELRDCEH' NYYBLALSH A0EiEA KXREAD&LI ON
thereof is thus omtted. The area specifying unit 103 supplies area

i nformati g85udbelio the mxture-ratio calculator 104 and a synthesizer 1001
The m xture-ratio cal cul ator 104 supplies the mxture ratio a to the

f or egr ound/ backgs Gadeh SeRsT et 03 hOS: A ke ByStepi @sta H00Mhe The

f or eground/ background separator 105 supplies the 20 foreground conponent
i mage to bhekgyothestarpoloft. imhAgesynbheshdefo189totRaPbAERgRoGRAT @i n

background inage with the foreground conponent inage supplied fromthe
f or egrioungdépackgoouhdssepasat oo 485ubasedeobathgrouxtiuceémponents
corresponding to the pixels belonging to the mixeq area.
Fig. 81 illustrates the processing for correcting the
background components performed by the motion-blur adjusting
unit 106. Among the pixels contained in the background
10 component image, concerning the pixels belonging to the
mixed area before being separated, the foreground components
are eliminated by the foreground/background separator 105.
The motion-blur adjusting unit 106 makes the following
correction based on the area information and the amount of
15 movement v. Among the pixels contained in the background
component image, concerning the pixels belonging to the
mixed area, the corresponding background components are
added.
For example, when the pixel value C02''' contains four
20 background components B02/v, the motion-blur adjusting unit
106 adds one background component (B02/V)' (the same value
as the background component B02/v) to the pixel wvalue C02''',
When the pixel value C02''' contains three background
components B03/v, the motion-blur adjusting unit 106 adds

25 two background components (B03/V)' (the same value as the



ratio a supplied fromthe m xture-ratio cal cul ator 104 and 25 the area
information supplied fromthe area specifying unit - 203 103, and outputs
the synthesized inmage in which the certain background i nage and the '
f oreground conponent inmage are conbined. Fig. 88 illustrates the
configuration of the 5 synthesizer 1001. A background conponent generator
1021 generates a background conponent inmage based on the m xture ratio cc
and a certain background i mage, and supplies the background conponent
image to a mxed-area-image synthest Zidg portion 1022. 10 The

m xed- ar ea-i mage synt hesi zing portion 1022 conbi nes the background
conponent inmage supplied fromthe background conponent generator 1021 with

the foregsoung: SOARONGRLASRG R 9Py PStd Orhensiple f, ThXedosrea synt hesi zed

i mage, and supplies the generated m xture-area synthesized |nage to an 15
i mage synt hesiyaidiy f} td 00k 11023 u T d mage- i hes i al M&H%b&%3 .
esl zed i mage

conbi nes the foreground conponent | nmage, the m xed-area synt

suppl i ed Esmpdhdet 8 X8/ @) eghé NRgeL Sy b hesi Zifgs PoRg | @R 4022 addsl the
certain background i mage based on the area 20 infornmation so as to generate

a synt hestwedba dR@eourd compid Peti Ss | {B2 B di SCtiss edamdoyel ud hes sywd hesi zer
1001 is able to conbine the foreground conponent inage with a certain
backgioungdatkageund component B23/v) to the pixel value C23''', When
the pixel value C24''' contains four background components
B24/v, the motion-blur adjusting unit 106 adds one
background component (B24/v)' (the same value as the
background component B24/v) to the pixel value C24''"',
10 A description is given below of an example of the
result of the processing performed by the motion-blur
adjusting unit 106 having the configuration shown in Fig. 73.
Fig. 82 illustrates an image obtained by capturing
stationary black quadrilaterals. In contrast, Fig. 83
15 illustrates an image obtained by capturing the moving black
quadrilaterals shown in Fig. 82. 1In the image shown in Figqg.
83, the black quadrilaterals interfere with each other by
motion blur.
An example of the result of the processing performed by
20 the motion-blur adjusting unit 106 having the configuration
shown in Fig. 73 on the pixels on the straight line
indicated by the broken line in Fig. 83 is shown in Fig. 84.
In Fig. 84, the solid line indicates the pixel values
obtained by performing the processing by the motion-blur

25 adjusting unit 106 having the configuration shown in Fig. 73,



25 The i mage obtai ned by conbining a foreground conponent - 204 inmage with
a certain background i nage based on the mxture ratio a, which is the
feature quantity, appears nore natural conpared to an inage obtai ned by
sinply conmbining pixels. Fig. 89 is a block diagramillustrating still -
another 5 configuration of the function of the signal processing

apparatus for adjusting the anount of notion blur. The signal processing
apparatus shown in Fig. 2 sequentially perfornms the area-specifying
operation and the calculation for thelfVxture ratio a. In contrast, the
signal processing 10 apparatus shown in Fig. 89 sinultaneously perforns the
area- specifying operation and the calculation for the mxture ratio a.

The funct iaeal, 8keRentfeshabligh kg tHaspikB1lRE18acky PhA0LBNLONLFI O 2

are designated wth reference nuner al s, an expl anati on "t her eof

is thus omihtednowAnihnpyt;.i @B 3h Pbihed gh@ -anai Xt WEe=r at cul at or
1101, a foregrouﬁg/béckgrgund geSa?a?g? ??gz9b?hghg%§eg&§8e§%P§Fﬁggénit

103, and the ghkéqtvgihéQCbhnghenEE;&QéhtTﬁ@n@iéhB%ﬁ‘&gt%Q cagsul ator 1101
cal cul ates, based on 20 the input inage, the estimte nlgture rati o when

it is assumedrheke eaebkehxelngonh arngd 84, t Benkdpehe i pBGS behpngs to the
covered background area, and the estinmated m xture ratio when it Is

assurmed t hataeadhapi kekhcentiai nedrig.tbe araputmbeBo€1bel 0BEEALY,t BRe
uncover ed background area, and 25 supplies the estinmated m xture rati os
cal cul at edo&gon-blur adjusting unit 106 removes the pixel yalues by
assuming that they are flat portions, and performs the
above-described processing on the remaining pixel values.
The result shown in Fig. 84 shows that the motion-blur

10 adjusting unit 106 generates the pixel values that are
almost equal to the pixel values of the stationary black
quadrilaterals from the image having incorrect pixel values
due to interference caused by moving the black
quadrilaterals.

15 The result shown in Fig. 84 is obtained by applying the
present invention to an image captured by a CCD and having a
linear relationship between the amount of incident light and
the pixel values, though the image is not subjected to gamma
correction. Similarly, the effectiveness of the present

20 invention for an image subjected to gamma correction has
been proved by an experiment.

The processing for adjusting the amount of motion blur
performed by the motion-blur adjusting unit 106 having the

configuration shown in Fig. 73 is described below with

25 reference to the flowchart of Fig. 85.



- 205 described above to the foreground/ background separator 1102. Fig.
90 is a block diagramillustrating an exanple of the configuration of the
m xture-ratio calculator 1101. An estimated-m xture-ratio processor 401
shown in Fig. 5 90 is the sane as the estimated-m xture-rati o processor
401 shown in Fig. 47. An estimated-m xture-ratio processor 402 shown in
Fig. 90 is the sane as the estimted-m xture-ratio processor 402 shown in
Fig. 47. The estimated-m xture-rati o processor 401 cal culates 10 the
estimated m xture ratio for each pixell® the conputation corresponding to
a nodel of the covered background area based on the input inage, and
outputs the <calculated estinmated m xture ratio. The

estimated-m Xt Y[ &4 ié%dﬁ;,gcﬁ?éofl%@—zpéﬂféﬂ aéféraccli.‘EinﬁgJ'%neiscti ted m xture

ratio for each pixel” by t comput at’'1 on cor respondi t0 a nodel of the

UncoverEdexgﬁgégépufgoﬁf€ﬁeb?@?@g?@uﬁﬁSc%ﬂﬂHﬁeﬁ@ag§%%%E§$O 1 pud sefdig

calcul ated estimated m xture ratio. T or egr oun nd separ at or

1102 genetré esot88rodRdf 195804 PHNE COSPRRENbri Bge LT ot heot PPML {Amge
based on the estinmated m xture ratio cal cul ated when it is assunmed that

the pixelwhet@ngsetPike ¢oVEEed: baghysoand dpiﬂ§1§ua>péi@<gluairom@e
m xture-ratio cal culator 1101, the estimte m xture ratio cal cul ated when

it isSsassobnet-pbatidheeptxgtt 25gbehongsot othér smePYEE€da baTkegr ound ar ea
supplied fromthe - 206

portion flag corresponding to the extracted flat portion to
the unit-of-processing determining unit 802, and also
supplies the flat-portion image consisting of only the
pixels belonging to the flat portion to the motion-blur

10 eliminating unit 803.

In step S802, the unit-of-processing determining unit

802 generates, based on the flat-portion flag, the unit of
processing indicating the positions of the adjacent pixels
on the straight line contained in the foreground component

15 image other than the pixels belonging to the flat portion,
and supplies the unit of processing to the motion-blur
eliminating unit 803.

In step S803, the motion-blur eliminating unit 803

calculates the foreground components corresponding to the

20 pixels of the flat portion based on the foreground component
image supplied from the foreground/background separator 105
and the unit of processing supplied from the unit-of-
processing determining unit 802, and also calculates the

foreground components corresponding to the unit of

25 processing, thereby eliminating motion blur from the



m xture-ratio calculator 1101, and the area information supplied fromthe
area specifying unit 103, and supplies the generated foreground conponent
image to the notion-blur adjusting unit 106 and the selector 107. 5 Fig.
91 is a block diagramillustrating an exanple of the configuration of the
f or eground/ background separator 1102. The elenents simlar to those of the
f or egr ound/ backgr ound separator 105 shown in Fig. 65 are 10 indicated by

li ke reference nunerals, and an explanation thereof is thus omtted. A

sel ector 1121 selects, based on the -arl¥ imformati on supplied fromthe
area specifying unit 103, either the estimated m xture ratio cal cul ated
when it is assuned that 15 the pixel belongs to the covered background area

supplied (LrO0LbRE b EsA ALl O FRL GHbalGh-BI01 Of sffies eod Bt ad a8 xture

rati o cal cu en It 1S assune a e pl xe ongs ' to the

uncoveredoggﬁgggoygg fgfggg%&géiéﬁh.5ﬂ@ﬁﬁgewiﬂﬁéﬁﬁfﬁbﬁﬁéﬁObfééCH$a%@@ 1101,

and supplres e selected Imated mxture ratio to the separating

portion 603+ asniBeur MhA4&F es6 At 4Qd achdNge S8REG AL BOY, POBE £ AN HOJF extt& act s
the foreground conponents and the background conponents fromthe pixel

val ues of ntHee Pk Xl StHe! ONghN8at ong heoflygdp alieai Rasedp 098 @5 4he m xture
ratio a supplied fromthe selector 1121 and the - 207 area information,
and suppl hescthecexbsasteditor egroudflce to the flowchart of Fig. 86.
In step S804, the motion-blur adjusting unit=806
determines whether the processing has been finished for the
entire foreground component image. If it is determined that
the processing has not been finished for the entire
10 foreground component image, the process returns to step S803,
and the motion-blur eliminating processing on the foreground
components corresponding to the subsequent unit of
processing is repeated.
If it is determined in step S804 that the processing
15 has been finished for the entire foreground component image,
the process proceeds to step S805. In step S805, the
motion-blur adder 804 and the selector 805 of the motion-
blur adjusting unit 106 calculate the background component
image in which the amount of motion blur is adjusted, select
20 the foreground component image from which motion blur is
eliminated or the foreground component image to which motion
blur is added, and output the selected image. The
processing is then completed.
As discussed above, the motion-blur adjusting unit 106

25 is able to adjust the amount of motion blur of the input



conponents to the synthesizer 603 and al so supplies the background
conponents to the synthesizer 605. The separating portion 601 can be
configured simlarly 5 to the counterpart shown in Fig. 70. The

synt hesi zer 603 synt hesi zes the foreground conponent inmage and outputs it.
The synt hesizer 605 synthesizes the background conponent inage and out puts
it. The notion-blur adjusting unit 106 shown in Fig. 89 can 10 be
configured simlarly to the counterpart shown in Fig. 2. The notion-blur
adjusting unit 106 adjusts the anount 280 -notion blur contained in the

f oreground conponent image supplied fromthe foreground/ background
separator 1102 based on the area information and the notion vector, and

out put s gﬁgﬁfggppg%%ﬂg i mge in which the anount of notion
blur is ;giﬁgﬁg%gﬂﬁﬁé_ el ector shown in Fig. 89 selects the foreground
component | mage RHRAIR] J A8 IN&rerf YFAYWOURHBRAGKHLWE SeRARROr 1102 or

the foreground 20 conponent 1 ndge 1 n which the amobunt of notion blur is

adj usted syppnd: fgprride oot ion-tlarpashesding unidtdDbssdased winy, for

exanpl e, a selection signal reflecting a user's selection, and outputs the
sel ect ed 4regF N i €MD £ 1dMRISLuR S DSt il SEsSREb a0 VEeomgdeersd gnal

processi ng apparatus - 208 shown in Fig. 89 is able to adjust the anount
of noti onidd g cEOrd Spheding ©h thagencors esporcksgiig wedf 5 agsdungd obj ect
the motion-blur eliminating unit 803.
In step 5821, the model-forming portion 821 of the
motion-blur eliminating unit 803 generates a model
corresponding to the amount of movement v and the unit of
10 processing. 1In step $S822, the equation generator 822
generates equations based on the generated model.
In step 5823, the adder 823 sets the pixel values of
the foreground component image from which the foreground
components corresponding to the flat portion are removed in
15 the generated equations. In step S824, the adder 823
determines whether the pixel values of all the pixels
corresponding to the unit of processing have been set. If
it is determined that the pixels have not been set in all
the equations, the process returns to step 3823, and the
20 processing for setting the pixel values in the equations is
repeated.
If it is determined in step S5S824 that the pixels have
not been set in all the equations, the process proceeds to

step S825. The calculator 824 calculates the pixel wvalues

25 of the foreground without motion blur based on the equations



of the input inmage, and outputs the resulting foreground object inmage. As
inthe first enbodinent, the signal 5 processing apparatus shown in Fig. 89
is able to calculate the mxture ratio a, which is enbedded information,
~and outputs the calculated mxture ratio a. Fig. 92 is a bl ock di agram
illustrating another configuration of the function of the signal
processi ng 10 apparatus for conbining a foreground conponent imge with a
certain background i mage. The signal processing apparatus shown in Fig. 87
serially performs the area-specifying2®peration and the cal cul ation for
the m xture ratio a. In contrast, the signal processing apparatus shown in
Fig. 92 15 perforns the area-specifying operation and the cal culation for

the mixture yRELD {ieighfeParaliel fpanes: Fhepliostional ied eaads similar
to those indicated by " the block of Fig. 89 are indicated by |ike reference

nuner al s,gafd an expl anation thereof is thus omtted. 20 The m xture-ratio
cal cul ator 1101 shown in Fig. 92 calcul ates, based on the input image, the
estimated m xti e&td@RtIsR ehaihd tcd Ssouvlssigred IhajongaictePitkad flat-ai ned in

the input imge belongs to the covered background area, and the estimated
m Xt ure rpdroishemade i supskleddtd hihe eACAt ppoeti@d eontacniamgiwnite i nput
i mge belongs to the uncovered - 209 background area, and supplies the
esti mét eds ol xwicle tlaipsxekal twl whiedhashdestxébedahboveof otivde
f oreground/ background separator 1102 and a synthesizer 1201.
foreground without motion blur calculated in the processing
of step $S825 are set, thereby generating the foreground
component image without motion blur. The processing is then
completed.

10 In this manner, the motion-blur eliminating unit 803 is
able to eliminate motion blur from the foreground component
image containing motion blur based on the amount of movement
v and the unit of processing.

As described above, the motion-blur adjusting unit 106

15 having the configuration shown in Fig. 73 is able to adjust
the amount of motion blur contained in the input foreground
component image.

A known technique for partially eliminating motion blur,
such as a Wiener filter, is effective when being used in the

20 ideal state, but is not sufficient for an actual image
qgquantized and containing noise. In contrast, it is proved
that the motion-blur adjusting unit 106 configured as shown
in Fig. 73 is sufficiently effective for an actual image

quantized and containing noise. It is thus possible to

25 eliminate motion blur with high precision.



The foreground/ background separator 1102 shown in Fig. 5 92 generates the
foreground conponent image fromthe input inage based on the estimted

m xture ratio calculated when it is assumed that the pixel belongs to the
covered background area supplied fromthe m xture-ratio cal culator 1101,
the estimated m xture ratio cal culated when it is 10 assuned that the pixe
bel ongs to the uncovered background area supplied fromthe mxture-ratio
cal culator 1101, and the area information supplied fromthe area
specifying unit 103, and supplies the€Qfenerated foreground conponent inmage
to the synthesizer 1201. 15 The synthesi zer 1201 conbines a certain
background inage with the foreground conponent inage supplied fromthe

f oregr ound/ bawet%%q SeRY aﬁ&%{%ﬁoq%hlﬁﬁ%e% fsiidmtigd mxture ratio

cal cul ated when it is’assune el ongs to the covered

backgr Oungopéfpomp%ér%%%%ﬁnﬁﬁgggp ML FatLOrSahE W ahodnddd, the

estimated m xture ra ated when it is assuned that the pixe

bel ongs té)rélggalé\?f&/ egh, backgr pansli A e SRPlé ed Acesraheg ¥ xtite-ratio

cal cul at or 1, and the area information supplied fromthe area

speci fyi ngn g dndO30 £ a%@a:%'i@ilﬁé bhensyss hesh zed inmgei 25dj nanddi cive t he
background i mage and the foreground conponent - 210 inage are conbi ned.

Fig. 93 ihbusbrabesrthe)conihgunattonoefhahengsyneheshzegui2bion The
functional elements simlar to those of the block diagramof Fig. 88 are
desi gnat eghy#hhihikeg. 73 is able to obtain an image in which the

amount of motion blur is adjusted with higher precision.

Fig. 87 is a block diagram illustrating another
configuration of the function of the signal processing

10 apparatus.

The elements similar to those shown in Fig. 2 are
designated with like reference numerals, and an explanation
thereof is thus omitted.

The area specifying unit 103 supplies area information

15 to the mixture-ratio calculator 104 and a synthesizer 1001.

The mixture-ratio calculator 104 supplies the mixture
ratio o to the foreground/background separator 105 and the
synthesizer 1001.

The foreground/background separator 105 supplies the

20 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 o supplied from the mixture-ratio calculator 104 and

25 the area information supplied from the area specifying unit



5 reference nunerals, and explanation thereof is thus omtted. A selector
1221 selects, based on the area information supplied fromthe area

speci fying unit 103, either the estimated m xture ratio cal cul ated when it
is assuned that the pixel belongs to the covered background area supplied
10 fromthe m xture-ratio calculator 1101 or the estimated mxture ratio
cal cul ated when it is assuned that the pixel belongs to the uncovered
background area supplied fromthe mxture-ratio calculator 1101, and
supplies the selected estinmated m xtuR€3ratio to the background conponent
1S generator 1021 as the mxture ratio a. The background conponent
generator 1021 shown in Fig. 93 generates a background conponent i nage

based on t et W i |y fr t | ect.0 21 and _a

certain bé@ﬁgrgﬁﬁh%d% 5@% gﬁ% %&%&qégngﬁgqgf' gﬁ%ﬁﬁﬁuﬁ%lé%ﬁb&ﬁ%%@lpnage to
the m xediRlcgand ] IZ1 i ] -area-i mage

synt hesi zi ng pof??%ﬁl%%'z gﬁ%ﬁﬁﬂ?hHQE%Eﬁﬂggﬁg%%%F%%%ngkéﬁgggkg%gund

conponent domagdeeauppl ied fromthe background conponent generator 1021 with
the 2S foreground conponent inmage so as to generate a m xed-area - 211

synt hesi zed i nrgg., 8BdisupBkigsekhengensnat@dratxed- 8ke@anSynt hesi zed i mage
to the image synthesizing portion 1023. The inmage synthesizing portion

1023 conbisyashislse zear egoaund Ac eapdgedlindTegep onke thigeedraked 3ypthesi zed
image 5 supplied fromthe m xed-area-image synthesi zing portion 1022,
generates a background component image based on tpe mixture
ratio a and a certain background image, and supplies the
background component image to a mixed-area-image
synthesizing portion 1022.

10 The mixed-area-image synthesizing portion 1022 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 mixture-area synthesized image to an

15 1image 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 certain background image based on the area

20 information so as 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.

25 The image obtained by combining a foreground component



and the background i mage based on the area information so as to generate a
synt hesi zed i mage and outputs it. In this manner, the synthesizer 1201 is
able to conbine the foreground conponent inmage with a certain background
10 image. Fig. 94 is a block diagramillustrating still another
configuration of the signal processing apparatus. The elenents simlar to
those shown in Fig. 2 are indicated by |like reference nunerals, and an
explanation 15 thereof is thus omtted. The input imge supplied to the
signal processing apparatus is suppti2®to the object extracting unit 101
the area specifying unit 103, a flat-portion extracting unit 1501, a
separating/blur-elimnating unit 1503, and a 20 synthesi zer 1504. The

obj ect exirﬁé‘&é'ﬂﬂtl‘z‘nétcéPELa%tB%iér&lﬁgu%aég@i}g&se&%ﬁ%h&%{)‘?@@?@d' ng to

t he foreground object contained In” the input inmage, and supplies the

extract edri fRgey ObLEEENT Os BRODELOPLHET §GAREI 402 aﬂﬁ@aPQJﬁGE%eﬁéﬁﬁfélng
unit 101 25 extracts a rough i mage objeCt corresponding t - 212

backgr oungobheed €ONRI NREgé %51@&@@%;;!%1@@&@9@% esixd e, extracted
i mage object to the notion detector 102. The notion detector 102 cal cul ates

the notion veatigy. &f9 ithes Ok dBGE-00] ECtu LOFLteSRPNEH NG tahdthier
foreground S object, and supplies the cal cul ated notion vector and the
posi tiSonatonhhfguration of the fotdcohonest othé osidmearghocessing
apparatus for adjusting the amount of motion blur7 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
10 apparatus shown in Fig. 89 simultaneously performs the area-
specifying operation and the calculation for the mixture
ratio o.
The functional elements similar to those in the block
diagram of Fig. 2 are designated with like reference
15 numerals, and an explanation thereof is thus omitted.
An input image is supplied to a mixture-ratio
calculator 1101, a foreground/background separator 1102, the
area specifying unit 103, and the object extracting unit 101.
The mixture-ratio calculator 1101 calculates, based on
20 the input image, the estimated mixture 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

25 supplies the estimated mixture ratios calculated as



specifying unit 103, the flat-portion extracting unit 105, the

unit-of -processing determning unit 1502, and the
separating/blur-elimnating unit 1503. 10 The area specifying unit 103
specifies each pixel of the input inage to one of the foreground area, the
background area, or the m xed area, and supplies the information
indicating to which of the foreground area, the background area, or the

m xed area each pixel ~elongs 15 (hereinafter referred to as the "area
information") to the flat-portion exti88tirng unit 1501, the

uni t-of-processing determning unit 1502, and the synthesizer 1S04. The
flat-portion extracting unit 1501 extracts, based on the input inage, the

notion veek@trabdd RBoRRSitL @Ral ro2l iBh%BV%Qd%&f%%Sd?%%P%%BE \.ed hrom the

;
notion detector 102, and the area information supplied mthe area

speci fying uniiglO80 asfhablpektioagkamWoi ehstber 2ABURL anmﬁi&ho£he
pi xel val ues of adjacent pixels belonging to the foreéegroun area changes

is smal | skkecbadigneagibhe ogonseculi ke rp-xaks 022aakanged hAothe noving
direction fromthe pixel belonging to - 213 the uncovered background area

to the pixel brhoagtbgatedthextapyeretibapkgeospdranea. sibanfiatrpgrtion
extracted by the flat-portion extracting unit 1501 consists of piXxels
havi ng® e§Qalispithel saakues. theFestérnanmpdenikhiarkt-abtpor broaegxbragbing unit
1501 extracts, based on the input inmge, the notion vector and the
posi t i onashpwhoimaFign #fer edh sappmheadﬁmdxtuhe—matﬁonprogessor 402
shown in Fig. 90 is the same as the estimated-mixture-ratio
processor 402 shown in Fig. 47.
The estimated-mixture-ratio processor 401 calculates
10 the estimated mixture ratio for each pixel by the
computation corresponding to a model of the covered
background area based on the input image, and outputs the
calculated estimated mixture ratio.
The estimated-mixture-ratio processor 402 calculates
15 the estimated mixture ratio for each pixel by the
computation corresponding to a model of the uncovered
background area based on the input image, and outputs the
calculated estimated mixture ratio.
The foreground/background separator 1102 generates the
20 foreground component image from the input image based on the
estimated mixture ratio calculated when it is assumed that
the pixel belongs to the covered background area supplied
from the mixture-ratio calculator 1101, the estimated

mixture ratio calculated when it is assumed that the pixel

25 Dbelongs to the uncovered background area supplied from the



detector 102, and the area information supplied fromthe area specifying
unit 103, a flat portion in which the anount 10 by which the pixel val ues
of adjacent pixels belonging to the foreground area is smaller than a
prestored threshold Tfhl selected anong the consecutive pixels arranged in
the noving direction fromthe pixel belonging to the uncovered background
area to the pixel belonging to the covered 15 background area. The
flat-portion extracting unit 1501 al so extracts, for exanple, a flat
portion in which the amount by whi ch-tA@6 pixel values of adjacent pixels
of the foreground conponent image change is within 1% The ratio of the
anmount by which 20 the pixel values change, which is a reference val ue for

extractingiathkat rReibi eR10MYtBe §@bltOaﬁdd%ﬁgr%geﬁahagpgﬁg?ﬁgﬁlat_portion

extracting unit 1501 al so extracts a flat portion in standard

devi ati onsappllhedpiexeh t¥al Hesa0kpadi&#genl; phxel 3oaf 1 aun
conponent inmage 25 is snaller ?haﬁ the9prgstored thre%ﬂglggéggﬁeg-g5f4

Mor eover, gehertkat- porthyesuayt EagbbREndNina&@0to Xkl AekSontBiyexanpl e,
based on the regression line corresponding to the pixel values of adjacent

pi xel s of atihestongguatndioenpadenhei BBgectarf hat .portion in which the sum
5 of the errors of the regression |ine and the individual pixel values is
smal | € than thegprestds ead hhoesholagdah| il Thetret enense yehmeld o5t
extracting the flat portions, such as the threshold Thfl or the ratio of
t he amounthpyconfiguration of the foreground/background separator

1102, |

The elements similar to those of the
foreground/background separator 105 shown in Fig. 65 are

10 indicated by like reference numerals, and an explanation
thereof is thus omitted.

A selector 1121 selects, based on the area information
supplied from the area specifying unit 103, either the
estimated mixture ratio calculated when it is assumed that

15 the pixel belongs to the covered background area supplied
from the mixture-ratio calculator 1101 or the estimated
mixture ratio calculated when it is assumed that the pixel
belongs to the uncovered background area supplied from the
mixture-ratio calculator 1101, and supplies the selected

20 estimated mixture ratio to the separating portion 601 as the
mixture ratio a.

The separating portion 601 extracts the foreground
components and the background components from the pixel

values of the pixels belonging to the mixed area based on

25 the mixture ratio o supplied from the selector 1121 and the



whi ch pi xel val ues change, may be set to a desired value, 10 and the
present invention is not restricted by the reference value for extracting
the flat portions. The reference value for extracting the flat portions
can be adaptively changed. The flat-portion extracting unit 1501 generates
the foreground-flat-portion positional information,' which is the 15
information indicating the position of the extracted flat portion, and
supplies the generated foreground-flat-portion positional information to
the unit-of-processing determ ning -urt@7 1:-502. The unit-of - processi ng
determning unit 1502 determnes 20 the unit of processing indicating at

| east one pixel belonging to the foreground area or the m xed area based

on_ the foregr guadoflalsportiencgsi1ional,i of prmtiene supplicdy from the

flat-portion extracti hg uni fon ~v %%sitiona

| nformat | o fiet ol sHPRL CvLERDL 22e L N0 JOLLAN, YEG! Qlnd PPeqalide t e area

i nformation supplied e area speciftyrng he

uni t - of - pEQCReSH G deSREThEL Y B End SOInENpPRLLES cbfe generated unit of
processing to the separating/blur- elimnating unit 1503. 5 The

separ at i ng/ bl utreelddptatd ity Wt 170 % @ENSASS coPasad- QN 4ihe 1wty of

processing supplied fromthe unit-of- processing determning unit I502, and
the nBti oo VEEE Ofo@iite rip Het PSS lh onal Figf ovomti on thereof supplied fromthe

notion detector 102, the foreground conponent inage w thout notion

The synthesizer 603 synthesizes the foregrouqd
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. 89 can

10 Dbe configured similarly to the counterpart shown in Fig. 2.
The motion-blur adjusting unit 106 adjusts the amount of
motion blur contained in the foreground component image
supplied from the foreground/background separator 1102 based
on the area information and the motion vector, and outputs

15 the foreground component image in which the amount of motion
blur is adjusted.

The selector 107 shown in Fig. 89 selects the
foreground component image supplied from the
foreground/background separator 1102 or the foreground

20 component image in which the amount of motion blur is
adjusted supplied from the motion-blur adjusting unit 106
based on, for example, a selection signal reflecting a
user's selection, and outputs the selected foreground

component image.

25 As discussed above, the signal processing apparatus



10 blur and the separated background conmponent inmage fromthe pixels
specified by the unit of processing anong the pixels of the input inage,
and supplies the generated foreground conponent imge and the background
conponent image to the synthesizer 1504. 1 15 The synt hesi zer 1504

synt hesi zes, based on the area information supplied fromthe area
specifying unit 103, an inmage fromwhich notion blur of the foreground
object is elimnated, fromthe foreground conponent inage wthout notion
bl ur, the separated background conponed®8i mage, and 20 the input inmage
supplied fromthe separating/blur- elimnating unit 1503, and outputs the
synt hesi zed i mage w thout notion blur. Fig. 95 is a bl ock diagram

11 Ustrat 8, ey G931 6 3l QR19 S SRR A GBL T old PAALg ¢

1503. 25 The notion vector and the positiona mat i on ereof - 7216

suppl i ed fooematifRrdMak R defee! 6 12 AR itRe tlanbat re s q,l%llsz%,qg&uppl i ed

fromthe unit-of-processing determning unit 1502 are "supp to a

model - f or @@ hROlhipat 122ke, The dTRARnfter N denilitam 1521 fes a
nodel based 5 on Fﬁg nnt%%n vect or ghd t he positionaﬁlinfégﬁg?#%% t her eof

suppl i ed bbgrctthe mamtel.on Adetiect-ore ¥Q2:s tarthidia meditt, @he RiQEQISI Ng suppl i ed
fromthe unit-of-processing determning unit 1502, and supplies the
gener ab ed prodels stiagarppguattiuen shgemerniat @igl5232. 110 athe wai caqkupreeessi ng
and a nodel corresponding to the

the mixture ratio o, which is embedded informatiop, and

ocutputs the calculated mixture ratio a.

Fig. 92 is a block diagram illustrating another
configuration of the function of the signal processing

10 apparatus for combining a foreground component image with a
certain background image. The signal processing apparatus
shown in Fig. 87 serially performs the area-specifying
operation and the calculation for the mixture ratio &. In
contrast, the signal processing apparatus shown in Fig. 92

15 performs the area-specifying operation and the calculation
for the mixture ratio o in a parallel manner.

The functional elements similar to those indicated by
the block of Fig. 89 are indicated by like reference
numerals, and an explanation thereof is thus omitted.

20 The mixture-ratio calculator 1101 shown in Fig. 92
calculates, based on the input image, the estimated mixture
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

25 contained in the input image belongs to the uncovered



unit of processing are described below with reference to Figs. 96 through
99. Fig. 96 illustrates an exanple of pixels when the occurrence of notion
blur is suppressed by suflLciently 1S increasing the shutter speed of a
sensor. FO1 through F20 are image conponents corresponding to a foreground
object. The pixel value CO4 corresponding to the foreground object is
FO1, the pixel value CO5 corresponding to the foreground object is FO2,
and the pixel value CO6 20 corresponding to the foreground object is FOS.
Each pi xel value consists of a conpengff ef an i nage corresponding to the
foreground object. Simlarly, the pixel values CO7 through C23 correspond
to FO4 through F20, respectively. In the exanple shown in Fig. 96, since

the backopaund-ohuoResl h3aSLaLaRALY cIOLAn iy dass,nal gequ i the

- 217 Dbackground. e pixe 1 correspondi ng und

obj ect i's cBOLulbhadPhxelickakys ED2-60e! espendl By Lo Hlinq Rackaraund obi ect
35 ckgroun

is BO2, and the pixel value CO corresponding to°the ba Obj ect is

BO3. Sim kaphyatothe1pbXxahqval 4gneRédsg¢oerespondi ng to the background obj ect
is B24, the pixel value C25 corresponding to the background object is B25,

and the pixel vAbUEo£BEro0haLERORGEHENE OséParabackyl 0pnehokhech +54B826. 10
Fig. 97 illustrates a nodel obtained by expanding the pixel valueS in the
tinme dredti genelenesothen fbireyroaadr somponent image from the input

image based on 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, the estimated mixture ratio calculated when it is

10 assumed that the pixel belongs to the uncovered background
area supplied from the mixture-ratio calculator 1101, and
the area information supplied from the area specifying unit
103, and supplies the generated foreground component image
to the synthesizer 1201.

15 The synthesizer 1201 combines a certain background
image with the foreground component image supplied from the
foreground/background separator 1102 based on the estimated
mixture ratio calculated when it is assumed that the pixel
belongs to the covered background area supplied from the

20 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 the area information supplied from the
area specifying unit 103, and outputs the synthesized image

25 in which the background image and the foreground component



In the exanple showmn in Fig. 97, the anount of novenent v is 5, and the
foreground object is nmoving fromthe left to the right in Fig. 97. 15 In

t he exanple shown in Fig. 97, the second through fifth pixels fromthe

| eft belong to the m xed area, and the twenty-second through twenty-fifth
pi xels fromthe left belong to the m xed area. The sixth through
twenty-first pixels fromthe |left 20 belong to the foreground area. Based
on the prestored threshold Thfl, the flat-portion extracting unit 1501
extracts, anmong the consecutive pixets2l@rranged in the noving direction to
t he pi xel belonging to the covered background area, the consecutive pixels
25 belonging to the foreground area and whose anmount of change - 218 is
smal ler t h h qThfl. The threshold Thfl is a sufficiently snal
val ue. ThgﬁgﬂgnEE% %?ﬁggﬁgecutlve pi xel s extracted by the flat-portion

extracting unlﬁl%SQ;3ny§iu égggiggetigﬂfigﬁiggp to e movenment v of the

foreground objec For exanp when t anount of novenent v within one

frame is gynthesitak- PQbi'OnThéxfﬁﬁEEiBHaMnble%EQ%se§§ﬁ§$£§ £bVengEenor e
pixels in which there is alnost no change in the pixel values, i.e., a

flat porbkosnel8156k 8XafphR, oENFile sBaHPLedsboyRatadFivdrn98ikuhen
equation (105) holds true, the foreground conponents FO6/v through F14/v
are edqual réfepehbe nehatadsshapdoéxplidabt®os thereof is thus omitted.
A selector 1221 selects, based on the area information
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
10 from the mixture-ratio calculator 1101 or the estimated
mixture ratio calculated when it is assumed that the pixel
belongs to the uncovered background area supplied from the
mixture-ratio calculator 1101, and supplies the selected
estimated mixture ratio to the background component
15 generator 1021 as the mixture ratio a.
The background component generator 1021 shown in Fig.
93 generates a background component image based on the
mixture ratio a supplied from the selector 1221 and a
certain background image, and supplies the background
20 component image to the mixed-area-image synthesizing portion
1022.
The mixed-area-image synthesizing portion 1022 shown in
Fig. 93 combines the background component image supplied

from the background component generator 1021 with the

25 foreground component image so as to generate a mixed-area



(106) through (110). Cl1 = Cl12 = C13 = C14 = C15 (105) 15 C11 =

FO6/ v+F07/ v+FO8/ v+F09/ v+FI O v (106) Cl12 = FO7/v+F08/v+F09/v+F10/Vv+Fl| /v
(107) C13 = F08/v+F09/v+FI O v+Fl I /v+F12/v (108) Cl4 =

FO9/ v+Fl O v+FI | / v+F12/ v+F13/v (109) C15 = F10/v+Fl|/v+Fl 2/ v+F13/v+F14/v
(110) 20 That is, the relationship of the foreground conponents FO06/v

t hrough F14/v indicated by equation (111) can hold true. F06/v = FO7/v =
FO8/v =.F09/v = F10/v = F11/v = F12/v =F13/v Fl14/v (111) Accordingly, in

t he subsequent processing for 25 cal€ukating the foreground conmponents and
t he background - 219 conponents, as shown in Fig. 99, it is only necessary
to calculate the foreground conponents FO1/v through FO5/v and the

for car ound, cenpenealssflsLy 4huoul, 200 andothe: . bagkas uad, coponent s

BO2/v throug vV an ackgr conmponent s v

Chown 1 B g s R er ot A O R B bt o

shown in Fig. 98, anong pl xe

twenty-fifth priel snddOm iendefdind odihof% O emsidal ofile I1 ne, which
are consecutively 10 arranged in the noving direction fromthe pixel

ggbgpghnggiﬁegibﬂnan@@MQéﬁQn@aﬁﬁﬂ?QPHQhérﬁ@xé@—&?@ap5§ﬁkhggkQQQiPﬂa?@ the
ground area, if the eleventh through fifteenth pixels fromthe
left el opgppdiadf Fabmpehti eAxeth@rea-image synthesizing portion 1022,

and fhe background image based on the area information SO0 as

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

10 image.

Fig. 94 is a block diagram illustrating still another
configuration of the signal processing apparatus.

The elements similar to those shown in Fig. 2 are
indicated by like reference numerals, and an explanation

15 thereof is thus omitted.

The input image supplied to the signal processing
apparatus is supplied to the object extracting unit 101, the
area specifying unit 103, a flat-portion extracting unit
1501, a separating/blur-eliminating unit 1503, and a

20 synthesizer 1504.

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

25 extracts a rough image object corresponding to the



foreground conponents contained in the eleventh through 15 fifteenth pixels
can be renoved. Accordingly, as shown in Fig. 99, equations (112) through
(120) are generated for the foreground conponents and the background :
conponents corresponding to the remaining consecutive pixels, i.e., the

f oreground conponents FO01/v through FO5/v and the background 20 conponents
BO2/v through BO5/v. C02'= 4xB02/v+F01/v(112) CO3' =

3xB03/ v+F01/ v+F02/ v(113) C04' = 2xB04/v+F01/v+F02/ v+F03/v(114) Q05" =

BO5/ v+F01/ v+F02/ v+F03/ v+F04/ v+F05/ v ¢123p 25C06' =

FO1/ v+F02/ v+F03/ v+F04/ v+F05/v(116) - 220 - CO7'=

FO2/ v+F03/ v+F04/ v+F05/v(117) CO8' = FO03/v+F04/v+F05/v(118) Q09" =

F04/V+F05b§@¥%@%u§%06%j%@%/%@%%%&n dngg%h%rq&ﬁ%&ii&%@%aPéﬁﬁfsbg%ﬁgﬁégfs

foreground conmponents FO1/v throug /v an d

BO2/ v t hr eugh R/t el0r bR %%H%d%q%§§H?ﬁ§n&é%%%(%%%%%Qgﬁéﬁﬁéo)'

Accordingly, by solving equations (1 r ough regr ound

conponents FOltMethbeugh §OBL¥tapdibhecif-hagkgsound f@?ﬁ?ﬁfﬂéétgﬁzﬁw)

t hrough B0O5/v can be obtained. Simlarly, equations roug
are gener ahed roigh tihagkobsgEetndcRROBAG $ F%%/%hkhﬁg%%%fgﬁgﬁy and the

background conponents B22/v through B25/v. CI6'= F15/v(12
5 object, and supplies the calculated motion vector and the
positional information of the motion vector to thg area
specifying unit 103, the flat-portion eXtracting unit 105,
the unit-of-processing determining unit 1502, and the
separating/blur-eliminating unit 1503.

10 The area specifying unit 103 specifies each pixel of
the input image to one of the foreground area, the
background area, or the mixed area, and supplies the
information indicating to which of the foreground area, the
background area, or the mixed area each pixel Belongs

15 (hereinafter referred to as the "area information") to the
flat-portion extracting unit 1501, the unit-of-processing
determining unit 1502, and the synthesizer 1504.

The flat-portion extracting unit 1501 extracts, based
on the input image, the motion vector and the positional

20 information thereof supplied from the motion detector 102,
and the area information supplied from the area specifying
unit 103, a flat portion in which the amount by which the
pixel values of adjacent pixels belonging to the foreground
area changes is small selected among the consecutive pixels

25 arranged in the moving direction from the pixel belonging to



15C17' = F15/v+F16/v(122) Cl18' = F15/v+F16/v+F17/v(123) C19'

F15/ v+F16/ v+F17/ v+Fl 8/ v(124) C20'— F15/v+F16/v+FI7/v+F18/v+F19/v(125) C21':
F16/ v+Fl 7/ v+F18/ v+F19/ v+F20/ v( 126) 20C22'—

F17/ v+F18/ v+F19/ v+F20/ v+F22/ v(127) C23' = F18/v+F19/ v+F20/ v+2xB23/ v(128)
C24' = F19/ v+F20/ v+3xB24/v(129) C25' = F20/v+4xBZ5/v(130) There are ten

vari ables, i.e., the foreground 25 conponents F15/v through F20/v and the
background conmponents - 221 B22/v through B25/v, for the ten equations
(121) through (130). Accordingly, by 3bBving equations (121) through
(130), the foreground conmponents F15/v through F20/v and the background
conponents B22/v through B25/v can be obtained. 5 Referring back to Fig.

95, the n?ﬂ@'HaeaggPgdpgggkggouﬁ52§rg§t65 ngs §981”B§E8£ﬁ9ﬁgd£¥'§ﬁg

portions O e pl xe -t |re ion

fOfeQroungov§9eaCﬁ§ grpagaag Bl xehyapd thg puehar .o rggeéggﬂgOSI?ional

corrponents (0] ased on the notion vector an

i nforrnatl h u 0 t d nit of
br ocessi ngméﬁpﬁé?gmr R R oD CRon g eLee 8F PRReasinbiEndll e

nodel - f or gh3g1 PokLi0pa1824.then forms a nodel for generating equations for
cal cul ating the above- descri bed foreground conponents and 15 t he background

conporgent s, angbsUppdmeBe | hehgenes et eshr fDsel extracting unit 1501
extracts, based on the input image, 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, a flat portion in which the amount

10 by which the pixel values of adjacent pixels belonging to
the foreground area is smaller than a prestored threshold
Tfhl selected among the consecutive pixels arranged in the
moving direction from the pixel belonging to the uncovered
background area to the pixel belonging to the covered

15 Dbackground area.

The flat-portion extracting unit 1501 also extracts,
for example, a flat portion in which the amount by which the
pixel values of adjacent pixels of the foreground component
image change is within 1%. The ratio of the amount by which

20 the pixel wvalues change, which is a reference value for
extracting a flat portion, may be set to a desired value.

The flat-portion extracting unit 1501 also extracts a
flat portion in which the standard deviation of the pixel
values of adjacent pixels of the foreground component image

25 1s smaller than the prestored threshold Thfl.



to the equation generator 1522. The equation generator 1522 generates
equations based on the nodel supplied fromthe nodel-form ng portion 1521.
The equation generator 1522 sets the pixel values belonging 20 to the
correspondi ng foreground or the background in the generated equations, and
supplies the equations in which the pixel values are set to the cal cul ator
1523. The cal cul ator 1523 sol ves the equations supplied from the equation
generator 1522 so as to calculate the 25 foreground conponents and the
background conponents. - 222 For exanplé,-when the equations correspondi ng
to equations (112) through (120) are supplied, the calculator 1523
determ nes the inverse matrix of the matrix of the left side of the

bAckor oUnd Gomaorenl ¥ 100004000 ATObbRR00 - 1410hB20 11110600 111110000

?%réuéhl €xerics, 0841 €.9RB%., 089120087 +RA0QLEAAQ¢apPRngALS FOL/v

corresponding to the pixel values of adjacent pixels of the
foreground component image, a flat portion in which the sum
5 of the errors of the regression line and the individual
pixel values is smaller than the prestored threshgld Thfl.
The reference value for extracting the flat portions,
such as the threshold Thfl or the ratio of the amount by
which pixel values change, may be set to a desired wvalue,

10 and the present invention is not restricted by the reference
value for extracting the flat portions. The reference value
for extracting the flat portions can be adaptively changed.

The flat-portion extracting unit 1501 generates the
foreground-flat-portion positional information, which is the

15 information indicating the position of the extracted flat
portion, and supplies the generated foreground-flat-portion
positional information to the unit-of-processing determining
unit 1502.

The unit-of-processing determining unit 1502 determines

20 the unit of processing indicating at least one pixel
belonging to the foreground area or the mixed area based on
the foreground-flat-portion positional information supplied
from the flat-portion extracting unit 1501, the motion
vector and the positional information thereof supplied from

25 the motion vector 102, and the area information supplied



BO2/v through BO5/v. FO11 v C02' FO2/v CO03'" FO31 v C04' FO04/v - Q05
FO5/v C06' B02/v CO7' B0O31 v CO8' B041 v C09° BOS/v CO FO5/v and
{131) Al so, when the equations corresponding to equations (121) through
(130) are supplied, the cal culator 1523 10 determ nes the inverse matrix of
the matrix of the left side of the equation expressed by equation (132),
and cal cul ates the foreground conponents F15/v through F20/v and the
background conmponents B22/v through B25/v. - 223 1000000000 1100000000
1110000000 1111000000 1111100000 62134110000 001111100

0

10

15

20

25

from the area specifying unit 103.

The unit-of-processing determining unit 1502 supplies
the generated unit of processing to the separating/blur-
eliminating unit 1503.

The separating/blur-eliminating unit 1503 generates,
based on the unit of processing supplied from thejunit—of—
processing determining unit 1502, and the motioﬁ vector and
the positional information thereof supplied from the motion
detector 102, the foreground component image without motion
blur and the separated background component image from the
pixels specified by the unit of processing among the pixels
of the input image, and supplies the generated foreground
component image and the background component image to the
synthesizer 1504.

The synthesizer 1504 synthesizes, based on the area
information supplied from the area specifying unit 103, an
image from which motion blur of the foreground object is
eliminated, from the foreground component image without
motion blur, the separated background component image, and
the input image supplied from the separating/blur-
eliminating unit 1503, and outputs the synthesized image
without motion blur.

Fig. 95 is a block diagram illustrating the
configuration of the separating/blur-eliminating unit 1503.

The motion vector and the pecsitional information thereof



0001110200 0 0O0O 0110030 0000010004 F151v Fi161lv F1 71v F181lv
F191v F201v B221v B231 v B241 v B251 v Cl6' Cl17° (C]8*" Cl9° C20
C21' (22" (C23 (C24' (25" (132) The calculator 1523 generates a
foreground conponent image fromwhich notion blur is elimnated and a
separated background conponent inmage based on the foreground

- 216 -

supplied from the motion detector 102 and the unit of
processing supplied from the unit-of-processing determining
unit 1502 are supplied to a model-forming portion 1521.
The model-forming portion 1521 generates a model based
S5 on the motion vector and the positional information thereof
supplied from the motion detector 102, and the unit of
processing supplied from the unit-of-processing determining
unit 1502, and supplies the generated model to an equation
generator 1522.

10 The unit of processing and a model corresponding to the
unit of processing are described below with reference to
Figs. 96 through 99.

Fig. 96 illustrates an example of pixels when the
occurrence of motion blur is suppressed by sufficiently

15 increasing the shutter speed of a sensor. FO1 through F20
are image components corresponding to a foreground object.

The pixel value C04 corresponding to the foreground
object is F0l, the pixel value CO5 corresponding to the
foreground object is F02, and the pixel value C06

20 corresponding to the foreground object is F03. Each pixel
value consists of a component of an image corresponding to
the foreground object. Similarly, the pixel values CO7
through C23 correspond to F04 through F20, respectively.

In the example shown in Fig. 96, since the background

25 object is stationary, motion blur does not occur in the



5 conponents and the background conponents, and outputs the foreground
conponent inmage w thout notion blur and the separated background conponent
i mge. For exanple, when solving the equations to deternmne the foreground
conponents FO1/v through FO5/v and the 10 background conponents B02/v

t hrough BO5/v, and the foreground conponents F15/v through F20/v and the
background conponents B22/v through B25/v, as shown in Fig. 100, the

cal cul ator 1523 nultiplies the foreground conmponents FO1l/v through FO5/v,

t he background conponents B02/v, the-121Faekground conponent BO03/v, the
foreground conponents F15/v through F20/v, the background conponent B24/v,
and the - 224 background conponent B25/v by the anpbunt of nobvenent v so as
to cal cul ate i hepigkel values FOL through FOS5, the pixel value B02, the

pi xel val ue B0O3,” the pixel values F15 through F20, the pixel value B24,

and ne pixel vakug.B2s voiLespost LuebupTha, gl ol abor 192 aengrates, for

exanple, a foregr conponent “i mage b consi sts

of the pixghewal uaspndl thoygh 0% and k%%g@d??esp%%bﬂ%%bg%?ﬁ frough F20,

and a separated background conponent 10 image consrsting pi xel val ue

B02, the paxglgreahdeoBl3ct tikempbXelhnyakuge %g&ela@g t.he -pisxel value B25. An
exanpl e of the result of actual processing perforne& by the

separ af i ngblrtrespehdingationghenbhcka@3uns eeseitbed Belhow With i Leference to
Figs. 101 and 102.
the pixel value C24 corresponding to the backgroupd object
is B24, the pixel value C25 corresponding to the background
object is B25, and the pixel value C26 corresponding to the
background object is B26.

10 Fig. 97 illustrates a model obtained by expanding the
pixel values in the time direction when motion blur occurs.

In the example shown in Fig. 97, the amount of movement
v is 5, and the foreground object is moving from the left to
the right in Fig. 97.

15 In the example shown in Fig. 97, the second through
fifth pixels from the left belong to the mixed area, and the
twenty-second through twenty-fifth pixels from the left
belong to the mixed area.

The sixth through twenty-first pixels from the left

20 belong to the foreground area.

Based on the prestored threshold Thfl, the flat-portion
extracting unit 1501 extracts, among the consecutive pixels
arranged in the moving direction to the pixel belonging to

the covered background area, the consecutive pixels

25 belonging to the foreground area and whose amount of change



15 Fig. 101 illustrates an exanple of an input inmage in which a foreground
obj ect and a background object are m xed. The inmage on the top right of
Fig. 101 corresponds to the background object, and the inage on the bottom
left in Fig. 101 corresponds to the foreground object. The foreground 20
object is noving fromthe left to the right. The band-1i ke portion between
the top left and the bottomleft is the mxed area. The result obtai ned by
perform ng the above-descri bed processing on the pixels on the central

line in Fig. 101 is 25 shown in Fig- 2Q28. -The fine-dot line in Fig. 102
indicates - 225 the pixel values of the input image. The rough-dot line in
Fig. 102 indicates the pixel values of the foreground object free from

notion bl yr, saad;kh e t- iR i signates the pixel values of the
5 backgrouﬁdsgbjég% %P%%b&?gtﬁggﬁgggépbﬁ% Object. The solid line in Fig.

102 designatesrmtlgetj;ﬂrég]'koYélxl@fe@%j oL ghﬁukggggggggg gggggpgggaggggggfron1

whi ch notion blur is I'mnated and the separa a Rent

i mage af t apmBekT OMicg skhe rabeveidessr iegggae&ggetw ;&geemh%?g-piﬁgg;_{t% 10

imge. As is seen fromthe above-descri res in

processi ngxappatahys uhdvi N8 ot haueenbieoyraki-an t%EQW@PE”aEbgntgéfis abl e to
out put the pixel values close to the pixel values of the foreground object

free fsomooeientls bifuehandorbgrainel ovglues OfrokNe BABIQ] OURd ORkeC!
mn ou amount of movement v within one frame is 5, the flat-portion
extracting unit 1501 extracts five or more pixels in which
there is almost no change in the pixel values, i.e., a flat
portion.
10 For example, in the example shown in Fig. 98, when
equation (105) holds true; the foreground components F06/v

through Fl4/v are equal from the relationship of equations

(106) through (110).

Cll = Cl2 = C13 = Cl4 = C15 ) (105)
15 Cll = F06/v+F07/v+FO08/v+F09/v+F10/v (106)
Cl2 = FO7/v+F08/v+F09/v+FL10/v+F11l/v (107)
Cl3 = F08/v+F09/v+F10/v+F11/v+F12/v (108)
Cl4 = FO9/v+FLl0/v+F1l1l/v+F12/v+F13/v (109)
Cl5 = F10/V+Fl1/v+F12/v+F13/v+F14/v (110)

20 That is, the relationship of the foreground components F06/v
through Fl4/v indicated by equation (111) can hold true.
F06/v = F07/v = F08/v = F09/v = F10/v = Fll/v = F12/v =F13/v
= Fl4/v (111)

Accordingly, in the subsequent processing for

25 calculating the foreground components and the background



containing the foreground object. The processing for elimnating notion
bl ur perfornmed by the signal processing apparatus having the configuration
shown in Fig. 94 is described belowwith reference to the 20 fl owchart of
Fig. 103. In step S1001, the area specifying unit 103 executes area

speci fyi ng processing by generating, based on an input |Inmage, area
information indicating to which of the foreground area, the background
area, the covered background area, or the uncovered background area 25
each pixel of the input inmage bel ongs. 2Ike-area specifying - 226 wunit 103
supplies the generated area information to the flat-portion extracting
unit 1501. In step S1002, the flat-portion extracting unit 1501 extracts,

i tively | t ed..i i di ti f th
pixol bel GUFR D ng iU ah (Ao aind tar'dh ¥ R GHSEA Ih&Pongi ng {0
th d fl at ti [ ich th t by which
he pixel vatee o R SR Breleld HerBSrin Pagomhroens R gbe S ©

snal I er thap %%%65@5%5%9Egm%@%%ntgﬁﬁﬁg/%nt%g%ug% E%bk&?@éﬁ?%$%eand t he

positional 1 nformation. the the arean

f1at - por t b peioi el Iddphlch c458b2 GeRenakes e, Loreor quadtlats parti on

positional information “indicating the position of the extracted
portiof, adthpchepRlsi 822Vke taeReiAl 89 si/or e@hRuNdrat-HRo rlf?g%@rp)ﬁi'dt ional 15

information to the unit-of-processing determning unit n step
S1003, t heompiohedfitsprOGESs ithgotighe FIidnivig uni t
For example, as shown in Fig. 98, among the 24 pixels,
i.e., the second through twenty-fifth pixels from the left
in Fig. 98 on the straight line, which are consecutively
10 arranged in the moving direction from the pixel belonging to
the uncovered background area to the pixel belonging to the
covered background area, if the eleventh through fifteenth
pixels from the left belong to a flat portion, the
foreground components contained in the eleventh through
15 fifteenth pixels can be removéd. Accordingly, as shown in
Fig. 99, equations (112) through (120) are generated for the
foreground components and the background components
corresponding to the remaining consecutive pixels, i.e., the
foreground components FO0l/v through F05/v and the background

20 components B02/v through BO05/v.

C02' = 4xB02/v+F0l/v (112)
C03' = 3xBO3/v+F0l/v+F02/v {113)
C04' = 2xB04/v+F01/v+F02/v+F03/v (114)
CO5' = BO5/v+F01/v+F02/v+F03/v+F04/v+F05/v (115)
25 CO06' = FO1/v+F02/v+F03/v+F04/v+F05/v (116)



1502 determ nes the unit of processing indicating at |east one pixel
contained in the object corresponding to the foreground based on the notion
vector and the positional 20 information thereof and the area information,
and supplies the unit of processing to the separating/blur-elimnating
unit 1503. In step S1004, the separating/blur-elimnating unit 1503
perfornms, based on. the unit of processing supplied from 25 the

uni t-of -processing determning unit 1502, and the notion - 227 vector and
the positional information thereof sdppkbed from the notion detector 102,
si mul t aneous processing for separating the foreground and the background
and for elimnating notion blur on the pixels specified by the unit 5 of

processi ng anogpgsthe pbéﬁbfﬁggéggﬁohppygogygge, t her eby ﬁﬁhgulating t he

f oreground conponents and ground conponents corresponding to the

pi xel s speci figgdgby=t pg3¥pito4 heggssing. Details of t i mul t aneous
processing for separatiﬁg t%ep?ggeg?ound and the backgréaﬁ and for 10

elimnating nogpon bl kg prerdsperi bed bel ow with referencgdyo the
flowchart of Fig. 104. In step S1005, the separating/blur-elimnating unit
1503 cal cul at egiphe=f pgggyound conponents of the flat poqu@q. 15 In step
S1006, the separating/blur-elimnating unit 1503 cal cul ates 't he pi xel

val uess of the TheegropacncRaPeaeIAblESR0E. &l petheORy FRGESENG! Ur and the
pi xel val ues of the _
components FO0l/v through F05/v and the background}components
B02/v through B05/v, for the nine equations (112) through
(120) . Accordingly, by solving equations (112) through
(120), the foreground componeﬁts FO0l1/v through F05/v and the
10 background components B02/v through B05/v can be obtained.
Similarly, equations (121) through (130) are generated
for the foreground components F15/v through F20/v and the

background components B22/v through B25/v.

Clé' = F15/v T(121)
15 Cl7' = F15/v+Fl6/v (122)
Cl8' = F15/v+F16/v+F17/v (123)
Cl9' = F15/v+F16/v+F17/v+F18/v (124)
C20' = F15/v+F16/v+F17/v+F18/v+F19/v (125)
C2l' = F16/v+F17/v+F18/v+F19/v+F20/v (126)
20 C22' = F17/v+F18/v+F19/v+F20/v+F22/v (127)
C23' = F18/v+F19/v+F20/v+2xB23/v (128)
C24' = F19/v+F20/v+3xB24/v (129)
C25' = F20/v+4xB25/v (130)

There are ten variables, i.e., the foreground

25 components F15/v through F20/v and the background components



background conponent inmage based on the foreground conponents and the
background conponents cal culated in the 20 processing of step 51004 and the
foreground conponents of the flat portion calculated in the processing of
step S1005. The separating/blur-elimnating unit 1503 supplies the
foreground conponent image free fromnotion blur and the background
conponent image to the synthesizer 1504. 25 In step 51007, the signal
processi ng apparatus - 228 determ nes whet her the processing for the
entire screen has been finished. If-i22ils-determ ned that the processing
for the entire screen has not been finished, the process returns to step
S1004, and the processing for separating the 5 foreground and the

>0 ) . ) . " PR
detorm ned 2h st uBOs 28R LT O HE' ERE cau eg R raBRE R Tany %B‘rgs‘péent nas

ini : i synt hesi zer
1004 10" congd) oo "ReBbRATREL (P BO°SBI kA LERARIONS (AU EReblgnOYTLNED e

mot i on bl ynzogandthBe rhaekanaHnd ccRAPBARARE %ﬁ@g%-tK?Sung9§6?§iQHdi§hEhe“
conpl eted. As discussed above, the signal processing apparatus Separates

the foregbaurgrangddt Bempaskareund23¢ @ﬁergE5BQBVGiEﬁh?bED%bQQiHEH( .
contained in the foreground. The sinultaneous processing for separating

the foregrouniletarring backgtountyandsf orhel holaat F OB | St PHAIT
performed by the separating/blur-elimnating unit 1503
: 1522 determines the number of divided portions of;the pixel
values in the time direction, the number of foreground
components of each pixel, and the number of background
components of each pixel based on the motion vector and the
10 positional information thereof supplied from the motion
detector 102 and the unit of processing supplied from the
unit-of-processing determining unit 1502. The model-forming
portion 1522 then forms a model for generating equations for
calculating the above-described foreground comﬁonents and
15 the background components, and supplies the generated model
to the equation generator 1522.
The equation generator 1522 generates equations based
on the model supplied from the model-forming portion 1521.
The equation generator 1522 sets the pixel values belonging
20 to the corresponding foreground or the background in the
generated equations, and supplies the equations in which the
pixel values are set to the calculator 1523.
The calculator 1523 solves the equations supplied from

the equation generator 1522 so as to calculate the

25 foreground components and the background components.



is described below with reference to the flowhart of Fig. 20 104. In step
S1201, the nodel -formng portion 1521 forns a nodel based on the unit of
processing supplied fromthe wunit-of-processing determning unit 1502 and
the nmotion vector and the positional information thereof supplied from25
the notion detector 102. The nodel -form ng portion 1521 - 229 supplies the
generated nodel to the equation generator 1522. In step S1022, the
equati on generator 1522 generates sinultaneous equations corresponding to
the relationship anong the pixel vatueg2 the foreground conponents, and
the 5 background conponents based on the nodel supplied fromthe

nodel -form ng portion 1521. In step S1023, the equation generator 1522 sets
the pixel val uercawagiedivigr cHdeduytiiorgTags ndsgdiRiigeney at ed

si mul t aneous equations. 10 In step S1024, the equation generator 1522

det er mi nesquahébher (alR)t harpugkl (tablesrkasepbéerdsethienchheulsksul t aneous
equations. If it is determned that all the pixel values have not been
set, the pPédedetepeminrs tbestoper520R3rrardotfheéhpr maessikngff ahestefing t he
pi xel values is 15 repeated. If it is determned in step S1024 that al

t he pi xel sidal aésthaveabesnoseexrrhreseduiyi equgenenat(dBl152andupplies the
si mul t aneous equations in which the pixel values are set to the calculator
1523, andceheuéaresl Aher fesegresndurampgnents FO1/v through FO5/v and

the background components B02/v through BO05/v.

10000400071 F01/vY T[C027
110000300,/ F02v C03’
111000020]| F03v Co4’
111100001/ F04v 8/
111110000,/ FO5lv Co6’
01111
0011

(131)

0000} B2 Cco7’
10000: BO3v C08’
000110000\ By C09’
L00001000O0iLBOS/Iv] LCI0

Also, when the equations corresponding to equations

(121) through (130) are supplied, the calculator 1523

10 determines the inverse matrix of the matrix of the left side
of the equation expressed by equation (132), and calculates
the foreground components F15/v through F20/v and the

background components B22/v through B25/v.
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mul t aneous equations in which the pixel values are set so as to
the foreground conponents and the background conponents. The
g is then conpleted. As discussed above, the '

g/blur-elimnating wunit 1503 is able to generate the foreground
Il mage 25 free fromnotion blur and the separated background
- 230 inmage based on the cal cul ated foreground conponents and

kground conponents.
configuration of the signal-p2d8essi ng apparat us.
o those in Fig. 94 are indicated by like reference nunerals,

Fig. 105 is a block diagramillustrating still
The 5 el ements
and

ation thereof is,thus omtted. A unit-of-processing
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The calculator 1523 generates a foreground component
image from which motion blur is eliminated and a separated -
background component image based on the foreground
components and the background components, and dutputs the
foreground component image without motion blur and the
separated background component image.

For example, when solving the equations to determine
the foreground components FO0l1/v through F05/v and the
background components B02/v through B05/v, and the
foreground components F15/v through F20/v and the background
components B22/v through B25/v, as shown in Fig. 100, the
calculator 1523 multiplies the foreground components FOl/v
through F05/v,

the background components B02/v, the

background component B03/v, the foreground components Fl15/v

through F20/v, the background component B24/v, and the



The unit-of-processing determ ning/classifying unit 1601 renoves, anong
the pixels consecutively arranged in the noving direction fromthe pixel
bel onging to the uncovered background area to the pixel belonging to the
covered 25 background area, the foreground conponents corresponding to -
231 the flat portion fromthe pixels belonging to the foreground area.
The unit-of-processing determ ning/classifying unit 1601 supplies the

pi xel s belonging to the m xed area from which the foreground conponents
corresponding to the flat 5 portion of22&e-foreground area are renoved, and
the pixels belonging to the foreground area to the separating/bl ur-
elimnating unit 1503 together with the corresponding unit of processing.

The unit- ghoRERGEAS! BEnABhERH! BLBILCHLES ShLY LAGLHEI brlRo4ERInEUIPLL St e

flat-portion irmage o oreground ar ea

foregroundocenpenentel TRACHEZRIOINEHAE ¥OL! cAOBEn FOE UBhL- BEs@focessing

determ ni ng/ classitying un 601 supplies the prxe el"ongrng to the

fOregrOUnda@ﬁGaBOQDdtﬁénﬁ$&€meéa§MetB@Bt|EhepBEREQn§alﬁEQ”FT@iEHrBQ§h15
f oreground conponents corresponding to the flat portion are renoved, to

the notiop2bl uehel pokeat YaguenBb4}6824t eaet Beke 1 Wshhukhg260r respondi ng uni t
of processing. The unit-of-processing determning/classifying unit 1601
suppl i®s tbepptxelralbel onging to the background area to 20 the
backgr ound- conponent -i nage reproduci ng unit 1604. The
separ at i ng/ bl uThel ¢aioal 2 bgr uh52 3 1563 genes At B6r t deample, a
foreground component image without mbtion blur, which
consists of the pixel values FOl through FO05 and the pixel
values F15 through F20, and a separated background component
10 image consisting of the pixel value B02, the pixel value BO03,
the pixel value B24, and tﬁe pixel wvalue B25.
An example of the result of actual processing performed
by the separating/blur-eliminating unit 1503 is described
below with reference to Figs. 101 and 102.
15 Fig. 101 illustrates an example of an input image in
which a foreground object and a background object are mixed.
The image on the top right of Fig. 101 corresponds to the
background object, and the image on the bottom left in Fig.
101 corresponds to the foreground object. The foreground
20 object is moving from the left to the right. The band-like
portion between the top left and the bottom left is the
mixed area.
The result obtained by performing the above-described

processing on the pixels on the central line in Fig. 101 is

25 shown in Fig. 102. The fine-dot line in Fig. 102 indicates



f oreground conponent inmage free fromnotion blur, which corresponds to the
pi xel s belonging to the foreground area and the pixels belonging to the

m xed area, and the 25 separated background conponent inage in a manner
simlar to - 232 +the processing discussed with reference to the flowhart
of Fig. 104. The separating/blur-elimnating unit 1503 supplies the
foreground conponent image free fromnotion blur to the

f or egr ound- conponent -i mage reproducing unit 1603 5 and the separated
background conponent inmage to the backgbotdnd-conponent-inage reproduci ng
unit 1604.. The notion-blur elimnating unit 1602 cal cul ates the

f or eground conponents corresponding to the pixels belonging to the

f oregroun r d i che Y. fl ortions 10 based on the unit of
gh@ Egﬁgﬂ vg%ﬂggﬂﬁ? ghgt}%Pﬁt Eﬁggg.

processing su red fromthe uni procéssi ng determ ning/classifying

unit 1601 so a@%éorogggfﬁgﬁel éoiggfp€g?%g?ggﬁ%§g£tégagg?;5§§%%ron1nDtion

bl ur corresponding t e calcul ated conponén

mot i on- bl yp1akknbrathBgryRLLrd8Hd sHRBLLe$Lhe rgsReratedn1B; fior egrqund
conponent image to the foreground-conponent-i mage reproHUC|ng unit 1603.

Fig. 106 tﬁeaogbpabtdhag&ann&hbuabea%haﬁeghghecgmkggueéiheg 8k the
notion-blur elimnating unit 1602. he notion vector and the positional

i nf or réat i backR@rbhadeebjeuppieHohitofhth€oreyireandebBgter . 102 and the unit
of processing supplied fromthe unit-of-processing determning/classifying
unit 1601 are Bhuppsdridtbime ntleFig. 102 designates the pixel values
of the foreground component image from which motion blur is
eliminated and the separated background component image
after performing the above-described processing on the input
10 image.
As is seen from the above-described result, the
information processing apparatus having the configuration
shown in Fig. 94 is able to output the pixel wvalues close to
the pixel values of the foreground object free from motion
15 blur and the pixel values of the background object without
containing the foreground object.
The processing for eliminating motion blur performed by
the signal processing apparatus having the configuration
shown in Fig. 94 is described below with reference to the
20 flowchart of Fig. 103. In step S1001, the area specifying
unit 103 executes area specifying processing by generating,
based on an input image, area information indicating to
which of the foreground area, the background area, the

covered background area, or the uncovered background area

25 each pixel of the input image belongs. The area specifying



form ng portion 1621. The nodel -form ng portion 1621 generates a nodel

based 25 on the notion vector and the positional information thereof - 233
supplied fromthe notion detector 102 and the unit of processing supplied
formthe unit-of-processing determning/classifying unit 1601, and
supplies the generated nodel to an equation generator 1622. 5 The nodel
supplied to the equation generator 1622 is described below wth reference
to Figs. 107 and 108. Fig. 107 illustrates a nodel obtained by expandi ng
the pixel values of the pixels belongihg +o0 the foreground area in the
time direction. 10 The unit-of-processing determ ning/separating portion
601 renoves the foreground conponents corresponding to a flat portion from

pr cessl i Acs LSS BUPRE LS FoPoP OGRS, BOrPhCo0Rn LRE POL OB ERPFRS | 1 1 he

exanpl e sgﬁgg_ggrgkgn %eraggﬁggFﬁggﬁbasﬁl(133) hol ds true, it can be seen

that the “foreground conponen rough F114/v are equal fromthe
eS0T B Ohy oG 91804 Sele! PLAMGILLARN, cfecaielag i esysppue
L 0TS SRR 0F %A R Ue R RLONIAL ! S5 LAOT ML RofRAG - 113
5 direction from the pixel belonging to the uncovered
background area to the pixel belonging to the covered
background area, a flat portion in which the amount by which
the pixel values of pixels belonging to the foreground area
change is smaller than the threshold Thfl, based on the
10 motion vector and the positional information thereof, and
the area information. The flat-portion extracting unit 1501
generates the foreground-flat-portion positional information
indicating the position of the extracted flat portion, and
supplies the generated foreground-flat—portion“positional
15 information to the unit-of-processing determining unit 1502.
In step S1003, the unit-of-processing determining unit
1502 determines the unit of processing indicating at least
one pixel contained in the object corresponding to the
foreground based on the motion vector and the positional
20 information thereof and the area information, and supplies
the unit of processing to the separating/blur-eliminating
unit 1503.
In step S1004, the separating/blur-eliminating unit
1503 performs, based on the unit of processing supplied from

25 the unit-of-processing determining unit 1502, and the motion



Cl11= F107/v+F108/v+F109/ v+F110/v+Fl 11 /v(135) 25Cl12=

F108/ v+F109/ v+F110/ v+Fiii/v+Fi 12/v(136) - 234 - Cl13=

F109/ v+F110/ v+FI | | / v+F112/ v+F113/v(137) Cll4= '
F110/ v+FI I | / v+F112/ v+F113/ v+F114/v(138) Simlarly, the foreground conponent
F096/v through F100/v and the foreground conponents F120/v through F124/v
5 corresponding to another flat portion are renoved fromthe pixels

bel onging to the foreground area. In this nanner, the pixels belonging to
the foreground area and sandw ched by22Vat portions, fromwhich the
foreground conponents corresponding to the flat portions are 10 renoved,
are supplied fromthe unit-of-processing determning/classifying unit 1601

to the moiersbl ypng eLEm,AaLiBG.URi § 1602 Loget her wiLh the, sarr egpondi ng

unit of processing. ofrm ng portion Pur 15

elimnatipgeupbt;lB04.EQENE, BAsedson, b REAURLE BLRLOCERS B, a model for
i'h refa rp Betwe

generating equations correspon g to the i ons en the pixels

bel ongi Ndskeathie: her eALOUBleqRbRRaABAGS RAINGRRY BURLNE LI 8b POrti ons, from

whi ch t he oregroldnd conponéents correspondi ng at portions are 20
renmoved, ém@mEHQtEQGHMBtEanBiﬁgrBH”QhEOB@QBQEt%pezﬁ?igadﬁg;ﬁgéggﬂg¥port'On

1621 supplies the generated nodel to the equation generat he

equati®n gEnpratessifg2agengr ahespilRasedo@nthBeinput image, thereby
calculating the foreground components and the background
components corresponding to the pixels specified by the unit
of processing. Details of the simultaneous processing for
separating the foreground and the background and for

10 eliminating motion blur are described below with reference
to the flowchart of Fig. 104.

In step S1005, the separating/blur-eliminating unit
1503 calculates the foreground components of the flat
portion..

15 In step S1006, the separating/blur-eliminating unit
1503 calculates the pixel values of the foreground component
image free from motion blur and the pixel values of the
background component image based on the foreground
components and the background components calculated in the

20 processing of step S1004 and the foreground components of
the flat portion calculated in the processing of step S1005.
The separating/blur-eliminating unit 1503 supplies the
foreground component image free from motion blur and the
background component image to the synthesizer 1504.

25 In step S1007, the signal processing apparatus



nodel supplied fromthe nodel -form ng portion 1621, 25 equations
corresponding to the relationship between the - 235 pixels belonging to
the foreground area and sandwi ched by the flat portions, fromwhich the
foreground conponents corresponding to the flat portions are renoved, and
the remaining foreground conponents. 5 For exanple, the rel ationships

bet ween the foreground conponents F101/v through F105/v and the pi xel

val ues are indicated by equations (139) through (147). C101'= F1d/v(139)
C102' = F101/v+F102/v(140) 100103' = F%#02£%+F102/v+F103/v(141) Cl104' =

F101/ v+F102/ v+F103/ v+F104/v(142) C105' = F101/v+F102/v+F103/v+F104/ v+F105/v
(143) C106' = F102/ v+F103/ v+F104/ v+F105/v(144) Cl107' =

FLO3 VFLAGLEELARLY A45), ASCHIB 7 ELAYPLAS! WlAe) Cloo 2 Eagolu(147)

The rel ationships between the Torégroun F105/ v

Clis = PPEER, (gt L R e Ater TG Ty iy proctsdiabiuel 20

[ v+F116/ 18 4+= 5/eM+E +E11L7/ v +E /
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to step S1004, and the processing for separating the
5 foreground and the béckground and for eliminating motion
blur is repeated.

If it is determined in step S1007 that the processing
for the entire screen has been finished, the process
proceeds to step 51008 in which the synthesizer 1504

10 combines the background, the foreground component image free
from motion blur, and the background component image. The
processing is then completed.

As discussed above, the signal processing apparatus
separates the foreground and the background so as to

15 eliminate motion blur contained in the foreground.

The simultaneous processing for separating the
foreground and the background and for eliminating motion
blur performed by the separating/blur-eliminating unit 1503
is described below with reference to the flowchart of Fig.

20 104.

In step S1201, the model-forming portion 1521 forms a
model based on the unit of processing supplied from the
unit-of-processing determining unit 1502 and the métion
vector and the positional information thereof supplied from

25 the motion detector 102. The model-forming portion 1521



25 0120' = F116/v+F117/v+F118/v+F119/v (153) - 236 Cl21' =
F117/v+F118/ v+F119/v (154) Cl122' = F118/v+F119/v (155) Cl123" = F119/v
(156) The equation generator 1622 sol ves equations (139) 5 through (147)
and equations (148) through (156) in which the pixel values are set
according to the nethod of |east squares so as to obtain normal equations,
for exanple, equations (157) and (158). 54321 45432 34543 23.454 12345
54321 45432 34543 23454 12345 10 F101 F102 F103 F104 FI05 F115

- 229 -

supplies the generéted model to the equation generator 1522.

In step S1022, the equation generator 1522 generates
simultaneous equations corresponding to the relationship
among the pixel values, the foreground components, and the

5 Dbackground components based on the model supplied from the
model-forming portion 1521.

In step S1023, the equation generator 1522 sets the
pixel values corresponding to the input image in the |
generated simultaneous equations.

10 In step S1024, the equation generator 1522 determines
whether all the pixel values have been set in the
simultaneous equations. If it is determined that all the
pixel values have not been set, the process returns to step
S1023, and the processing for setting the pixef values is

15 repeated.

If it is determined in step S1024 that all the pixel
values have been set, the equation generator 1522 supplies
the simultaneous equations in which the pixel values are set
to the calculator 1523, and the calculator 1523 calculates

20 the simultaneous equations in which the pixel values are set
§0 as to calculate the foreground components and the
background components. The processing is then completed.

As discussed above, the separating/blur-eliminating
unit 1503 is able to generate the foreground component image

25 free from motion blur and the separated background component



FI16 FIR F118 .F119 V=v C1 01 + C1 02Cl 03 + Cl 04'+ Cl 05 C 10 2 '+
Cl103 ' + Cl104 ' +005 +Cl06 ' CI 03 + Cl104'+ Cl105'+ Cl106'+ C107" Cl104' +
Cl105'+ C10 64 ClI 0 74 010 8 0105 + Cl10 6'+ Cl10 74 C108 + Cl109' (157)
Cl115+0116' +C 17' +C118 +C119' Cli16'+ C1 1 7" + C118 '+ Cl 19 '+ C12 0O
0117 +C118' +C119' +C120 +C121' 0184019402040214022 ' 0119

+C120' +C121' +C122+0123' (158) The equation generator 1622 generates
equations based on the nodel supplied fromthe nodel -form ng portion 1621,
and supplies the generated equations-t@3an-adder 1623 - 237 together with
the foreground conponent image. The adder 1623 adds the equation supplied
fromthe equation generator 1622 to the nornal equations obtai ned by

image based on the calculated foreground components and the
. background components.

Fig. 105 is a block diagram illustrating still another

configuration of the signal processing apparatus. The
5 elements similar to those in Fig. 94 are indicated by like

reference numerals, and an explanation thereof is, thus
omitted.

A unit-of-processing determining/classifying_unit 1601
generates the unit of processing based on the motion vector

10 and the positional information thereof supplied from the
motion detectof 102, the area information supplied from the
area specifying unit.103, and the foreground-flat-portion
positional information supplied from the flat-portion
extracting unit 1501. The unit-of-processing ’

15 determining/classifying unit 1601 also classifies the pixels
of the input image, and supplies the classified pixels to
one of the separating/blur-eliminating unit 1503, a motion-
blur eliminating unit 1602, a foreground—component—image
reproducing unit 1603, and a background-component-blur

20 reproducing unit 1604.

The unit-of-processing determining/classifying unit
1601 removes, among the pixels consecutively arranged in the
moving direction from the pixel belonging to the uncovered
background area to the pixel belonging to the covered

25 background area, the foreground components corresponding to



the nethod of | east squares. The adder 1623 supplies the 5 resulting nornal
equations to a calculator 1624. The cal cul ator 1624 cal cul ates the
foreground conponents contained in the foreground conponent image ot her
than the foreground conponents contained in the pixels belonging to the
flat portions by applying a solution, such 10 as the Chol esky deconposition
to the normal equations in which the pixel values are set. The cal cul ator
1624 generates the foreground conponent inage w thout notion blur based
on the cal cul ated foreground conponert 83lard out puts the foreground
conmponent image w thout notion blur. 15 For exanple, when the foreground
conponents F101/v through F105/v and the foreground conmponents F115/v

th h 9/. ; i . | at |t pli t h
fo:g;?oung%%oéggﬁé Fg%éﬁﬁqygﬁﬁhﬁ%%gﬁﬁ%%g§/%ea%85?§§ q%bF@%rk%%&gggﬁﬁgnents
F115/v th h F - .Qf /, . in.Eig. 109,
theregy cgﬁggfatﬁﬁglpﬁgx %?ggﬁggggﬁéggFl f%?ﬁggﬁgﬁ/%fgg%énggwneh%ﬁ%é? _

val ues F11%01t Bu@wah eE11Be peSRAG! bealhgiThe tealtld ali¥aql624 9%3%&?tes a
foreground conponent inmage w thout noti'on bl ur consisting OF, or exanpl e,

the 25 pMm&bhvah@eioEégkohhﬁO@@ﬁpE%@it%n@okQ%s?b%%ﬁnﬁaEBe%h 1%§a§ 238

t hrough F119. The processing for elimnating notion bl'ur performed by the
si gnal 5 pr poesdong odppakattosehavungd bireacerkl gehatied) 2$BOWAC Pikkds 94 IS
descri bed below with reference to the
belonging to the foreground area to the separating/blur—
eliminating unit 1503 together with the corresponding unit
of processing.
The unit-of-processing determining/classifying unit
10 1601 supplies the flat-portion image of the foreground area
to the foreground-component-image reproducing unit 1603.
The unit-of-processing determining/classifying unit
1601 supplies the pixels belongiﬁg to the foregrouﬁd area
and sandwiched by the flat portions, from which the
15 foreground components corresponding to the flat portion are
removed, to the motion-blur eliminating unit 1602 together
with the corresponding unit of processing.
The unit-of-processing determining/classifying unit
1601 supplies the pixels belonging to the background area to
20 the background-component-image reproducing unit 1604.
The separating/blur-eliminating unit 1503 generates the
foreground component image free from motion blur, which
corresponds to the pixels belonging to the foreground area

and the pixels belonging to the mixed area, and the

25 separated background component image in a manner similar to



5 flowhart of Fig. 110. The processing of step S1101 through step S1103 is
simlar to that of step S1001 through step S1003 in Fig. 103, and an
expl anation thereof is thus omtted. In step S1104, the unit-of-processing-
10 determ ning/classifying unit 1.601 classifies the pixels of an input

i mage based on the motion vector and the positional information thereof
supplied fromthe notion detector 102, the area information supplied from
the area specifying unit 103, and the foreground-flat-portion positional;
information 15 supplied fromthe flatz2partion extracting unit 1501, and
supplies the classified pixels to one of the separating/blur-elimnating
unit 1503, the notion-blur elimnating unit 1602, the

backgr oun i o BaeASA e e S50 St Bae RS MRETCrse P dLeycBREESOT ne |
i : i mi i it f.aor. i_nul t rocessing for
Separat i ngPrie Wor cdra s aeatd iR Bl S B Re TR o MeRAL g ot on

bl ur on t@@p@ﬂ&%kstﬁ%!QBQE@QohﬂdtQ%mﬁ%ﬁ%9£a&ﬁ%g%;%g%@g#%?ﬁgﬁPkggnfOreground

conponents corresponding to the flat portions - ground area

are renmovedyrand the rfio&@lg_s:okaaha%&nwneh%-tiﬁ%gfeo&%g&%gﬁgiiggeemi%' gﬁ%fo%d’

anong the pixels consecutively arranged in the novin cti'on fromthe
pi xel Hel angi lﬁﬂet@ebh@a‘ﬁ@@ob‘a&%@rbﬁﬁ!ﬁgE@ﬁ?@n@h@aih%g(eh%o5tB'exel bel ongi ng

to the covered background area. Details o
background-component-image reproducing unit 1604..

The motion-blur eliminating unit 1602 calculates the
foreground components corresponding to the pixels belonging
to the foreg:ound area and sandwiched by the flat portions

10 based on the unit of processing supplied from the unit-of-
processing determining/classifyihg unit 1601 so as to
generate a foreground component image free from motion blur
corresponding to the calculated foreground components. The
motion-blur eliminating unit 1602 supplies the‘generated

15 foreground component image to the foreground-component-image
reproducing unit 1603.

Fig. 106 is a block diagram illustrating the
configuration of the motion-blur eliminating unit 1602.

The motion vector and the positional information

20 thereof supplied from the motion detector 102 and the unit
of processing supplied from the unit-of-processing
determining/classifying unit 1601 are supplied to a model-
forming portion 1621.

The model-forming portion 1621 generates a model based

25 on the motion vector and the positional information thereof



the processing of step S1105 is simlar to those of the processing of step
S1004 of Fig. 103, and an explanation thereof is thus omtted. In step
S1106, the separating/blur-elimnating unit 10 1503 cal cul ates the pi xel
val ues of the foreground conmponent inmage wi thout notion blur and the pixel
val ues of the background conponent inage based on the cal cul at ed

f oreground conponents and t he background. conponents. The
separating/blur-elimnating unit 1503 supplies the 15 foreground conponent
i mge wi thout notion blur to the fore@B8unrd-conponent-image reproducing
unit 1603, and al so supplies the background conponent image to the
background- conponent-i mage reproducing unit 1604. In step S1107, the
signal pr i3 i r S .det ey m her_ processi.ng for the

m xed aregggﬁgl?%é%gggfg&%b&%%lgﬁégeﬁgg%éégﬁ%%i%Pghgﬁp Ppl%toﬁs det erm ned

that thepRReesIngg shipp1tike %b&%dtﬂ%egﬁggdg%?g§%8%§%3%%nd area has not

been finished, the procéss returns to he processing for

separ at i ngetRenfion agyeund sary ihike ud tbaekar, oum QL sekigi nating nmotion
blur is repeated. -@240 Ff&?ﬁ ?gudeternined i% %P%Slgffoghgkat t he

processi ngenkeatedemdideed tar ea av@athienf gbagraydd aea has been finished,
the process proceeds to step S1108. In step S1108, the notion-blur

el i m nating unfhe 1166@epestippbedr boeskenggfiat 15nekbAtpatbAg1 ePEi 09 bl ur for

t he pixels belonging to the foreground area w thout the foreground

conponent slescribed below with reference to Figs. 107 and 198.

Fig. 107 illustrates a model obtained by expanding the
pixel values of the pixels belonging to the foreground area
in the time direction.

10 The unit-of-processing determining/separating portion
601 removes the foreground components corresponding to a
flat portion from the pixels belonging to the foreground
area in a manner similar to the processing discussed with
reference to Fig. 98. )

15 For example, in the example shown in Fig. 107, when
equation (133) holds true, it can be seen that the
foreground components F106/v through F114/v are equal from
the relationship of equations (134) through (138).
Accordingly, as shown in Fig. 108, the foreground components

20 F106/v through F114/v are removed from the pixels belonging

to the foreground area.

Cll0 = Cl11 = Cll2 = C113 = Cll4 (133)
Cl10 = F106/v+F107/v+F108/v+F109/v+F110/v (134)
Clll = F107/v+F108/v+F109/v+F110/v+F111/v (135)
25 Cll2 = F108/v+F109/v+F110/v+F111/v+F112/v (136)



corresponding to flat portions and sandw ched by the flat portion sel ected
anong the pixels consecutively arranged in the noving direction. Details
of the notion-blur 10 elimnating processing are described below with
reference to the flowhart of Fig. 111. In step 51109, the notion-blur
elimnating unit 1602 cal cul ates the pixel values of the foreground
conponent inage wi thout notion blur based on the cal cul ated foreground 15
conmponents. The notion-blur elimnating unit 1602 supplies the foreground
conponent inage w thout notion blur to28Ae- foreground-conponent -i mage
reproducing unit 1603. In step S1110, the signal processing apparatus

det erm nes whet her the processing for the foreground area 20 has been

finished 1f €115 debenoyued:inp. ke proapess)usgl st he fopaoround area

has not been finished, the process returns to s 1108, and t he

motion-bl ur el¢cripati pg1opvPLESS)ROFL 527 6PPRE § byl s ermned in
step S1110 that the processing £5 has %een figygﬁgéhggr ]%gﬁforeground

area, the procgsmitazi, Qh@CEQQégf@uﬁae@o§§éﬁént|Fo§@py|gh?8u ted that
the processing of step S1108 through 51110 is simultaneously executed with

the procedidagv ehdstip $biegrohnaugbmbbh@ALsSFhRoFveRnBoLLA, FibE /v

f or egr ound- conponent -i mage reproducing unit 1603 reproducés the overal

f or egrioundorcespondingi ragennthbout lant porthbur akasedmeretinerbhatne
pixels belonging to the foreground area.

In this manner, the pixels belonging to the foreground
area and sandwiched by flat portions, from which the
foreground components corresponding to the flat portions are

10 removed, are supplied from the unit-of-processing
determining/classifying unit 1601 to the motion-blur
eliminating unit 1602 together with the corresponding unit
of processing.

The model-forming portion 1621 of the motion-blur

15 eliminating unit 1602 forms, based on the unit of processing,
a model for generating equations corresponding to the
relationship between the pixels belonging to the foreground
area and sandwiched by.the flat portions, from which the
foreground components corresponding to the flat portions are

20 removed, and the remaining foreground components.

The model-forming portion 1621 supplies the generated
model to the equation generator 1622.

The equation generator 1622 generates, based on the

model supplied from the model-forming portion 1621,

25 equations corresponding to the relationship between the



portion inmage supplied fromthe unit-of-processing determning/classifying
unit 1601, the foreground conponent 10 inage w thout notion blur supplied
fromthe separating/blur- elimnating unit 1503, and the foreground
conponent image wi thout notion blur supplied fromthe notion-blur
elimnating unit 1602. The background-conponent-image reproducing unit
1604 reproduces the overall background 15 conponent inmage based on the
background area i mage supplied fromthe unit-of-processing

determ ning/classifying unit 1601 and28Be-background conponent i nmage
separated fromthe separating/blur-elimnating unit 1503. The processing
is then conpleted. 20 As described above, the infornation processi ng

ot on bi B tEren PR, R 0B BeE OrE Brocabrng rar EreH Riting
ot o0 bl yhc0F 180 L0t SLOUBIROTRORETE 1 TE QQEggguﬁa grrespands to the

unit of proces ng, pefforned |on 6 unit -

242 1602 8. @af 0 d t
the 11 owchart P oRrs D110, P 535 E?EEQSﬁELEQED Eﬁb?ﬁ?ﬁigﬁdpéﬁ%?éﬁ“§221°of

the ”Dt'QBmEhH&n§|Eﬁkegkbﬁﬂduabhpéﬁggtéor”E a model 5 corresponding to the

anount of novenent v and the unit of processing. In step S1122, the

equat idn gener s oredS2R] e geries atf €5a €06REh OPS @@ﬁﬁ@e@ntﬁ@efaﬁégf@ﬁﬁ@ nodel
components F101/v through F105/v and the pixel va}ues.are

indicated by equations (139) through (147).

Cl0l1' = F101l/v (139)
Cl02' = F101/v+Fl02/v : (140)
10 Cl03' = F101/v+F102/v+F103/v (141)
Cl04' = F101/v+F102/v+F103/v+F104/v (142)
Cl05' = F101/v+F102/v+F103/v+F104/v+F105/v (143)
C106' = F102/v+F103/v+F104/v+F105/v (144)
Cl07' = F103/v+F104/v+F105/v '(145)
15 Cl08' = F104/v+F105/v (146)
Cl09' = F105/v (147)

The relationships between the foreground components
F10l/v through F105/v and the pixel values are indicated by
equations (148) through (156).

20 Cl1l5' = F115/v _ ' (148)
Cl16' = F115/v+F116/v (149)
Cll7' = F115/v+F116/v+F117/v (150)
Cl18' = F115/v+F116/v+F117/v+F118/v (151)
C119' = F115/v+F116/v+F117/v+F118/v+F119/v (152)

25 Cl20'

F116/v+F117/v+F118/v+F119/v (153)



In step S1123, the adder 1623 sets the pixel values of the foreground
conponent image from which the foreground 10 conponents corresponding to
the flat portions are renoved in the generated equations. In step S1124,
t he adder 1123 determ nes whether the pixel values of all the pixels
corresponding to the unit of processing have been set. If it is determ ned
that the pixel values have not been set in 15 all the equations, the
process returns to step S1123, and the processing for setting the pixel
values in the equations is repeated- 2B6it is determned in step S1124
that all the pixel values have been set in all the equations, the process
20 proceeds to step S1125. In step S1125, the cal culator 1624 cal cul ates
the pi xel vaIu§§2ﬁf Lhe; {9y ngF@nggifgyg motion blur based on the

t va

equations in whic he pi xe ues are set supplied fromthe adder 1623.
As discussed appygr Lhe; (BpyoprPopy; el imnating unit 25(%§gﬁais able to
elimnate notion blur fromthe foreground - 243 conponent 1 rmage contai ni ng
motion blur bagsegszon=the; gppunt of novenment v and the uqh%ggf processi ng.
The invention has been di scussed above by setting the mxture ratio ato
the ratio of tfige bagkat DoidgEREPLSAT 5652 COHL Rk Bedah it 1 HSs Pl ¥$d) val ues.
However, the mxture ratio a nay be set to the rafio of the foreground
conporfent shreaghai(ned) i antthegpixebnyaliues) Theouguenticen haswheen dhscussed
above by setting the

pixel values are set according to the method of least

Squares so as to obtain normal equations, for example,

equations (157) and (158).

5432 1FI01 _ [CI0I'+CI02'+C103'+C104'+C105
454 32| F102|~"" | cro2+Cro3+cro4+C105+C106
3454 3| F103 C103'+C104'+C105'+C106'+C107’
23454||Fl1o4 C104'+C105+C106'+C107'+C108
1234 5]LF105. | C105'+C106'+C107'+C108'+C109" |
(157)
5432 1[F1I57_ - [CHS+CL6+CH7'+C118+C119 ]
45432||Fis|”"" | cusrci7rCLIS +CLIYHCI20
34543||F117 CLI7'+C118'+C119+CI120+CI21’
2345 4||F118 ClI8+CI19+C120+CI121'+C122
123 45llF119. | CI19+C120'+CI121'+C122'+C123’ |
i (158)

The equation generator 1622 generates equations based
on the model supplied from the model-forming portion 1621,

and supplies the generated equations to an adder 1623



noving direction of the foreground object to the direction 10 fromthe
left to the right. However, the noving direction is not restricted to the
above-descri bed direction. A non-m xed area forned of a foreground area ~
consisting of foreground object conponents which forma foreground object .
of image data and a background area consisting of 15 background obj ect
conponents which forma background object of the imge data, or a m xed
area in which the foreground object conponents and the background obj ect
conponents area mxed is specified. -Bas€d-on a result obtained by

speci fying the area, processing for separating the 20 foreground obj ect
conponents and the background object conponents fromthe pixel data of the

i xed ar eaodithe PLASESINO L0l SLINALLAGIOL R plr from Lhe separat cd

f oregroun j ect conponents are€ sinulta p In this case,

cqual por i on SARSToLTRg 8P Satk Acent Sprdar U8 a BPELFRE FOPRGFBtnd area

equal portion consisting o | acent a o area

whose Val uemathgns yaraliod! h20a che neath 1%.*&%%81%11%;%%%%%-(3&5 east

the processing for = separating the foreground object conponents and-“the 5

backgr oundhebjmeehoeoEONRRlsE fsiemrie Pirrel drfd afsotshey gil;i%@ gpga and the
processing for elimnating notion blur fromthe separatg or egr ound

obj ect5 corpenamtingcanrial sigiattiangowsl v Renfenrmd based on the detected
equal portion and the result obtained by specifying the area.

The calculator 1624 calculates the foregrounq
components contained in the foreground component image other
than the foreground components contained in the pixels |
belonging to the flat portions by applying a solution, such

10 as the Cholesky decomposition to the normal equations in
which the pixel values are set. The calculator 1624
generates the foreground component image without motion blur
based on the calculated foreground components, and outputs
the foreground component image without motion blur.

15 For example, when the foreground components F101/v
through F105/v and the foreground components F115/v through
F119/v are determined, the calculator 1624 multiplies the
foreground components F10l1/v through F105/v and the
foreground components F115/v through F119/v by the amount of

20 movement v, as shown in Fig. 109, thereby calculating the
pixel values F101 through F105 and the pixel values F115
through F119, respectively.

The calculator 1624 generates a foréground component
image without motion blur consisting of, for example, the

25 pixel values F101 through F105 and the pixel values F115



10 A unit of processing consisting of a plurality of the foreground object
conponents and the background object conponents is determn ned based on a
position of the equal portion. The processing for separating the

f oreground object conponents and the background object coi ~ponents and 15
the processing for elimnating notion blur fromthe separated foreground
obj ect conponents can be sinultaneously perfornmed for each unit of

processing. The unit of processing corresponding to the pixel
bel onging to the m xed area or the fergzggsodnd area which is

dat a
20 | ocated on

one straight Iine and which is other than the pixel data of the equal
portion can be determ ned. The equal portion can be detected by conparing
a differgﬂggughegﬁgfpixel data with a threshold. The equal portion

consisting o

acent pixel data 25 having the nunber of pixels

; f_plxel di to an
amount | of moversaiPh c%%’a%*‘?oﬁééi‘%%@i’%%‘?%%? noh e RETh e .%h?feby
rokor oung chr seR R BBy b RLae AR eh AR R R aPERE hot i on

process or e

ol ur 1t omshbensenarayedsq! ot casoundogll 56 oGOMRORCRLE ke ST Pb! aneous! y

performed by applying a calculation correspo

1 0N ve%tor. A

nodel scor fespendingotorife wmpt of processing and a notion vector is
acqui red. Based on the acquired nodel, an 10 equation corresponding to a

rel ationship bRieweroddesphx@df step S1101 through step S1103 is

similar to that of step S1001 through step S1003 in Fig. 103,

and an explanation thereof is thus omitted.

In step S1104, the unit-of-processing

10 determining/classifying unit 1601 classifies the pixels of

an input image based on the motion vector and the positional

information thereof supplied from the motion detector 102,

the area information supplied from the area specifying unit

103, and the foreground-flat-portion positionaf information

15 supplied from the flat-portion extracting unit 1501,

supplies the classified pixels to one of the

and

separating/blur-eliminating unit 1503, the motion-blur

eliminating unit 1602, the foreground-component-image

reproducing unit 1603} and the background-component-image

20 reproducing unit 1604.

In step S1105, the separating/blur-eliminating unit

1503 performs simultaneous processing for separating the

foreground and the background and for eliminating motion

blur on the pixels belonging to the mixed area from which

25 the foreground components corresponding to the flat portions



data of the unit of processing and the foreground object conponents and

t he background obj-ect conponents contained in the unit of processing is
generated. The foreground object conponents and the background obj ect
conponents contained in 15 the unit of processing can be cal cul ated based
on the generated equation. |Imge data having an object area consisting of
obj ect conponents which forman object is input. Mtion blur occurring in
an object area is elimnated by assum ng that 20 val ues of part of the

pi xel data in the object area of the- Rdtige data input are substantially
equal. In this case, notion blur contained in a blurred i mage can be
elimnated. The inmage data having a foreground area consisting of

conststi ngZor "BacRoraeadit,RLlY Be SRRkbER, CRhR el Ry BAL BB AR i
obj ect, agg Andi ¥8deaLBanknaPaECHe1LRR O SOLAUNY,ALEGL ) CoMpOneNt s and the

background object coOnponents are mxed is I np ion blur occurring in

the foreghayedudkealganrbangbininated Ryvasgupiingcthal abpesnaf 5 part of
the pixel data in the foreground area of the’input inage data are

subst anti glikg1legeabngMgeayakhpothiceeradWBhehqt-Banwakves @b the pi xel data
in the foreground area of the inage data are substantially equal is

det ect®d. pikkilobebbrfiagcubr tAg tBvebedf beeggeunddl@ranca oaRabesebirm nat ed
based on the detected equal portion. A unit of processing consisting of a
pluralitythk pltecessing of step S1105 is similar to those of the
processing of step S1004 of Fig. 103, and an explanation
thereof is thus omitted.
In step S1106, the separating/blur-eliminating unit
10 1503 calculates the pixel values of the foreground component
image without motion blur and the pixel values of the
background component image based on the calculated
foreground components and the background components. The
separating/blur-eliminating unit 1503 supplieswthe
15 foreground component image without motion blur to the
foreground-component-image reproducing unit 1603, and also
supplies the background component image to the background-
component-image reproducing unit 1604.
In step S1107, the signal processing apparatus
20 determines whether the processing for the mixed area and the
foreground area has been finished. If it is determined that
the processing for the mixed area and the foreground area
has not been finished, the process returns to step S1105,

and the processing for separating the foreground and the

25 Dbackground and for eliminating motion blur is repeated.



f oreground object conponents is determ ned based on a position of the
equal portion. Mdtion blur of the foreground area can be elimnated for
each unit of 15 processing. The unit of processing corresponding to the

pi xel data belonging to the m xed area or the foreground area which is

| ocated on one straight line and which is other than the pixel data of the
equal portion can be determ ned. 20 The foreground area, the background
area, or the mxed area can be specified. The equal portion can be

. detected by conmparing a difference of28be-pi xel data with a threshold. The
equal portion consisting of the adjacent pixel data 25 having the nunber
of pixels greater than or equal to the - 247 nunber of pixels

corresponding £9 A0 ATORY o ADYCIENL - 0L 51Dy sgr@ygg%f)geesct%ﬁgﬁnngfed

detected. Mdtion ccurrlng Int regroun area’c

by app'Y'@Qratﬁélﬁﬁkﬁﬁ'%@e%o %ﬁﬁﬁﬂ&“f&%éﬁ%ﬁ% Iéﬁ%&‘%hé’ £ 3104 4

corresponding to the uni't of processing on vec |s acyut

Based on the pegubEscoEBdEkasato eeeats@@ogorr§ﬁpeeegn§%&9§a Eﬁkat'O“Sh'p
between the pixel data of the unit of processing an or éground obj ect

10 Conponﬁatioﬁeﬁlarneglmmnhbﬁngnuhlef19090ﬁ§§fagmbsp98885§£ﬁ9 fofhe
foreground object conponents contained in the unit. of proceSsing can be
cal culat edlbasgdtongt hetgenepatiedregudhkopixels belonging to the

foreground area without the foreground components;

corresponding to flat portions and sandwiched by the flat

portion selected among the pixels consecutively arranged in

the moving direction. Details of the motion-blur

10 eliminating processing are described below with reference to

the flowchart of Fig. 111.

In step S1109, the motion-blur eliminating unit 1602
calculates the pixel values of the foreground component
image without motion blur based on the calculated foreground

15 components. Thé motion-blur eliminating unit 1602 supplies
the foreground component image without motion blur to the
foreground-component-image reproducing unit 1603.

In step S1110, the signal processing apparatus

determines whether the processing for the foreground area

20  has been finished. If it is determined that the processing
of the foreground area has not been finished, the process
returns to step 51108, and the motion-blur eliminating
processing is repeated.

If it is determined in step S1110 that the processing

25 has been finished for the foreground area, the process



Processing for separating the pixel data of the nixed area into the
foreground object conponents and the 15 background object conponents and
processing for elimnating notion blur fromthe separated foreground

obj ect components can be sinmultaneously perforned based on area
information indicating a non-m xed area consisting of the foreground area
and t he background area or the m xed area and based on 20 the equal
portion. A unit of processing consisting of a plurality of the foreground
obj ect conponents and t he background-obf&ct conponents is det erm ned based
on a position of the equal portion. The processing for separating the
foreground 25 object conponents and the background object conponents and -

248 the procesgingofofep! ki pating notion blur fromthe separated _
f oreground object conponents can be simultaneously performed for each unit

of processing.rdhehdinid W RO&ESEhANY %rﬁ&@@%%&ft%@i flogata 5

bel onging to the m xed area or the foreground are Ichl ocated on one

strai ght thAeugRdswhichikssohhetahbaisl PeexBbybadat 8hoththEr6848 igg{tion
can be determ ned. The foreground area, the background area, or the xed

area can b¢ spesi §ieds 4Rrdhgheguab7portion can be detected by conparing a
difference of the pixel data with a threshold. The equal portion consisting

of adjSacent pilkelsitat 8118V nghé hio negheundfcqip@ientgrarigs than or equal
to the reproducing unit 1603 reproduces the overall foreground
component image without motion blur based on the flat-
portion image supplied from the unit-of-processing
determining/classifying unit 1601, the foreground component

10 image without motion blur supplied from the separating/blur-
eliminating unit 1503, and the foreground component image
without motion blur supplied from the motion-blur
eliminating unit 1602. The background-component-image
reproducing unit 1604 reproduces the overall bdckground

15 componént image based on the background area image supplied
from the unit-of-processing determining/classifying unit
1601 and the background component image separated from the
separating/blur-eliminating unit 1503. The processing is
then completed.

20 As described above, the information processing
apparatus having the configuration shown in Fig. 105 is able
to eliminate motion blur from the foreground object.

The processing for eliminating motion blur of the

foreground component image, which corresponds to the unit of

25 processing, performed by the motion-blur eliminating unit



nunber of pixels corresponding to an anmount of novenent of 1S the
foreground object can be detected. The processing for separating the
foreground object conponents and the background object components and the-
processing for elimnating notion blur fromthe separated foreground

obj ect conponents can be sinultaneously perforned 20 by applying a

cal cul ation corresponding to a notion vector. A nodel corresponding to the
unit of processing and a notion vector is acquired. Based on the acquired
nodel, an equation correspondi ng to-a2édel ati onship between the pixel data
of the unit of processing and the foreground object 25 conponents and the
background obj ect conponents contained in - 249 the unit of processing is

domponent 8 02ni B REAE| N1 L ReCdnF %G1 Throats SRy AR CoBCLANE R ALed bac

conponent s cont ai e uni f “of "processi ed based on

the generabed:@aual kaney A15iBhect LEagecapyyred by an image- capturing

device including a predetermne f pixéls and having a tine

i ntegrating fUﬂHtEQQpi§1PﬂiPuﬁh§5m$&@95¥§?%£%&Oggnggﬁ flgo Pregdet el m ned

nunber of pixel data. A non-m xed area oreground area

consi sti ngioef chobearoundnehhechqlng@Mesents hi shphaem a foreground
obj ect of the imge data and a background area consisting of background

obj ect5 coopesspbaduhgchof ehm ambaskgp@undvehiaet vohntihenkmagerdata, or a
m xed area in which the foreground object conponents and the background
obj ect copponentsngrealn sedpi slspec¢i thedequation generator 1622
generates equations based on the generated model.
In step 51123, the adder 1623 sets the pixel values of
the foreground component image from which the foreground
10 components corresponding to the flat portions are removed in
the generated equations. In step S1124, the adder 1123
determines whether the pixel values of all the pixels
corresponding to the unit of processing have been set. If
it is determined that the pixel values have not been set in
15 all the equations, the process returns to step S1123, and
the processing for setting the pixel values in the equations
is repeated.
If it is determined in step S1124 that all the pixel
values have been set in all the equations, the process
20 proceeds to step S1125. 1In step S1125, the calculator 1624
calculates the pixel values of the foreground without motion
blur based on the equations in which the pixel values are
set supplied from the adder 1623.
As discussed above, the motion-blur eliminating unit

25 1602 is able to eliminate motion blur from the foreground



15 Based on a result obtained by specifying the area, processing for
separating the foreground object conponents and the background object
conponents fromthe pixel data of the m xed area, and processing for
elimnating notion blur fromthe separated foreground object conmponents
can be 20 sinultaneously perfornmed. In this case, an inmage w thout notion
bl ur can be captured. An equal portion consisting of adjacent pixel data of
t he foreground area whose val ues are substantially equal to each other is
detected. At least the processing for 2863 separating the foreground object
conponents and the - 250 background object conponents fromthe pixel data
of the m xed area and the processing for elimnating notion blur fromthe

based on FRePaEeaky EnelhiEbn EETRRAS B0LEaR, Reuy CbIY b CBROPRL BB L LT ng
t he area.o@‘Hgb%%gﬂtpgo%gaskﬂggﬁﬂgﬁl3%L?ggggsgi8 urality of the foreground

obj ect conponen and t he background o onponents is determ ned based

on a position fle L% &tiain RLL IBOh dkcieas %&@fbn}gr@&@éﬁw%&é he

processing for 10 separating t eground obj ect conmponents and the

backgroung; obj;86et rgeIpORERLS AR EREoPEECERS! BYckQEoulbl BLRBLABHL GO ON
blur fromthe separated foreground object conponénts can be sinultaneously

per f orgredeodhgi HBHt i Af tREOBEREL NGaLAEE ESPROHEREr] OthBempk¥8le dRhRio 1&
bel onging to the m xed area or the foreground area which is
may be_set to the ratio of the foreground components
contained in the pixel values.
- The invention has been discussed above by setting the
moving direction of the foreground object to the direction
10 from the left to the right. However, the moving direction
is not restricted to the above-described direction.

A non-mixed area formed of a foreground area consisting
of foreground object components which form a foreground
object of image data and a background area conéisting of

15 Dbackground object components which form a background object
of the image data, or a mixed area in which the foreground
object components and the background object components area
mixed is specified. Based on a result obtained by
specifying the area, processing for separating the

20 foreground object components and the background object
components from the pixel data of the mixed area, and
processing for eliminating motion blur from the separated
foreground object components are simultaneously performed.
In this case, motion blur contained in a blurred image can

25 be eliminated.



| ocated on one straight Iine and which is other than the pixel data of the
equal portion can be determ ned. The equal portion can be detected by
comparing a difference of the pixel data with a threshold. 20 The equal
portion consisting of the adjacent pixel data having the nunber of pixels
greater than or equal to the nunber of pixels corresponding to an anount
of novenent of the foreground object can be detected. The processing for
separating the foreground object 25 conponents and the background object
conponents and the - 251 processing-f®d44etimnating notion blur fromthe
separated foreground object conponents can be sinultaneously performed by
applying a calculation corresponding to a notion vector. A nodel

correspondi ng {0 é&gﬁygé%ﬁﬁiogr88§§§§€9n§ngfaadiﬁon%%Oni¥§f;8%%%Z?fchired'

Based on the acqui an equation corre onship

bet ween tEﬁep56§%grgg%§g92esh%hg9Etv8&u8508?§5Eﬂgs@?gF%gglgoésgéﬁugg.ObiECt

conponents an round o J ect conponents con n € unit of

proceSSingaEﬁ_9€H@Ea§§ddeEQ@tE8Eegé@”@@a@@j%E% é@oegggeﬂgnkéraﬂd the
background obj ect conponents contained 1n the unit of processing can be

calculatedepasaeiﬁa_the_feeeggahaa 8gyakkOBomPoseRESChnliMRgE captured by an
i mage-capturing device including a predeterm ned nunber of pixels and

havi ngg a bagRgrdbninbbgeati BempuAshtenfirsmOdhRUbiRs1i ABES dat ankormed of a
predet er mi ned nunber of pixel data and having an object area
mixed area and the processing for eliminating motion blur
from the separated foreground object components can be
simultaneously performed based on the detected equal porﬁion
and the result obtained by specifying the area.

10 A unit of processing consisting of a plurality of the
foreground object components and the background object
components is determined based on a position of the equal
portion. The processing for separating the foreground
object components and the background object coﬁponents and

15 the processing for eliminating motion blur from the
separated foreground object components can be simultaneously
performed for each unit of processing.

The unit of processing corresponding to the pixel data
belonging to the mixed area or the foreground area which is

20 located on one straight line and which is other than the
pixel data of the equal portion can be determined.

The equal portion can be detected by comparing a
difference of the pixel data with a threshold.
The equal portion consisting of the adjacent pixel data

25 having the number of pixels greater than or equal to the



consi sting of object conponents which forman object. Mtion blur occurring
in the object area is elimnated by assum ng that values of part of the

pi xel data in the object 20 area of the inmge data are substantially
equal . In this case, an inage w thout notion blur can be captured. The

i mge data having a foreground area consisting of foreground object
conponents which formthe object, a background area consi sting of
background obj ect conponents 25 which forma background object, and a mi xed
area in which - 252 the foreground obpéét -conponents and the background
obj ect conponents are mxed is input. Mtion blur occurring in the
foreground area can be elimnated by assum ng that values of part of the

pi xel dat @umbetrhe £f ?)ri%ﬁgur&%&re%?oﬁfdih@e el %'1‘{] 3 RO fd?t:[o%]g reglt of

substantially equal. An equal portion I'n whic e values o € pixel data

in the foreer gendgaoeadobolet Mmgedatpa@gsubstantially equal is
detected. Motion blur occurring in the foreground area can be elimnated

based on the dehechedceayahgPehti 88patQtAngnihe0ko Pk ESEﬁHDSbgegﬁiSting of
a plurality of the foreground object conponents is determ ne ased on a

posi tion ebniheetdsalangothieobacMairormndolow @ft Ihtpchehedr awad r@kea can be
elimnated for each unit of processing. | is The unit of processing
cor r espongirogetss inke fpirxell iddhatibel apgiiog b urh® reinX el cakepah tkhe
foreground area which is:

foreground object components can be simultaneously performed

by applying a calculation corresponding to a motion vector.

A model corresponding to the unit of processing and a
motion vector is acquired. Based on the acquired model, an

10 equation corresponding to a relationship between the pixel
data of the unit of processing and the foreground object
components and the background object components contained in
the unit of processing is generated. The foreground object
components and the background object component§ contained in

15 the unit of processing can be calculated based on the
generated equation.

Image data having an object area consisting of object
components which form an object is input. Motion blur
occurring in an object area is eliminated by assuming that

20 wvalues of part of the pixel data in the object area of the
image data input are substantially equal. In this case,
motion blur contained in a blurred image can be eliminated.

The image data having a foreground area consisting of

foreground object components which form the object, a

25 background area consisting of background object components



| ocated on one straight Iine and which is other than the pixel data of the
equal portion can be determ ned. The foreground area, the background area,
or the m xed 20 area can be specified. The equal portion can be detected
by conparing a difference of the pixel data with a threshold. The equal
portion consisting of the adjacent pixel data having the nunber of pixels
greater than or equal to the 25 nunber of pixels corresponding to an anount
of novenment of - 253 the foreground object can be detected. Mdtion blur
occurring in the foreground area can-b24eeti m nated by applying a

cal cul ation corresponding to a notion vector. 5 A nodel corresponding to
the unit of processing and a notion vector is acquired. Based on the

B0dul r e adeh: B SOHALLGROGRN SRARRTL NdnkOatyi BLAT LOASTLR DRINEED LDe

pi xel data of e unit processing and e foreg onponent s

cont ai nedthe tbgeyBbhngf oBfEESEbABohSnISNSRA! el O ENE fAKEGLIURM D] ect

conponents cont al ned 1 n the uni processi ng can ne-ca cul ased on

the gener abrfogaHaki 8Be mPkeAC$Si RApher SeBakahi hg-B{,¥8k ngat the
m xed area iﬁto t he fo?eground objegt conponentsﬂgﬁg ?ﬁghégggggégug%eobject

conponent soasdrptindessbAdcha~bel bMinahhRed B9 ABELAMNE! HhaEr 99V EBE of
separ ated foreground object conponents can be sinultaneously perforned

based on paea off thempirsl Hadhcahi BgearseBghb¥nd area senshatinguef the
f or egr ound _
image data are substantially equal.

;

An equal portion in which the values of the pixel data
in the foreground area of the image data are substantially
equal is detected. Motion blur occurring in the foreground

10 area can be eliminated based on the detected equal portion.

A unit of processing consisting of a plurality of the
foreground object components is determined based on a
position of the equal portion. Motion blur of the
foreground area can be eliminated for each unit of

15 processing.

The unit of processing corresponding to the pixel data
belonging to the mixed area or the foreground area which is
located on one straight line and which is other than the
pixel data of the equal portion can be determined.

20 The foreground area, the background area, or the mixed
area can be specified.

The equal portion can be detected by comparing a
difference of the pixel data with a threshold.

The equal portion consisting of the adjacent pixel data

25 having the number of pixels greater than or equal to the



area and the background area or the m xed area and based on the equal
portion. 20 A unit of processing consisting of a plurality of the

f oreground object conponents and the background object conponents is
determ ned based on a position of the equal portion. For each unit of
processing, the processing for separating the foreground object conponents
and the 25 background obj ect conponents and the processing for - 254
elimnating notion blur fromthe separated foreground object conponents
can be simultaneously perfornmed. The-uR#? of processing corresponding to
the pixel data belonging to the m xed area or the foreground area which is
5 located on one straight |line and which is other than the pixel data of

t he equalnﬁﬂﬁgkoggcggxggSdgggggkgggdiﬁgeago%ﬁggﬂgﬂgtag%appghﬁsgﬁcgground

area, or the mxed “area can pecitre e equal” por

detected ByeCopPaLERUNA ohqedl! baheBEeaBoEhE Rl xel data with a threshol d.
The equal portion~consisting of adjacent plxeF data having the nunber of

pi xel s great eryé Hpshn 051 €AUGEchPriRg iﬂuﬁﬁérf&fe&%é@ﬁ%e§Pé£e§£9Q§%ng to an

anount of novenent of the foreground object can be ected. a 15 The
processi ngliginsepar ayi Bept fenbonearoundaehbbaCtoreeepengnhs 288d,t he

background obj ect conponents and the processing for elimnating notion
bl ur f ommbheosepatabed

A model corresponding to the unit of processing and a
motion vector is acquired. Based on the acquired model, an
_equation corresponding to a relationship between the pixel
data of the unit of processing and the foreground object

10 components contained in the unit of processing is generated.
The foreground object components contained in the unit of
processing can be calculated based on the generated equation.

Processing for separating the pixel data of the mixed
area into the foreground object components and the

15 background object components and processing for eliminating
motion blur from the separated foreground object components
can be simultaneously performed based on area information
indicating a non-mixed area consisting of the foreground
area and the background area or the mixed area and based on

20 the equal portion.

A unit of processing consisting of a plurality of the
foreground object components and the background object
components is determined based on a position of the equal
portion. The processing for separating the foreground

25 object components and the background object components and



f oreground object conponents can be sinultaneously perforned by applying a
cal cul ation corresponding to a notion vector. 20 A nodel corresponding to
the unit of processing and a notion vector is acquired. Based on the
acquired nodel, an equation corresponding to a relationship between the

pi xel data of the unit of processing and the foreground object conponents
and t he background obj ect conponents contained in 25 the unit of processing
is generated. The foreground object - 2SS conponents and the background
obj ect components contained in the "anRé#gof processing can be cal cul ated
based on the generated equation. In the above description, a real-space

i mge having a 5 three-di nensional space and tinme axis information is

pr o] ect €< A8t 8-Bcbll? 5Pace Q%Xh@ga%lhgom%gggasggg%gﬁgggﬁghﬁand time axis

i nformation using a“video canera nvention I's not

estr] ot edeplralten eupapkeunandy16a0 hecaBRLied Leihe Loblowag cass Wrer

a greater anmount 10 I rst |n rnat|on In one-

proj ect edpe@Rbemads#Bk! 8E-AMAHAL BF 9seegsaﬂéornat'0n ina two-
di nrensi onal space, distortion genera ed by t projection can be

corrected, sigméigant éﬂfﬁf@@ééQﬂn&aébﬁ%béﬁéﬁéfﬂgdto e fPéfdﬂﬁgural

i mge can be synthesized. 15 The sensor is nhot trlcted and may
be aﬁbthbelbmgﬁngftaeﬂﬁermlﬁéahagéaao§0th€ §B§E8rbﬂﬁ8'99egewh98h ikor

exanple, a CMOS (Conpl enentary Mental - Oxi de Seniconductor) | nmge sensor, a
BBD (BuckébcBtegadas ba¥i 8€faight line and which is other than the
pixel data of the equal portion can be determined.

The foreground area, the background area, or the mixed
area can be specified.

10 The equal portion can be detected by comparing é
difference of the pixel data with a threshold.

The equal portion consisting of adjacent pixel data
having the number of pixels greater than or equal to the
number of pixels corresponding to an amount of movement of

15 the foreground object can be detected.

The processing for separating the foreground object
components and the background object components and the
processing for eliminating motion blur from the separated
foreground object components can be simultaneously performed

20 by applying a calculation corresponding to a motion vector.

A model corresponding to the unit of processing and a
motion vector i1s acquired. Based on the acquired model, an
equation corresponding to a relationship between the pixel
data of the unit of processing and the foreground object

25 components and the background object components contained in



a CID (Charge Injection Device), or a CPD (Charge Primng 20 Device).

Al so, the sensor does not have to be a sensor in which detection devices
are arranged in a matri x, and may be a sensor in which detection devices
are arranged in one line. A recording nediumin which a program for
performng the signal processing of the present invention is recorded 2S
may be fornmed of a package nediumin which the programis - 256 recorded,
which is distributed for providing the programto a user separately from
the conputer, as shown in Fig. 1, sucB48s-the magnetic disk 51 (including
a flexible disk), the optical disc 52 (CD-ROM (Conpact Disc-Read Only
Menory) 5 and a DVD (Digital Versatile Disc)), the nagneto-optical disk 53

i ncl udi MDLEMENiD) ' 54. The. di
redi um oy a1 56 50 Fof et S e RO S5 5t ndPA GLSRSEaNDd RBAEE the
al so e forred of 72% | Fed|Fr
bei ng 10 br e de o e BRor WDt hE: RS G SRBA A P EORHBUEST 1 The

steps forghaguhie BrOgLaBesesapdedni Beachecandirig paediunymy be execut ed
chronol ogically according to the orders described 1n the specification.

However, thagrd@eAokquhayento be executed in a tinme-series nmanner, and they
may be 15 executed concurrently or individually. Industrial Applicability
According to tAestibjetti hwedéi OaptitedSbPossi bhegéocaptiuringt ge¥PLéon bl ur
contained in a blurred i mage. 20 According to the second invention, it is
possi bl e tocluding a predetermined number of pixels and'haying a time
integrating function is output as image data formed of a
predetermined number of pixel data. A non-mixed area Fformed
of a foreground area consisting of foreground object
10 components which form a foreground object of the image data
and a background area consisting of background object
components which form a background object of the image data,
or a mixed area in which the foreground object components
and the background object components area mixed is specified.
15 Based on a result obtained by specifying the area,
processingvfor separating the foreground object components
and the background object components from the pixel data of
the mixed area, and processing for eliminating motion blur
from the separated foreground object components can be
20 simultaneously performed. In this case, an image without
motion blur can be captufed.
An equal portion consisting of adjacent pixel data of
the foreground area whose values are substantially equal to

each other is detected. At least the processing for

25 separating the foreground object components and the



elimnate notion blur contained in a blurred image. According to the third
invention, it is possible to capture an imge fromwhich notion blur is
elimnated. According to the fourth invention, it is possible to 25
capture an inage fromwhich notion blur is elimnated. - 257 CLAIM5S 1. An
i mage processing apparatus for performng processing on image data which
is formed of a predeterm ned nunber of pixel data obtained by an

i mage-capturing device including a 5 predeterm ned nunber of pixels and
having a tine integrating function,-sabd Fmage processing apparatus
conprising: area specifying means for specifying a non-mxed area forned
of a foreground area consisting of foreground object conponents which form

2 or egr oudglibect abibhe Lopgsndata Q.and 2 Backaraynd areq consisting

of backgroun bject "cornpone whi'ch f'orm a f the image

data,  or p3,@xadear gaql RhWhLER Lhg sk r%ggggﬂqmﬂgk%ihg;%ggggﬁ?FiHrand the

background obj ect conponents®area m Xed,; processi nmeans for

simul't aneeushy ths BebheLFLATRRSRAuAR BLERY Loolibaklrd Rynspeci fying the

area by said area specifying means, processing separating the

foregroun@imhh@aheéggmgngekﬁo%ﬁddtB@seaa%hgkﬁgnéeQ?k%Eh 88&392@8&%1& om the

pi xel data of the m xed area, and processing for elim natin tiron bl ur
from 20 the shpatratedtfebegiaeadogbkpetiE9IPEN@RALS arda AN i MAge processing

apparatus according to claim1,

A unit of processing consisting of a plurality of the
foreground object components and the background object
components 1s determined based on a position of the equal
portion. For each unit of processing, the processing for

10 separating the foreground object components and the
background object components and the processing for
eliminating motion blur from the separated foreground object
components can be simultaneously performed.

The unit of processing corresponding to the pixel data

15 belonging to the mixed area or the foreground area which is
located on one straight line and which is other than the
pixel data of the equal portion can be determined.

The equal portion can be detected by comparing a
difference of the pixel data with a threshold.

20 The equél portion consisting of the adjacent pixel data
having the number of pixels greater than or equal to the
number of pixels corresponding to an amount of movement of
the foreground object can be detected.

The processing for separating the foreground object

25 components and the background object components and the



further conprising equal -portion detection neans for detecting an equal
portion consisting of adjacent pixel data of the foreground area whose
val ues are substantially equal 25 to each other, wherein said processing
execution nmeans - 258 sinultaneously perforns at | east the processing for
.Separating the foreground object conponents and the background object
conponents fromthe pixel data of the m xed area and the processing for
elimnating notion blur 5 fromthe separated foreground object conponents
based on the detected equal portion-ak8lthe result obtained by, specifying
the area by said area specifying neans. 3. An inage processing apparatus
according to claim2, further conprising unit-of-processing determning

of a[‘Eef FoPEor Rt any ot S oniBrsafy BREIBRCbTREar b Boraee2ebhtonent
execut | o aane L PpAReE, EPBOnBREG, Ran pBYSIRLT <BREP BRI BRRERRRG, (e

pro~essi ngyf gppi iﬁSpQréEhEﬂlEESO%OESQEQHEQnBQhS?gPCQgﬁ?gﬁghsvgggoihe'

background” obj ect conponents an he processing nat i ng noti on

blur fromthe sepsdat eshfPL IS RYNEy Ob ecte &RﬂPoé‘Fnﬁ?océlssdﬁ[ﬂgim@ea

processi ng apparatus according to claim3, 20 whereln sal
unit-df - proeesai ngcdetelBi BtagireaNs HakedmbAeshet Bequ@EEdOﬁoHEQ{C%ﬁi ng

corresponding to the pixel data belonging to the m xed area or the
f or egr oundqaataomhcohresponding to a relationship between the pixel
data of the unit of processing and the foreground object
components and the background object components contained in
the unit of processing is generated. The foreground object
10 components and the background object components contained in
the unit of processing can be calculated based on the
generated equation.
A subject image captured by an image-capturing device
including a predetermined number of pixels andwhaving a time
15 integrating function is output as image data formed of a
predetermined number of pixel data and having an object area
consisting of object components which form an object.
Motion blur occurring in the object area is eliminated by
assuming that values of part of the pixel data in the object
20 area of the image data are substantially equal. In this
case, an image without motion blur can be captured.
The image data having a foreground area consisting of
foreground object components which form the object, a
background area consisting of background object components

25 which form a background object, and a mixed area in which

.



|l ocated on one straight line and which is other than the pixel data of the
equal portion. 25 5. An inmge processing apparatus according to claimz2, -
259 wherein said equal -portion detection neans detects the equal portion:
by conparing a difference of the pixel data with a threshold. 6. An inage
~processing apparatus according to claim2, 5 wherein said equal-portion
detection neans detects the equal portion consisting of the adjacent pixel
data having the nunber of pixels greater than or equal to the number of

pi xel s corresponding to an amount of -npggnment of the foreground object. 10
7. An inmage processing apparatus according to claim1l, wherein said
processi ng execution nmeans sinmultaneously perforns the processing for

i ject ents and the background object
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nmodel acquiring nmeans for acquiring a no UEReOfnit of
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An equal portion in which the values of the pixel data
in the foreground area of the image data are substantially
equal is detected. Motion blur occurring in the foreground
area can be eliminated based on the detected equal portion.

10 A unit of processing consisting of a plurality of the
foreground object components is determined based on a
position of the equal portion. Motion blur of the
foreground area can be eliminated for each unit of
processing.

15 The unit of processing corresponding to the pixel data
belonging to the mixed area or the foreground area which is
located on one straight line and which is other than the
pixel data of the equal portion can be determined.

The foreground area, the background area, or the mixed

20 area can be specified.

The equal portion can be detected by comparing a
difference of the pixel data with a threshold.

The equal portion consisting of the adjacent pixel data
.having the number of pixels greater than or equal to the

25 number of pixels corresponding to an amount of movement of



f oreground object conponents and the background object 25 conponents
contained in the unit of processing; and - 260 cal cul ation neans for

cal culating the foreground object conponents and the background obj ect
conponents contained in the unit of processing based on the generated
equation. 9. An image processing nethod for perform ng processing on 5

i mge data which is fornmed of a predeterm ned nunber of pixel data
obt ai ned by an inage-capturing device including a predeterm ned nunber of
pi xel s and having a tinme integrating- £BRAction, said i mage processing

met hod conprising: an area specifying step of specifying a non-m xed area
10 fornmed of a foreground area consisting of foreground object conponents

whi ch formha toregrgund aBhest afqthe Laage.dgta and a background area

consi sting of bacKground object conponent Irch forma background obj ect

f the i ; ] | j d_obj.ect
Component & 15 4ai”t ne- Backar St Bby Bl EonpbRgr ShE RER i SEna o

prOC?SSin@l@ﬁ@ﬁﬁ&b@ﬂb§t§Ep@§iﬁb”H|Eﬁ@@ﬁ@%kionp@BEQEQFBEdigas@g gn a result
obtai ned by specifying the "aréa by the processing of said aréea specifying

step, praeesshngekephrseparating the foreground object conmponents 20 and
t he background obj ect conponents fromthe pixel data of the m xed area,

and proocessi nga fmsdel i &b medspendDid oto bte unit 08F theoSEPS %clfioareground
obj ect components. 10. An inmge processing nethod according claim?9,
further coopiosi mgcaorefsabkegattedan deaeedi 6A &h@pa@ﬁuired;model, an
equation corresponding to a relationship between the pixel
data of the unit of processing and the foreground object
components contained in the unit of processing is generated.
10 The foreground object components contained in the unit of
processing can be calculated based on the generated equation.
Processing for separating the pixel data of the mixed
area into the foreground object components and the
background object components and processing for eliminating
15 motion blur from the separated foreground object components
can be simultaneously performed based on area information
indicating a non-mixed area consisting of the foreground
area and the background area or the mixed area and based on
the equal portion. |
20 A unit of processing consisting of a plurality of the
foreground object components and the background object
components is determined based on a position of the equal
portion. For each unit of processing, the processing for

separating the foreground object components and the

25 background object components and the processing for



25 detecting an equal portion consisting of adjacent pixel

the foreground area whose val ues are substantially equal t
wherein, in the processing of said processing execution st
processing for separating the foreground object conponents

data - 261 of

o each ot her,

ep, at least the
and the

background object 5 conponents fromthe pixel data of the m xed area and

the processing for elimnating notion blur fromthe separa
obj ect components are sinultaneously perforned based on th
portion and the result obtained by sp&&i4fying the area by

speci fying step. 10 11. An image processing nmethod accordin
further conprising a unit-of-processing determning step of

ted foreground

e detected equal

sai d area

g to claim 10,
determ ning a

unit of PrOGeSHAY PRSI lg%'j & Rt "l d téér?aq;abtterzf‘ cfo(}ree roglgmn to:%g{,?% t t he

conponents and the backgroun ect conponents based on "a

equal por tdokiponenks \eaef @en,siinﬁlltt@%e%rlﬁq%]?%e%oque?i d proc

step, the processing for separating theforeground object

the backgroundThbj aattCefpprentssang EB%reBbBﬁ@%ﬁEnQonEeeE
blur fromthe separated foreground object conponénts are

essi ng execution
~conponents and

EQEPaEEEQ not i on
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according to claim1ll, wherein, in the processing of sal

uni t - o - ploceseidngn deteerstiraiint tstidme el whiilchofi sPIIERSSithGnCehkespondi ng

to the pixel data belonging to the m xed area or the foreg
which is Pocatledata oife ther aiqlatll pore iand calti G id@termined,

The foreground area, the background area, or
area can be specified. |
The equal portion can be detected by comparin
10 difference of the pixel data with a threshold.
The equal portion consisting of adjacent pixe

having the number of pixels greater than or equal

round 25 area

the mixed

g a

1l data

to the

number of pixels corresponding to an amount of movement of

-

the foreground object can be detected.

15 The processing for separating the foreground

object

components and the background object components and the

processing for eliminating motion blur from the separated

foreground object components can be simultaneously performed

by applying a calculation corresponding to a motion vector.

20 A model corresponding to the unit of processing and a

motion vector is acquired. Based on the acquired

model, an

equation corresponding to a relationship between the pixel

data of the unit of processing and the foreground

object

components and the background object components contained in

25 the unit of processing is generated. The foreground object



- 262 other than the pixel data of the equal portion is determned. 13.
An image processing method according to claim10, wherein in the .
processing of said equal-portion detection step, the equal portion is
detected by conparing a 5 difference of the pixel data with a threshold.

14. An image processing nethod according to claim10, wherein, in the
processing of said equal-portion detection step, the equal portion
consisting of the adjacent pixel data having the number of pixels greater
than or equal to 10 the nunmber of pixek85corresponding to an anount of
novenment of the foreground object is detected. 15. An inmage processing

nmet hod according to claim9, wherein, in the processing of said processing

exeCUt'0ncéﬁﬁ@nen%QeaHEOEﬁéSBQQE%QBuﬁﬁpaﬁ Ebeggggﬁagghggrggﬂg%9gg C£§é§

conponents and the backgroun ect conponent 5SS

el i mi nati Bge Mk NGB pfo&éQﬂhaecﬁﬁpﬁé%s@cu&%@arBHEQdOBheEﬂ conponent s
are simultaneously perfornmed by applying a calculation correspondlng to a

notion vegénératéd &gubtmgr.processing method according to claim9, 20
wherein the processing of said processing execution step conprises: a

nodel acqui ri nn stlep fodeqidsentpeisded rEHI+ESRONd Mdyd ndhenhgnd t of
processing and a notion vector; an equation generating step of generating,

based Son theeéSdamqmsLeﬂahndphceaanaquameoaxﬁsriﬁS@@mdtDQntDsa rel ationship
- 263 projected onto a time space having a two—dimensioqal 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

10 of first information in one-dimensional space is projected
onto a smaller amount of second information in a two-
dimensional space, distortion generated by the projection
can be corrected, significant information can be extracted,
Oor a more natural image can be synthesized.

15 The sensor is not restricted to a CCD, and may be
another type of sensor, such as a solid-state imaging device,
for example, a CMOS (Complementary Mental-Oxide
Semiconductor) image sensor, a BBD (Bucket Brigade Device),

a CID (Charge Injection Device), or a CPD (Charge Priming

20 Device). Also, the sensor does not have to be a sensor in
which detection devices are arranged in a matrix, and may be
a sensor in which detection devices are arranged in one line.

A recording medium in which a program for performing

the signal processing of the present invention is recorded

25 may be formed of a package medium in which the program is



bet ween the pixel data of the unit of processing and the foreground object
conponents and the background object conponents contained in the unit of
processing; and a cal cul ation step of calculating the foreground object 5
conponents and the background object conponents contained in the unit of
processi ng based on the generated equation. 17. A storage nediumin which a
conput er -readabl e program for perform ng processing on inmage data whichis
formed of a predeterm ned nunmber of pixel data obtained by an i mage 10
capturing device including a predeternkBéd-nunber of pixels and having a
time integrating function is stored, said conputer-readabl e program
conprising: an area specifying step of specifying a non-m xed area forned

o o b1 ogeeynded) SRniancLst .00 pLLAEOUNG 0L 8T tRaCRABIRER 20" O

forma foregroun ] ec e 1 mage

consisting abebagkgroud) ghiepch, cAUPOARRLS U £ foPegréﬁﬁ kggfg”d obj ect

of the imge area in

conponent gycandst Eﬁebasga@eeedd@?,ke@& qeRRenasLy a1 %ﬁe%égaseggﬂ 20 @

processi ng execution stép of sinultaneousl’y “perfornin a result

obt ai ned byesppeltyingitheszanes-Rmt h@oﬂbQE%S%@a ﬁfeaaabﬁlgrﬁ&nc%? g‘ fying
step, processing for separating the foreground object conponents nd the

backgridundnabheovpceppgneatsvergatine pixe) datﬁeORaéﬁeEBeoB‘chaéglarea and
processing for elimnating notion blur - 264 fromthe separated foreground
obj ect codpekefABs(including MD (Mini-Disk)), or the semiconductor
memory 54. The recording medium may also be formed of the
ROM 22 or a hard disk contained in the storage ugit 28 in
which the program is recorded, such recording medium being
10 provided to the user while being prestored in the computer.
The steps forming the program recorded in a recording
medium may be executed chronologically according to the
orders described in the specification. However, they do not

have to be executed in a time-series manner, and they may be

15 executed concurrently or individually.

Industrial Applicability
According to the first invention, it is possible to
eliminate motion blur contained in a blurred image.
20 According to the second invention, it is possible to
eliminate motion blur contained in a blurred image.
According to the third invention, it is possible to
capture an image from which motion blur is eliminated.
According to the fourth invention, it is possible to

25 capture an image from which motion blur is eliminated.



18. A storage nedium according to claim17, wherein said programfurther
conpri ses an equal -portion detection step of detecting an equal portion
consi sting of adjacent pixel data 5 of the foreground area whose val ues are
substantially equal to each other, and wherein, in the processing of said
processi ng execution step, at |least the processing for separating the
foreground obj ect conponents and the background object conponents fromthe
pi xel data of the 10 m xed area and the processing for elimnating notion
blur fromthe separated foreground obR&¢t~conponents are simultaneously
performed based on the detected equal portion and the result obtained by
specifying the area by said area specifying step. 15 19. A storage nedi um
according to claim 18, wherein said PR Samfurther conprises a
accor ! . er c]Agf urt . .
processing determining step Of 'détermning a unit of processing
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background object c nents a pos

and wher ebf, 1hBgkNgapEOGRSSHNYsOko SRR ogr90F§éheae§m§ﬁgaiRﬂmsgﬁp%fthe
h obJ ect conp t he

processing for Separating the foregroun onents an
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blur fromthe separated foregiound object conmponénts are st mul taneously
per f or3redptede aehi Bt nGhbBRE06ESEELRELs - aﬁé%a&;@ngAaSE%égﬁnﬁsewﬂng

according to claim19, wherein, in the processing of sai
uni t - of - pfonessong deier thayBIpsbEPssiNE apparatus comprising:
area specifying means for specifying a non-mixed area

formed of a foreground area consisting of foreground object
components which form a foreground object of the image data

10 and a background area consisting of background object
components which form a background object of the image data,
or a mixed area in which the foreground object components
and the background object components area mixed; and

processing execution means for simultaneou%ly

15 performing, based on a result obtained by specifying the
area by said area specifying means, processing for
separating the foreground object components and the
background object components from the pixel data of the
mixed area, and processing for eliminating motion blur from

20 the separated foreground object components.
2. An image processing apparatus according to claim 1,
further comprising equal-portion detection means for
detecting an equal portion consisting of adjacent pixel data
of the foreground area whose values are substantially equal

25 to each other, wherein said processing execution means



unit of processing corresponding to the pixel data belonging to the m xed
area or the foreground area which is |located on 5 one straight line and
which is other than the pixel data of the equal portion is determned. 21.
A storage nedium according to claim18, wherein, in the processing of said
equal -portion detection step, the equal portion is detected by conparing a
difference of the pixel 10 data with a threshold. 22. A storage medi um
according to claim 18, wherein, in the processing of said equal-portion
detection step, the equal portion congb8ti-ng of the adjacent pixel data
having the nunber of pixels greater than or equal to the number of 15

pi xel s corresponding to an anount of novenent of the foreground object is

et oot o0 SituIA=0anang IRAARACEY ddiad U Ylice el 10 the

processing of said pro I ng execution step, Proces’s for

separ at | NGeble atAnYT AN G HYLGNTOTRARSH T A A 52 %3%%%round obj ect

conponents and the "‘processing for elirmnating notion romthe

separ at ed pheKgabeuad (PRiet! coRPRPRRER! ke thldTyikaneausly Jpertar med by
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execution step conprises: - 266 a nodel acquiring step of acquiring a
nodel 5corfrespdahdi sgphaattke Eoirk gebupkookysicty carpon efillsi BAsEECHar khan
equation generating step of generating, based on the
detected equal portion and the result obtained by, specifying
the area by said area specifying means. |
3. An image processing apparatus according to claim 2,
further comprising unit-of-processing determining means for

10 determining a unit of processing consisting of a plurality
of the foreground object components and the background
object components based on a position of the equal portion,
wherein said processing execution means simultaneously
performs, for each unit of processing, the proéessing for

15 separating the foreground object components and the
background object components and the processing for
eliminating motion blur from the separated foreground object
components.

4. An image processing apparatus according to claim 3,

20 wherein said unit-of-processing determining means determines
the unit of processing corresponding to the pixel data
belonging to the mixed area or the foreground area which is
located on one straight line and which is other than the

pixel data of the equal portion.

25 5. An image processing apparatus according to claim 2,



acqui red nodel, an equation corresponding to a relationship 5 between the
pi xel data of the unit of processing and the foreground object conponents
and t he background object conponents contained in the unit of processing; -
and a cal cul ation step of calculating the foreground object conponents and
t he background object conponents contained in 10 the unit of processing
based on the generated equation. 25. A programfor allow ng a conputer for
perform ng processing on inage data which is forned of a predeterm ned
nunber of pixel data obtained by an +n2a§e-capturing device including a
predet erm ned nunber of pixels and having a tine 15 integrating function to
execute: an area specifying step of specifying a non-mxed area forned of

o O 0 WA B3 £258085k 311051 L 0ReBLURH 10 o aTRORED! g gl o @

f oreground obj ect ata an roun
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data, or a mxed area 1n which the foreground o conponents and the
backgroundnhebgretd¢onponents area m xed; and a processing execution step of
si mul t aneously perform ng, based on a resul t obtai ned by specifying the

25 area bg. thﬂnp&ﬁé@éspﬁgcéés§ﬁgda§p§9a§’950hEMbEQlﬁgeEo cla?f72, Processing
for separating the foreground object conponents t he background obj ect

conporfent shéreint beigi ¥qlhallaparoiont HetatxednaneansandtpEe§e88E NGqh ot
elimnating notion blur
portion consisting of the adjacent pixel data having the
number of pixels greater than or equal to the number of
pixels corresponding to an amount of movement of the
foreground object.

10 7. An image processing apparatus according to claim 1,
wherein said processing execution means simultaneously
performs the processing for separating the foreground object
components and the background object components and the
processing for eliminating motion blur from the separated

15 foreground object components by applying a calculation
corresponding to a motion vector.

8. An image processing apparatus according to claim 1,
wherein said processing execution means comprises:
model acquiring means for acquiring a model

20 corresponding to the unit of processing and a motion vector;

equation generating means for generating, based on the
acquired model, an equation corresponding to a relationship
between the pixel data of the unit of processing and the
foreground object components and the background object

25 components contained in the unit of processing; and



fromthe separated foreground object conponents. 5 26. A program according
to claim 25, further conprising an equal-portion detection step of
detecting an equal portion consisting of adjacent pixel data of the
foreground area whose values are substantially equal to each other,
wherein, in the processing of said processing execution step, at 10 | east
the processing for separating the foreground object conponents and the
background obj ect conponents fromthe pixel data of the m xed area and the
processing for elimnating notion bl #6d romthe separated foreground

obj ect conmponents are sinultaneously perforned based on the 15 detected
equal portion and the result obtained by specifying the area by the

processi ng of Sl dh AR REEILY | 0 SRy Bk iy RIDTARAREOR bl AT

26, further conprising a unit-of-processing determnin tep o

determﬂi@&ggo Wi 0 ' &%ﬁiéﬁé@t% PheEd I dyn@didd i
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on a posithon Qi tHe SAYGLsPOR I 95 NEN etRe b8néhSedr OGESSIHW, Of said
processi ng execution step, the processing for separating the foreground
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for 2S elimnating notion blur fromthe separated foreground object - 268

conponent smage Sital vRhewuss yfpemédroedafprecatdruimed ofiumipeocessi ng. 28. A
program according to claim27, wherein, in the processing of said
uni t - of - ppbxessiaga deb e had Ny seepimépe-capturing device including a
predetermined number of pixels and having a time integrating
function, said image processing method comprising:
an area specifying step of specifying a non-mixed area
10 formed of a foreground area consisting of foreground object
components which form a'foreground object of the image data
and a background area consisting of background object
components which form a background object of the image data,
or a mixed area in which the foreground object‘components
15 and the background object components area mixed; and
a processing execution step of simultaneously
performing, based on a result obtained by specifying the
area by the processing of said area specifying step,
processing for separating the foreground object components
20 and the background object components from the pixel data of
the mixed area, and processing for eliminating motion blur
from the separated foreground object components.
10. An image processing method according to claim 9,
further comprising an equal-portion detection step of

25 detecting an equal portion consisting of adjacent pixel data




5 unit of processing corresponding to the pixel data belonging to the m xed
area or the foreground area which is,located on one straight line and
which is other than the pixel data of the equal portion is determned. 29.
A program according to claim26, wherein, in the 10 processing of said
equal -portion detection step, the equal portion is detected by conparing a
difference of the pixel data with a threshold. 30. A program according to
claim 26, wherein, in the processing of said equal-portion detection step,
the equal 15 portion consisting of theedj-acent pixel data having the
nunber of pixels greater than or equal to the nunber of pixels
corresponding to an anount of novenent of the foreground object is

det ect ed. rdin t o cl.ai.m 25, wher e 20
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execution step conpri ses: acquiring stéep of” acquirl a node
cor r espondiongonenitise fdint t(hfe RI10GAS S, %ﬁd e ihY Weong §r@N equation

generating step of generating, based on
processing for eliminating motlon blur from the separated
foreground object components are simultaneously performed
based on the detected equal portion and the result obtained
by specifying the area by said area spécifying step.

10 11. An image processing method according to claim 10,
further comprising a unit-of-processing determining step of
determining a unit of processing consisting of a plurality
of the foreground object components and the background
object components based on a position of the edual portion,

‘15 wherein, in the processing of said processing execution step,
the processing for separating the foreground object
components and the background object components and the
processing for eliminating moti@n blur from the separated
foreground object components are simultaneously performed

20 for each unit of processing.

12. An image processing method according to claim 11,
wherein, in the processing of said unit-of-processing
determining step, the unit of processing corresponding to
the pixel data belonging to the mixed area or the foreground

25 area which is located on one straight line and which is



acqui red nodel, an equation corresponding to a relationship between the

pi xel data of the unit of processing and the. foreground object conponents
and the background object conponents contained in the unit of processing; -
and 10 a calculation step of calculating the foreground object conponents
and the background object conponents contained in the unit of processing
based on the generated equation. 33. An inmage processing apparatus for
perform ng processing on i mage data which is fornmed of a predeterm ned
nunber of 15 pixel data obtai ned by an2é2age-capturing device including a
predet erm ned nunber of pixels and having a tine integrating function,
sai d i nmage processing apparatus conprising: input neans for inputting the

i dat i bj i,Sti f. obj.ect ] ts which
torman 3brak; E8eE Sh REREANCERA S AR OIS Forl DT RIS
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according to claim 33, 70 wheérein: sal nmeans I npu
data havi 898, fenegequad g6ea:icANSLESYERGcRET Bpeaéﬁﬁagiﬂsl gct conponents
e

which formt obj ect, a background area consiSting of 5 background object
conporgent i pheebnéer srathackgxeundaej Reth a threshold.

l4. An image processing method according to claim 10,
wherein, in the processing of said equal-portion detection
step, the equal portion consisting of the adjacent pixel
data having the number of pixels greater than or equal to

10_ the number of pixels corresponding to an amount of movement
of the foreground object is detected.
15. An image processing method according to claim 9,
wherein, in the processing of said processing execution step,
the processing for separating the foreground onect

15 components and the background object components and the
processing for eliminating motion blur from the separated
foreground object components are simultaneously performed by
applying a calculation corresponding to a motion vector.
16. An image processing method according to claim 9,

20 wherein the processing of said processing execution step
comprises:

a medel acquiring step of acquiring a model
corresponding to the unit of processing and a motion wvector;
an equation generating step of generating, based on the

25 acquired model, an equation corresponding to a relationship



and a m xed area in which the foreground object conponents and the
background obj ect conponents are m xed; and said notion-blur elimnating
means elimnates -notion blur occurring in the foreground area by assuning :
that 10 values of part of the pixel data in the foreground area of . the

i mge data input by said input neans are substantially equal. 35. An inmage
processi ng apparatus according to claim 34, further conprising
equal - portion detection nmeans for 15 detecting an equal portion in which
the val ues of the pixel data in the-fameaground area of the inage data are
substantially equal, wherein said notion-blur elimnating neans elim nates
notion blur occurring in the foreground area based on the equal portion

det ect ed i al . . i_0 tectia ns. 36. .An i e processing
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elimnates notion blur of the foreground area“for each”’unit of processing.
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foreground area which is
the unit of processing based on the generated equation.
17. A storage medium in which a computer-readable program
for performing processing on image data which is formed of a
predetermined number of pixel data obtained by an image-

10 capturing device including a predetermined number of pixels
and having a time integrating function is stored, said
computer-readable program comprising:

an area specifying step of specifying a non-mixed area
formed of a foreground area consisting of foredround object

15 components which form a foreground object of the image data
and a background area consisting of background object
components which form a background object of the image data,
Or a mixed area in which the foreground object components
and the background object components area mixed; and

20 a2 processing execution step of simultaneously
performing, based on a result obtained by specifying the
area by the processing of said area specifying step,
processing for separating the foreground object components
and the background object components from the pixel data of

25 the mixed area, and processing for eliminating motion blur



|l ocated on one straight line and which is other than the pixel data of t
equal portion. 38. An inage processing apparatus according to claim 35,

further conprising area specifying neans for specifying the

f oreground

area, the background area, or the m xed area. 39. An inage processing

apparatus according to claim35, wherein said equal-portion

det ecti on

nmeans detects the equal portion by conparing a difference of the pixel

data with a 15 threshold. 40. An inmage processing apparatus

according to

claim 35, wherein said equal-portion @déteetion means detects the equal
portion consisting of the adjacent pixel data having the number of pixels
greater than or equal to the nunber of 20 pixels corresponding to an anopunt

ccording To cl B SEeEEaRer 2ok COEPA R, PR h GPRBEPRNRAL ng Moans

according to claim rrot’i gti ng

neans

el i m nat es gDt BOBrobbik AERULA BEChRiRG kAl %agqgggﬂgge%iagg'aghng a 25

cal cul ation corresponding to a notion véctor.

rocessi ngragpamnaktustAeEOLanpeitasChai Bydll-puhel Bhh sakd UBL QP:p! Yk
glininatigé %Eans conprises:ﬁnédef acqghgingpneaﬁs for ach|r|nge§ nodel
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generating neans for generating, based on the acquiréed no

an equati on

cor r espondiEnghtofaregkathanaken whekweenltbe Rrxekudatanefaife Wgikhiof

processi ng and the

to each other, and wherein, in the processing of said

processing execution step, at least the processing for

separating the foreground object components and the

background object components from the pixel data of

the

10 mixed area and the processing for eliminating motion blur

from the separated foreground object components are

simultaneously performed based on the detected equal portion

and the result obtained by specifying the area by said area

specifying step.

15 19. A storage medium according to claim 18, wherein said

program further comprises a unit-of-processing determining

step of determining a unit of processing consisting

of a

plurality of the foreground object components and the

background object components based on a position of

the

20 equal portion, and wherein, in the processing of said

processing execution step, the processing for separating the

foreground object components and the background object

components and the processing for eliminating motion blur

from the separated foreground object components are

25 simultaneously performed for each unit of processing.

he
10



f oreground object conponents contained in the unit of processing; and 10
cal cul ation means for calculating the foreground object conponents
contained in the unit of processing based on the generated equation. 43.
An i mage processing apparatus according to claim35, wherein said
nmotion-blur elimnating nmeans sinultaneously 15 perfornms processing for
separating the pixel data of the m xed area into the foreground object
conponents and the background object conponents and processing for
elimnating notion blur fromthe sepa2®bed foreground object conponents
based on area information indicating a non-m xed area 20 consisting of the
foreground area and the background area or the m xed area and based on the

equal porbpon. atdeo Lol ROS PHOSESSLAIAPRE' BLHEn L6 0N L0610, ClAl Ad3,

further conprising un processi ng termning neans ermning a

unit of pﬁ98€é§éﬂﬂg08955§£a”@n9£ @fpbPééébEYngZéeQErﬁfﬁlégg 8un9n9blect

conponent’s and the” background - . 0Object Conponents a position

of the equ@itp@ftb?@cesM@ﬁ?eb8r§6590ﬂ69ﬁ§3§bnghéxﬁﬁﬂéloaaﬁﬁaﬁélon ing
si mul t aneously perforns or each unit of processing, the processing for

separati ngot hge f 01 268 04Ha 08} eEhe COFPOGESLA] 2R & R BcRaCk Ol opAEe @bHLCT
conponents and the processing for elimnating notion blur fromthe

separ & edofier egraugdt objwet andonpborNL S. oher Abhaagke pp OREE SHALa appar at us
according to claimd44,

the equal portion is determined.
21. A storage medium according to c¢laim 18, wherein, in the
processing of said equal-portion detection step, the equal
portion is detected by comparing a difference of the pixel

10 data with a threshold.
22. A storage medium according to claim 18, wherein, in the
processing of said equal-portion detection step, the equal
portion consisting of the adjacent pixel data having the
number of pixels greater than or equal to the number of

15 pixels corresponding to an amount of movement of the
foreground object is detected.
23. A storage medium according to claim 17, wherein, in the
processing of sald processing execution step, the processing
for separating the foreground object components and the

20 background object components and the processing for
eliminating motion blur from the separated foreground object
components are simultaneously performed by applying a
calculation corresponding to a motion vector.
24. A storage medium according to claim 17, wherein the

25 processing of said processing execution step comprises:



wherein said unit-of-processing determning means determnes 10 the unit

of processing corresponding to the pixel data belonging to the mxed area
or the foreground area which is |ocated on one straight line and which is -
other than the pixel data of the equal portion. 46. An inmage processing
apparatus according to claim43, 15 further conprising area specifying
means for specifying the foreground area, the background area, or the

m xed area. 47. An image processing apparatus according to claim 43,
wherein said equal -portion detection-mé&ms-detects the equal portion by
conparing a difference of the pixel data with a 20 threshold. 48. An image
processi ng apparatus according to claim43, wherein said equal-portion

detecti on nean t a o, tei Lstin f ,adj acent pi xel
data havi ng thg ﬁﬁﬁggracggggggglEtspeg%e?egﬁg%§é§ 8q%8ge%o t he nunber of

pi xel s 25 corireeppardngg tho &k RN, Ok r%%\é%@?.glfg : ab ¢ he f.Qnegr %@% o2 4

object. 49. An inmge processing apparatus acc i'ng to clarm erein

. . . oY . he
sai d unit-or-pancegskdgolefehaLALIEAgNBRBE 081 GUhLRAREOHS! YLRELEOL LB 1
processing for sepgrating ?he 5 foregrou%d ob?gct conpgnengs ané tEe

backgr oundcabjieet modénoneht@q@ﬁ@ibhep@&gggggh@gnbokoegiq@qg&hggsggbion
blur fromthe separated foreground object conponents by applying a
cal cul ati brtweenespendiinglt dazanolfi dheveatier o f5grofe sisThge aBHOERESI NY
apparatus according to claim43,
foreground object components and the background opject
components contained in the unit of processing; and
a calculation step of calculating the foreground object
components and the background object components contained in
10 the unit of processing based on the generated equation.
25. A program for allowing a computer for performing
processing on image data which is formed of a predetermined
number of pixel data obtained by an image-capturing device
including a predetermined number of pixels and‘having a time
15 integrating function to execute:
an area specifying step of specifying a non-mixed area
formed of a foreground area consisting of foreground object
components which form a foreground object of the image data
and a background area consisting of background object
20 components which form a background object of the image data,
or a mixed area in which the foreground object components
and the background object components area mixed; and
a processing execution step of simultaneously

performing, based on a result obtained by specifying the

25 area by the processing of said area specifying step,



10 wherein said unit-of-processing determ ning nmeans conprises: node
acquiring neans for acquiring a nodel corresponding to the unit of
processi ng and a notion vector; equation generating nmeans for generating,
based on the acquired nodel, an equation corresponding to a relationship
15 between the pixel data of the unit of processing and the foreground

obj ect conponents and the background object conponents contained in the
unit of processing; and calculation neans for calculating the foreground
obj ect conponents and the backgroune @gj7ect conponents contained in 20 the
unit of processing based on the generated equation. 51. An inage processing
nmet hod for perform ng processing on inmage data which is forned of a

determ ned nunb PO dat : ( ) . .

er RIS e AL S S o S o
unction, said i e proces LSk NG o s i r

of input t3Hy %heedt?q’éggr%gch ??bai(%%tg %%?%g%p%%{én%&s}?%{%ng 0 : obj EactSt =P

conponent,s, whj ch, § 0%{%%&&?&’1 %Péée th& %'%ﬁirﬁ’iﬂ'&tfﬂ& detd N siep of

el i m nati ig” not’T on occurring 1nt obj ect area by assum ng that
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. processing of said input step are substantially equal. 52. An
| mage spr ogessi NG FRL PO A6COFEiNG t® €laim 24, ruPtMberedmprising an
equal-portion detection step of detecting an equal portion
consisting of adjacent pixel data of the foreground area
whose values are substantially equal to each other, wherein,
in the processing of sald processing execution step, at
10 least the processing for separating the foreground object
components and the background object components from the
pixel data of the mixed area and the processing for
eliminating motion blur from the separated foreground object
components are simultaneously performed based on the
15 detected equal portion and the result obtained by specifying
the area by the processing of said area specifying step.
27. A program according to claim 26, further comprising a
unit-of-processing determining step of determining a unit of
processing consisting of a plurality of the foreground
20 object components and the background object components based
on a position of the equal portion, wherein, in the
processing of said processing execution step, the processing
for separating the foreground object components and the
background object components and the processing for

25 eliminating motion blur from the separated foreground object




in the processing of said input step, the imge data having a foreground
area consi sting of foreground object conponents which formthe object, a
background area consisting of background object conponents whi~h forma 15-
background object, and a m xed area in which the foreground object
conponents and the background object conponents are mxed are input; and
in the processing of said notion-blur elimnating step, notion blur
occurring in the foreground area is elimnated 20 by assum ng that val ues
of part of the pixel data in the foregeé@nd area of the image data input by
the processing of said input step are substantially equal. S3. An inmage
processi ng net hod according to claim52, further conprising an

equal - por t ti : eqtli e I tion. i n_which the
VAl nes of CPRBCREVEF =23, B R0a R e R Ty P raaraRes P8k bR <l Rege dat o
are subspaBkkakhingequal, wherein in the processing of said notion-blur

elimnating step, ffotion blur occurring in the foreground area is

el i m nat edgbasadpeBqibn egeakapay! keNcoadfl 09t cdnlyellie PROERSSI ng of said
equal - portion detection step. 4. An image processing nmethod according to

et e ni g 8 nL L 0T Pracoseras consraring of Soartrar ity 1087 fhe”
foregrbundnabj ect peorpesenyscbagedpondangosbt ka8 Bfixel data belonging

to the mixed area or the foreground area which isjlocated on
one straight line and which is other than the pixel data of
the equal portion is determined.
29. A program according to claim 26, wherein, in the

10 processing of said equal-portion detection step, the equal
portion is detected by comparing a difference of the pixel
data with a threshold.
30. A program according to claim 26, wherein, in the
proéessing of said equal-portion detection steﬁ, the equal

15 portion consisting of the adjacent pixel data having the
number of pixels greater than or equal to the number of
pixels corresponding to an amount of movement of the
foreground object is detected.
31. A program according to claim 25, wherein, in the

20 processing of said processing execution step, the processing
for separating the foreground object components and the
background object components and the processing for
eliminating motion blur from the separated foreground object
components are simultaneously performed by applying a

25 calculation corresponding to a motion vector.



t he equal portion, wherein, in the processing of said notion-blur
elimnating step, notion blur of the foreground area is elimnated for
each unit of processing. 55. An image processing nethod according to claim-
54, 15 wherein, in the processing of said unit-of-processing determning
step, the unit of processing corresponding to the pixel data belonging to
the m xed area or the foreground area which is |located on one straight
line and which is other than the pixel data of the equal portion is
determ ned. 20 56. An image processi-n@aget-hod according to clai m53,
further conprising an area specifying step of specifying the foreground
area, the background area, or the m xed area. 57. An inmage processing

met hod accyr di g 4,9 ' wher.ej in t%\e pr.ocessi of said |

equal - portion detptectglcﬂ()a?:tl Bg sﬁdel\é{fbet E(\De%elqaulerﬁ or Y6 S8 &&%a@&wlng
conpari ng o gaidl prdiddAn - j data with a threshold. 58. An
i mage processing zrrjert hodﬁI agggfegﬁe%lt:%%crgzgé% &Q?nprvﬁﬁ'se'i n, in the processing

of said equal - ponbien dekastiAR sskLePoft partiqgn.consisting of the
adj acent pixel 5 data haEing tﬁesnuﬁbgf g?qgﬁgghg §r@8@8} than or equal to

t he nunbercoafreipoalds neore I f e . of the
cotrfr eRipoRldi neO Itioe TN NG o $REMIL Ll RL Y8E5Ping t o

foreground object is detected. 59. An image processing nethod ¢ .
cl ai m %3, mheaniequhnibhegéh@2§§§h?95QEpS@Edgaﬁékgﬁiﬁbyrb§EéH‘Qﬁtkﬂg 10

step, nmotion blur occurring in the toreground area is
acquired model, an equation corresponding to a relationship
between the pixel ‘data of the unit of processing and the .
foreground object components and the background object
components contained in the unit of processing; and
10 a calculation step of calculating the foreground object
components and the background object components contained in
the unit of processing based on the generated equation.
33. An image processing apparatus for performing processing
on image data which is formed of a predetermined number of
15 pixel data obtained by an image-capturing device including a
predetermined number of pixels and having a time integrating
function, said image pProcessing apparatus comprising:
input means for inputting the image data having an
object area consisting of object components which form an
20 object; and
motion-blur eliminating means for éliminating motion
blur occurring in the object area by assuming that values of
part of the pixel data in the object area of the image data

input by said input means are substantially equal.

25 34. An image processing apparatus according to claim 33,



elimnated by applying a calculation corresponding to a notion vector. 60.
An image processing method according to claim53, wherein the processing
of 'said notion-blur elinmnating step 15 conprises: a nodel acquiring step:
of acquiring a nodel corresponding to the unit of processing and a notion
vector; an equation generating step of generating, based on the acquired
nodel , an equation corresponding to a relationship 20 between the pixel
data of the unit of processing and the foreground object conponents _
contained in the unit of processing; al@ a cal culation step of cal culating
the foreground object conponents contained in the unit of processing based
on the 25 generated equation. - 278 61. An inmage processing method
accordi ngwh@re@ligi:m 53, wherein, in the processing of said notion-blur
elimnating step, processing for separating the pixel data of the m xed

area into the seigoiaynd Abkes! 1ABARANERES iAAGe! Berd Ragkaground obj ect
conponents and processing for elimnating nofion blur fro he separated

f or egr oundoekigeetuneorReAe bR s idte ny B AU P eLIEd hased @ area
info?nation Fﬁ?icating a non-m xed area consi sting 3%cthe 9§regpbund area

and the batkghofddnarea ebjkke,Maxedcageduard a%%e@o%is?cgngh%fequa'
portion. 62. An image processing nmethod according to claim®61l,

5 background object components which form a background object,
and a mixed area in which the foreground object components
and the background object components are mixed; and

said motion-blur eliminating means eliminates motion

blur occurring in the foreground area by assuming that

10 values of part of the pixel data in the foreground area of
the image data input by said input means are substantially
equal. |
35. An image processing apparatus according to claim 34,
further comprising equal-portion detection means for

15 detecting an equal portion in which the values of the pixel
data in the foreground area of the image data are
substantially equal, wherein said motion-blur eliminating
means eliminates motion blur occurring in the foreground
area based on the equal portion detected by said equal-

20 portion detection means.
36. An image processing apparatus according to claim 35,
further comprising unit-of-processing determining means for
determining a unit of processing consisting of a plurality
of the foreground object components based on a position of

25 the equal portion, wherein said motion-blur eliminating



further conprising a unit-of-processing determning step of determning a
unit of processing consisting of a plurality of the foreground object
conponents and the background 15 object conmponents based on a position of
the equal portion, wherein, in the processing of said processing execution
step, the processing for separating the foreground object conponents and
t he background obj ect conponents and the processing for elimnating notion
blur fromthe separated 20 foreground object conponents are sinultaneously
performed for each unit of processing2763- An image processing net hod
according to claim62, wherein, in the processing of said
unit-of-processing determning step, the unit of processing correspondi ng

to 25 thepphxgl «4a ng| 0 exed . a reground_-. 279
area mhicﬂ S Igca%gagghgoﬁgeg?ﬁaP%E? Eanggnggaﬁggﬁhﬁg %?ﬁ%rf?ﬁaﬁaFﬂe
pi xel datan®t bhepeguakspagtion is determned. 64. An inmage processing
nmet hod according to claim®6l, further conprising an area specifying step

of specifging Aheiﬁat;;@rﬁgb@éBQiﬁQeappBEStQQCEGEQE'Hgn?r €8 95iﬁ1\2§65ﬁ xed
area. 65. An image processing nmethod according to clfaim®6l, erein, in

t he proceﬁBéﬁgiﬂfsaa&duﬁﬂdabfppfbtéasQﬁ@eabteﬁmiﬁiﬁe,méQﬁseﬁHéérHQﬁ&%O” s
detected by conparing a difference of the pixel data wth a threshold. 10

66. Ad i ntige pnbtess§i pgooetsbbdgaccordspgntiongl abmhd, piwberghfa in the
processi ng of said equal -portion detection step, the equal portion
consi st i ngebénadpacent thexeixddt area or the foreground area which is
located on one straight line and which is other than the
pixel data of the equal portionr
38. An image processing apparatus according to claim 35,
10 further comprising area specifying means for specifying the
foreground area, the background area, or the mixed area.
39. An image processing apparatus according to claim 35,
wherein said equal-portion detection means detects the equal
portion by comparing a difference of the pixel data with a
15 threshold.
40. An image processing apparatus according to claim 35,
wherein said equal-portion detection means detects the equal
portion consisting of the adjacent pixel data having the
number of pixels greater than or equal to the number of
20 pixels corresponding to an amount of movement of the
foreground object.
41. An image processing apparatus according to claim 35,
wherein said motion-blur eliminating means eliminates motion

blur occurring in the foreground area by applying a

25 calculation corresponding to a motion vector.



having the nunber of pixels greater than or equal to the number of pixels
correspondi ng to an amount of novement of 15 the foreground object is
detected. 67. An inmge processing nethod according to claim®6l, wherein,
in the processing of said unit-or-processing determning step, the
processing for separating the foreground object conponents and the _
background object 20 conponents and the processing for elimnating notion
blur fromthe separated foreground object conmponents are simultaneously
perforned by applying a calculation -cadfeesponding to a notion vector. 68.
An image processing method according to claim#6l, 25 wherein the
processing of said unit-of-processing - 280 determning step conprises: a

model acaybri niinstRR.Af pAGAULLEAG apRRYek, sCQLEESAPAGI pg Lo fhe uni t of
an eq ng-s p%f

processing and a nmotion vector; uation generatrr énerati ng,
based on {hersiacayibcomRaRlo1ae 8IYRILARIAG HESAANLRG, 108, el ationshi p

bet ween the pixel data o e unit of procesSing and t Or éground obj ect

conponent s andnédi€l bacdas oLy BOLLST fo £ ONPYALAL S CONEGELEd in the unit of
processing; and a calculat#@% step of calculat|H% théﬁ%oreground object 10

conmponent soandspbadbagkgsound @Rl echrCprBeR8Rt 8gCaAlALNRdL By therypit of
processi ng based on the generated equation. 69. A storage nediumin which a

conputéer - r eadaddiiea pi @yr gene f ot i PErieams No PrHSESSANINGN HABGE slat@ahi ch is
formed Ofagquired model, an equation corresponding to a relationship

between the pixel data of the unit of processing and the
foreground 6bject components contained in the unit of
processing; and

10 calculation means for calculating the foreground object
components contained in the unit of processing based on the
generated equation.
43. An image processing apparatus according to claim 35,
wherein said motion-blur eliminating means simdltaneously

15 performs processing for separating the pixel data of the
mixed area into the foreground object components and the
background object components and processing for eliminating
motion blur from the separated foreground object components
based on area information indicating a non-mixed area

20 consisting of the foreground area and the background area or
the mixed area and based on the equal portion.
44. An image processing apparatus according to claim 43,
further comprising unit-of-processing determining means for
determining a unit of processing consisting of a plurality

25 of the foreground object components and the background



predet er mi ned nunber of pixel data obtained by an i nage 15 capturing device
i ncludi ng a predeterm ned nunber of pixels and having a tinme integrating
function is stored, said conputer-readabl e program conprising: an input
step of inputting the inage data having an object area consisting of

obj ect conmponents which forman 20 object; and a notion-blur elimnating
step of elimnating notion blur occurring in the object area by assum ng
that values of part of the pixel data in the object area of the i mge data
i nput by the processing of said input @7/ép-are substantially 25 equal. -
281 70. A storage medium according to claim69, wherein: in the processing
of said input step, the inmage data having a foreground area consisting of

f or egr oungpglic®ci-onprRARENLE WAl ek Bobg%HQQObe%CEheaegﬁ%ggE8QQQO rea s

consi sting of background object conponents which forma ground’obj ect,

and a m xgdezked E@iﬂhb@@cbggihgr%Qé@UEQOnORk%ﬁ% QQ%Bg@%ﬂ%%ugﬁ the
an

background object conponents are m xed are iInput; in the processing of

sai d noti perifbuinsel ifBknakicAgustiePof PPokREisAngh! #he0peWkisRIngN rhie _
foreground area is elimnated by assum ng that values of part of the pixel
data in tepafretégyotnd foeagebuhbeocbiage dehponepils Byidt Reeprocessing of

said input step are substantially equal. 71. A storage nedium according to
cl ai m¥0, bagkgreund object components and the processing for

eliminating motion blur from the separated foregrgund object
components.
45. An image processing apparatus according to claim 44;
wherein said unit-of-processing determining means determines

10 the unit of processing corresponding to the pixel data
belonging to the mixed area or the foreground area which is
located.on one straight line and which is other than the
pixel data of the equal portion.
46. An image processing apparatus according to claim 43,

15 further comprising area specifying means for specifying the
foreground area, the background area, or the mixed area.
47. An image processing apparatus according to claim 43,
wherein said equal-portion detection means detects the equal
portion by comparing a difference of the pixel data with a

20 threshold.
48. An image processing apparatus according to claim 43,
wherein said equal-portion detection means detects the equal
portion consisting of adjacent pixel data having the number
of pixels greater than or equal to the number of pixels

25 corresponding to an amount of movement of the foreground



15 conprising an equal -portion detection step of detecting an equal
portion in which the values of the pixel data in the foreground area of
the image data are substantially equal, wherein in the processing of said
notion-blur elimnating step, notion blur occurring in the foreground area
is 20 elimnated based on the equal portion detected by the processing of
sai d equal -portion detection step. 72. A storage nedium according to claim
71, further conprising a unit-of-processing determning step of
determning a unit of processing consi 8éng of a plurality 25 of the

f oreground object conponents based on a position of - 282 the equal
portion, wherein, in the processing of said notion-blur elimnating step,
notion bl yhiektt.he foreground area is elimnated for each unit of
processing. " 73. A storage nmedi um according to claim 72, wherein, inthe 5

processi ng oQf %ﬁiQmHgEtprtQF%9ﬁ§§Eﬁ a %E%%ma@d3id§5%ptotEﬁaiﬁph% of

processing corresponding to the pixel data belonging~ to the m Xéd area or

the foregwoerdiar eaiwhiugh tbsrlgeatedsang GRS 3 AIGRL relsig and which is
ot her than the pixel data of the equal "portion is determned. 10 74. A

storage nmedmuitaneondlRypke fokr@isMthd, prockReingCedR! isebad 27 nd’ €8
specifying step of specifying the foreground area, the backgroung area, or

the nmixedfarearodhd Abgeetagenpedentsaasds dhegbhekehaiumd?bbiwkerein, in the
processi ng of said equal -portion detection step, the equal 15 portion is
det ect ed bymponpatsngnd dhktf prepessdhgt ferpetehminating motion blur
from the separated foreground object components by applying
a calculation corresponding to a motion vector.
50. An image processing apparatus according to claim 43,
10 wherein said unit-of-processing determining means comprises:
| model acquiring means for acquiring a model
corresponding to the unit of processing and a motion vector;
eqﬁation generating means for generating, based on the
acquired model, an equation corresponding to a‘relationship
15 between the pixel data of the unit of processing and the
foreground object components and the background object
components contained in the unit of processing; and
calculation means for calculating the foreground object
components and the background object components contained in
20 the unit of processing based on the generated equation.
51. An image processing method for performing processing on
image data which is formed of a predetermined number of
pixel data obtained by an image-capturing device including a

predetermined number of pixels and having a time integrating

25 function, said image processing method comprising:



data wth a threshold. 76. A storage nedi um according to claim 71, wherein,
in the processing of said equal -portion detection step, the equal portion
consi sting of the adjacent pixel data having the 20 nunber of pixels '
greater than or equal to the nunmber of pixels corresponding to an anount
of novenment of the foreground object is detected. 77. A storage nedi um
according to claim71, wherein, in the processing of said notion-blur
elimnating step, notion blur 25 occurring in the foreground area is
elimnated by applying a - 283 cal cul a7bon corresponding to a notion
vector. 78. A storage nedium according to claim71, wherein the processing
of said notion-blur elimnating step conprises: a nodel acquiring step of

acqui 1ing a mogel; Socor sesposi Aol clhe UL L1l preLesshng. apdia ot i on

vector; an equation generatlng ep of “generating, acqui red

model , anobguatl99e§055ﬁ§@98QhagoE0083é@kakbﬁﬁéﬁbﬁtstBWEE”fB?ﬁ phxel data
of the unit of processing and fhe foréground object components contained in

the unit objed®;pangessi ng; and a cal cul ation step of calculating the
foreground object conponents contained in the unit of processing based on

the generat eca enpiadi d¥b 170 . e ALbi 08 OQCy NBEkp NG ACEDI R 18t 119y Ghé¥ 1871,
w~erein, in the 15 processing of said notion-blur elimnating step,
proceétlngluroocsepamaglmg the pbjettdataaobyt hestimxrg 8hea tvALQether
part of the pixel data in the object area of the ;mage data
input by the pro;essing of said input step are substantially
equal. |
52. An image processing method according to claim 51,
10 wherein:
in the processing of said input step, the image data
having a foreground area consisting of foreground object
components which form the object, a background area
consisting of background object components which form a
15 background object, and a mixed area in which the foreground
object components and the background object components are
mixed are input; and
in the processing of said motion-blur eliminating step,
motion blur occurring in the foreground area is eliminated
20 by assuming that values of part of the pixel data in the
foreground area of the image data input by the processing of
said input step are substantially equal.
53. An image processing method according to claim 52,
further comprising an equal-portion detection step of

25 detecting an equal portion in which the values of the pixel



f oreground object conponents and the background object conponents and
processing for elimnating notion blur from the separated foreground

obj ect components are 20 sinultaneously performed based on area infornmation
i ndi cating a non-m xed area consisting of the foreground area and the
background area or the m xed area and based on the equal portion. 80. A
storage nedi um according to claim79, further 2S conprising a

uni t-of-processing determning step of - 284 determning a unit of
processing consisting of a plurality- ®76the foreground object conponents
and the background object conponents based on a position of the equal
portion, wherein, in the processing of said processing execution step, 5

e or ocegatR01hokns *PALELLAnhNE EA" 88" BHOY;ROLECL, gOOpRNent S and the

backgr oun j ect “conponents and processin enating not i on

oL of ronsBgraRean 2 ¢0ohal £0ARUR 1 ADLACERE OBPARENLSRE! B LTL! ANOOUS Y

performed for eac processing. 1 ora accordi ng

to clainwﬁetiwﬁebfhe,eimmgﬂstiﬂgoséaﬁinﬂoeioﬁabﬁuyngaaezzgﬁgﬁgﬁs£98

determ ning step, the wunit of processing corresponding t prxel data

bel ongi ngfotegtbendl X£daai 8ac0imi RALEAr BAEBMNEnAERR VRLSH Fé:&%&ﬁted on
one straight [ine and which is other than the pixel data o t he equal

porti cn idedetEédingth82pr6csﬁﬁiﬁgeoﬁEéhﬂﬂ1éQﬁQ&dEBQt&@nCHéEQtE9®nfUrther
conprising an area specifying step of specifying the
step.

j
54. An image processing method according to claim 53,
further comprising a unit-of-processing determining step of
determining a unit of processing consisting of a plurality

10 of the foreground object components based on a position of
the equal portion, wherein, in the processing of said
motion-blur eliminating step, motion blur of the foreground
area 1s eliminated for each unit of processing.

55. An image processing method according to claim 54,

15 wherein, in the processing of said unit-of-processing
determining step, the unit of processing corresponding to
the pixel data belonging to the mixed area or the foreground
area which is located on one straight line and which is .
other than the pixel data of the equal portion is determined.

20 56. An image processing method accordihg to claim 53,
further comprising an area specifying step of specifying the
foreground area, the background area, or the mixed area.

57. An image processing method according to claim 53,
wherein, in the processing of said equal-portion detection

25 step, the equal portion is detected by comparing a



foreground area, the background area, or the m xed area. 83. A storage

medi um according to claim79, wherein, in the 20 processing of said

equal -portion detection step, the equal portion is detected by conparing a
difference of the pixel data with a threshold. 84. A storage nedi um
according to claim79, wherein, in the processing of said equal-portion
detection step, the equal 25 portion consisting of adjacent pixel data
havi ng the nunber - 285 of pixels greater than or equal to the nunber of

pi xel s corresponding to an anount of BBVerment of the foreground object is
detected. 85. A storage nedium according to claim79, wherein, inthe 5
processing of said unit-or-processing determning step, the processing for

separat | ngie-bacasbeuRtcoRigel GATRONARES 2 #Addg RaCkoround obj ect
conponents and the processing for elimnating notion Blur fromthe

SeparatedSBOreghodﬁﬁg@bb@%kes%QﬁBOﬁ%ﬂh%d@%%c%&@ﬂh@aQ%o%ﬁ%%mpgétOrnEd by

applying a 10 calculation corresponding to a notion Vector." A storage
nedlunlacwﬁedemg,tQnCEhprzgceW@QhélBftQ%idp%%ﬁ%isgggtﬁgns@bgection
a e q

uni t-of -processing determning step conprises: acquiring step of
acqui ri ngsaeppdehelbqoalr espeABnNgohe ikhe nynit Qhepﬁeggagh@gpaﬁgla not i on
vector; an equation generating step of generating, based onthe acquired

model ,5 andefjeahawnngokhes pandirgotfopaxeekayi-easbirp thhat weeaqhne pihxel data
of the unit of processing and the '
the number of pixels corresponding to an amount of movement
of the foreground object is detected.
59. An image processing method according to claim 53,
wherein, in the processing of said motion-blur eliminating
10 step, motion blur occurring in the foreground area is
eliminated by applying a calculation corresponding to a
motion vector.
60. An image processing method according to claim 53,
wherein the processing of said motion-blur eliﬁinating step
15 comprises:
a model acquiring step of acquiring a model
corresponding to the unit of processing and a motion vector;
an equation generating step of generating, based on the
acquired model, an equation corresponding to a relationship
20 between the pixel data of the unit of processing and the
foreground object components contained in the unit of
processing; and
a calculation step of calculating the foreground object
components contained in the unit of processing based on the

25 generated equation.



f oreground object conponents and the background object 20 conponents

contained in the unit of processing; and a cal cul ation step of
t he foreground object conponents and the background object co
contained in the unit of processing based on the generated eq
programfor allow ng a conputer for perform ng 25 processing o

cal cul ati ng
nponent s
uation. 87. A
n i mage data

which is forned of a predeterm ned - 286 nunber of pixel data obtai ned by

an i mage-capturing device including a predeternm ned nunber of
having a time integrating function to2é&eecute: an input step
the image data having an 5 object area consisting of object c

pi xel s and
of inputting
onponent s

which forman object; and a notion-blur elininating step of elimnating

motion bkur ogguiplog QPOEQSSQH eﬁ&tﬁ?ﬁ %o2a3HE pg &gg& nVak

of the pixel data in“th | ect rea 0 e I mage data I npu

ues of part
t by the

proceSSInah@£e§ﬁldlhn9Hé g}seeggﬁngueﬁt§aaaahbxloﬁqg§hr éﬁlmfngﬁgggan1the

according to cl al m 87, wherein: inthe processing of said inpu
i mage datgtmgav BQcésEQﬁ@gfgﬂngeﬁéﬁatQQEStﬁé'ﬁgx@i hatggpeupte
conponent s formthe object, a background area consisting

backgr oundrehj eatoCORpOREALGrihahob9eBt acoRpekeneyndnabiret ,
area in which the foreground object conponents and t he backgr

Ogiﬁéa 15

and a m xed
ound obj ect

conporient saakgroundedoaeeti opuponants and processing for eliminating

motion blur from the separated foreground object components

are simultaneously performed based on area information

indicating a non-mixed area consisting of the foreground

area and the background area or the mixed area and based on

10 the equal portion.

62. An image processing method according to claim 61,

further comprising a unit-of-processing determining step of

determining a unit of processing consisting of a plurality

of the foreground object components and the baékground

15 object components based on a position of the equal portion,

wherein, in the processing of said processing execution step,

the processing for separating the foreground object

components and the background object components and the

processing for eliminating motion blur from the separated

20 foreground object components are simultaneously performed

for each unit of processing.

63. An image processing method according to claim 62,

wherein, in the processing of said unit-of-processing

determining step, the unit of processing corresponding to

25 the pixel data belonging to the mixed area or the foreground



20 in the processing of said notion-blur elimnating step, notion blur
occurring in the foreground area is elimnated by assum ng that val ues of
part of the pixel data in the foreground area of the inage data input by
the processing of said input step are substantially equal. 25 89. A
program according to claim88, further conprising an - 287 equal-portion
detection step of detecting an equal portion in which the values of the
pi xel data in the foreground area of the imge data are substantially
equal, wherein in the processing of-saié notion-blur elininating step,
nmotion blur 5 occurring in the foreground area is elimnated based on the
equal portion detected by the processing of said equal- portion detection

st ep. 90-aﬁearwﬁﬁéﬂ‘@%CQBQEEgdtBnCBﬁE?EggaiEH&tE%Eecggar%ﬁggﬁ %6 or ocessi ng

uni t-of-processing determning step o etermning a uni

consi stingtatratphtr ahiet bigk 1t %tfaorﬁgrtﬂ%@def.ﬁd;géof@i'm?”fyt egé;rfhgl%@@. a

position of the equal portion, wherein, In ocessing o

mot i on-bl ga.el A AARLBIProEeRs ARt WARnBHULBbrhha f eheghqypdegrea is
elimnated for each unit of processing. | 15 91. "A program according to

et ermmni ng Step, Che URTE of Brocoan rg a0 Posnendrn be the BPxEPdat a
belongﬁngfgregrgéndigedEQLeagobgég;§22£ggég§ad aEe@héhﬁﬁheHSakegated on
one straight line and which is other than the pixel data of

65. An image processing method according to claim 61,

wherein, in the processing of said equal-portion detection

step, the equal portion is detected by comparing a

difference of the pixel data with a threshold.

10 66. An image processing method according to claim 61,
wherein, in the processing of said equal-portion detection
step, the equal portion consisting of adjacent pixel data
having the number of pixels greater than or equal to the
number of pixels corresponding to an amount of movement of

15 the foreground object is detected.

67. An image processing method according to claim 61,
wherein, in the processing of said unit-or-processing
determining step, the processing for separating the

foreground object components and the background object

20 components and the processing for eliminating motion blur
from the separated foreground object components are
simultaneously performed by applying a calculation
corresponding to a motion vector.

68. An image processing method according to claim 61,

25 wherein the processing of said unit-of-processing



20 the equal portion is determ ned. 92. A program according to claim 89,
further conprising an area specifying step of specifying the foreground
area, the background area, or the m xed area. 93. A program according to
claim 89, wherein, in the 25 processing of said equal -portion detection
step, the equal - 288 portion is detected by conparing a difference of the
pi xel data with a threshold. 94. A program according to claima89, wherein,
in the processing of said equal -portion detection step, the equal 5
portion consisting of the adjacent prxe@BOdata having the nunber of pixels
greater than or equal to the nunmber of pixels corresponding to an anount
of novenent of the foreground object is detected. 95. A program accordi ng

to claimgRtWagngng sitR tggn%gigggcessing of said notion-blur elimnating
step, notion blur occurﬂ ng fnthe foreground area is elininated by

applying a cahcybabioB-6QL+ES5R08ELAI,EO I e . 96. A program
according to cl aim89, aﬁereinetﬁgb%rggeggﬁﬁgghgg éaﬁéaé%tion-blur

el i m nati e@r¥eeponaiByl $8Sitheldnd tMedelh raclWis g .5EeR AbragauiLi-pg, 8 nodel
corresponding to the unit of processing and a notion vector; an equation

generating stepnoéqgenesnt yagerhosed Qﬂebh@faQQHEEQQiHBge#asﬁH ggughLon
corresponding to a relationship between the pixel data of the unit of
processi ngcandredemddeflor egr eqnd tabpeeb reerpenanhy ¢enkaiaedtiBnkhg unit of
between the pixel data of the unit of processing and the
foreground object components and the background object
components contained in the unit of processing; and
a calculation step of calculating the foreground object

10 components and the background object components contained in
the unit of processing based on the generated equation.

69. A storage medium in which a computer-readable program
for performihg processing on image data which is formed of a
predetermined number of pixel data obtained by an image-

15 capturing device including a predetermined number of pixéls
and having a time integrating function is stored, said
computer-readable program comprising:

an input step of inputting the image data having an
object area consisting of object components which form an

20 object; and

a motion-blur eliminating step of eliminating motion
blur occurring in the object area by assuming that values of
part of the pixel data in the object area of the image data
input by the processing of said input step are substantially

25 equal.



processing; and a cal cul ation step of calculating the foreground object
conponents contained in the unit of processing based on the generated
equation. 25 97. A program according to claim89, wherein, inthe - 289
processing of said notion-blur elimnating step, processing for separating
the pixel data of the m xed area into the foreground object conponents and
t he background object conponents and processing for elimnating notion
blur from5 the separated foreground object conponents are sinultaneously
performed based on area information -i@dicating a non-m xed area consi sting
of the foreground area and the background area or the m xed area and based
on the equal portion. 10. 98. A program according to claim97, further

compri Singed HNGksgagr AG3ARNG-ABLALILNLATSLOR 86 dehermiping a unit of

processi ng consi stin ura he foregroand Sﬁfégf conponent s

and the backgr oungh 0} £66. SEIRONGS! 32 Da5etloy N5 oBOSLAL oM dlc e £ual

porti on, wherein, Ir- ocessi ng or” sal ocesSi ng execution step,

the processiigy BOE0§68§6§thQrEBecBﬁ%%QEQHBdo@b%QQEgEBHBB“SBﬁﬁc%“d the
background obj éct conponents and the processing for “elimnating notion

bl ur frombRgonenasalad choregnound ebleet, aopReRgrRbanar arehmul taneously
performed for each unit of 20 processing.

5 consisting of background object components which form a
background object, and a mixed area in which the foreground
object components and the background object components are
mixed are input; and

in the processing of said motion-blur eliminating step,

10 motion blur occurring in the foreground area is eliminated
by assuming that values of part of the pixel data in the
foreground area of the image data input by the processing of
said input step are substantially equal.
71. A storage medium according to claim 70, further

15 comprising an equal-portion detection step of detecting an
equal portion in which the values of the pixel data in the
foreground area of the image data are substantially equal,
wherein in the processing of said motion-blur eliminating
step, motion blur occurring in the foreground area is

20 eliminated based on the equal portion detected by the
processing of said equal-portion detection step.
72. A storage medium according to claim 71, further
comprising a unit-of-processing determining step of
determining a unit of processing consisting of a plurality

25 of the foreground object components based on a position of



99. A program according to claim98, wherein, in the processing of said
unit-of -processing determning step, the wunit of processing correspondi ng
to the pixel data belonging to the m xed area or the foreground area which
is located on 25 one straight line and which is other than the pixel data
of - 290 the equal portion is determ ned. 100. A program according to
claim97, further conprising an area specifying step of specifying the
foreground area, the background area, or the m xed area. 5 101. A program
according to claim97, wherein, in the28processing of said equal -portion
detection step, the equal portion is detected by conparing a difference of
the pixel data wth a threshold. 102. A program according to claim 97,

wherein, {Retbguie 95959551n9h§£e§ﬁidiﬁQEﬁF-§g§gggg%ﬁgésgtggﬂdstep’ the

equal portion-consisting of adjacent pixe he ndnber of

pi xel S grga¢ eonl Boar 01 euAL L LR ! BEHITREE 0% BLEE! S ERLT LSPORALAGL! O an

anount of novenent of the foreground object is detecte program

accordi ngat@acigi 81 9fin¥bPeacEdr bAchhenipresessbagsoingaid _
uni t-or-processing determning step, the processing for separating the

f or egr ound3 pbj Bcs t 6paPONRAE Sumakndcbhai hackgr euadnohp echhepapenent sygad the
processing for elimnating notion blur fromthe separated foreground

obj ectS 20pronpsseny sofr ea 5 Muhi areoustycpesing Bt B¥naRPhYi 888, the
cal cul ation corresponding to a notion vector.
unit of processing corresponding to the pixel data belonging
to the mixed area or the foreground area which is located on
one straight line and which is other than the pixel data of
the equal portion is determined.

10 74. A storage medium according to claim 71, further
comprising an area specifying step of specifying the
foreground area, the background area, or the mixed area.

75. A storage medium according to claim 71, wherein, in the
processing of said equal-portion detection steﬁ, the equal

15 portion is detected by comparing a difference of the pixel
data with a threshold.

76. A storage medium according to claim 71, wherein, in the
processing of said equal-portion detection step, the equal
portion consisting of the adjacent pixel data having the

20 number of pixels greater than or equal to the number of
pixels corresponding to an amount of movement of the
foreground object is detected.

77. A storage medium according to claim 71, wherein, in the
processing of said motion-blur eliminating step, motion blur

25 occurring in the foreground area is eliminated by applying a



104. A program according to claim97, wherein the processing of said
unit-of -processing determning step conprises: 25 a nodel acquiring step
of acquiring a nodel - 291 corresponding to the unit of processing and a
notion vector; an equation generating step of generating, based on the
acqui red nodel, an equation corresponding to a relationship between the

pi xel data of the unit of processing and the 5 foreground object conponents
and the background object conponents contained in the unit of processing;
and a calculation step of calcul ating 288 foreground object conponents and
t he background object conponents contained in the unit of processing based
on the generated equation. 10 105. An inmage-capturing apparatus conprising:

I mage- captdylidig 48afs cfo_‘%rré%l%)_‘?{&itdéd‘gzoa as'fr@ﬁ%tn ie‘{.gac%ﬁor%capt ured by an
g

i mage- capturing device including predeterm n er of pixels and
having a tiame ImiRanaldented iufie A8 dgTRAE Al FAT TR, Gl 3, Rigdet erm ned
s for “speci

nunber of 15 pixel data; area specifying mean yiig genon-nixed
area for e oefs A dprayiseurd n@rt@.%rp-@l%rstélﬁ%i@fatfiq{ge%rt%gﬁ%oﬂ@rq%tes :
ata "and a

conmponents which forma foreground object of the irmage
background area modeilsttggiefinhaekepoyfidaehiget ng0acappanents which forma
background object of the imge data, or a mxed area in which the

fpregr@undloab]'e@@tondimgort@ntt&e amd tt lof packgiseund ebjee! @RANRRIS 3;ea
m xed; and an equation generating step of generating, bqsed on the
acquired model, an equation corresponding to a relationship
between the pixel data of the unit of processing and the
foreground object components contained in the unit of
10 processing; and
a calculation step of calculating the foreground object
components contained in the unit of processing based on the
generated equation.
79. A storage medium according to claim 71, wHerein, in the
15 processing of said motion-blur eliminating step, processing
for separating the pixel data of the mixed area into the
foreground object components and the background object
components and processing for eliminating motion blur from
the separated foreground object components are
20  simultaneously performed based on area information
indicating a non-mixed area consisting of the foreground
area and the background area or the mixed area and based on
the equal portion.
80. A storage medium according to claim 79, further

25 comprising a unit-of-processing determining step of



processi ng execution neans for simultaneously perform ng, based on a
result obtained by specifying the 25 area by said area specifying neans,
processing for - 292 separating the foreground object conponents and the
background obj ect conponents fromthe pixel data of the m xed area, and
processing for elimnating notion blur from the separated foreground

obj ect conponents. 5 106. An inmage-capturing apparatus according to claim
105, further conprising equal -portion detection nmeans for detecting an
equal portion consisting of adjacent-pRRél -data of the foreground area
whose val ues are substantially equal to each other, wherein said
processi ng execution nmeans 10 sinmul taneously perforns at |east the

processi ngeternisenar at LAg«t Be geegg@eqagepgggagtﬁggpggeggﬁ%gggéﬁgg and the

background obj ect conponents fromthe pi ta o

processi ng£f eheelbFepabuAg BBYEeR BbRbonbhed taﬂlﬁ %ﬁ@ab%ﬁgﬁé%ﬁgro“”d

obj ect conponents based on the 15 detected equal portion e result

obt ai ned bpjspectbypbgentbebacea by éabgsiﬁﬁénsg?ckﬁﬁiB%ugﬁagértigz' An
er ¢

i mage- capturing apparatus according to claim 106, urt Apri s hg

unit;of;pwbees$hngidetaénbmb@@sﬁﬁﬁ@so&ogaﬂ&ﬂﬁydgéggghéiéggguggoﬁw§&ﬁ§§ing
consisting of a plurality 20 of the foreground object” conponents and the
backgroundhebpectessipgnéntrssbpaedtangathesitbiregrefinihepgaual portion,
wherein said processing execution nmeans sinmultaneously perfornms, for each
unit of pfeEeeBengsS &hd pheckaskggofind object components and the
processing for eliminating motion blur from the separated
foreground object components are simultaneously performed
for each unit of processing.
10 8l. A storage medium according to claim 80, wherein, in the
processing of said unit-of-processing determining step, the
unit of processing corresponding to the pixel data belonging
to the mixed area or the foreground area which is located on
one straight line and which is other than the pixel data of
15 the equal portion is determined.
82. A storage medium according to claim 79, further
comprising an area specifying step of specifying the
foreground érea, the background area, or the mixed area.
83. A storage medium according to claim 79, wherein, in the
20 processing of said equal-portion detection step, the equal
portion is detected by comparing a difference of the pixel
data with a threshold.
84. A storage medium according to claim 79, wherein, in the

processing of said equal-portion detection step, the equal

25 portion consisting of adjacent pixel data having the number



separating the foreground object conponents and the 25 background obj ect
conponents and the processing for - 293 elimnating notion blur fromthe
separated foreground object conponents. 108. An image-capturing apparatus -
according to claim 107, wherein said unit-of-processing determ ning neans
determines 5 the unit of processing corresponding to the pixel data

bel onging to the m xed area or the foreground area which is |ocated on one
straight line and which is other than the pixel data of the equal portion.
109. An immge-capturing apparatus accok@Png to claim 106, 10 wherein said
equal - portion detection neans detects the equal portion by conparing a
difference of the pixel data with a threshold. 110. An inmage-capturing

appar at us odic pakeilBg greatkai ThiBbor R8I R oS @iy |~ part i et ection
nmeans dete'cts the equal 15 portiog@?onsigting %ﬁﬁgﬁg g&igggﬁgspixel dat a

havi ng t heomueseondfingi kel angaeauer bRamcYeneaqdal rt epthe %g’%h gf pixels
correspondi ng to an anount of novenent of the foregroung 0 jecP. 111. An
i mage- cappbierty appdeatgsedccording to claim 105, 20 wherein said
processi ng execution neans sinultaneously perforns the processing for
separating5theAfetegaganmedbpmcaccomdmngembscaadmth@,b@ﬁggggﬁpdigbkﬁgt
conponents and the processing for elimnating notion blur fromthe
separéiedPrP6?§§F@9ntobPedtunéhponeprscbysapgl¢éngrmiﬁ@hgug@gbpnthe
processing for separating the foreground object components
and the background object components and the processing for
eliminating motion blur from the separated foreground object
components are simultaneously performed by applying a
10 calculation corresponding to a motion vector. |
86. A storage medium according to claim 79, wherein the
processing of said unit-of-processing determining step
comprises:
a model acquiring step of acquiring a model
15 corresponding to the unit of processing and a motion vector;
an equation generating step of generating, based on the
acquired model, an equation corresponding to a relationship
between the pixel'data of the unit of processing and the
foreground object components and the background object
20 components contained in the unit of processing; and
a calculation step of calculating the foreground object
components and the background object components contained in
the unit of processing based on the generated equation.

87. A program for allowing a computer for performing

25 processing on image data which is formed of a predetermined



25 corresponding to a notion vector. - 294 112. An inmage-capturing
apparatus according to claim 105, wherein said processing execution nmeans

conpri ses:

nodel acquiring nmeans for acquiring a nodel corresponding to

the unit of processing and a notion vector; 5 equation generating nmeans
for generating, based on the acquired nodel, an equation corresponding to a
rel ati onship between the pixel data of the unit of processing and the

f oreground obj ect conponents and the background object conponents
‘contained in the unit of processing;~-ad®6 10 cal cul ati on means for

cal cul ating the foreground object conponents and the background obj ect
conponents contained in the unit of processing based on the generated

equatiOn-n&&BerA@fiﬁEQ@lCéﬂEHrbﬁgaﬁﬁgérB§U§nC?ﬂEgEg%QgturEHggﬁé9§?£Uring

means for outputting a subject inmge 15 capture

n 1 mage- capturi ng

devi ce i nthetiidgng @rﬁﬁéa@féiﬁﬁﬂeauﬂﬁﬁBePfoPi§§k§l§ngnaaﬂéogaanéhg§?eOf

i ntegrating

function as inmage data forned of a predeterm ne

pi xel datanedrdaimaofancobpectoaggaceeasi sting of object conponents which
forman object; and 20 notion-blur elimnating means for elimnating notion
bl ur occurringri niddhe: ayjecto drigpbyriass WRNGRAPd yddasaPfng Ryt of the
pi xel data in the object area of the imge data are substantially equal
114. An iokiectapres i conappaing ust ackpedt ngomponsnt sn dldch 25rmhekei n:

object; and

a motion-blur eliminating step of eliminating motion

10

15

20

25

blur occurring in the object area by assuming that values of
part of the pixel data in the object area of the image data
input by the processing of said input step are substantially
equal.
88. A program according to claim 87, wherein:

in the processing of said input step, the image data
having a foreground area consisting of foreground object
components which form the object, a background area
consisting of background object components which form a
background object, and a mixed area in which the foreground
object components and the background object components are
mixed are input; and

in the processing of said motion-blur eliminating step,
motion blur occurring in the foreground area is eliminated
by assuming that values of part of the pixel data in the
foreground area of the image data input by the processing of
sald input step are substantially equal.

89. A program according to claim 88, further comprising an



- 295 said input nmeans inputs the inmage data having a foreground area
consi sting of foreground object conponents which formthe object, a
background area consisting of background object conponents which forma
background object, 5 and a mixed area in which the foreground obj ect
conponents and the background object conponents are nixed; and said
notion-blur elimnating neans elimnates notion blur occurring in the
foreground area by assuming that values_of part of the pixel data in the
foreground area of 10 the image data~i Apdt ~by said input neans are _
substantially equal. 115. An inage-capturing apparatus according to claim
114, further conprising equal -portion detection neans for detecting an

al poregoalipovhieh Hbeevakbassebpt B BLxekrlngdahasiathg fpteground
g?ga OP thg inagg dat a aree substgntFally equal , erth galgongﬁlon-blur

el i mnatiy wtahsthbi shbaessofvthanpbkul geHr ihngnkn shhekonagropnd area
based on the equal portion detected by said equal - portion~detection means.
20 116. Aefihhgeimapeudaby appasabssanecaldiyngqha1s! ahavdis, inf prther
conpri sing unit-of-processing determ ning neans for determning a unit of
processingr@©ﬁ5$$ngngfoﬁaadpmutabn%ylubfelhmiﬁ@t@ﬁ@ogﬂépthéEioﬁ?HPQPe”t5

based on a position of the equal portion, wherein said notion-blur
el i m Mat i GCREr heansn ethei faregrovhdoarbhut soblihenfoeeoreyad areanfor each
- 296 equal portion detected by the processing of said gqual-
portion detection step.
90. A program according to claim 89, further comprising a
unit-of-processing determining step of determining a unit of

10 processing consisting of a plurality of the foreground
object components based on a position of the equal portion,
wherein, in the processing of said motion-blur eliminating
step, motion blur of the foreground area is eliminated for
each unit of processing.

15 91. A program according to claim 90, wherein, in the
processing of said unit-of-processing determining step, the
unit of processing corresponding to the pixel data belonging
to the mixed area or the foreground area which is located on
one straight line and which is other than the pixel data of

20 the equal portion is determined.

92. A program according to claim 89, further comprising an
area specifying step of specifying the foreground area, the
background area, or the mixed area.

93. A program according to claim 89, wherein, in the

25 processing of said equal-portion detection step, the equal



unit of processing. 117. An inmage-capturing apparatus according to claim
116, wherein said unit-of-processing determning neans determ nes the
unit of processing corresponding to the pixel data 5 belonging to the m xed
area or the foreground area which is |ocated on one straight |ine and
which is other than the pixel data of the equal portion. 118. An

i mage-capturing apparatus according to claim 115, further conprising area
speci fying nmeans for specifying the 10 foreground area, the background
area, or the mxed area. 119. An i nage2@@pturing apparatus according to
claim 115, wherein said equal-portion detection neans detects the equal
portion by conparing a difference of the pixel data with a threshold. 15

120. An i gBge16APIUr LBGeaRRAT BYUSREERLALNY LOrebALRLAL, citbepeL, Sal d
equal - portion detection neans detects thé equa portion consisting of the
adj acent ph¥gl wdahazhaMi-egnbhg. nunber of pixels greater than or equal to
the nunber of pixels corresponding to an anount of novenent of the 20

for egr ound4obj RChrod2im ABchbPBURGCEPt HLLDE BPPAALEEiACCORALAG o claim
115, wherein said notion-blur elimnating means elimnates notion blur

occurringproceébeihgregr sdbd agealbioappbii agtacteahcytapi oangosggspondi ng
to a notion vector. 25 122. An inmge-capturing apparatus according to claim
115, -5 29Forwheneconsastdingt obnthkuadghcehbapirglneans BEaURRySESE
number of pixels greater than or equal to the num?er of
pixels corresponding to an amount of movement of the
foreground object is detected.
95. A program according to claim 89, wherein, in the
10 processing of said motion-blur eliminating step, motion blur
occurring in the foreground area is eliminated by applying a
calculation corresponding to a motion vector.
96. A program according to claim 89, wherein the processing
of said motion-blur eliminating step comprises:
15 a model acquiring step of acquiring a model
corresponding to the unit of processing and a motion vector;
an equation generating step of generating, based on the
acquired model, an equation corresponding to a relationship
between the pixel data of the unit of processing and the
20 foreground object components contained in the unit of
processing; and
a calculation step of calculating the foreground object
components contained in the unit of processing based on the

generated equation.

25 97. A program according to claim 89, wherein, in the



nodel acquiring neans for acquiring a nodel corresponding to the unit of
processing and a notion vector; equation generating neans for generating,
based on the 5 acquired nodel, an equation corresponding to a relationship
bet ween the pixel data of the unit of processing and the foreground object
conponents contained in the unit of processing; and cal cul ati on neans for
cal culating the foreground object 10 conponents contained in the unit of
processi ng based on the generated equation. 123. An image-capturing
apparatus according to claim 115, whekéPn-said notion-blur elimnating
means simul taneously perforns processing for separating the pixel d~ta of
the 15 m xed area into the foreground object conponents and the background
obj ect co RS nand P S S Q l4 m (| ; ti,on blur fromthe
separated@?gregrou%d objg%? ?%gggﬁe%%?rhggggﬁgﬁgép 2 SHP6r REPEERSERGI cat i ng

a non- n xédrasepara®isigstthed pakellh@at-ar 8¢ ewrd ar t agkground area
or 20 the m xed area and basgh on the equal pogﬁﬁ%ﬁ.%%%i.qgﬁg %%%

inage-capﬁarbggoapﬁabbgustaQQdeh@ﬂt%OaﬁhakﬁblggckgEthEGBbﬁg rising
unit-of-processing determning nmeans for determning a unit of processing

consi st i ngompoaepksr ahtit proeksshagf gébegeoand nabiiaet neeABANEALS ?ggmthe
background 25 obj ect conponents based on a position of the equal portion, -

298 wher 8hA sabdrptedegsrngrexadubbgacheadmpsneutkageausly perforns, for
o U B 2RSSR 1Y perfobmed based on area informat:

y performed based on area 1nformatlo§
indicating a non-mixed area consisting of the foreground
area and the background area or the mixed area and based on
the equal portion.

10 98. A program according to claim 97, further comprising a
unit-of-processing determining step of determining a unit of
processing consisting of a plurality of the foreground
object components and the background object components based
on a position of the equal portion, wherein, in the

15 processing of said processing execution step, the processing
for separating the foreground object components and the
background object components and the processing for
eliminating motion blur from the separated foreground object
components are simultaneously performed for each unit of

20 processing.

99. A program according to claim 98, wherein, in the
processing of said unit—of—processing determining step, the
unit of processing corresponding to the pixel data belonging

to the mixed area or the foreground area which is located on

25 one straight line and which is other than the pixel data of



separating the foreground object conponents and the background object
conponents and the processing for 5 elimnating notion blur fromthe
separated foreground object conponents. 125. An image-capturing apparatus
according to claim 124, wherein said unit-of-processing determ ning neans
determ nes the unit of processing corresponding to the pixel data 10

bel onging to the m xed area or the foreground area which is |ocated on one
straight line and which is other than the pixel data of the equal portion.
126. An image-capturing apparatus accok8Png to claim 123, further
conprising area specifying means for specifying the 15 foreground area,

t he background area, or the m xed area. 127. An inage-capturing apparatus

accordi ngthe ekaam $32tiowhesedBtraaihdnegual - portion detection neans detects
the equal portion by conparing a difference of the pixel data with a

threshol d1020 128prAgriufBgece2Bivgi BE apRARALYS LN ¢laim 123,
wherein said equal -portion detect?on nmeans dg?éc?ggghgkegﬁggrlﬁépgiBH

consi stingreé appacéptnpi xebpdafaspavifgihle thamer4ebuRLXgLa,9r ggler than
or equal to the nunmber of pixels corresponding to an anount of " mbvenent of

the foregPagkargsndbpees, or28Be h2QedAarkRmge- capt uring apparatus
according to claim 123, wherein said unit-or-processing determ ning neans
si mul tanebfisty PePrognsmt aecprdirgstogclaimsepar @hbRgithein the
pProcessing of said equal-portion detection step, Fhe equal
portion is detected by comparing a difference of the pixel
data with a threshold.
102. A program according to claim 97, wherein, in the
10 processing of said equal-portion detection step, the equal
portion consisting of adjacent pixel data having the number
of pixels greater than or equal to the number of pixels
corresponding to an amount of movement of the foreground
object is detected. X
15 103. A program according to claim 97, wherein, in the
processing of said unit-or-processing determining step, the
processing for separating the foregrdund object components
and the background object components and the processing for
eliminating motion blur from the separated foreground object
20 components are simultaneously performed by applying a
calculation corresponding to a motion vector.
104. A program according to claim 97, wherein the
processing of said unit-of-processing determining step

comprises:

25 a model acquiring step of acquiring a model



f oreground object conponents and the background object 5 conponents and the
processing for elimnating notion blur fromthe separated foreground

obj ect components by applying a calculation corresponding to a notion
vector. 130. An inmage-capturing apparatus according to clai m 123, wherein
said unit-of-processing determ ning neans conprises: 10 nodel acquiring
means for acquiring a nodel corresponding to the unit of processing and a
notion vector; equation generating neans for generating, based on the
acquired nodel, an equation correspondefg to a relationship between the

pi xel data of the unit of processir~g and the 15 foreground obj ect
conponents and the background object conponents contained in the unit of

omponent o and | he.bagkoround ohi Sot chreoaenis o aRrarndg AR PRECBRFE of
processing basau equabbogegenet£8iRGUStEONof generating, based on the
acquired model, an equation corresponding to a relationship
between the pixel data of the unit of processing and the
5 foreground object components and the background object
components contained in the unit of processing; and
j
a calculation step of calculating the foreground object
components and the background object components contained in
the unit of processing based on the generated equation.
10 105. Aan image-capturing apparatus comprising:
image-capturing means for outputting a subject image
captured by an image-capturing device including a
predetermined number of pixels and having a time integrating
function as image data formed of a predetermined number of
15 pixel data;
area specifying means for specifying a non-mixed area
formed of a foreground area consisting of foreground object
components which form a foreground object of the image data
and a background area consisting of background object
20 components which form a background object of the image data,
Oor a mixed area in which the foreground object components
and the background object components area mixed; and
processing execution means for simultaneously
performing, based on a result obtained by specifying the

25 area by said area specifying means, processing for
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separating the foreground object components and the
background object components from the pixel data of the
mixed area, and processing for eliminating motion blur from
the separated foreground object components.

106. An image-capturing apparatus according to claim 105,
further comprising equal-portion detection means for
detecting an equal portion consisting of adjacent pixel data
of the foreground area whose values are substantially equal
to each other, wherein said processing execution means
simultaneously performs at least the processing for
separating the foreground object_components and the
background object components from the pixel data of the
mixed area and the processing for eliminating motion blur
from the separated foreground object components based on the
detected equal portion and the result obtained by specifying
the area by said area specifying means.

107. An image-capturing apparatus according to claim 106,
further comprising unit-of-processing determining means for
determining a unit of processing consisting of a plurality
of the foreground object components and the background
object components based on a position of the equal portion,
wherein said processing execution means simultaneously
performs, for each unit of processing, the processing for
separating the foreground object components and the

background object components and the Processing for
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eliminating motion blur from the separated foreground object
components.

108. an image-capturing apparatus according to claim 107,
wherein said unit-of-processing determining means determines
the unit of processing corresponding to the pixel data
belonging to the mixed area or the foreground area which is
located on one straight line and which is other than the
pixel data of the equal portion.

109. An image-capturing apparatus according to claim 106,
wherein said equal-portion detection means detects the equal
portion by comparing a difference of the pixel data with a
threshold.

110. An image-capturing apparatus according to claim 106,
wherein said equal-portion detection means detects the equal
portion consisting of the adjacent pixel data having the
number of pixels greater than or equal to the number of
pixels corresponding to an amount of movement of the
foreground object.

111. An image-capturing apparatus according to claim 1085,

wherein said processing execution means simultaneously

performs the processing for separating the foreground object
components and the background object components and the
processing for eliminating motion blur from the separated
foreground object components by applying a calculation

corresponding to a motion vector.
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112. An image-capturing apparatus according to claim 105,
wherein said processing execution means comprises:

model acquiring means for acquiring a model
corresponding to the unit of processing and a motion vector;

equation generating means for generatihg, based on the
acquired model, an equation corresponding to a re}ationship
between the pixel data of the unit of processing and the
foreground object components and the background object
components contained in the unit of processing; and

calculation means for calculating the foreground object
components and the background object components contained in
the unit of processing based on the generated equation.
113. 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 and having a time integrating
function as image data formed of a predetermined number of
pixel data and having an object area consisting of object
components which form an object; and

motion-blur eliminating means for eliminating motion
blur occurring in the object area by assuming that values of
part 6f the pixel data in the object area of the image data
are substantially equal.
114. An image-capturing apparatus according to claim 113,

wherein:
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said input means inputs the image data having a
foreground area consisting of foreground object components
which form the object, a background area consisting of
background object components which form a background object,
and a mixed area in which the foreground object components
and the background object components are mixed; apd

said motion-blur eliminating means eliminates motion
blur occurring in the foreground area by assuming that
values of part of the pixel data in the foreground area of
the image data input by said input means are substantially
equal.

115. an image~capturing apparatus according to claim 114,
further comprising equal-portion detection means for
detecting an equal portion in which the values of the pixel
data in the foreground area of the image data are
substantially equal, wherein said motion-blur eliminating
means eliminates motion blur occurring in the foreground
area based on the equal portion detected by said equal-
portion detection means.

116. &an image-capturing apparatus according to claim 115,
further comprising unit-of-processing determining means for
determining a unit of pProcessing consisting of a plurality
of the foreground object components based on a position of
the equal portion, wherein said motion-blur eliminating

means eliminates motion blur of the foreground area for each
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unit of processing.

117. An image-capturing apparatus according to claim 116,
wherein said unit-of-processing determining means determines
the unit of processing corresponding to the pixel data
belonging to the mixed area or the foreground area which is
located on one straight line and which is other than the
pixel data of the equal portion.

118. An image-capturing apparatus according to claim 115,
further comprising area specifying means for specifying the
foreground area, the background area, or the mixed area.
119. An image—capturing apparatus according to claim 115,
wherein said equal-portion detection means detects the equal
portion by comparing a difference of the pixel data with a
threshold.

120. An image-capturing apparatus according to claim 115,
wherein said equal-portion detection means detects the equal
portion consisting of the adjacent pixel data having the
number of pixels greater than or equal to the number of
pixels corresponding to an amount of movement of the
foreground object.

121, &an image-capturing apparatus according to claim 115,
wherein said motion-blur eliminating means eliminates motion
blur occurring in the foreground area by applying a
calculation corresponding to a motion vector.

122, aAn image-capturing apparatus according to claim 115,
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wherein said motion-blur eliminating means comprises:

model acquiring means for acquiring a model
corresponding to the unit of processing and a motion vector;

equation generating means for generating, based on the
acquired model, an equation corresponding to a relationship
between the pixel data of the unit of processing and the
foreground object components contained in the unit of
pProcessing; and

calculation means for calculating the foreground object
components contained in the unit of processing based on the
generated equation.
123. Aan image-capturing apparatus according to claim 115,
wherein said motion-blur eliminating means simultaneously
perforns processing for separating the pixel data of the
mixed area into the foreground object components and the
background object components and processing for eliminating
motion blur from the separated—foreground object components
based on area information indicating a non-mixed area
consisting of the foreground area and the background area or
the miked area and based on the equal portion.
124, BAn image-capturing apparatus according to claim 123,
further comprising unit-of-processing determining means for
determining a unit of processing consisting of a plurality
of the foreground object components and the background

object components based on a position of the equal portion,
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wherein said pProcessing execution means simultaneously
performs, for each unit of processing, the processing for
Separating the foreground object components and the
background object components and the processing for
eliminating motion blur from the separated foreground object
components.,

125. an image-capturing apparatus according to claim 124,
wherein said unit—of—processing determining means determines
the unit of processing corresponding to the pixel data
belonging to the mixed area or the foreground area which is
located on one straight line and which is other than the
pixel data of the equal portion.

126. An image—capturing apparatus according to claim 123,
further comprising area specifying means for sﬁecifying the
foreground area, the background area, or the mixed area.
127. An image-capturing apparatus according to claim 123,
wherein said equal-portion detection means detects the equal
portion by comparing a difference of the pixel data with a
threshold.

128. Aan image-capturing apparatus according to claim 123,
wherein said equal-portion detection means detects the equal
portion consisting of adjacent pixel data having the number
of pixels greater than or equal to the number of pixels
corresponding to an amount of movement of the foreground

object.




10

15

- 299 -

129. &an image—capturing apparatus according to claim 123,
wherein said unit-or-processing determining means
simultaneously performs the processing for Separating the
foreground object components and the background object
components.and the processing for eliminating motion blur
from the separated foreground object components by applying
a calculation corresponding to a motion vector.
130. An image—capturing apparatus according to claim 123,
wherein said unit-of—processing determining means comprises:
model acquiring means for acquiring a model
corresponding to the unit of processing and a motion vector;
equation generating means for generating, based on the
acquired model, an equation corresponding to a relationship
between the pixel data of the unit of processing and the
foreground object components and the background object
components contained in the unit of processing; and
calculation means for calculating the foreground object
components and the background object components contained in

the unit of processing based on the generated equation.




