*159159* DESCRI PTI ON | MAGE PROCESSI NG APPARATUS AND METHOD, AND
| MAGE- CAPTURI NG APPARATUS 5 Technical Field The present invention rel ates

to i mage processing apparatuses and net hods, and i mage-c f i .
apparatuses, and nore particularly, to an i mage processi mmummmumm“ and
met hod, and an inmage-capturing apparatus in which a 10 differgnge.between a

signal detected by a sensor and the real world is taken into .
consi deration. Background Art Conventionally, a technique for detecting

incidents 15 occurring in the real word d by a sensor and Ng
sanpl ed data output fromthe i mage sensor is w dely used. @mmm@mﬁmmm@w '
notion blur occurs in an inmage obtained by capturing an objec] MoV in
front of a predetermined station %ﬁ%ﬁﬁhﬂﬁﬁynd with a video cdff®¥a if the
novi ng 20 speed is relatively high. wever, when a noving object is

capt ured A ds 'ﬁdﬁbsfﬁ@%ﬁﬁ(}ﬁ‘%% g ETHSD MO IRl 2y ured

according to an exposure peri one frane 1S captured, at is,
a shutt erageid0fl;g Conventional ly, obtaining the anmount 25 of novenent
i ndi cating the novenent of the object within the LI

5 Technical Field
The present invention relates to image processing
apparatuses and methods, and image-capturing apparatuses,
and more particularly, to an image processihg apparatus and
method, and an image-capturing apparatus in which a
10 difference between a signal detected by a sensor and the

real world is taken into consideration.

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

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

20 speed is relatively high.

However, when a moving object is captured as a motion
image, the image of the moving object is captured according
to an exposure period of which one frame is captured, that
is, a shutter period. Conventionally, obtaining the amount

25 of movement indicating the movement of the object within the



shutter period was not considered. D sclosure of Invention The present
i-nvention has been nade in view of the 5 above-descri bed background.
Accordingly, it is an object of the present invention to nmake it possible
to obtain the anmount of novenent indicating the novenent of an object

W thin an exposure period. An inmage processing apparatus according to the
present 10 invention is characterized by including mxture-ratio
detection neans for detecting, in a mxture area where a foreground object
conponent constituting a foreground ebject and a background object
conponent constituting a background object are mxed in inage data, a

m xture ratio indicating 15 the ratio of a m xture between the foreground

object ¢ onent and the background, obj ect conponent, and novenent- anount
detectioé%ﬂiﬁﬁff?ﬁr%ﬁéeﬂﬂﬁrﬁf Pﬁ?%ﬁ&é%%e%f noverment of the foreground

object in an exposure period when pixel data constituting the inmage data
has been obtained, in 20 correspondence with the mxture ratio. The inage

processi%ﬁég%gg&ggglgqﬂﬂgg_gqﬂ{igured such that the mxture-ratio
det ecti on nmeans 1 ncludes relational - expression generating neans for

P aShE"Y: | BheC MreSRRANISRER Al 1 IBUAN B ik bl o 483 902 o

frame 25 of the i at a, data 1n a nearby frane close to 3 the

desi ggat %&r@l@esacsri%%mlﬂrcma@! At @ S PHPONG NG 4,0 dfife backgr ound

object; also for extracting the
the present invention to make it possible to obtain the

amount -of movement indicating the movement of an object
within an exposure period.

An image processing apparatus according to the present

10 invention is characterized by including mixture-ratio
detection means for detecting, in a mixture area where a
foreground object component constituting a foreground object
and a background object component constituting a background
object are mixed in image data, a mixture ratio indicating

15 the ratio of a mixture between the foreground object
component and the background object component, and movement-
amount detection means for detecting the amount of movement
of the foreground object in an exposure period when pixel
data constituting the image data has been obtained, in

20 correspondence with the mixture ratio.

The image processing apparatus can be configured such
that the mixture-ratio detection means includes relational-
expression generating means for extracting, in
correspondence with a designated pixel in a designated frame

25 of the image data, the pixel data in a nearby frame close to



desi gnat ed- pi xel data of the designated pixel and vicinity- pixel data of a
vicinity pixel in a vicinity of the 5 designated pixel in the designated
frame; and for generating a plurality of relational expressions indicating
rel ati onshi ps anong the desi gnat ed-pi xel data, the vicinity- pixel data,
and the background pi xel data corresponding to the designated pixel and
the vicinity pixel, and mxture 10 ratios of the designated pixel and the
vicinity pixel are detected according to the relational expressions. The

i mage processing apparatus can be configwed such that the

rel ati onal - expressi on generating nmeans generates the rel ational
expressions according to a first 15 approximation in which the val ues of

conponent,s of .the for ound obj.ect. are the same,  the conponents, being
i ncl uded J%Shne S TR ?’Ierda”b‘? A RATEITORPY RLXA L IR 15 - PR 5 SPRAET and a

second a ' Ian in igh. the mxture ratio changes linearly with

r espect P&;Jt egf)%éscf Tong o Jr1eeck\i)1 )&f ° i‘?fdirﬁaec?ﬁ‘}(gusrée area. The image
pr ocessi : IS b onf i ed, such _that the nmovement.-anmount
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out puts the detected anmount of novenent. An | nmage processihg netho

accordi ng tf Jhe iy trelational expressions indicating
relationships among the designated-pixel data, the vicinity-
pixel data, and the background pixel data corresponding to
the designated pixel and the vicinity pixel, and mixture

10 ratios of the designated pixel and the vicinity pixel are

detected according to the relational expressions.

The image processing apparatus can be configured such
that the relational-expression generating means generates
the relational expressions according to a first

15 approximation in which the values of components of the
foreground object are the same, the components being
included in the designated-pixel data and the vicinity-pixel
data, and a second approximation in which the mixture ratio
changes linearly with respect to the positions of the pixels

20 in the mixture area.

The image processing apparatus can be configured such
that the movement-amount detection means detects the
reciprocal of the gradient of the linear changes of the
mixture ratios corresponding to the positions of the pixels

25 in the mixture area as the amount of movement of the



5 invention is characterized by including a mxture-ratio detection step
of detecting, in a mxture area where a foreground object conponent
constituting a foreground object and a background object conponent
constituting a background object are mxed in inmge data, a mxture ratio
indicating 10 the ratio of a m xture between the foreground object
conponent and the background obj ect conponent, and a novenent-anount
detection step of detecting the anount of novenent of the foreground
object in an exposure period when pixe -data constituting the inmage data
has been obtained, in 15 correspondence with the m xture ratio. The inmage
processing net hod can be configured such that the mxture-ratio detection
step is p OV|ded a rel ational -ex reSS|on enerating step of

extracti ngfTEHC I (i rp‘r‘%%l""}?e‘rf1 Ehfe SRR ed
frame 20 ihe i pi xel a nearb ane close to the
desi gnat ecP rarre ;Eae%ﬁé tr%edfp R dgc[ acc%%kéesﬁ:g%)‘?%bec{ tBPHE Bickgr ound
obj ect; g&ﬁp _fxtractlng t he designated- pixel data of the designated

pi xel and vicinity-pixel data of a vicinity pixel in a vicinity of the
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of relational expressions in tions S anon
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detected according to the rel ati onal expressions in the mxture-ratio
det ecti orfte’fround object component constituting a foreground object

and a background object component constituting a background
object are mixed in image data, a mixture ratio indicating
10 the ratio of a mixture between the foreground object
component and the background object component, and a
movement-amount detection step of detecting the amount of
movement of the foreground object in an exposure period when
pixel data constituting the image data has been obtained, in
15 correspondence with the mixture ratio.
The image processing method can be configured such that
the mixture-ratio detection step is provided with a
relational-expression generating step of extracting, in
correspondence with a designated pixel in a designated frame
20 of the image data, the pixel data in a nearby frame close to
the designated frame as background pixel data corresponding
to the background object; also of extracting the designated-
pixel data of the designated pixel and vicinity-pixel data
of a vicinity pixel in a vicinity of the designated pixel in

25 the designated frame; and of generating a plurality of



The i mage processing nethod can be configured such that, in the

rel ati onal - expressi on generating step, the relational expressions are
generated according to a first approximation 10 in which the val ues of
conponents of the foreground object are the sanme, the conponents being
included in the designated-pixel data and the vicinity-pixel data, and a

second approximation in which the mxture ratio changes |linearly wth
respect to the positions of the pixels in the 15 m xture area. The inage
processi ng nmethod can be configured such that, in the novenent-anount

detection step, the reciprocal of the gradient of the |linear changes of
the m xture ratios corresponding to the positions of the pixels in the

m xt ure detected as the anount o] vene of the foreground
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The image processing method can be configured such that,
in the relational-expression generating step, the relational
expressions are generated according to a first approximation

10 in which the values of components of the foreground object
are the same, the components being included in the
designated-pixel data and the vicinity-pixel data, and a
second approximation in which the mixture ratio changes
linearly with respect to the positions of the pixels in the

15 mixture area.

The image processing method can be configured such that,
in the movement-amount detection step, the reciprocal of the
gradient of the linear changes of the mixture ratios
corresponding to the positions of the pixels in the mixture

20 area is detected as the amount of movement of the foreground
object within the exposure period when the image data has
been obtained, and the detected amount of movement is output.

A program in a recording medium according to the
present invention is characterized by including a mixture-

25 ratio detection step of detecting, in a mixture area where a



correspondence with the mxture ratio. 10 The recordi ng nmedi um can be
configured such that the mxture-ratio detection step is provided with a
rel ational - expression generating step of extracting, in correspondence
with a designated pixel in a designated frame of the inmage data, the pixe
data in a nearby frane close to the 15 designated franme as background pixe
data corresponding to the background object; also of extracting the

desi gnat ed- pi xel data of the designated pixel and vicinity-pixel data of
avicinity pixel in avicinity of the designated pixel in the designated
frame; and of generating a plurality of 20 relational expressions
indicating relationships among the designated-pixel data, the

vi ci ni ty-pixel dat and the back ound i xel, data corres to t he
desi gnat e Pi%e uncgr?dnter?et ViEHRAT JP ?’rbtjrﬁg(taur]%’?eﬁﬁcgg’cgforl%
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respect to[ﬁ?e positions of thegl% xel sdgbrrjﬁe t%edr%%lxture area 10 The
recor di ngndRHdH-GAb R GHdQUrAf sgh dhadfetddting the amount of

movement of the foreground object in an exposure period when
pixel data constituting the image data has been obtained, in
correspondence with the mixture ratio.

10 The recording medium can be configured such that the
mixture-ratio detection step is provided with a relational-
expression generating step of extracting, in correspondence
with a designated pixel in a designated frame of the image
data, the pixel data in a nearby frame close to the

15 designated frame as background pixel data corresponding to
the background object; also of extracting the designated-
pixel data of the designated pixel and vicinity-pixel data
of a vicinity pixel in a vicinity of the designated pixel in
the designated frame; and of generating a plurality of

20 relational expressions indicating relationships among the
designated-pixel data, the vicinity-pixel data, and the
background pixel data corresponding to the designated pixel
and the vicinity pixel, and mixture ratios of the designated
pixel and the vicinity pixel are detected according to the

25 relational expressions.



t he novenent - anount detection step,
| i near changes of the m xture ratios
pi xels in the m xture

the reciprocal of the gradient of the
corresponding to the positions of the

area is detected as the anobunt of novenent of the

foreground 15 object within the exposure period when the inmage data has

been obtai ned, and the detected anmount of novenent is output. A program

according to the present

invention is characterized by causing a conputer

to execute a mxture- ratio detection step of detecting, in a mxture area
where a 20 foreground object conmponenty constituting a foreground object

and a background object conponent constituting a background
m xed in imge data, a mxture ratio indicating
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second approximation in which the mixture ratio changes
linearly with respect to the positions of the pixels in the
mixture area.

The recording medium can be configured such that, in
the movement—-amount detection step, the reciprocal of the
gradient of the linear changes of the mixture ratios
corresponding to the positions of the pixels in the mixture
area is detected as the amount of movement of the foreground

object within the exposure period when the image data has

been obtained, and the detected amount of movement is output.

A program according to the present invention is
characterized by causing a computer to execute a mixture-
ratio detection step of detecting, in a mixture area where a
foreground object component constituting a foreground object
and a background object component constituting a background
object are mixed in image data, a mixture ratio indicating
the ratio of a mixture between the foreground object
component and the background object component, and a

movement-amount detection step of detecting the amount of



the designated frame; and of generating a plurality of relational
expressions indicating relationships anong the 15 desi gnat ed- pi xel data,
the vicinity-pixel data, and the background pixel data corresponding to
the designated pixel and the vicinity pixel, and m xture ratios of the
designated pixel and the vicinity pixel are detected according to the

rel ati onal expressions. 20 The program can be configured such that, in the
rel ati onal - expressi on generating step, the relational expressions are
generated according to a first approxi rgtion in which the val ues of
conponents of the foreground object are the sane, the conponents being

i ncluded in the 25 desi gnated-pi xel data and the vicinity-pixel data, and a

second approxi mation in ich the mixture ratio changes linearly with
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anount of novene e-capturing apparatus according to

the presanicid AN S GIArACL A FRELEY, | 0F| 0L | SEger capt uri g rreans

for outputting an 1 nage o j’ect captured by an 1 nmge-capturing device

that inclaignsess e dRIRIMANeL WSTof extracting, in correspondence
with a designated pixel in a designated frame of the image
data, the pixel data in a nearby frame close to the
designated frame as background pixel data corresponding to

10 the background object; also of extracting the designated-
pixel data of the designated pixel and vicinity-pixel data
of a vicinity pixel in a vicinity of the designated pixel in
the designated frame; and of generating a plurality of
relational expressions indicating relationships among the

15 designated-pixel data, the vicinity-pixel data, and the
background pixel data corresponding to the designated pixel
and the vicinity pixel, and mixture ratios of the designated
pixel and the vicinity pixel are detected according to the
relational expressions.

20 The program can be configured such that, in the
relational-expression generating step, the relational
expressions are generated according to a first approximation
in which the values of components of the foreground object
are the same, the components being included in the

25 designated-pixel data and the vicinity-pixel data, and a



15 of pixels having a tinme integrating function, as inmage data forned of a
predet er m ned nunber of pixel data; mxture- ratio detection neans for
detecting, in a mxture area where a foreground object conponent
constituting a foreground object and a background object conponent
constituting a 20 background object are m xed in the imge data, a m xture
ratio indicating the ratio of a m xture between the foreground object
conponent and t he background object conponent, and novenent-anount
detection neans for detecting the amunt- of novenment of the foreground
object in an 25 exposure period when the pixel data constituting the inmage
- 10 data has been obtained, in correspondence with the mxture ratio.
The i mage- capt uri ng apparatus can be configured such that the

m xt ur e- rsaefcfcg“geat POTHES HTheTdey J"rrlée? g’?’r’bﬂélfe- Bl rGE&NRIF gener at i ng
means foH}agg ctinqi in correspondence with a ggng?ated ixel in a
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to the %ﬁﬁ egkg%ane as background pi xel data corresponding to the
background ‘object; also for extracting the 10 desi gnat ed-pi xel data of the
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of the designated prxel int esi g nme; and for generating a

pl urabi Uner &l aldiiiale APLESSI AN ddfll GHd Nfbc 1AL LNENI G5 aTONG Lhe
desi gnat ed- pi xel data, the vicinity 15 pixel data, and the background pi xel
data corrpsRPib £ Ghe linear changes of the mixture ratios
corresponding to the positions of the pixels in the mixture
area is detected as the amount of movement of the foreground
object within the exposure period when the image data has
10 been obtained, and the detected amount of movement is output.
An image-capturing apparatus according to the present
invention is characterized by including image-capturing
means for outputting an image of an object captured by an
image-capturing device that includes a predetermined numbef
15 of pixels having a time integrating function, as image data
formed of a predetermined number of pixel data; mixture-
ratio detection means for detecting, in a mixture area where
a foreground object component constituting a foreground
object and a background object component constituting a
20 background object are mixed in the image data, a mixture
ratio indicating the ratio of a mixture between the
foreground object component and the background object
component, and movement-amount detection means for detecting
the amount of movement of the foreground object in an

25 exposure period when the pixel data constituting the image



t he designated pixel and the vicinity pixel, and m xture rat
desi gnated pixel and the vicinity pixel are detected accordi
rel ati onal expressions. The image-capturing apparatus can be

ios of the
ng to the
configured

such 20 that the rel ational -expressi on generating neans generates the

rel ati onal expressions according to a first approximation in
val ues of conponents of the foreground object are the sane,

whi ch the
t he conponents

being included in the designated-pixel data and the vicinity-pixel 25

data, and a second approximtion in whigh-the mxture ratio -
linearly with respect to the positions of the pixels in the
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m Xture area.
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correspondence with a designated pixel in a designated frame
of the image data, the pixel data in a nearby frame close to
the designated frame as background pixel data corresponding
to the background object; also for extracting the
designated-pixel data of the designated pixel and vicinity-
pixel data of a vicinity pixel in a vicinity of the

designated pixel in the designated frame; and for generating

a plurality of relational expressions indicating

relationships among the designated-pixel data, the vicinity-

15 pixel data, and the background pixel data corresponding to

the designated pixel and the vicinity pixel, and mixture

ratios of the designated pixel and the vicinity pixel are

detected according to the relational expressions.

The image-capturing apparatus can be configured

such

20 that the relational-expression generating means generates

the relational expressions according to a first

approximation in which the values of components of the

foreground object are the same, the components being

included in the designated-pixel data and the vicinity-pixel

25 data, and a second approximation in which the mixture ratio



novenent of the foreground object in an exposure period when pixel data
constituting the i mage data has been obtained is detected in
correspondence with the mxture ratio. 20 Therefore, the anount of novenent
indicating the novenent of an object within the exposure period can be
obt ai ned. Brief Description of the Drawings 25 Fig. 1 is a view show ng an
i mage processing apparatus - 12 according to an enbodi nent of the present
invention. Fig. 2 is a block diagramillustrating the structure of the

i mge processing apparatus. Fig. 3 iklustrates i mage capturing perforned by
a 5 sensor. Fig. 4 illustrates the arrangenent of pixels. Fig. 5
illustrates the operation of a detection device. Fig. 6Aillustrates an

i b db - t t di t Vi ng
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5 reciprocal of the gradient of the linear changes of the
mixture ratios corresponding to the positions of the pixels
in the mixture area as the amount of movement of the
foreground object within the exposure period when the image
data has been obtained, and outputs the detected amount of

10 movement.

In a mixture area where a foreground object component
constituting a foreground object and a background object
component constituting a background object are mixed in
image data, a mixture ratio indicating the ratio of a

15 mixture between the foréground object component and the
background object component is detected, and the amount of
movement of the foreground object in an exposure period when
pixel data constituting the image data has been obtained is
detected in correspondence with the mixture ratio.

20 Therefore, the amount of movement indicating the
movement of an object within the exposure period can be

obtained.

Brief Description of the Drawings

25 Fig. 1 is a view showing an image processing apparatus



the time direction the pixel values of pixels aligned side- 20 by-side in
an i mage obtai ned by i nmage-capturing an object corresponding to a
stationary foreground and an object corresponding to a stationary "
background. Fig. 9 illustrates a nodel in which pixel values are devel oped

inthe tinme direction and the period corresponding 25 to the shutter tine
is divided. - 13 Fig. 10 illustrates a nodel in which pixel values are
devel oped in the tine direction and the period corresponding to the
shutter tinme is divided. Fig. 11 illustpates a nodel in which pixel values
are 5 developed in the tine direction and the period corresponding to the
shutter tinme is divided. Fig. 12 illustrates an exanple in which pixels in

a foreground area, a background area nd a mxed area are extracted. 10
Fig. 13 i??%%’f‘?la?%st? haenr%’ﬁ%?#b‘ﬂ%%fp%f bERRERTEHFREI ERVEREL A odel  obt ai ned
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5 sensor. _

Fig. 4 illustrates the arrangement of pixels.

Fig. 5 illustrates the operation of a detection device.

Fig. 6A illustrates an image obtained by image-
capturing an object corresponding to a moving foreground and

10 an object corresponding to a stationary background.

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

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

Fig. 8 illustrates a model obtained by developing in
the time direction the pixel values of pixels aligned side-

20 Dby-side in an image obtained by image-capturing an object
corresponding to a stationary foreground and an object
corresponding to a stationary background.

Fig. 9 illustrates a model in which pixel values are
developed in the time direction and the period corresponding

25 to the shutter time is divided.



20 developed in the time direction and the period corresponding to the
shutter tinme is divided. Fig. 17 illustrates a nodel in which pixel val ues
are developed in the tinme direction and the period corresponding to the
shutter tinme is divided. 25 Fig. 18 illustrates a nodel in which pixel
values are - 14 developed in the tinme direction and the period
corresponding to the shutter tine is divided. Fig. 19 illustrates a nodel
in which pixel values are developed in the tinme direction and the period
corresponding 5 to the shutter tine-ig3divided. Fig. 20 illustrates a
nodel in which pixel values are developed in the time direction and the
period corresponding to the shutter tinme is divided. Fig. 21 illustrates a
nodel in which.pixel values are 10 develqgped. in the time direction and the
period corr es%d‘ﬁ’di ﬁ& &uﬁﬁféaﬁtﬁﬁt taermotdieﬁe ing WlilGhg&d xedi yalyesi grgstrat es a
nodel in I i xel val ues, are,. devel oped [t . the tine direction and the
peri od co#grueeg%é% i ng'* %loe S KA T 49 riés WSRO S i spepding

illust rat@osn%lémsq%té& .ing@ ipg' Xéajlv&v&léj_es are developed in the tine

direction and the period cofresponding "to the shutter tinme is divided.
o on bl o SABEE Y BARSTHEA ORGSR BALEY puslShogel BT
5 developed in the time direction and the period corresponding
to the shutter time is divided.

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

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

Fig. 14 illustrates a model in which pixel values are
developed in the time direction and the period corresponding

15 to the shutter time is divided.

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

Fig. 16 illustrates a model in which pixel values are

20 developed in the time direction and the period corresponding
to the shutter time is divided.

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

to the shutter time is divided.

25 Fig. 18 illustrates a model in which pixel values are



the configuration of an area specifying unit 101. Fig. 26 illustrates an

| mge obtained when an object corresponding to a foreground is noving.

Fig. 27 illustrates a nodel in which pixel values are 25 developed in the
time direction and the period corresponding - 15 to the shutter tinme is
divided. Fig. 28 illustrates a nodel in which pixel values are devel oped
in the tinme direction and the period corresponding to the shutter tine is
divided. 5 Fig. 29 illustrates a nodel in which pixel values are devel oped
in the tine direction and to the shuttes tinme is divided. Fig. 30

il lustrates conditions areas. the period corresponding for determ ning the
10 Fig. 31A illustrates an exanple result obtained by specifying an area by

Lhe | 19 adiBLLyctishee eRee [YL0g.op, rea B e g SIS L st es
uni t 101'to the shutter time is divided.

Fig. 19 illustrates a model in which pixel values are
developed in the time direction and the period corresponding

5 to the shutter time is divided.

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

Fig. 21 illustrates a model in which pixel values are

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

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

15 Fig. 23 illustrates a model in which pixel values are
developed in the time direction and the period corresponding
to the shutter time is divided.

Fig. 24 is a flowchart illustrating processing for
adjusting the amount of motion blur.

20 Fig. 25 is a block diagram illustrating an example of
the configuration of an area specifying unit 101.

Fig. 26 illustrates an image obtained when an object
corresponding to a foreground is moving.

Fig. 27 illustrates a model in which pixel values are

25 developed in the time direction and the period corresponding



an exanple result obtained by 15 specifying an area by the area specifying
unit 101. Fig. 31D illustrates an exanple result obtained by specifying an
area by the area specifying unit 101. Fig. 32 illustrates an exanple
result obtained by specifying an area by the area specifying unit 101. 20
Fig. 33 is a flowhart illustrating area specifying processing. Fig. 34 is
a block diagramillustrating another exanple configuration of the area
speci fying unit 101. Fig. 35 illustrates a nodel in which pixel values are
25 developed in the tinme direction andithe period corresponding - 16 to
the shutter time is divided. Fig. 36 illustrates an exanple of a background
image. Fig. 37 is a block diagramillustrating the configuration of a

cal cul at 155 G19 FEETTE ot ih 04T 069y "388 111 usi rates the cal cul ation
ggr?efg:{gLatkgﬁaeﬁ%lgﬁlu%%r@%%s %9ﬁdéélu§%r% %%ht%%x% I%%E%%gogr%f a
developed in the time direction and the period corresponding
to the shutter time is divided.

5 Fig. 29 illustrates a model in which pixel values are
developed in the time direction and the period corresponding
to the shutter time is divided.

Fig. 30 illustrates conditions for determining the
areas.
10 Fig. 31A illustrates an example result obtained by
specifying an area by the area specifying unit 101.
Fig. 31B illustrates an example result obtained by
specifying an area by the area specifying unit 101.
Fig. 31C illustrates an example result obtained by
15 specifying an area by the area specifying unit 101.
Fig. 31D illustrates an example result obtained by
specifying an area by the area specifying unit 101.
Fig. 32 illustrates an example result obtained by
specifying an area by the area specifying unit 101.
20 Fig. 33 is a flowchart illustrating area specifying
processing.
Fig. 34 is a block diagram illustrating another example
configuration of the area specifying unit 101,
Fig. 35 illustrates a model in which pixel values are

25 developed in the time direction and the period corresponding



Fig. 39B illustrates the calculation of a correlation value. Fig. 40
illustrates an exanple binary object image. 15 Fig. 41 is a bl ock diagram
illustrating the configuration of a tinme change detector 303. Fig. 42
illustrates determ nations nade by an area determi ning portion 342. Fig.
43 illustrates an exanple of determ nations made 20 by the tine change
detector 303. Fig. 44 is a flowhart illustrating the area specifying
processi ng performed by an area determning portion 103. Fig. 45 is a
flowchart illustrating details of the ggea specifying processing. 25 Fig.
46 is a block diagramillustrating the - 17 configuration of a
m xture-ratio calculator 102. Fig. 47 illustrates an exanple of an ideal
m xture ratjio a. Fig. 48 illustrate nodel in which pixel values are 5
developedt?rFQ$MEQ%?é%Eﬁ§¥Qﬁi%ﬁ1éﬁﬁf%%é; period corresponding to the
shutter tine is diw.ded., Fig. .49 illustrates nodel in which pixel values
are developegiﬁﬁ ?ﬁe%g#ﬁgt P&t P8h SXRE ﬁ%cﬁkﬁi%&c§8FP8§EoﬁHFH§' to the
shutter tine iggdi yided. .10,Ei 8. il lustrates a.straight |ine for

%7.3@ a %loc& dgggkﬁg_igfaﬁ ra%ﬁpgtgég

appr oxi mating the “'mi xture ratio us a plane for
appr oxi mddd¥i Ji¥ition of a binary-object-image extracting portion

5 302.
Fig. 38A illustrates the calculation of a correlation
value.
Fig. 38B illustrates the calculation of a correlation
value.
10 Fig. 39A illustrates the calculation of a correlation
value.
Fig. 39B illustrates the calculation of a correlation
value.
Fig. 40 illustrates an example binary object image.
15 Fig. 41 is a block diagram illustrating the

configuration of a time change detector 303.

Fig. 42 illustrates determinations made by an area
determining portion 342.

Fig. 43 illustrates an example of determinations made

20 Dby the time change detector 303.

Fig. 44 is a flowchart illustrating the area specifying
processing performed by an area determining portion 103.

Fig. 45 is a flowchart illustrating details of the area
specifying processing.

25 Fig. 46 is a block diagram illustrating the



m xture ratio a. Fig. 52 illustrates the relationships of pixels in a 15
plurality of franmes when the m xture ratio a is calculated. Fig. 53 is a
bl ock diagramillustrating the configuration of a mxture-ratio estimation
processor 401. Fig. 54 illustrates a notion vector output froma

m xture-ratio determ ning portion 403. 20 Fig. 55 illustrates an exanple
estimated m xture ratio. Fig. 56 is a block diagramillustrating another
structure of the mxture-ratio calculator 102. Fig. 57 is a flowhart
illustrating processing for calculating a mxture ratio and a notion
vector. 25 Fig. 58 is a flowhart illustrating processing for - 18
estimating a mxture ratio and a notion vector by using a nodel
corresponding. to a covered background area. Fi 59 is bl ock di agram
iIIustrat?%%gﬁ%u%&%%%?é°§fa s Eﬁﬁ?iﬁﬁ%l?%i%ﬁﬁa%9?0¥%§round/background
separator 103... Fi-g.. ill.ustrates an.inp i_mage, .a _f.oreground
cogponent i nagégs'a# allgLac tgrlraotuuensd SR io#;j‘& lg!j‘:"|§3‘5‘91 THeB Y49 ustrates a
nmodel of an {opyt image, a foreground conponent inage, and a background

conponent 1mage. Fig. 61 illustrates a nodel in which pixel values are 10
devel oped in tghe tigge jdijneatiqn and b pard of scQrr ngj tq the
shutter tine is%hividéd. Figé 62 ﬁIliﬁ%%?égqg”hghéﬁggﬁ'&ﬁﬁbeﬁﬂ%aﬁ val ues

are deved&petbpdu tHe dhdre ghd eeli o a6 408 BRL 10l £98 resPONdi NGy ;s ng
to the shutter time is divided.

Fig. 49 illustrates a model in which pixel values are
developed in the time direction and the period corresponding
to the shutter time is divided.

10 Fig. 50 illustrates a straight line for approximating
the mixture ratio a.

Fig. 51 illustrates a plane for approximating the
mixture ratio a.

Fig. 52 illustrates the relationships of pixels in a

15 plurality of frames when the mixture ratio a is calculated.

Fig. 53 is a block diagram illustrating the
configuration of a mixture-ratio estimation processor 401.

Fig. 54 illustrates a motion vector output from a
mixture-ratio determining portion 403.

20 Fig. 55 illustrates an example estimated mixture ratio.

Fig. 56 is a block diagram illustrating another
structure of the mixture-ratio calculator 102.

Fig. 57 is a flowchart illustrating processing for
calculating a mixture ratio and a motion vector.

25 Fig. 58 is a flowchart illustrating processing for



to the shutter tine is divided. 15 Fig. 63 illustrates a nodel in which

pi xel values are developed in the tine direction and the period .
corresponding to the shutter tine is divided. Fig. 64 is a block diagram-
illustrating an exanple of the configuration of a separating portion 601.
20 Fig. 65A illustrates an exanple of a separated foreground conponent
image. Fig. 65B illustrates an exanple of a separated background conponent
image. Fig. 66 is a flowchart illustrating processing for 25 separating a
foreground and a background. - 19 F-g1867 is a block diagramillustrating
an exanple of the configuration of a notion-blur adjusting unit 104. Fig.
68 illustrates the unit of processing. Fig 69 illustrates a nodel in which

I I f 5 far ound co on i mage are devel oped in the tine
i rect ] orf SRR bt B o tao R G O (e L1 ded.

f d
conponent 9 s e i, 4 i t“h“"’ KL oA dFsd the per od
correspondi ngglig tRg shutten Ek”ﬁla 8%'!&§%@tra%ﬂ %n'gkgﬁél%t %3 a model

in which pixel Val ués of a oregro onent aré devel oped in the

time diratd i mrfithe erdod %ﬂW%éx&Mﬁé%ﬂ&dﬁos.

5 Fig. 60A illustrates an input image, a foreground
component image, and a background component image.

Fig. 60B illustrates a model of an input image, a
foreground component image, and a background component image.

Fig. 61 illustrates a model in which pixel values are

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

Fig. 62 illustrates a model in which pixel values are
developed in the time direction and the period corresponding
to the shutter time is divided.

15 Fig. 63 illustrates a model in which pixel values are
developed in the time direction and the period corresponding
to the shutter time is divided.

Fig. 64 is a block diagram illustrating an example of
the configuration of a separating portion 601.

20 Fig. 65A illustrates an example of a separated
foreground component image.

Fig. 65B illustrates an example of a separated
background component image.

Fig. 66 is a flowchart illustrating processing for

25 separating a foreground and a background.



15 is divided. Fig. 72 illustrates a nodel in which pixel values of a

f oreground conponent image are developed in the tine direction and the
period corresponding to the shutter tinme is divided. 20 Fig. 73
illustrates another configuration of the notion-blur adjusting unit 104.
Fig. 74 is a flowhart illustrating processing for adjusting the anmount of
notion blur included in a foreground conponent imge, perfornmed by the
notion-blur adjusting unit 25 104. - 20 Fig. 75 is a block diagram
illustrating an exanple of another eombiguration of the notion-blur
adjusting unit 104. Fig. 76 illustrates an exanple of a nodel in which the
rel ati onshi ps between pi xel val ues and foreground conponents 5 are

g 78 111 ustrleS Tt S CaPtacks (ORGP ordharad L7gb Ao RBISIG I g, 70
b ur i nol Giad T S P A € B M T SR o 1 st rating
another Configqbqt%%niQEuEQ§é& ECEE%nu%Htt 53 5@%% s%ﬁ%pgssing apparatus.
15 Fig. 81 illustrates the configuration of ‘a“synthesi Zer
Fig. 69 illustrates a model in which pixel values of a
5 foreground component image are developed in the time
direction and the period corresponding to the shutter time
is divided.
Fig. 70 illustrates a model in which pixel values of.a
foreground component image are developed in the time
10 direction and the period corresponding to the shutter time
is divided.
Fig. 71 illustrates a model in which pixel values of a
foreground component image are developed in the time
direction and the period corresponding to the shutter time
15 is divided.
Fig. 72 illustrates a model in which pixel values of a
foreground component image are developed in the time
direction and the period corresponding to the shutter time
is divided.
20 Fig. 73 illustrates another configuration of the
motion-blur adjusting unit 104.
Fig. 74 is a flowchart illustrating processing for
adjusting the amount of motion blur included in a foreground
component image, performed by the motion-blur adjusting unit

25 104.



1001. Fig. 82 is a block diagramillustrating still another configuration
of the function of the inmage processing apparatus. 20 Fig. 83 is a bl ock
diagramillustrating the configuration of a m xture-ratio calculator 1101.
Fig. 84 is a block diagramillustrating the configuration of a

f or egr ound/ background separator 1102. Fig. 85 is a bl ock diagram
illustrating the 25 configuration of a notion-blur adjusting unit 1103. -
21 Best Modde for Carrying Qut the Invention Fig. 1 illustrates an inage
processi ng apparatus according to an ggbodi nent of the present invention.
A CPU 5 (Central Processing Unit) 21 executes various types of processing
according to prograns stored in a ROM (Read Only Menory) 22 or in a

storage unit Pr% ed b CPU 21 and data are stored in a
RAM ( Random A &85 ﬁDFy% 919 &Préglu?ﬁéaéPBQQEH EFETRAR ?f and the
RAM 10 23 are conneg ed t each t n input/out

i nt er f ac& 1% zﬁosf‘oft “SBinfect@ Qtfo ttq}’?e Cﬁé“soft}sngzzll lﬁg L9%%ut unit

26 forned of g, ke¥%o§&qu5%rggggean e%a%%n%hg%egn %@ 0, on Egg?gaoutput

unit 27 forme f a displray, a Speake o the

i nput/ OUtMael%Fst%e lgescwe-g}le p@:{lelz%al%esc%n% f/oatréﬁ%qlﬂ]&/pca%@oifq{ ocessing

in response to commands 1 nput fromthe
Out puss &te indicated.

Fig. 77 illustrates the calculation of foreground
components.

Fig. 78 illustrates the calculation of foreground
componente.

10 Fig. 79 is a flowchart illustrating processing for
édjusting the amount of motion blur included in a foreground.

Fig. 80 is a block diagram illustrating another
configuration of the function of the image processing
apparatus.

15 Fig. 81 illustrates the configuration of a synthesizer
1001.

Fig. 82 is a block diagram illustrating still another
configuration of the function of the image processing
apparatus.

20 Fig. 83 is a block diagram illustrating the
configuration of a mixture-ratio calculator 1101.

Fig. 84 is a block diagram illustrating the
configuration of a foreground/background separator 1102.

Fig. 85 is a block diagram illustrating the

25 configuration of a motion-blur adjusting unit 1103.



i mge or sound obtained as a result of the processing to the output unit
27. 20 The storage unit 28, connected to the input/output interface 25, is
formed of, for exanple, a hard disk, and stores prograns executed by the
CPU 21 and various types of data. A conmunication unit 29 conmuni cates
with an external device via the Internet or another network. In this
exanpl e, 25 the comrunication unit 29 serves as an obtaining unit for - 22
obtai ning an output of a sensor. Alternatively, a program nay be obtai ned
via the comrunication unit 29 and stoped-in the storage unit 28. A drive
30 connected to the input/output interface 25 5 drives a magnetic di sk 51,
an optical disk 52, a nmagneto- optical disk 53, a sem conductor nenory 54,
or the like, when such a recording nediumis attached to the drive 30,
and obtains a progranlor data stored in the corresponding nedium The

obt ai ned r dat IS tra ferred o the 10 storage unit 28 and
stored t$§%§ﬁ$l r&%%ssrﬁyl¢$g '%'V§ f ?ﬂagramlllustratlngtrm

i mage processd; PRI ALMNS- 5 tels %%esl %tr utotc%rssvﬂerg:)ré%r?@%[l% i ndi vi dual

functions of "the i'magé processing app s are’i by har dwar e

I{'—g or soffval&iddals @?%ﬂﬁé@fm@{@c& O 9T B d e L r‘?‘r?e&ﬂ fi téﬂ{: may be
garded as hardmare bllock di agrams or ~as 'so i War e functional ‘bloc
di agr gns. (dend s BRAGESd G Lt A1 MBgsl G de, LAWY edpes of
processing according to programs stored in a ROM (Read Only
Memory) 22 or in a storage unit 28. Programs executed by
the CPU 21 and data are stored in a RAM (Random Access
Memory) 23 as required. The CPU 21, the ROM 22, and the RAM

10 23 are connected to each other by a bus 24.

An input/output interface 25 is also connected to the
CPU 21 via the bus 24. An input unit 26 formed of a
keyboard, a mouse, a microphone, and so on and an output
unit 27 formed of a display, a speaker, and so on are

15 connected to the input/output interface 25. The CPU 21
executes various types of processing in response to commands
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.

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

device via the Internet or another network. 1In this example,

25 the communication unit 29 serves as an obtaining unit for



corresponding to an object in the real world is referred to 20 as an inage
object. An input inmage sent to the inmage processing apparatus 1is sent to
an area specifying unit 101, a mxture-ratio calculator 102, and a

f or eground/ background separator 103. The area specifying unit 101
determnes to which of a 25 foreground area, a background area, or a m xed
area each - 23 pixel of the input imge bel ongs, and sends information

i ndicating to which area each pixel belongs (hereinafter referred to as
"area information") to the m xture-ratpp -cal cul ator 102, the

f oregr ound/ background separator 103, and 5 a notion-blur adjusting unit

104. The m xture-ratio calculator 102 cal cul ates the m xture ratio
(hereinafter referred to as a “mixture ratio all) corresponding to the

pi xel s i i ST %ﬁrﬁ%&ﬁﬁ?ﬂ aeﬁﬁﬁﬁ%ﬁng to the hnput |gage danflhthe ar ea
f 10 t it , _an ends e
mxure rati GLEe rgattﬁé’f@flgréaﬁ‘%ﬁ?wssﬁﬁwa o%%d“ivésméov?m The i xture
t t e |na e co
Eﬁtelrgl ﬁa:‘ter a séoéecrle elruﬁvgj'c}1 r%a a?ld Lt IH( olunnat cor'?p% r{f %0'2 esponding to
the background 130l 6! bnkhe Rl &%' t%%' UBoud B HRLES 154 D 28135! O (3).,

whi ch is shown be he mxture-ratio ca 27generatesa notion

vect 05 angkRasl td Adind dOTImYN L | ] CRLNG 2 PRI AhaddRGE Ob] ect
corresponding to the notion vector according t
optical disk 53, a semiconductor memory 54, or the like,
when such a recording medium is attached to the drive 30,
and obtains a program or data stored in the corresponding
medium. The obtained program or data is transferred to the
10 storage unit 28 and stored therein if necessary.

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

It does not matter whether the individual functions of
the image processing apparatus are implemented by hardware

15 or software. That means that block diagrams in this
specification may be regarded as hardware block diagrams or
as software functional block diagrams.

In this specification, an image to be captured
corresponding to an object in the real world is referred to

20 as an image object.

An input image sent to the image processing apparatus
is sent to an area specifying unit 101, a mixture-ratio
calculator 102, and a foreground/background separator 103.

The area specifying unit 101 determines to which of a

25 foreground area, a background area, or a mixed area each



20 the input image, and the area information sent fromthe area specifying
unit 101, and sends the generated notion vector and the positional
information to the notion-blur adjusting .unit 104. The notion vector
output fromthe m xture-ratio 25 calculator 102 includes information
corresponding to the - 24 anount v of novenent within the shutter tine.
The amount v of novenent within the shutter tine is a value indicating a
positional change of an inage corresponding to a noving object in units of
pi xel pitches. 5 For exanple, if one-cdapenent of an object inmage
corresponding to a foreground is noving such that it is included in four

pi xels in one franme, the anmount v of novenent within the shutter tinme of

t he obj ect. j r. i he fore und is four. 10, The

f or egr{)urc};d?%%%gkbgﬁ o%%d l%gggﬁ%%gg%gﬁél%n ar aa?r(eés?. %neés iln%ﬁ?rr?ar%boeni nto a
foregrou qg?g ty d e YA ' ne

(hergi na]rﬁtjrg?l a sg&?e de?rﬁgldp% 8{12%9 %%r? g%/}f)%lng?%iorrp_ neﬁfés’g')%ﬂéﬁf%rspondi ng to
the for eardtilk o PO Qs Ak & LARKOLAHNG LOTPANEN, A0S, fOrPd O onl y L he

15 background conponents according to e area infornation sent” fromthe
area specdd yduuth tiy t1001 @ tdiedioidd Aod AdQbdhd S&Ba F4QR tIE3, and

m xture-ratio cal culator 102, and sends the ~foreground conponent |Imge to
the nmeti an-nd tiroraeh st | 1 ubi ing @i A, sel ector 105. The separat ed

foreground conponent 20 inmage may be used as the final output. A nore
preci se The mixture-ratio calculator 102 calculates the mixture
ratio (hereinafter referred to as a "mixture ratio a")
corresponding to the pixels included in a mixed area
according to the input image, and the area information sent
10 from the area specifying unit 101, and sends the mixture
ratio o to the foreground/background separator 103.

The mixture ratio o is a value indicating the ratio of
the image components (hereinafter also referred to as
"background components") corresponding to the background

15 object to the pixel value, as expressed by equation (3),
which is shown below.

The mixture-ratio calculator 102 generates a motion
vector and positional information indicating a pixel or an
image object corresponding to the motion vector according to

20 the input image, and the area information sent from the area
specifying unit 101, and sends the generated motion vector
and the positional information to the motion-blur adjusting
unit 104.

The motion vector output from the mixture-ratio

25 calculator 102 includes information corresponding to the



foreground and background can be obtained conpared to a nethod in which
only a foreground and a background are specified wthout considering a

m xed area and separated. The notion-blur adjusting unit 104 deternines the
unit 25 of processing indicating at | east one pixel included in the - 25

f oreground conponent image according to the area information and the
anount v of novenent within the shutter tinme, obtained fromthe notion
vector. The unit of processing is data that specifies a group of pixels to
be subjected to 5 notion-blur adjustaepis.~ Based on the anount by which the
motion blur is to be adjusted, which is input into the inmage processing
apparatus, the foreground conponent i mge sent fromthe

foreground/back round separ t he ion vector and 10 the

posi ti onat™SHtor m‘ﬁ d‘ho‘{eﬁ‘éer%ofsz f%‘?nstrm’e Fr% e ratio cal cul ator 102,
and the unit pr, n the us unit, 104 adjusts t he
anount of nnt&%ﬁ %%%%%ngPudgﬁveﬁepﬁew %%é&rggkh %%&%8 et Cnade by

removi ng,, cr e on blur_ included in the 15

f or egr ound’ %gﬁﬁﬁﬁé¥§38%ég%' %%%, ur % éj T ng"tit 104 then

out puts the. fareqrol .&p@pqmyﬁ dlgﬁy%d{F &¢%g§e . tré¥ %ﬁggpn bl ur

has been adjust to the selector on ve

posi t 5onalo fo‘Hngﬁté on £ ML orBdherdt® J0 A blur is a
distortion included in an |nage correspondi ng to ng object, caused
by the mBﬁ¥EEdeﬁdlng to a foreground is moving such that it is

included in four pixels in one frame, the amount v of

movement within the shutter time of the object image

corresponding to the foreground is four.

10 The foreground/background separator 103 separates the
input image into a foreground component image formed of only
the image components (hereinafter also referred to as
"foreground components") corresponding to the foreground
object and a background component image formed of only the

15 background components according to the area information sent
from the area specifying unit 101 and the mixture ratio a
sent from the mixture-ratio calculator 102, and sends the
foreground component image to the motion-blur adjusting unit
104 and a selector 105. The separated foreground component

20 image may be used as the final output. A more precise
foreground and background can be obtained compared to a
method in which only a foreground and a background are
specified without considering a mixed area and separated.

The motion-blur adjusting unit 104 determines the unit

25 of processing indicating at least one pixel included in the



an object to be captured in the real world and the inmage- capturing

characteristics of the sensor. The selector 105 selects one of the

foreground 25 conponent inmage sent fromthe foreground/ background - 26

separator 103 and the foreground conponent inmage in which the anount of
noti on blur has been adjusted, sent fromthe notion-blur adjusting unit
104 according to, for exanple, a selection signal reflecting a user's

sel ection, and outputs 5 the selected foreground conponent image. An input

i mage sent to the image processing appgsatus is discussed bel ow wth
reference to Figs. 3 through 23. Fig. 3 illustrates inmage capturing
performed by the sensor. The sensor is formed of, for exanple, a CCD 10

( Char ge- | ed Device V|deo canera rovided with a CCD area sensor,

Whi oh*s s BRSO 4 RIREI: R 4 G, £0 eotﬁree@t PRI ondi ng

to a foregr dinth real ves, for .exa har.i zontal Iy from

the left a{%cp rhe arn}odmec béth vveméjryeghe elcﬂh]ﬁfhcorslr}ﬁ'%tg%ﬁdlweﬂo a background
15 and t ni t object 111 .
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franegllhd%fgﬁxyybr gdyggghéyg§ent speC|f|cat|on the tine interval of
frames is called a frame interval tine.

Based on the amount by which the motion blur is to be
adjusted, which is input into the image processing apparatus,
the foreground component image sent from the
foreground/background separator 103, the motion vector and

10 the positional information thereof sent from the mixture-
ratio calculator 102, and the unit of processing, the
motion-blur adjusting unit 104 adjusts the amount of motion
blur included in the foreground component image by removing,
reducing, or increasing the motion blur included in the

15 foreground component image. The motion-blur adjusting unit
104 then outputs the foreground component image in which the
amount of motion blur has been adjusted to the selector 105.
The motion vector and the positional information thereof may
be unused.

20 Motion blur is a distortion included 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-
capturing characteristics of the sensor.

The selector 105 selects one of the foreground

25 component image sent from the foreground/background



The exposure tinme of the sensor can be set to 1/30 seconds. The exposure
time is a period fromwhen the sensor 25 starts converting input |ight
into electrical charges to - 27 when the conversion fromthe input |ight -
to the electrical <charges is finished. Hereinafter, the exposure tine is
also referred to as a "shutter tine". Fig. 4 illustrates the arrangenent
of pixels. In Fig. 5 4, Athrough | indicate individual pixels. The pixels
are disposed on a plane corresponding to an image. One detection device
corresponding to each pixel is disposesigon the sensor. Wien the sensor
perforns image capturing, each detection device outputs a pixel value of
the corresponding 10 pi xel formng the inmage. For exanple, the position of
a detection device in the X direction corresponds to the position in the

hor i zont & SRATEGQT drf orfthe-hSrdRF ey (3PNt iidtras dthevhdethect i on
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An input image sent to the image processing apparatus
is discussed below with reference to Figs. 3 through 23.

Fig. 3 illustrates image capturing performed by the
sensor. The sensor is formed of, for example, a CCD

10 (Charge-Coupled Device) video camera provided with a CCD
area sensor, which is a solid-state image-capturing device.
An object 111 corresponding to a foreground in the real
world moves, for example, horizontally from the left to the
right, between an object 112 corresponding to a background
15 and the sensor.

The sensor captures an image of the object 111
corresponding to the foreground together with an image of
the object 112 corresponding to the background. The sensor
outputs a captured image in units of frames. For example,

20 the sensor outputs an image formed of 30 frames in a second.

In the present specification, the time interval of
frames is called a frame interval time.

The exposure time of the sensor can be set to 1/30
seconds. The exposure time is a period from when the sensor

25 starts converting input light into electrical charges to



accunul ated el ectrical charges during the period 25 corresponding to the
shutter tinme. In other words, the - 28 detection device integrates the
input light during the period corresponding to the shutter tine and
accunul ates electrical charges having an anpbunt corresponding to the
integrated light. It can be considered that the detection 5 device has an
integrating function with respect to tinme. The electrical charges
accurul ated in the detection device is converted to a voltage value by a
circuit (not shown), and the voltage yalue is further converted to a

pi xel value, such as digital data, and is output. 10 Accordingly, each

pi xel val ue output fromthe sensor is a value obt ai ned by projecting a

certain three- | mensi ona orti of the o t corr dlng to the

f or egr ourtd* Gt e Cbeft:"keg‘tso]tﬂtg %‘?ﬂ DiRH fnate tﬁa‘% YH& W e bei ng
a result_ 0 h respect the .shutter tinme., 15 The jmage
processi ng g<;pdpara itus ex racci s sffegnel | ctg?ﬁr i HEOrRIBH.S UG a8 @Mt ure

ratio a, ghedded i n ah , aubpite sl gnglo by the accunulating operation of the
sensor. The 1 nage processing apparatus adj usts the anount of distortion,

such as the a@ﬁ%nt4oﬁlq%%EQ%tQ|u&he¢%&§%ﬁg@%e¥ﬁ?o%oﬁq&éﬁgre o & q%.

foreground i mage object itsel The i nmage ~ processing apparatus al

adj uss the ARl OISO LARUPRILAY heerd Xt Uik q@ét% fétreeground
i mage object and the background image object. Fig. ustrates an i nmage
obt ai ned dysgAHYUrdMG @Plane corresponding to an image.
detection device corresponding to each pixel is disposed on
the sensor. When the sensor performs image capturing, each
detection device outputs a pixel value of the corresponding
10 pixel forming the image. For example, the position of a
detection device in the X direction corresponds to the
position in the horizontal direction on the image, while the
position of the detection device in the Y direction
corresponds to the position in the vertical direction on the
15 image.

As shown in Fig. 5, a detection device, which is, for
example, a CCD, converts input light into electrical charges
during a period corresponding to the shutter time, and
accumulates the converted electrical charges. The amount of

20 the electrical charges is almost proportional to the
intensity of the input light and the period for which the
light is input. The detection device sequentially adds the
electrical charges converted from the input light to the

accumulated electrical charges during the period

25 corresponding to the shutter time. In other words, the



25 obj ect corresponding to a noving foreground and an object - 29
corresponding to a stationary background. Fig. 6B illustrates a nodel of

t he i mage obtai ned by capturing the object corresponding to the noving
foreground and the object corresponding to the stationary background. 5
Fig. 6Aillustrates the inmge obtained by capturing the object
corresponding to the foreground having novenent and the object
corresponding to the stationary background. In the exanple shown in Fig.
6A, the object corresponding to the_fggeground is noving horizontally from

the left to the 10 right with respect to a screen. Fig. 6B illustrates a
nodel obtained by developing in the tine direction pixel val ues
correspoﬁg to on line of the imge shown in Fig. 6A. The horizontal
directio Eijflgfe @Blmr?ae%‘ﬁ) tj@%l%ﬁa%qréq WG i X in Fig.

6A. 15 The va es of |xe S inth round area are forned of
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device 1s converted to a voltage value by a circuit (not
shown) , and the voltage value is further converted to a
pixel value, such as digital data, and is output.

10 Accordingly, each pixel value output from the sensor is a
value obtained by projecting a certain three-dimensional
portion of the object corresponding to the foreground or the
background onto a one-dimensional space, the value being a
result of integrating with respect to the shutter time.

15 The image processing apparatus extracts significant
information, such as a mixture ratio o, embedded in an
output signal by the accumulating operation of the sensor.
The image processing apparatus adjusts the amount of
distortion, such as the amount of motiqn blur, caused by the

20 mixture of the foreground image object itself. The image
processing apparatus also adjusts the amount of distortion
caused by the mixture of the foreground image object and the
background image object.

Fig. 6A illustrates an image obtained by capturing an

25 object corresponding to a moving foreground and an object



- 30 further classified into a covered background area and an uncovered
background area. The covered background area is a mxed area corresponding
to the leading end in the direction in which 5 the foreground object is
novi ng, where the background conponents are gradually covered with the
foreground over tine. In contrast, the uncovered background area is a

m xed area corresponding to the trailing end in the direction in 10 which
t he foreground object is noving, where the background conponents gradually
appear over tinme. As discussed above, ag Lmage which includes a foreground
area, a background area, or a covered background area or an uncovered
background area is input into the area 15 speciféigg Enit 181 t he 103
m xture-ratio cal cul ator 102, and the foregroun ackground separ at or

as an i nptft rlferféb%“él“ﬁgm?as%‘ﬁﬁl%é%‘&%?ﬁ@%ﬂﬁoﬁdtheF%ckﬁﬁound area, the

f oregroun area, .the covergg back round area and the
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the foregroun e uncovered b 4reaof the 25 mixed area is a

portign that ehanges finaWe dedr 8HOURL Je® sht3hined by capturing the

object corresponding to the foreground having movement and

the object corresponding to the stationary background. 1In

the example shown in Fig. 6A, the object corresponding to

the foreground is moving horizontally from the left to the
10 right with respect to a screen.

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

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

20 to the foreground object.

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

25 be referred to as a "distortion area". The mixed area is



t he background. Fig. 8 illustrates a nodel obtained by developing in the
time direction the pixel values of pixels aligned side- by-side in an inage
obt ai ned when an object corresponding to 5 a stationary foreground and an
obj ect corresponding to a stationary background are captured. For exanple,
as the. pixels aligned side-by-side, pixels arranged in one line on the
screen can be selected. Pixel values FO1 through FO4 shown in Fig. 8 are
the 10 values of pixels corresponding to the object of the stationary
foreground. Pixel values BOl through-B4 showmn in Fig. 8 are the val ues of
pi xel s corresponding to the object of the stationary background. A
vertical direction in Fig. 8 corresponds to tine, and 15 tine el apses from

the top to the bottom.in Fig. 8 The osjtion of the top sides of

rect angl eés)u"ftn H gql%ss%ggﬁﬁdeg‘dbﬁﬂjsa tcoo‘fEEree‘{ iRACKAT UM E R 1S He FEhSTt starts
converti Pt 4: rgkt£6el g}rical charges, and the position of the
bot t om si des of the te aﬁﬂ} S ﬁﬁ?Fﬁg. 8 20 corresponds to the tine at

whi ch the convgrsi fr i t Light, into.the electrical charges is
fini shed. That eiS?%Fﬁ§%$4§§§ ce Bﬁoﬁff%elfoﬁ gFﬂ@? £6%fhe bottom si des of

E:Iih(rae(r:'ta ?E)ra]&?é‘nﬁ%iﬂg&dgﬂr%ort%eg%%%%qﬁ]g&ﬁ%mglp;{}fgaltceizirl(%éetgfcfnonpi howr ;igcgqpit glad in
Fig. 8A ¥ espapiditdldthect 3% hdvide, auaml ehaidr iy 8. the
~distance fromthe left
components are gradually covered with the foreground over
time.

In contrast, the uncovered background area is a mixed
area corresponding to the trailing end in the direction in

10 which the foreground object is moving, where the background
components gradually appear over time.

As discussed above, an image which includes a
foreground area, a background area, or a covered background
area or an uncovered background area is input into the area

15 specifying unit 101, the mixture-ratio calculator 102, and
the foreground/background separator 103 as an inbut image.

Fig. 7 shows descriptions of the background area, the
foreground area, the mixed area, the covered background area,

and the uncovered background area, discussed above. When

20 the image shown in Fig. 6A is taken as an example, the
background area is a stationary portion, the foreground area
is a moving portion, the covered background area of the
mixed area is a portion that changes from the background to

the foreground, and the uncovered background area of the

25 mixed area is a portion that changes from the foreground to



side of the rectangle indicated by "FA" in Fig. 8 to the right side of
the rectangle indicated by "B04" is eight tinmes the pixel pitch, i.e., the
| engt h of eight consecutive 5 pixels. Wen 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 tine. The period
corresponding to the shutter tine is divided 10 into two or nbre portions
of equal periods. For exanple, if a virtual division nunber is set to
four, the nodel shown in Fig. 8 can_bgjrepresented by a nodel shown in
Fig. 9. The wvirtual division nunber is set.according to, for exanple, the
anount v of novenent within the shutter tinme, of an 15 object correspondi ng
to a forqg&gquchor %ﬁgnple, the wvirtual division nunber is set to four
when the anoutit P01 " hovenent is four within the shutter tine, and the

period corre dign o the shutter time is.divided jntQ fqour  portions.
20 The uppern%ggnrgwg%%uf & 3°5ufe "OGFte SPERL S0 PYh deY ﬁP@En@i&Pded peri od

from whe shut {. S 0 ed.. The econd row in the figure corresponds
to the se&c}%&nﬁlﬁ%i&dgc? J%leorrf 0 Sjoln}%%evnaﬁtlhees S tgjé?erﬁfﬁsaeﬁolr% “"{j.Sl‘ﬂ%e“ third
row in the £igur; ry |.rd divided period from when 25 the
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stationary background are captured. For example, as the
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pixels aligned side-by-side, pixels arranged in one line on
the screen can be selected.
Pixel values F01 through F04 shown in Fig. 8 are the
10 values of pixels corresponding to the object of the
stationary foreground. Pixel values B0l through B04 shown
in Fig. 8 are the values of pixels corresponding to the
object of the stationary background.
A vertical direction in Fig. 8 corresponds to time, and
15 time elapses from the top to the bottom in Fig. 8. The
position of the top sides of rectangles in Fig. 8
corresponds to the time at which the sensor starts
converting input light to electrical charges, and the
position of the bottom sides of the rectangles in Fig. 8
20 corresponds to the time at which the conversion from the
input light into the electrical charges is finished. That
is, the distance from the top sides to the bottom sides of
the rectangles in Fig. 8 corresponds to the shutter time.
A horizontal direction in Fig. 8 corresponds to the

25 spatial direction X described in Fig. 6A. More specifically,



The shutter tinme divided in accordance with the anmount v of novenent

Wi thin the shutter time is also hereinafter 5 referred to as the "shutter
time/v". When an object corresponding to a foreground is stationary, |ight
input into the sensor does not change, and thus, a foreground conponent
FO1/v is equal to the value obtained by dividing the pixel value FOL by
the virtual 10 division nunber. Simlarly, when the object corresponding
to the foreground is stationary, a foreground conponent FO02/v is equal to
t he val ue obtained by dividing the pLxgh _value FO2 by the virtual division
nunber, a foreground conponent FO3/v is equal to the val ue obtained by
dividing 15 the pixel value FO3 by the virtual division nunber, and a
foreground c onent FO4/v is equal to the val ue obtained by dividing the
pi xel valt %lzot HAE VPRI LR BASi o nitbeilstanres frpbieileft
correspongi t background is stationary, the light input into the
sensor dosgis&]e?]o tC)ctfe1ha€f'1gree, W%%&qciiﬁét%a@gkg@%n&%cﬁ%ﬂ&tt%ﬁh% i s equal
to the v abt ai ne dividing the pixel | ue BO1 by the virtua

di vi si on(’j‘]'lnl ter%)l% %fa@?/ey,re S e ot Je%attec%ral?%s'b%%lﬁ n%s §Phthe

background; i ss sl | Y, ckground_.conpanent 02/ v is equal to the
val ue obtai ned by dr?}l\r}?él r%lagt e lS%'xeeT’ gg‘%arﬁfeuneg%bfﬁyejtﬁbt \ﬁorr{qslf’aqmﬂ‘i‘(ﬁ si on
nunbep, gibackground - 34 conponent BO3/v is equal to the value obtained
by dividing the pixel value B0O3 by the virtual division nunber, and a

background compenerh B rdrduddual ikt Rdv ahie 1atdi Ned P¥bsect
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

10 into two or more portions of equal periods. For example, if
a virtual division number is set to four, the model shown in
Fig. 8 can be represented by a model shown in Fig. 9. The
virtual division number is set according to, for example,
the amount v of movement within the shutter time, of an

15 object corresponding to a foreground. For example, the
virtual division number is set to four when the amount v of
movement is four within the shutter time, and the period
corresponding to the shutter time is divided into four
portions.

20 The uppermost row in the figure corresponds to the
first divided period from when the shutter has opened. The
second row in the figure corresponds to the second divided
period from when the shutter has opened. The third row in
the figure corresponds to the third divided period from when

25 the shutter has opened. The fourth row in the figure



di viding the pixel value B04 by the virtual division nunber. 5 More
specifically, when the object corresponding to the foreground is
stationary, the light corresponding to the foreground object, input into

t he sensor does not change during the period corresponding to the shutter
time. Accordingly, the foreground conponent FOl/v corresponding to 10 the
first shutter time/v fromwhen the shutter has opened, the foreground
conponent FO01l/v corresponding to the second shutter tinme/v fromwhen the
shutter has opened, the foreground cogponent FO1l/v corresponding to the
third shutter tine/v fromwhen the shutter has opened, and the 15

f oreground conponent FOl/v corresponding to the fourth shutter tine/v from
when the shutter has opened have the sane val ue. The sane applies to F02/v
t hr ough ﬁ@ﬁ?ﬁs%%nqa% tc{)h TSI EhivAACINRGT 1k DI cthefortsponding to

t he bac“%ﬁ%kcgéﬁFfo statkﬂnary, the light corresponding to the background
obj ect, ‘npu i it tHE Ehsor does not change during the period

correspondi ng the shutter time., Accqrdingly,, the hackground conponent

BO1/ v correspgﬁ iﬁ&“ﬁ%eﬁhélFFrgﬁvéﬁgFtéP ﬁé%ééyaPFﬁnWWﬁ n e 28RO ter has

opened, t nd. .conponent .BO1/v_correspandi to the second - 35
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shutter tine/ rom when e's ter has o onponent
BOl/v5coqg¥gyyg§;gﬁjé£t thﬂﬁktéguﬁéﬁg/JJpelv fromwhen the shutter has
opened, and the background conponent v corresponding to the fourth
When an object corresponding to a foreground is
stationary, light input into the sensor does not change, and
thus, a foreground component F0l/v is equal to the value
obtained by dividing the pixel value F0l by the virtual
10 division number. Similarly, when the object corresponding
- to the foreground is stationary, a foreground component
F02/v is equal to the value obtained by dividing the pixel
value F02 by the virtual division number, a foreground
component F03/v is equal to the value obtained by dividing
15 the pixel value F03 by the virtual division number, and a
foreground component F04/v is equal to the value obtained by
dividing the pixel value F04 by the virtual division number.
When an object corresponding to a background is
stationary, the light input into the sensor does not change,
20 and thus, a background component B0l/v is equal to the value
obtained by dividing the pixel value B0l by the virtual
division number. Similarly, when the object corresponding
to the background is stationary, a background component
B02/v is equal to the value obtained by dividing the pixel

25 value B02 by the virtual division number, a background



5 shutter tine/v fromwhen the shutter has opened have the sanme value. The
sane applies to BO2/v through B04/v. A description is given next of a case
in which an object corresponding to a foreground is noving and an obj ect

corresponding to a background is stationary. 10 Fig. 10 illustrates a nodel
obtained by developing in the time direction the pixel values of pixels in
one line, including a covered background area, when an object

corresponding to a foreground is noving to the right in the figure. 15
Since one frame is a short period, it ggn_be assuned that the object
corresponding to the foreground is a rigid body and noves at a constant
speed. In Fig. 10, one conponent of the object inage corresponding to the
foreground is novin such that it is included in four pixels. 20 For
exanpl e, TR CorbbreIHaFoLg vEhe leelllfvd@dtamedléoy edxwniodingi xel to

t he fourt{hglxel fromthe left. In Fig. t he amount v of novenent within
the shutt R i@ FrrB0T Py the 1‘Olr¥41%1 el sion grnber | efndost pi xel

to the 5 ﬁgurth i xel fromthe Left belong to a foreground area. In - 36
Fig. 10, the .%rrcg FPGIHE (F Y ph eI (1R s ertne phiainedhy he

10, the ?A"ﬁﬁ%c"l S X B L o R ot S e 6 S e+
corregpondlngpﬁ%e @%ec&&%% Qﬂnqlﬁ%en %mggob]ect corresponding to the

foreground is stationary, the light corresponding to the
foreground object, input into the sensor does not change
during the period corresponding to the shutter time. |
Accordingly, the foreground component F01l/v corresponding to

10 the first shutter time/v from when the shutter has opened,
the foreground component F01l/v corresponding to the second
shutter time/v from when the shutter has opened, the
foreground component F01l/v corresponding to the third
shutter time/v from when the shutter has opened, and the

15 foreground component F0l/v corresponding to the fourth
shutter time/v from when the shutter has opened have the
same value. The same applies to F02/v through F04/v, as in
the case of F01l/v.

When the object corresponding to the background is

20 stationary, the iight corresponding to the background object,
input into the sensor does not change during the period
corresponding to the shutter time. Accordingly, the
background component B0l/v corresponding to the first
shutter time/v from when the shutter has opened, the

25 Dbackground component B01l/v corresponding to the second



such that it gradually covers the object corresponding to the background
over time. Accordingly, the conponents included in the pixel values of the
pi xel s belonging to the covered background area change from background
conmponents to 10 foreground conponents at certain timng during the period
corresponding to the shutter tinme. For exanple, a pixel value M enclosed by
athick frane in Fig. 10 is expressed by equation (1) below M= B02/v +
BO2/v + FO7/v + FO6/v (1) 15 For exanple, the fifth pixel fromthe |eft
includes a background conponent corregponding to one shutter tine/v and
foreground conponents corresponding to three tines the shutter tine/v, and
thus, the mxture ratio a of the fifth pixel fromthe left is 1/4. The

sixth pixel fromthe Jeft 20 includes hackground conponents correspondi ng
to tw Ee st%huettesnmﬁltnber)vt ifIr‘Féﬂ/ I f %@gﬁlﬁfc?rcdlﬁ?oﬁﬁ?ﬁ%e%o;tﬁ&ﬁondi nght o I
twi ce the s r tinelv, and u the mxture ratio a of the sixth pixe
fromt he%ae%tgrltognﬁ fonﬁd@e%%eévai%?eqresfprod}dlt% G%rihs ﬁa%ﬁiﬂes backgr ound
conmponent di three ti the shutter tinme/v and a
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assuned that j ect correspondi ng to und 'S i gid body,
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same value. The same applies to B02/v through B04/v.
| A description is given next of a case in which an
object corresponding to a foreground is moving and an object
corresponding to a background is stationary.

10 Fig. 10 illustrates a model obtained by developing in
the time direction the pixel values of pixels in one line,
including a covered background area, when an object
corresponding to a foreground is moving to the right in the
figure.

15 Since one frame is a short period, it can be assumed
that the object corresponding to the foreground is a rigid
body and moves at a constant speed. In Fig. 10, one
component of the object image corresponding to the
foreground is moving such that it is included in four pixels.

20 For example, a foreground component F04/v is included
in the leftmost pixel to the fourth pixel from the left.

In Fig. 10, the amount v of movement within the shutter
time is four.
In Fig. 10, the pixels from the leftmost pixel to the

25 fourth pixel from the left belong to a foreground area. In



FO7/v in the fourth pixel fromthe left in Fig. 10, corresponding to the
first shutter time/v fromwhen the shutter has opened is equal to a
foreground conponent of the 10 fifth pixel fromthe left in Fig. 10,
corresponding to the second shutter time/v fromwhen the shutter has
opened. Simlarly, the foreground conponent FO7/v is equal to a
foreground conponent of the sixth pixel fromthe left in Fig. 10,
corresponding to the third shutter tinme/v fromwhen the 15 shutter has
opened, and a foreground conponent of ghe_ seventh pixel fromthe left in
Fig. 10, corresponding to the fourth shutter tine/v fromwhen the shutter
has opened. It can be assuned that tpe objectdcorrespon?|ngoto t he t
foregroung is rigid body, and any foreground conponen noves at a
cons?antqgﬁ%edﬁguc & MRS5S iframciridd S oire Jpiteel e mastanditngl y, for
exanpl e,

a fareground c nent. FO06/v of the third pixel fromthe left in
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the background over time. Accordingly, the components
included in the pixel values of the pixels belonging to the
covered background area change from background components to

10 foreground components at certain timing during the period
corresponding to the shutter time.

For example, a pixel value M enclosed by a thick frame
in Fig. 10 is expressed by equation (1) below.
M = B02/v + B02/v + FO07/v + F06/v (1)

15 For example, the fifth pixel from the left includes a
background component corresponding to one shutter time/v and
foreground components corresponding to three times the
shutter time/v, and thus, the mixture ratio o of the fifth
pixel from the left is 1/4. The sixth pixel from the left

20 includes background components corresponding to twice the
shutter time/v and foreground components corresponding to
twice the shutter time/v, and thus, the mixture ratio o of
the sixth pixel from the left is 1/2. The seventh pixel
from the left includes background components corresponding

25 to three times the shutter time/v and a foreground component



It can be assunmed that the object corresponding to the foreground is a
rigid body, and any foreground conponent 10 noves at a constant speed such
that it is included in four pixels. Accordingly, for exanple, a foreground
conmponent FO5/v of the second pixel fromthe left in Fig. 10,
corresponding to the first shutter time/v fromwhen the shutter has opened
is equal to a foreground conponent of the 15 third pixel fromthe left in
Fig. 10, corresponding to the second shutter tine/v fromwhen the shutter
has opened. Simlarly, the foregroundzgooponent FO5/v is equal to a
foreground conponent of the fourth pixel fromthe left in Fig. 10,
corresponding to the third shutter time/v fromwhen 20 the shutter has
opened, and a foreground conponent of the fifth pixel fromthe left in
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F07/v in the fourth pixel from the left in Fig. 10,
corresponding to the first shutter time/v from when the
shutter has opened is equal to a foreground component of the
10 fifth pixel from the left in Fig. 10, corresponding to the
second shutter time/v from when the shutter has opened.
Similarly, the foreground component FQ07/v is equal to a
foreground component of the sixth pixel from the left in Fig.
10, corresponding to the third shutter time/v from when the.
15 shutter has opened, and a foreground component of the
seventh pixel from the left in Fig. 10, corresponding to the
fourth 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 any foreground component
20 moves at a constant speed such that it is included in four
pixels. Accordingly, for example, a foreground component
F06/v of the third pixel from the left in Fig. 10,
corresponding to the first shutter time/v from when the
shutter has opened is equal to a foreground component of the

25 fourth pixel from the left in Fig. 10, corresponding to the



third shutter tinme/v fromwhen the shutter has opened, and 10 the
foreground conponent of the fourth pixel fromthe left in Fig. 10,
corresponding to the fourth shutter tine/v from when the shutter has
opened. Since the foreground area corresponding to the nmoving object

i ncludes notion blur as discussed above, it can also 15 be referred to as
a "distortion area". Fig. 11 illustrates a nodel obtained by devel oping in
the tine direction the pixel values of pixels in one line, including an
uncover ed background area, when the foggground is noving to the right in
the figure. In Fig. 11, the 20 amount v of novenent is four. Since one
frame is a short period, it can be assuned that the object corresponding
to the fore%ro“gﬁlls a rigid body and noves at a constant speed. In Fig.

11, any oex e Vcﬁrqnhé'lj?serb&br%sﬁﬂ'ﬁﬁ'eﬁ% has tarerpsl £ or egr ound
noves suc at Iuded in four pixels. 40 For exanple, a
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pixel from the left in Fig. 10, corresponding to the fourth
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 any foreground component
10 moves at a constant speed such that it is included in four
pixels. Accordingly, for example, a foreground component
F05/v of the second pixel from the left in Fig. 10,
corresponding to the first shutter time/v from when the
shutter has opened is equal to a foreground component of the
15 third pixel from the left in Fig. 10, corresponding to the
second shutter time/v from when the shutter has opened.
Similarly, the foreground component F05/v is equal to a
foreground component of the fourth pixel from the left in
Fig. 10, corresponding to the third shutter time/v from when
20  the shutter has opened, and a foreground component of the
fifth pixel from the left in Fig. 10, corresponding to the
fourth 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 any foreground component

25 moves at a constant speed such that it is included in four



10 uncovered background area. In Fig. 11, the rightnost pixel belongs to a
foreground area. The object corresponding to the foreground which covers
t he object corresponding to the background is noving such that it is
gradual ly renoved fromthe object corresponding 15 to the background over
time. Accordingly, the components included in the pixel values of the

pi xel s belonging to the uncovered background area change from foreground
conponents to background conponents at certain timng in the period
corresponding to the shutter tinme. 20 fgr_exanple, the pixel value M
enclosed by a thick frame in Fig. 11 is expressed by equation (2). M =
FO2/v + FO1/v + B26/v + B26/v (2) For exanple, the fifth pixel fromthe
| eft includes background conponents corresponding to three tines the 25
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from when the shutter has opened. Similarly, the foreground
component F04/v is equal to a foreground component of the
third pixel from the left in Fig. 10, corresponding to the
third shutter time/v from when the shutter has opened, and
10 the foreground component of the fourth pixel from the left
in Fig. 10, corresponding to the fourth shutter time/v from
when the shutter has opened.
Since the foreground area corresponding to the moving
object includes motion blur as discussed above, it can also
15 be referred to as a "distortion area".
Fig. 11 illustrates a model obtained by developing in
the time direction the pixel values of pixels in one line,
including an uncovered background area, when the foreground
is moving to the right in the figure. 1In Fig. 11, the
20 amount v of movement is four.
Since one frame is a short period, it can be assumed
that the object corresponding to the foreground is a rigid
body and moves at a constant speed. In Fig. 11, any
component of the object image corresponding to the

25 foreground moves such that it is included in four pixels.



1/4. \Wen equations (1) and (2) are generalized, the pixel value Mcan be
expressed by equation (3): MaB+>Fily (3) 15 i where a is the m xture
ratio, B indicates a pixel value of the background, and Fi/v designates a
foreground conponent. It can be assuned that the object corresponding to
the foreground is a rigid body and noves at a constant speed. 20 In

addi tion, the amount v of novenent wthin the shutter tinme is four.
Accordi ngly, for exanple, a foreground conponent FOl/v of the fifth pixel
fromthe left in Fig. 11, correspondipg to the first shutter time/v from
when the shutter has opened is equal to a foreground conmponent of the 25
sixth pixel fromthe left in Fig. 11, corresponding to the - 42 second

shutter tine/y fromwhen the shutter has opened. Simlarly, the foreground
conponent FOL1FPT S*BHRAE t ¢ £ OrrErOYREuSEOoRSE e 04V mryeseraisth pi xel
fromthe left in, thglll orres ogginqbto the third shutter tine/v from
when 5 t Hg'&hutt &S dn g }5re grO i i hineits oframeEhei ght h

pi xel frqp1_@e left in Fig. 11 corresponding to the fourth shutter tine/v
from wheri The shutter has opened. It can be assuned that the object

corr eSO N0 o 150 SAECUID, § K Bedh o TS L m canstant
exanpke, @ faneanaund, GAMOnaHe HAZ/ 0. af . the sixth pixel

In Fig. 11, the pixels from the leftmost pixel to the
fourth pixel from the left belong to a background area. In
Fig. 11, the pixels from the fifth pixel to the seventh
pixel from the left belong to a mixed area serving as an

10 uncovered background area. In Fig. 11, the rightmost pixel
belongs to a foreground area.

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

15 to the background over time. Accordingly, the components
included in the pixel values of the pixels belonging to the
uncovered background area change from foreground components
to background components at certain timing in the period
corresponding to the shutter time.

20 For example, the pixel value M' enclosed by a thick
frame in Fig. 11 is expressed by equation (2).

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

For example, the fifth pixel from the left includes
background components corresponding to three times the

25 shutter time/v and a foreground component corresponding to



fromthe left in Fig. 11, corresponding to the first shutter tinme/v from
when the shutter has opened is equal to a foreground conponent of the
seventh pixel fromthe left in 15 Fig. 11, corresponding to the second
shutter tinme/v from when the shutter has opened. Simlarly, the foreground
conponent FO02/v is equal to a foreground conponent of the eighth pixel
fromthe left in Fig. 11, corresponding to the third shutter tine/v from
when the shutter has opened. 20 It can be assuned that the object
corresponding to the foreground is a f{gid body and noves at a constant
speed. In addition, the anount v of novenent is four. Accordingly, for
exanpl e, a foreground conmponent FO3/v of the seventh pixel fromthe left
in Fig. 11, cgrrespondlng to the first 25 shutter tine/v fromwhen the

shutter WA 133D BPS g T SYrdHiE dSfpchéhtofofthehe ei ght h

pi xel e Ieft correspondi ng to the second shutter tine/v
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from the left includes a background component corresponding
to one shutter time/v and foreground components
corresponding to three times the shutter time/v, and thus,
10 the mixture ratio o of the seventh pixel from the left is
1/4.
When equations (1) and (2) are generalized, the pixel
value M can be expressed by equation (3):

M=q«-B+ X FiiIv (3)

15

where o is the mixture ratio, B indicates a pixel value of

the background, and Fi/v designates a foreground component.
It can be assumed that the object corresponding to the

foreground is a rigid body and moves at a constant speed.

20 In addition, the amount v of movement within the shutter
time is four. Accordingly, for example, a foreground
component FO0l/v of the fifth pixel from the left in Fig. 11,
corresponding to the first shutter time/v from when the
shutter has opened is equal to a foreground component of the

25 sixth pixel from the left in Fig. 11, corresponding to the



virtual division nunber is set to four in accordance with the anount v of
novenment within the shutter tine. 15 Simlarly, when a conponent of the
foreground noves such that it is included in six pixels in one frame, for
exanpl e, the anount v of novenment within the shutter time is set to six,
and the virtual division nunber is set to six. Figs. 12 and 13 illustrate
the relationship anong the 20 foreground area, the background area, and
the m xed area forned of the covered background area or the uncovered
background area, all of which have beep,discussed above, and foreground
conponent s and background conponents corresponding to divided shutter
time. 25 Fig. 12 illustrates an exanple in which pixels in the - 44
foreground area, the background area, and the m xed area are extracted
from an iTREEEG Wity B Ve drictih sy rdsp st tier thesarPrsijast noving in
front of a stationary background. In the exanple shown in Fig. 12, the
obj ect coPFESEIM 'ndxieo. 10 o0 Fuivk rBtRT et ndi Celte d oyeWali £9ovi ng
horizontally with . respect to the screen. Frane #n+l is the frame foll ow ng
frame #n,ago%ec?]?or% coﬁﬁ@é‘%nst torfg eI ol e SRR Aha 198itéi™s in the
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eighth pixel from the left in Fig. 11 corresponding to the
fourth 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 moves at a constant speed.

10 In addition, a virtual division number is four. Accordingly,
for example, a foreground component F02/v of the sixth pixel
from the left in Fig. 11, corresponding to the first shutter
time/v from when the shutter has opened is equal to a
foreground component of the seventh pixel from the left in

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

In addition, the amount v of movement is four. Accordingly,
for example, a foreground component F03/v of the seventh
pixel from the left in Fig. 11, corresponding to the first

25 shutter time/v from when the shutter has opened is equal to



shown in Fig. 13. 15 Since the object corresponding to the foreground
noves, pixel values in the foreground area are forned of four different
foreground conponents each corresponding to a shutter tinme/v. For exanple,
the | eftnost pixel of pixels in the foreground area shown in Fig. 13
consists of FO1l/v, 20 FO2/v, FO3/v, and FO4/v. In other words, the pixels
in the foreground area include notion blur. Since the object correspondi ng
to the background is stationary, light input into the sensor,
corresponding to the background duringsthe shutter time does not change.
In 25 this case, pixel values in the background area do not - 45 include
notion blur. The pixel values of pixels belonging to the m xed area
consisting of a covered background area or an uncovered background area
are fornéd IFrIBRGD HRPRBAIIN €t stheen b B3THdE jrerin o reshpdise et An _
description is given below of a nodel obtained by developing in the tine

di rect i orf t%re I x AOREAIRD BN bl e i canchreh i e dd e /de-I5p%si de and
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the pgxehﬁ.%ﬂé¥“%%éﬁé¥¥€a§lEafgﬁsion number is four. The virtual
division number corresponds to the amount v of movement
within the shutter time. Generally, the amount v of
movement within the shutter time corresponds to the moving
speed of the object corresponding to the foreground. For
10 example, if a component of the foreground moves such that it
is included in four pixels in one frame, the amount v of
movement within the shutter time is set to four. The
virtual division number is set to four in accordance with
the amount v of movement within the shutter time.
15 Similarly, when a component of the foreground moves
such that it is included in six pixels in one frame, for
example, the amount v of movement within the shutter time is
set to six, and the virtual division number is set to six.
Figs. 12 and 13 illustrate the relationship among the
20 foreground area, the background area, and the mixed area
formed of the covered background area or the uncovered
background area, all of which have been discussed above, and
foreground components and background components
corresponding to divided shutter time.

25 Fig. 12 illustrates an example in which pixels in the



15 Fig. 14 illustrates a nodel obtained by developing in the tine
direction the pixel values of pixels which are aligned side-by-side and
which are | ocated at the same positions in three franes of an inmge
obtai ned by capturing an object corresponding to a stationary background.
In Fig. 20 14, a shutter time has the sane length as a frane interval
time. Frame #n is the franme following frane #n-1, and frame #n+l is the
frame following frane #n. The sane applies to the other frames. 25 Pixel
val ues BA through B12 shown in Fig._144are the - 46 pixel val ues of
pi xel s corresponding to the stationary background object. Since the object
corresponding to the background is stationary, the pixel values of the
correspondi ng pixels in frame #n-1 through franme #n+l1 do not 5 change. For
exanpl e, THEPSHY |3F 5% arnd ¢ i Dia%da i rAnd ridife Wikgd |axeh éreat t he
correspondi n (Pos't'on of the i xel having a_ pixel value BO5 in frame #n-1
have the eﬁf&% t‘?ﬁdl B MY O et WP P WKLt a¥rresaandinaequal
to a 10 frame iq;erval tie and:¥$iqp(%pcludes a covered background area
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the sgnme ipe foreground, indicated by A, is moving horizontally with
respect to the screen.
Frame #n+l is the frame following frame #n, and frame
#nt2 is the frame following frame #n+1.
Pixels in the foreground area, the background area, and

10 the mixed area are extracted from one of frames #n through
#n+2, and the amount v of movement within the shutter time
is set to four. A model obtained by developing the pixel
values of the extracted pixels in the time direction is
shown in Fig. 13.

15 Since the object corresponding to the foreground moves,
pixel values in the foreground area are formed of four
different foreground components each corresponding to a
shutter time/v. For example, the leftmost pixel of pixels
in the foreground area shown in Fig. 13 consists of F01/v,

20 FO02/v, F03/v, and F04/v. In other words, the pixels in the
foreground area include motion blur.

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. 1In

25 this case, pixel values in the background area do not



positions in three frames of an inmage obtained by capturing an object
corresponding to a foreground that noves to the right in the figure,
together with an object corresponding to a stationary background. 20 In
Fig. 15, it can be assuned that the object corresponding to the foreground
is arigid body and noves at a constant speed. In addition, any foreground
conponent noves such that it is included in four pixels in one frane.
Accordi ngly, the anmount v of novenent within the shutter 25 tinme is four,
and a virtual division nunber is set_tggsfour. - 47 For exanple, a

f oreground conponent of the leftnost pixel in frame #n-1 shown in Fig. 15,
corresponding to the first shutter tine/v fromwhen the shutter has opened
is F12/v %pd a foreground conmponent of the second pixel fromb5 the |eft
in Fig. ngﬁéﬁh %0 the second shutter tine/v fromwhen the

shutter has o] ned IS F12/ A foreground conponent of the third
pi xel fron1th %Fepﬁ |% ﬁ? ueslgf P&ﬁFé§p§%&Pﬁ€lP8 {Re tfi PAXERUEEER ti ne/ v
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second SHHYL&S roJrid“%!\g} Jr%repe@en the shutter has opened is Fll/v. A 15

f oregr ound conponent second pixel fromthe left in Fig. 15,
correspondi ngat gekkeipRibd $RULLESEN! bEBLY LEOM WRBR1 obtained by

developing in the time direction the pixel values of pixels
which are aligned side-by-side and which are located at the
same positions in a plurality of frames when the image

10 corresponding to the object is moving. For example, when
the image corresponding to the object is moving horizontally
with respect to the screen, pixels disposed on one line on
the screen can be selected as the pixels aligned side-by-
side.

15 Fig. 14 illustrates a model obtained by developing in
the time direction the pixel values of pixels which are
aligned side-by-side and which are located at the same
positions_in three frames of an image obtained by capturing
an object corresponding to a stationary background. In Fig.

20 14, a shutter time has the same length as a frame interval
time.

Frame #n is the frame following frame #n-1, and frame
#n+l is the frame following frame #n. The same applies to
the other frames.

25 Pixel values BOl through B1l2 shown in Fig. 14 are the



the shutter has opened is also F11/v. A foreground conponent of the third
pi xel fromthe left in Fig. 15 corresponding to the fourth shutter tinme/v
fromwhen the 20 shutter has opened is F11/v. A foreground conponent of the
| eft mrost pixel in frame #n-1 shown in Fig. 15, corresponding to the third
shutter tinme/v fromwhen the shutter has opened is F10/v. A foreground
conponent of the second pixel fromthe left in 25 Fig. 15, corresponding to
the fourth shutter tine/v from- 48 when the shutter has opened is al so
F10/v. A foreground conponent of the jgftnost pixel in frane #n-1 shown in
Fig. 15, corresponding to the fourth shutter tinme/v fromwhen the shutter
has opened is F09/v 5 Since the object corresponding to the background is

stationa&%: %1ground conmponent of the second pixel from the left in
frame #n WYY SF PE?e%ﬁNQQ£ﬁﬁﬁRﬂqﬂ}QQthER?Q|%§ﬂt%9ﬁ%%@r timelv
from when t shut has opened is, BOl/v. Background conponents of the
third pi >P§'I r}ﬁ’r (?qteft S1Jﬁ“°feré"rlr’éra ﬂ?ﬂf%&ﬁfq%ﬂq”&lnﬂs tedhespondi ng
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area, and the second th
frame #n+l located at the corresponding position of the

pixel having a pixel value B05 in frame #n-1 have the pixel
value B0S5.
An image captured when a shutter time is equal to a
10 frame interval time and which includes a covered background
area will be described below by referring to Fig. 15 and Fig.
16,
Fig. 15 illustrates a model obtained by developing in
the time direction the pixel values of pixels which are
15 alighed side-by-side and which are located at the same
positions in three frames of an image obtained by capturing
an object corresponding to a foreground that moves to the
right in the figure, together with an object corresponding
to a stationary background.
20 In Fig. 15, it can be assumed that the object
corresponding to the foreground is a rigid body and moves at
a constant speed. 1In addition, any foreground component
moves such that it is included in four pixels in one frame.
Accordingly, the amount v of movement within the shutter

25 time is four, and a virtual division number is set to four.



fourth pixels fromthe left belong to the m xed area serving as a covered
background area. 20 The fifth through twelfth pixels fromthe left in frane
#n-1 in Fig. 15 belong to the background area, and the pixel values

t hereof are BO4 through Bll, respectively. The first through fifth pixels
fromthe left in frame #n in Fig. 15 belong to the foreground area.
Foreground 25 conponents corresponding to the shutter tine/v in the - 49
foreground area of frame #n are any one of FO5/v through F12/v. It can be
assuned that the object corresponding o the foreground is a rigid body
and noves at a constant speed. 5 In addition, the amobunt v of novenent
within a shutter time 1is four, and the shutter tine is equal to a frane
interval tine, the fo&eground image is shifted by four pixels to the

right and di spPay&d2MR1Ehe@ndéRECRAFRNET KOFPBPBEPGURE &BRPSREHRTOGE the fifth
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time/v from when the shutter has opened is also F12/v. A
foreground component of the third pixel from the left ih Fig.
15, corresponding to the third shutter time/v from when the
shutter has opened and a foreground component of the fourth
10 pixel from the left in Fig. 15, corresponding to the fourth
shutter time/v from when the shutter has opened are F12/v.
A foreground component of the leftmost pixel in frame
#n-1 shown in Fig. 15, corresponding to the second shutter
time/v from when the shutter has opened is Fll/v. A
15 foreground component of the second pixel from the left in
Fig. 15, corresponding to the third shutter time/v from when
the shutter has opened is also Fll/v. A foreground
component of the third pixel from the left in Fig; 15,
corresponding to the fourth shutter time/v from when the
20 shutter has opened is Fll/v.
A foreground component of the leftmost pixel in frame
#n-1 shown in Fig. 15, corresponding to the third shutter
time/v from when the shutter has opened is F10/v. A

foreground component of the second pixel from the left in

25 Fig. 15, corresponding to the fourth shutter time/v from



shutter tinme/v fromwhen the shutter has opened are F12/v. 20 A foreground
conponent of the fifth pixel fromthe left in frame #n shown in Fig. 15,
corresponding to the second shutter tinme/v fromwhen the shutter has
opened is F11/v. A foreground conponent of the sixth pixel fromthe |eft
in Fig. 15, corresponding to the third shutter tinme/v fromwhen the 25
shutter has opened is also F11/v. A foreground conponent of - 50 the
seventh pixel fromthe left in Fig. 15, corresponding to the fourth
shutter tinme/v fromwhen the shutter_hag opened is Fll/v. A foreground
conponent of the fifth pixel fromthe left 5 in frame #n shown in Fig. 15,
corresponding to the third shutter tine/v fromwhen the shutter has opened
is F10/v. A fareground conponent of the sixth pixel fromthe left in Fig.
15, corr ¢8pIhdiiRy TP EHRE tRAR tIPRA iy Etlfmb/E/l(?/f\Om vinefptdarowiilit t er has
opened is_al so F10/v. A foreground conponent of 10 the fifth pixel fromthe
left in fTURCIHP SRS Figtmast Py edpoiich®R) Tt ehavwurith Biwt t er
time/v fr when the shutter has ened i s FO9/v. Since the object
cor r espondi ng"to THE r'dun Ffsfocp i UHEF§ET ot 1Ry r e wWisthddent  of

t he si xths '3(@%{?{%?991%5%%@5%?5{@) n frame #n shown in Fig. 15,

correspondi ng Yime/v fromwhen the shutter has opened

i BQ5/v. B t f th th_ pixel f t L left i
15 2851V, Backgaund cOmUens OL e AGYCIN Gl LLomihe et I

frame #n shown i correspon

time/v fréﬁgﬂﬁﬁﬂthEEéﬂﬁgéﬁﬁrgﬁﬁﬁ component of the second pixel from

the left in frame #n-1 shown in Fig. 15, corresponding to
the first shutter time/v from when the shutter has opened is
B0l/v. Background components of the third pixel from the

10 left in frame #n-1 shown in Fig. 15, corresponding to the
first and second shutter time/v from when the shutter has
opened are B02/v. Background components of the fourth pixel
from the left in frame #n-1 shown in Fig. 15, corresponding
to the first through third shutter time/v from when the

15 shutter has opened are B03/v.

In frame #n-1 in Fig. 15, the leftmost pixel from the
left belongs to the foreground area, and the second through
fourth pixels from the left belong to the mixed area serving
as a covered background area.

20 The fifth through twelfth pixels from the left in frame
#n-1 in Fig. 15 belong to the background area, and the pixel
values thereof are B04 through Bl1, respectively.

The first through fifth pixels from the left in frame
#n in Fig. 15 belong to the foreground area. Foreground

25 components corresponding to the shutter time/v in the



20 opened are B06/v. Background conponents of the eighth pixel fromthe
left in frame #n shown in Fig. 15, corresponding to the first through
third shutter time/v fromwhen the shutter has opened are BO7/v. In frane
#n shown in Fig. 15, the sixth through eighth 25 pixels fromthe left
belong to a m xed area serving as a - 51 covered background area. The
ninth through twelfth pixels fromthe left in frame #n shown in Fig. 15
bel ong to a background area, and the pixel values thereof are B08 through
Bll, respectively. 5 The first throughyginth pixels fromthe left in frane
#n+l shown in Fig. 15 belong to a foreground area. Foreground conponents
corresponding to the shutter tine/v in the foreground area of frame #n+l
are any one of FOl1/v through F12/v. 10 It can be assuned that the object
cor r esporfTRP R e F Foo g ridiiiee it 258 Gy Koy ehd dhoAkeschatougtonst ant
speed. In .addition, the amunt v of novenent within a shutter tine 1is
four, an&ﬂt ¢ shutter time is equal to the frame interval tine.

Accordi ngly, foreground conponent of the ninth 15 pixel fromthe left in
frame #n+1 shgﬁncﬁﬁ Pgasfymed; fhads f8fdioRg S5 CRE TESPOnJdRgt tter thene/ v
fron1mheqfthe shuj t.er has, opened.is F12/v, and a foreground conponent of

the tenth Pixel” ftomt e J1lec*3‘tdei B Frd grovEs s forfi i A ¥R Second
fsgtlte::]rg(r)uﬁlﬂ Cocir/?lp j]:) 1{] ig:[rﬁ ,V\’[)]cf%r% La&eoesn}e]c\lquﬁr,'f Bl}ao)s(veqonpeenr%edwiz&ilns aals%ou tFtlle/ Vt' imAé
is four, and the shutter time is equal to a frame interval
time, the foreground image is shifted by four pixels to the
right and displayed in the next frame.
A foreground component of the fifth pixel from the left
10 in frame #n shown in Fig. 15, corresponding to the first
shutter time/v from when the shutter has opened is Fl2/v,
and a foreground component of the sixth pixel from the left
in Fig. 15, corresponding to the second shutter time/v from
when the shutter has opened is also Fl12/v. A foreground
15 component of the seventh pixel from the left in Fig. 15,
corresponding to the third shutter time/v from when the
shutter has opened and a foreground component of the'eighth
pixel from the left in Fig. 15, corresponding to the fourth
shutter time/v from when the shutter has opened are F12/v.

20 A foreground component of the fifth pixel from the left
in frame #n shown in Fig. 15, corresponding to the second
shutter time/v from when the shutter has opened is Fll/v. A
foreground component of the sixth pixel from the left in Fig.

15, corresponding to the third shutter time/v from when the

25 shutter has opened is also Fll/v. A foreground component of



fromthe left in Fig. 15, corresponding to the third shutter tinme/v from
when the shutter has opened and a foreground conponent of the twelfth

pi xel fromthe left in Fig. 15, corresponding to the fourth shutter tine/v
fromwhen the 25 shutter has opened are F12/v. - 52 A foreground conponent
of the ninth pixel fromthe left in frame #n+l shown in Fig. 15,
corresponding to the second shutter tinme/v fromwhen the shutter has
opened is Fl1l1/v. A foreground conponent of the tenth pixel fromthe |eft
in Fig. 5 15, corresponding to the thigsg shutter tine/v fromwhen the
shutter has opened is also Fl1l/v. A foreground conponent of the el eventh
pi xel fromthe left in Fig. 15, corresponding to the fourth shutter tinme/v
fron1mheq:the shutter ha ened is Fl11/v. 10 A foreground conponent of
the nint AR SEV S Ftlﬁ‘eea om it G #HF oy i (F9EEsPERding to
correspondi the.third .shutter_tinme/v frqogmwhen the shutter has opened
is F10/ v&q{fn%oéu%etghr S tceorrrptcf‘r%ﬁ”év JF Fhd &t Si ShM t ¥ Mashensd™d i n Fi g.
15, corrqﬁpQQQng to the fourth shutter tine/v fromwhen the 15 shutter has
opened is al'so’ F10/v. A foreground conponent of the ninth pixel .fromthe

T et 5RO Bobineh® or0ORLOIRAAY B9.E0 L8 Gt fegput el

time/v fromwhen th utter has ene cée
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corresporyiiddrO time/v from when the shutter has opened is F10/v. A
foreground component of the sixth pixel from the left in Fig.
15, corresponding to the fourth shutter time/v from when the
shutter has opened is also F10/v. A foreground component of
10 the fifth pixel from the left in frame #n shown in Fig. 15,
corresponding to the fourth shutter time/v from when the
shutter has opened is F09/v.
Since the object corresponding to the background is
stationary, a background component of the sixth pixel from
15 the left in frame #n shown in Fig. 15, corresponding to the
first shutter time/v from when the shutter has opened is
B05/v. Background components of the seventh pixel from the
left in frame #n shown in Fig. 15, corresponding to the
first and second shutter time/v from when the shutter has
20 opened are B06/v. Background components of the eighth pixel
from the left in frame #n shown in Fig. 15, corresponding to
the first through third shutter time/v from when the shutter
has opened are B07/v.

In frame #n shown in Fig. 15, the sixth through eighth

25 pixels from the left belong to a mixed area serving as a



the first shutter time/v fromwhen the shutter has opened is BO 9/v.
Background conponents of the eleventh pixel fromthe left in frame #n+l
shown in Fig. 15, corresponding to the 25 first and second shutter tine/v
fromwhen the shutter has - 53 opened are B10/v. Background conponents of
the twelfth pixel fromthe left in framne #n+l shomn in Fig. 15,
corresponding to the first through third shutter tine/v from when the
shutter has opened are Bl1l/v. 5 In franme #n+l in Fig. 15, the tenth through
twel fth pixels fromthe left belong-tgia_m xed area serving as a covered
background area. Fig. 16 illustrates a nodel of an image obtained by
extracting the foreground conmponents fromthe pixel values 10 shown in
Fig. 15. Fl 1 |IIustrates a nmodel obtained by developing in the tine
direction? #%f % WY A% xel s which are ~aligned side-by-side and
whi ch are | ocated at tions in _three frames of an inmage

ame. posi
obt ai ned by cap wnllﬁlé %hzfr?u(%"] duie I é’s‘ﬁ‘(ﬁ’rjr(‘ﬁl rﬂfof‘? fé‘estlz?tﬂtﬁﬁ?l[ ﬁra:le
back ra i nterva is twice a shutter tine.
P?)ielgr 8;{1#[}16841%6}1:1{ ?’hnr o%iggn' g'lgz %‘{% i A doaclkﬁ%ﬂ‘b”dq t?le;reaplt xaé}s v’%h%te?] O];b et
I e sta nd objec i.nce e obj
ggﬁse:pg%{%p%‘% 21:8“{)12% tzrolfm 'S ts}l a%‘%ﬁ 1;11' t Cx Eiv&ld ues of the

Corre§p0nd'ngTB%X%h§s%nt%&% h#%lét%h§9§ga f%ﬁm e le%tng% £§fange. For
exanple, the pixel in rane

#n+l shown in Fig. 15 belong to a foreground area.
Foreground components corresponding to the shutter time/v in
the foreground area of frame #n+l are any one of F0l/v
through F12/v.

10 It can be assumed that the object corresponding to the
foreground is a rigid body and moves at a constant speed.
In addition, the amount v of movement within a shutter time
is four, and the shutter time is equal to the frame interval
time. Accordingly, a foreground component of the ninth

15 pixel from the left in frame #n+l shown in Fig. 15,
corresponding to the first shutter time/v from when the
shutter has opened is F12/v, and a foreground component of
the tenth pixel from the left in Fig. 15, corresponding to
the second shutter time/v from when the shutter has opened

20 is also F12/v. A foreground component of the eleventh pixel
from the left in Fig. 15, corresponding to the third shutter
time/v from when the shutter has opened and a foreground
component of the twelfth pixel from the left in Fig. 15,
corresponding to the fourth shutter time/v from when the

25 shutter has opened are Fl1l2/v.



frame #n+l located at the corresponding position of the pixel having the

pi xel value BO5 in frame #n-1 have the 25 pixel value BO5. - 54 In this
way, the image conponents included in an image obtained by capturing only
a stationary object are the sane even when the relationship between the
shutter tine and the frane interval tinme is changed. 5 An inage captured
when a shutter tine is half a frame interval time and which includes a
covered background area wll be described below by referring to Fig. 18
and Fig. 19. Fig. 18 illustrates a npdg# obt ai ned by devel oping in the
time direction the pixel values of pixels which are 10 aligned

si de-by-side and which are located at the same positions in three franes
of an inmage obtained by capturing an object corresponding to a foreground
that noves to?t K@TeOrghnd sompenengued tthgemiathwiptitredn falope she lsft .
corresponding to stationary background. 15 In Fig. 18, it can be assunec
that t Ee dbj %ﬁme cf%l'“Lr RN it t50- 9 het T orYFRARPIGI N riqyith @Bt noves

at a coqﬁalqg speed., I n_addi tion, any foregrqund conponent _noves such

that it iS4 ncludedSa FRR™ piia Shs HEFTames R yIBL e dnount v
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shutter has opened is also F1l1l/v. A foreground component of
the eleventh pixel from the left in Fig. 15, corresponding
to the fourth shutter time/v from when the shutter has
opened is Fl1/v.
10 A foreground component of the ninth pixel from the left
in frame #n+l shown in Fig. 15, corresponding to the third
shutter time/v from when the shutter has opened is F10/v. A
foreground component of the tenth pixel from the left in Fig.
15, corresponding to the fourth shutter time/v from when the
15 shutter has opened is also F10/v. A foreground component of
the ninth pixel from the left in frame #n+l shown in Fig. 15,
corresponding to the fourth shutter time/v from when the
shutter has opened is F09/v.
Since the object corresponding to the background is
20 stationary, a background component of the tenth pixel from
the left in frame #n+l shown in Fig. 15, corresponding to
the first shutter time/v from when the shutter has opened is
B09/v. Background components of the eleventh pixel from the

left in frame #n+1 shown in Fig. 15, corresponding to the

25 first and second shutter time/v from when the shutter has



F20/v, and a foreground conponent of the second pixel from25 the left in
Fig. 18, corresponding to the second shutter - 55 tinme/v fromwhen the
shutter has opened is also F20/v. A foreground conponent of the third

pi xel fromthe left in Fig. 18, corresponding to the third shutter tine/v
fromwhen the shutter has opened and a foreground conponent of the fourth
5 pixel fromthe left in Fig. 18, corresponding to the fourth shutter
time/v fromwhen the shutter has opened are F20/v. A foreground conponent
of the leftnost pixel in frame #n-1 shgyn_in Fig. 18, corresponding to the
second shutter tine/v fromwhen the shutter has opened is F19/v. A 10
foreground conponent of the second pixel fromthe left in Fig. 18,
corresponding to the third shutter tinme/v fromwhen the shutter has opened
is al so PRANLI 4RI OUnd Badyonitid imponrents raf pikelt¥eloittt he | eft in
Fig. 18, corresponding to the fourth shutter tine/v fromwhen the 15

shutter HAFh i DEAREE IR 1o Jidt cHRIBnek B9 ¢ HeS d ef t nost  pi xel
inframe #n-1 shown in Fig. 18 corresponding to the third shutter time/v
f rom when SHEGRNTHS Had %been‘gbt&i% D Ay SYHOURE ottt B t he
Shoond Py AR S GG sl i esPone g to the Fourth
|greasound oomeiatl fhetht s RS PRl e R ALY,
opened i el Verom the left belong to a mixed area serving as a
covered background area.
Fig. 16 illustrates a model of an image obtained by
extracting the foreground components from the pixel values
10 shown in Fig. 15.
Fig. 17 illustrates a model obtained by developing in
the time direction the pixel values of pixels which are
aligned side-by-side and which are located at the same
positions in three frames of an image obtained by capturing
15 an object corresponding to a stationary background. 1In Fig.
17, a frame interval time is twice a shutter time.
Pixel values B0l through B12 shown in Fig. 17 are the
pixel values of pixels corresponding to the stationary
background object. Since the object corresponding to the
20 background is stationary, the pixel values of the
corresponding pixels in frame #n-1 through frame #n+l do not
change. For example, the pixel in frame #n and the pixel in
frame #n+l located at the corresponding position of the
pixel having the pixel value B0O5 in frame #n-1 have the

25 pixel value BO05.



25 Since the object corresponding to the background is - 56 stationary, a
background conponent of the second pixel from the left in frame #n-1 shown
in Fig. 18, corresponding to the first shutter tinme/v fromwhen the
shutter has opened is BO1l/v. Background conponents of the third pixel from
the 5 left in franme #n-1 shown in Fig. 18, corresponding to the first and
second shutter tine/v fromwhen the shutter has opened are B02/v.
Background conponents of the fourth pixel fromthe left in frame #n-1
shown in Fig. 18, corresponding to thgufirst through third shutter time/v
fromwhen the 10 shutter has opened are BO3 /v. In frane #n-1 in Fig. 18,
the leftnost pixel fromthe |eft belongs to the foreground area, and the
second through fourth pixels fromthe left belong to the m xed area
serving as a 'Coveréd "Baok GhSuridagice £OmpD IR S it udecough anwemeiget h

pi xel s fr n1th%ﬁ%§@f in frane #n-1 in Fig. 18 belong to the background
area, and SRR e Teof aar%t%el@ltqrﬁibt@ﬂ B0 aresyertiand y. The

first thro nth er fron1the left infrane #n in Fig. 18 belong to
the foregr ound”' o?ee]gaerLﬁfbs i) RS tRE COrHesioiding ans! te shut t er

time/v i f.Qr.egr.oun area.of franme #n are any one of FO09/v through
F20 /v. rE]I;‘_’[C?Tgn q{at asvsauu'ere That® tcf‘]'éar%ﬁﬁdect correspondl ng to the foreground
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interval time and which includes a covered background area
will be described below by referring to Fig. 18 and Fig. 19.

Fig. 18 illustrates a model obtained by developing iﬁ
the time direction the pixel values of pixels which are
10 aligned side-by-side and which are located at the same
positions in three frames of an image obtained by capturing
an object corresponding to a foreground that moves to the
right in the figure together with an object corresponding to
a stationary background.
15 In Fig. 18, it can be assumed that the object
corresponding to the foreground is a rigid body and moves at
a constant speed. In addition, any foreground component
moves such that it is included in four pixels in one frame.
Accordingly, the amount v of movement within the shutter
20 time is four, and a virtual division number is set to four.
For example, a foreground component of the leftmost
pixel in frame #n-1 shown in Fig. 18, corresponding to the
first shutter time/v from when the shutter has opened is
F20/v, and a foreground component of the second pixel from

25 the left in Fig. 18, corresponding to the second shutter



- 57 tineis four, and the franme interval tinme is twce the shutter tine,
the foreground image is shifted by eight pixels to the right and displ ayed
in the next frame. A foreground conponent of the ninth pixel fromthe left
5in frame #n shown in Fig. 18, corresponding to the first shutter tinme/v
fromwhen the shutter has opened is F20/v, and a foreground conponent of
the tenth pixel fromthe left in Fig. 18, corresponding to the second
shutter tine/v from when the shutter has opened is also F20/v. A
foreground 10 conponent of the el eventhspixel fromthe left in Fig. 18,
corresponding to the third shutter tinme/v fromwhen the shutter has opened
and a foreground conponent of the twelfth pixel fromthe left in Fig. 18,
correspondi ng,to_the fourth shutter time/v fromwhen the shutter has

opened are™§20/AF0M 5IRT ey rdtiidE o soheémesid tife adist (F2A A% A om t he
left in frame #n shown in Fig._18, corresponding to the second, shutter
time/v fromWwHet't TR 1Ak E@%n%ﬁl¥§ PP vETAm FBPedPEndncEAfonent
ot oS, D A S S el SOLESROD0 S0 8 L 1
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shutter time/v from when the shutter has opened are F20/v.
A foreground component of the leftmost pixel in frame
#n-1 shown in Fig. 18, corresponding to the second shutter
time/v from when the shutter has opened is F19/v. A
10 foreground component of the second pixel from the left in
Fig. 18, corresponding to the third shutter time/v from when
the shutter has opened is also F19/v. A foreground
component of the third pixel from the left in Fig. 18,
corresponding to the fourth shutter time/v from when the
15 shutter has opened is F19/v.
A foreground component of the leftmost pixel in frame
#n-1 shown in Fig. 18, corresponding to the third shutter
time/v from when the shutter has opened is Fl18/v. A
foreground component of the second pixel from the left in
20 Fig. 18, corresponding to the fourth shutter time/v from
when the shutter has opened is also F18/v. A foreground
component of the leftmost pixel in frame #n-1 shown in Fig.
18, corresponding to the fourth shutter time/v from when the

shutter has opened is F17/v.

25 Since the object corresponding to the background is



shutter tinme/v fromwhen the shutter has opened is F18/v. A foreground
conponent of the tenth pixel fromthe left in Fig. 18, corresponding to
the fourth shutter tine/v fromwhen the shutter has opened is also F18/v.:
A foreground conponent of 5 the ninth pixel fromthe left in frame #n shown
in Fig. 18, corresponding to the fourth shutter tine/v fromwhen the
shutter has opened is F17/v. Since the object corresponding to the
background is stationary, a background conponent of the tenth pixel from
10 the left in frame #n shown in Fig.- 88,-corresponding to the first
shutter tinme/v fromwhen the shutter has opened is B09/v. Background
conponents of the eleventh pixel fromthe Ileft in frame #n shown in Fig.

- 18, corrq&gondin to the first(fnd second shutter tinme/v fromwhen the
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fromthe left in
first and second shutter time/v from when the shutter has
opened are B02/v. Background components of the fourth pixel
from the left in frame #n-1 shown in Fig. 18, corresponding
to the first through third shutter time/v from when the

10 shutter has opened are B03/v.

In frame #n-1 in Fig. 18, the leftmost pixel from the
left belongs to the foreground area, and the second through
fourth pixels from the left belong to the mixed area serving
as a covered background area.

15 The fifth through twentieth pixels from the left in
frame #n-1 in Fig. 18 belong to the background area, and the
pixel values thereof are B04 through B19, respectively.

The first through ninth pixels from the left in frame
#n in Fig. 18 belong to the foreground area. Foreground

20 components corresponding to the shutter time/v in the
foreground area of frame #n are any one of F09/v through
F20/v.

It can be assumed that the object corresponding to the
foreground is a rigid body and moves at a constant speed.

25 In addition, the amount v of movement within the shutter



frame #n+l1 shown in Fig. 18 belong to a foreground area. Foreground
conponents corresponding to the shutter tinme/v in the foreground area of
frame #n+l are any one of FOl/v 5 through F20/v. It can be assuned that the
obj ect corresponding to the foreground is a rigid body and noves at a
constant speed. In addition, the amount v of novenent within the shutter
time is four, and the frame interval tine is twice the 10 shutter tine.
Accordi ngly, a foreground conponent of the seventeenth pixel fromthe |eft
in frame #n+l shown in Fig. 18, corre pquing to the first shutter tine/v
fromwhen the shutter has opened is 0/v, and a foreground conponent of
the eighteenth pixel fromthe left in Fig. 18, corresponding 15 to the
second shuytter time/v fromwhen the shutter has opened is also F20/v. A
f or egr ourtd oSNt o Nchd& henifF@mee At ggived] timsmitshawisfet tihe Fig. 18,
corresponding to_,the third shutter tine/v fromwhen the shutter has opened
and a for tglfr’fd tportéift oK qgre Rk ifasten 15 w1l fitesmbvhe izhtl ef t in Fig.
18, correspondi q to the fourth shutter tinme/v fromwhen the shutter has
opened alpéLxlggﬁl & APFord@hdurdd Shpeiéne o it fdies dpatt E@3Me -pi xel from the
left in franme #@+I shown i n Fig. 1%, gor&esgondin to. the second shutter
8°BheREdtES
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shutter time/v from when the shutter has opened is F20/v,
and a foreground component of the tenth pixel from the left
in Fig. 18, corresponding to the second shutter time/v from
when the shutter has opened is also F20/v. A foreground
10 component of the eleventh pixel from the left in Fig. 18,
corresponding to the third shutter time/v from when the
shutter has opened and a foreground component of the twelfth
pixel from the left in Fig. 18, corresponding to the fourth
shutter time/v from when the shutter has opened are F20/v.

15 A foreground component of the ninth pixel from the left
in frame #n shown in Fig. 18, corresponding to the secoﬁd
shutter time/v from when the shutter has opened is F19/v. A
foreground component of the tenth pixel from the left in Fig.
18, corresponding to the third shutter time/v from when the

20 shutter has opened is also F19/v. A foreground component of
the eleventh pixel from the left in Fig. 18, corresponding

to the fourth shutter time/v from when the shutter has

opened is F19/v.

A foreground component of the ninth pixel from the left

25 in frame #n shown in Fig. 18, corresponding to the third



f oreground conponent of the nineteenth pixel fromthe left in Fig. 18,
corresponding to the fourth shutter tine/v fromb5 when the shutter has
opened is F19/v. A foreground conponent of the seventeenth pixel from the
left in frane #n+1l shown in Fig. 18, corresponding to the third shutter
time/v fromwhen the shutter has opened is F18/v. A foreground conponent
of the eighteenth pixel from210 the left in Fig. 18, corresponding to the
fourth shutter time/v fromwhen the shutter has opened is also F18/v. A
foreground conponent of the seventeenthgpixel fromthe left in frame #n+l
shown in Fig. 18, corresponding to the fourth shutter tine/v from when the
shutter has opened is F17/v. 15 Since the object corresponding to the
backgrounchapf statlo ary, a background conmponent of the eighteenth pixel
fromthe tt‘?’htf A SHisth The Pyt Ty rergrodlidd T8 Mhe A i rst
shutter tine/v from when the shutter has opened  is B17/v. Background

conponent’s ST i TRIREIRTH R é?h?ot??5m1Phée1efF°Wnth?ahﬁf#n4P ER&wn in

Fig. 18, rrespondi n to the fir econd shutter tinme/v from when
the shutt gér) °‘p Od’g%i”t% etchéﬁ/ fs ecrorFﬁdff?e/ﬁ{ sfrrﬁm tHen idift i et h

pi xel fraqmy s |n Fi 18 ondlng to the
first throué%%?%lr§:§hﬁqéHnis it gﬂ; %qﬁ9 CH5§”bﬁéhed are
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pi xel s fron1t ong mixed ‘ar ea “Tservl ng A% a1
baCkgrOWH%ﬁﬂé%bondlng to the fourth shutter time/v from when the
shutter has opened is F17/v.
Since the object corresponding to the background is
stationary, a background component of the tenth pixel from
10 the left in frame #n shown in Fig. 18, corresponding to the
first shutter time/v from when the shutter has opened is
B09/v. Background components of the eleventh pixel from the
left in frame #n shown in Fig. 18, corresponding to the
first and second shutter time/v from when the shutter has
15 opened are B10/v. Background components of the twelfth
pixel from the left in frame #n shown in Fig. 18,
corresponding to the first through third shutter time/v from
when the shutter has opened are Bll/v.
In frame #n shown in Fig. 18, the tenth through twelfth
20 pixels from the left belong to a mixed area serving as a
covered background area.
The thirteenth through twentieth pixels from the left
in frame #n shown in Fig. 18 belong to a background area,
and the pixel values thereof are B12 through B19,

25 respectively.



Fig. 19 illustrates a nodel of an inage obtained by 5 extracting the
foreground conponents fromthe pixel values shown in Fig. 18. Next, an

i mage captured when a shutter time is equal to a frane interval time and -
whi ch includes an uncovered background area will be described bel ow by
referring to Fig. 10 20 and Fig. 21. Fig. 20 illustrates a nodel obtained
by developing in the time direction the pixel values of pixels which are
aligned side-by-side and which are |ocated at the same positions in three
frames of an inmage obtai ned by captuLigg 15 a foreground corresponding to
an object that nmoves to the right in the figure together with a stationary
background. In Fig. 20, it can be assuned that the object corresponding to

t he foreground rigid body and noves at a constant speed. In addition,
any foregroun }EbH%dﬁﬁh Wﬁguﬁ?%ﬁﬂﬂ?qqﬁh Rixgls ffdmudde ileftodm pi xel s

in one fr o y, the anpunt v of novenent within the shutter
time is f%u me F@? ]g %h‘b‘%é in B9 egt bRl Qipenent foFearRuUn@fareadst  pixel in

F 1 om whert THETEHT & fhg%n%fb%%é%-%éesgﬁ”_d i 57, O it g G coponent
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foreggoun@hggwggn§gﬁ/&f the third pixel fromthe left in Fig.
It can be assumed that the object corresponding to the
foreground is a rigid body and moves at a constant speed.
In addition, the amount v of movement within the shutter
time is four, and the frame interval time is twice the
10 shutter time. Accordingly, a foreground component of the
seventeenth pixel from the left in frame #n+l1 shown in Fig.
18, corresponding to the first shutter time/v from when the
shutter has opened is F20/v, and a foreground component of
the eighteenth pixel from the left in Fig. 18, corresponding
15 to the second shutter time/v from when the shutter has
opened is also F20/v. A foreground component of the
nineteenth pixel from the left in Fig. 18, corresponding to
the third shutter time/v from when the shutter has opened
and a foreground component of the twentieth pixel from the
20 left in Fig. 18, corresponding to the fourth shutter time/v
from when the shutter has opened are F20/v.
A foreground component of the seventeenth pixel from
the left in frame #n+l shown in Fig. 18, corresponding to
the second shutter time/v from when the shutter has opened

25 is F19/v. A foreground component of the eighteenth pixel



5 20, corresponding to the third shutter tinme/v fromwhen the shutter has
opened and a foreground conponent of the fourth pixel fromthe left in
Fig. 20, corresponding to the fourth shutter tine/v fromwhen the shutter
has opened are F13/v. A foreground conponent of the second pixel fromthe
10 left in frame #n-1 shown in Fig. 20, corresponding to the first shutter
time/v fromwhen the shutter has opened is F14/v. A foreground conponent
of the third pixel fromthe left in Fig. 20, corresponding to the second
shutter tine/v fromwhen the shutter pgs-opened is also Fl4/v. A 15
foreground conponent of the third pixel fromthe left in Fig. 20,
corresponding to the first shutter time/v fromwhen the shutter has opened
pondi ng to the background is stationary,

backgr ourE TD it S ST (S 1 ohd gt THSRAnG e Jep (Vv i, SHoes n 1 b,
20, corres) ing to the second to fourth shutter, time/v from when the

fshut t 1?[1 ﬁ%lgg%g}eneaonérwehe%zﬁ(?/:dréhEﬁ@? gtFﬁﬁj' %E?fb‘?fﬁzo cgjrrﬁr sasp OnEleeg)%acofdepl ;(ﬁ: y
romthe r - . . )

and four t%c;ﬁ%ﬁdtdel}é t%%&oﬁh@n‘% {}hler{%%eu?r%ter} %ld%e%ZSfo rlood%ir}%‘be %eeilfl;é% \r/] 1A
back ; A O t g - 0 e £ -
sﬁgvmgr ioﬁrhg} g?l@'o,meég'or%rsltpé(}%ﬁ r{r%llﬁ% f)\l' (%(ﬁlj’eh? oiﬁoﬁ“{rhgrg hﬁ*t{a}tre];[ ?Cr%er?e\/' % r%rn(%mMen the

shutter Rasen opghethistd?Has dgeddan®s #rdyn Fig. 20, the leftnost pixel
tothe 5 third pixel fromthe l'eft belong to a m xed area serving as

A foreground component of the seventeenth pixel from
the left in frame #n+l1 shown in Fig. 18, corresponding to
the third shutter time/v from when the shutter has opened is
F18/v. A foreground component of the eighteenth pixel from

10 the left in Fig. 18, corresponding to the fourth shutter
time/v from when the shutter has opened is also F18/v. A
foreground component of the seventeenth pixel from the left
in frame #n+l shown in Fig. 18, corresponding to the fourth
shutter time/v from when the shutter has opened is F17/v.

15 Since the object corresponding to the background is
stationary, a background component of the eighteenth pixel
from the left in frame #n+l shown in Fig. 18, corresponding
to the first shutter time/v from when the shutter has opened
is B17/v. Background components of the nineteenth pixel

20 from the left in frame #n+l shown in Fig. 18, corfesponding

to the first and second shutter time/v from when the shutter

has opened are B18/v. Background components of the

twentieth pixel from the left in frame #n+l shown in Fig. 18,

corresponding to the first through third shutter time/v from

25 when the shutter has opened are B19/v.



an uncovered background area. The fourth through twelfth pixels fromthe
left in frame #n-1 in Fig. 20 belong to the foreground area. Foreground
conponents of the frane are any one of F13/v 10 through F24/v. The first -
t hrough fourth pixels fromthe left in frame #n in Fig. 20 belong to the
background area, and the pixel values thereof are B25 through B28,
respectively. It can be assuned that the object corresponding to the 15
foreground is a rigid body and noves at a constant speed. In addition, one
f oreground conponent noves such that_ig,is included in four pixels in one
frame. Therefore, a foreground conponent of the fifth pixel fromthe left
in frame #n shown in Fig. 20, corresponding to the first 20 shutter time/v
from when the _shutter has opened is F13/v, and a foreground conponent of
the sixth pi x&P framet ketilefin Fig.Fil§., zbe edphésponbi Rhrooghhe second
shutter tinme/v from,K when the shutter_ has opened is also F13/v. A

f or egr ourfd STHGRTTh &HE O (THE™s dfntie i XRa1MDha e Migkad iavem g. 20, 25
correspondi to the third s r ting/v fromwhen the - 64 shutter has
opened arfid é%%ﬂ SurfP™ :%ﬁﬁ QﬁOW &iSht h pixel fromthe left in

Fi 20, corr n he fourth shutter tine/ romwhen the shutter
h;g opened ar§§§ b 9#& %ESFSﬁﬁB 889ﬁ&ﬁgﬁta8flWﬁQgSP?FﬁlBFQePYfron1the

| eft 5| ﬁgﬂ&@&g& mm%%r%§jwu1togﬁgfvﬁﬁ shutter

tlne/v fron1 utter has ope
shown in Fig.

Next, an image captured when a shutter time is equal to
a frame interval time and which includes an uncovered
background area will be described below by referring to Fig.

10 20 and Fig. 21.

Fig. 20 illustrates a model obtained by developing in
the time direction the pixel values of pixels which are
aligned side-by-side and which are located at the same
positions in three frames of an image obtained by capturing

15 a foreground corresponding to an object that moves to the
right in the figure together with a stationary background.

In Fig. 20, it can be assumed that the object
corresponding to the foreground is a rigid body and moves at
a constant speed. In addition, any foreground component

20 moves such that it is included in four pixels in one frame.
Accordingly, the amount v of movement within the shutter
time is four.

For example, a foreground component of the leftmost
pixel in frame #n-1 shown in Fig. 20, corresponding to the

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



foreground conponent of the seventh pixel fromthe left in Fig. 20,
corresponding to the second shutter tine/v from when the shutter has
opened is also F14/v. A foreground 10 conponent of the eighth pixel from
the left in Fig. 20, corresponding to the first shutter time/v from when
the shutter has opened is F15/v. Since the object corresponding to the
background is stationary, background conponents of the fifth pixel from
15 the left in frame #n shown in Fig. 20, corresponding to the second to
fourth shutter tine/v fromwhen the sh@?tgr has opened are B29/v.
Background conponents of the sixth pixe fromthe left in frame #n shown
in Fig. 20, corresponding to the third and fourth shutter tine/v from when
t he shutter/;O has opened are B30/v. A background conponent of the seventh
pi xel frdm¥e 128 & f meground sRomenantrief. e sesemdegordi fFom t he
fourth shytter tinme/v fromwhen the shutter has opened is B31/v. In frame

#n shown S0F Ri&ft 28 Btk 40t KAhesRmSdge fih thes sfcesds shudhetthe | ef t
bel ong tqj%ﬁg%x§ﬁ%%{%ﬁlse;§{n as .an 8165 Fpncgyereggpack round_ggea. Tge
ei ghth throtgh t 'H P &S The' A% PP friarfe St > \M;U;;te:':l tgI rre/ov
R AL P SRR A
fre 1ot IRee dnaual Ball Pt SlEAM SR d el AT BER Shn T
shutter has opened and a foreground component of the fourth
pixel from the left in Fig. 20, corresponding to the fourth
shutter time/v from when the shutter has opened are F13/v.
A foreground component of the second pixel from the
10 left in frame #n-1 shown in Fig. 20, corresponding to the
first shutter time/v from when the shutter has opened is
Fl4/v. A foreground component of the third pixel from the
left in Fig. 20, corresponding to the second shutter time/v
from when the shutter has opened is also Fl4/v. A
15 foreground component of the third pixel from the left in Fig.
20, corresponding to the first shutter time/v from when the
shutter has opened is F15/v.
Since the object corresponding tc the background is
stationary, background components of the leftmost pixel in
20 frame #n-1 shown in Fig. 20, corresponding to the second to
fourth shutter time/v from when the shutter has opened are
B25/v. Background components of the second pixel from the
left in frame #n-1 shown in Fig. 20, corresponding to the
third and fourth shutter time/v from when the shutter has

25 opened are B26/v. A background component of the third pixel



and the pixel values thereof are B25 through B32, respectively. 10 It can
be assuned that the object corresponding to the foreground is a rigid body
and noves at a constant speed. In addition, one foreground conponent noves
such that it is included in four pixels in one frame. Accordingly, a
foreground conponent of the ninth pixel fromthe left in 15 frame #n+l
shown in Fig. 20, corresponding to the first shutter tinme/v fromwhen the
shutter has opened is F13/v, and a foreground conponent of the tenth pixel
fromthe left in Fig. 20, correspongig? to the second shutter tine/v from
when the shutter has opened is also F13/v. A foreground 20 conponent of the
el eventh pixel fromthe left in Fig. 20, corresponding to the third
shutter tine/v fromwhen the shutter has opened and a foreground conmponent
of the tvIT Hheibedit fimoriname #ftl ishdvny.inEigordtespondiesparaimye fourth
shutter time/v fromwhen the shutter has opened are F13/v. 25 A foreground
conponenttdftheh & dwHihh shiuddie s ridmatie fram whegp the shwtenmes shown in
Fig. 20, corrﬁfpondiqg to the first shutter time/v fromwhen the shutter
has opené®PS€9 E4/R277K - f or eground conponent of the el eventh pixel from
the left in Eig ndi ng.to the second shutter time/v fromb5

when t he ;hutggrfﬁégéogg%égingéPSo2@14F@? ASESFegoBd e Lcshpshent of the
oL Bt R T nd U 93 B B SO ML L LU 3, St
an uncovered background area.

The fourth through twelfth pixels from the left in
frame #n-1 in Fig. 20 belong to the foreground area.
Foreground components of the frame are any one of F13/v

10 through F24/v.

The first through fourth pixels from the left in frame
#n in Fig. 20 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

15 foreground is a rigid body and moves at a constant speed.
In addition, one foreground component moves such that it is
included in four pixels in one frame. Therefore, a
foreground component of the fifth pixel from the left in
frame #n shown in Fig. 20, corresponding to the first

20 shutter time/v from when the shutter has opened is F13/v,
and a foreground component of the sixth pixel from the left
in Fig. 20, corresponding to the second shutter time/v from
when the shutter has opened is also F13/v. A foreground
component of the seventh pixel from the left in Fig. 20,

25 corresponding to the third shutter time/v from when the



Since the object corresponding to the background is 10 stationary,
background conmponents of the ninth pixel from the Ieft in frame #n+l shown
in Fig. 20, corresponding to the second to fourth shutter tinme/v from when
the shutter has opened are B33/v. Background conponents of the tenth

pi xel fromthe left in frame #n+l shown in Fig. 20, 15 corresponding to the
third and fourth shutter time/v from when the shutter has opened are
B34/v. A background conponent of the eleventh pixel fromthe left in frane
#n+l shown in Fig. 20, corresponding gg@ the fourth shutter tine/v from
when the shutter has opened are B35/v. 20 In frame #n+l in Fig. 20, the
ninth through el eventh pixels fromthe Ieft belong to a mxed area serving
as an u&ﬁgvered background area. The twelfth pixel fromthe left in frame

#n+1 showireFRP s PHEDRRE 1D FHETREY RARPAE: Fortdtp Righ s

conponents, carrespondi ng to the shutter tinme/v in the - 67 _ foreground area
of n})r ane %Gfol affreéjné%eo%lee%f W A0t roudiP TR Rrdim g t 1the 11T es a
b

e o MBS QLA g X L et oL o
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23. Fk9. 272 f.ﬂalrﬂégt#fr?tsqlsovﬁu @geflid).bt?d ,necclnbryeézl?ovnecliqpé % i‘{he first
shutter time/v from when the shutter has opened is Fl4/v. A
foreground component of the seventh pixel from the left in
Fig. 20, corresponding to the second shutter time/v from
when the shutter has opened is also Fl4/v. A foreground
10 component of the eighth pixel from the left in Fig. 20,
corresponding to the first shutter time/v from when the
shutter has opened is F15/v.
Since the object corresponding to the background is
stationary, background components of the fifth pixel from
15 the left in frame #n shown in Fig. 20, corresponding to the
second to fourth shutter time/v from when the shutter has
opened are B29/v. Background components of the sixth pixel
from the left in frame #n shown in Fig. 20, corresponding to
the third and fourth shutter time/v from when the shutter
20 has opened are B30/v. A background component of the seventh
pixel from the left in frame #n shown in Fig. 20,
corresponding to the fourth shutter time/v from when the
shutter has opened is B31/v.
In frame #n shown in Fig. 20, the fifth through seventh

25 pixels from the left belong to a mixed area serving as an



10 the tine direction the pixel values of pixels which are aligned

si de-by-side and which are located at the sane positions in three franes
of an inmage obtained by capturing a foreground correspondi ng to an object -
that noves to the right in the figure together with a stationary
background. 15 In Fig. 22, it can be assuned that the object correspondi ng
to the foreground is a rigid body and noves at a constant speed. In

addi tion, any foreground conponent noves such that it is included in four
pi xels in one frame. Accordingly, theganount v of novenent within the
shutter 20 tine is four. For exanple, a foreground conponent of the

|l eftmost pixel in frame #n-1 shown in Fig. 22, corresponding to the first
shutter tine/v fromwhen the shutter has opened is F13/v, and a foreground
conponenPQﬁoWQR?%g%ﬁﬁ@ﬁﬂ%ﬂg ¥3%m 25 the left in Fig. 22, corresponding to
t he second Shi ter .- gg %ine/v from when the shutter has opened is also
F13/v. A for é?oﬁﬁgh nbOReHEN o WERE thnPEdehSx & oy GRet RETEefR in Fi g.

opencd and i dPEGTRNTG ‘dorisherdt BTGNS fouris SarsEIoT om e |oft | n
Fig. 22, r ' to,.the foyrth .shutter time/v, fromwhen the shutter
Ihafst opené%qé{e::;%%é;ﬁ% .lélrgegtroo s csélrlflgco e&nttl&e%%g%gg%%]%%gfﬁo i t{n t he
e n - own i i.g. I n irst shutter
tine/g ffgﬁgﬁhen the sﬁﬁifﬁ?fﬁggr%%g%gagfgﬁﬂggq#T%%VQIkﬁﬁg?%ground
component of the &BiFkACRBIEXhrbheM bA8htn pixels from the left in

frame #n+l shown in Fig. 20 belong to the background area,
and the pixel values thereof are B25 through B32,
respectively.

10 It can be assumed that the object corresponding to the
foreground is a rigid body and moves at a constant speed.
In addition, one foreground component moves such that it is
included in four pixels in one frame. Accordingly, a
foreground component of the ninth pixel from the left in

15 frame #n+l shown in Fig. 20, corresponding to the first
shutter time/v from when the shutter has opened is F13/v,
and a foreground component of the tenth pixel from the left
in Fig. 20, corresponding to the second shutter time/v from
when the shutter has opened is also F13/v. A foreground

20 component of the eleventh pixel from the left in Fig. 20,
corresponding to the third shutter time/v from when the
shutter has opened and a foreground component of the twelfth
pixel from the left in Fig. 20, corresponding to the fourth
shutter time/v from when the shutter has opened are F13/v.

25 A fbreground component of the tenth pixel from the left



left in Fig. 22, corresponding to the second shutter tine/v fromwhen the
shutter has opened is also F14/v. A foreground conponent of the third pixel
fromthe left in Fig. 22, corresponding to the first shutter tine/v from
when the 15 shutter has opened is F15/v. Since the object corresponding to
t he background is stationary, background conponents of the |eftnost pixel
in frame #n-1 shown in Fig. 22, corresponding to the second to fourth
shutter tine/v fromwhen the shutter has opened are 20 B25/v. Background
conponents of the second pixel fromthgs Left in frame #n-1 shown in Fig.
22, corresponding to the third and fourth shutter tinme/v fromwhen the
shutter has opened are B26/v. A background conponent of the third pixel

fromthe left in frame #n-1 shown in Fig. 22, corresponding 25 to the
fourth srﬁﬂtfé}anﬁ +v1 f%mmﬁéh Fie At te9r 1RePanding dire diecsw27/v.  In

frame #n- t Ieftrmst plxel to the third pixel fromthe left
bel ong tosjrﬂltﬁi Jé‘}ee/é’ hh vt e AR sl Frliéd v 5 Phe

fourth t in frame #n-1 in Fig. 22
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component of the twelfth pixel from the left in Fig. 20,
corresponding to the first shutter time/v from when the
shutter has opened is F15/v.

Since the object corresponding to the background is

10 stationary, background components of the ninth pixel from
the left in frame #n+l shown in Fig. 20, corresponding to
the second to fourth shutter time/v from when the shutter
has opened are B33/v. Background components of the tenth
pixel from the left in frame #n+l shown in Fig. 20,

15 corresponding to the third and fourth shutter time/v from
when the shutter has opened are B34/v. A background
component of the eleventh pixel from the left in frame #n+1
shown in Fig. 20, corresponding to the fourth shutter time/v
from when the shutter has opened are B35/v.

20 In frame #n+l in Fig. 20, the ninth through eleventh
pixels from the left belong to a mixed area serving as an
uncovered background area.

The twelfth pixel from the left in frame #n+1 shown in
Fig. 20 belongs to the foreground area. Foreground

25 components corresponding to the shutter time/v in the



It can be assunmed that the object corresponding to the foreground is a
rigid body and noves at a constant speed. |In addition, the anmount v of
noverment within the shutter 15 tinme is four, and the frane interval tine is
twice the shutter tinme. Therefore, the foreground inage is shifted by

ei ght pixels to the right and displayed in the next frane. A foreground
conponent of the ninth pixel fromthe left in frame On shown in Fig. 22,
corresponding to the first 20 shutter time/v fromwhen the shutter has
opened is F13/v, and a foreground congenent of the tenth pixel fromthe
left in Fig. 22, corresponding to the second shutter tine/v from when the
shutter has opened is also F13/v. A foreground conponent of the eleventh
pi xel fromthe left in Fig. 22, 25 corresponding to the third shutter
time/v fristisHPIhetey L dhane itk Ry ane ©F dleyroutrawiponent of
t he twel fq[h ixel fromthe left in Fig. 22, corresponding to the fourth
shutter t ]n(ia// *from when the shutter has opened are F13/v. A foreground
conmponent of the tenth._pixel fromthe left 5 in frame #n shown in Fig. 22,
cor r espondi ngtFtlcg't% flilﬂélﬁtréﬁﬁtst & "Oded/ P PEMIRIRGT CR&admEct &Y has opened
is Fl4/v. f aregraouynd conponent, of the eleventh pixel fromthe left in
Fig. 22, ec%l}aecgcplorgr]d%getooﬁ VHED P HARIETS 5 5R VHG G X Sah i A48 shut ter

has open i 1 F14/ A foreground 10 conmponent of the twelfth pixel
from tBheeﬁdneq‘v{ﬁ.1 ialnﬁg}lgql' f\? corresponding to the first shutter tinme/v from

when the Shuhhe&mgﬁ% %B%Q%th$wﬁ£%/%'frame interval time is twice a

shutter time and which includes an uncovered background area
will be described below by referring to Fig. 22 and Fig. 23.
Fig. 22 illustrates a model obtained by developing in

10 the time direction the pixel values of pixels which are
aligned side-by-side and which are located at the same
positions in three frames of an image obtained by capturing
a foreground corresponding to an object that moves to the
right in the figure together with a stationary background.

15 In Fig. 22, it can be assumed that the object
corresponding to the foreground is a rigid body and moves at
a constant speed. 1In addition, any foreground component
moves such that it is included in four pixels in one frame.
Accordingly, the amount v of movement within the shutter

20 time is four.

For example, a foreground component of the leftmost
pixel in frame #n-1 shown in Fig. 22, corfesponding to the
first shutter time/v from when the shutter has opened is
F13/v, and a foreground component of the second pixel from

25 the left in Fig. 22, corresponding to the second shutter



Since the object corresponding to the background is stationary, background
conponents of the ninth pixel from 15 the left in frame #n shown in Fig.
22, corresponding to the second to fourth shutter tinme/v fromwhen the
shutter has opened are B33/v. Background conponents of the tenth pixel
fromthe left in frame #n shown in Fig. 22, corresponding to the third and
fourth shutter tine/v fromwhen the shutter 20 has opened are B34/v. A
background conmponent of the eleventh pixel fromthe left in frame #n shown
in Fig. 22, corresponding to the foyrgg shutter time/v from when the
shutter has opened are B35/v. In frame #n shown in Fig. 22, the ninth
through 25 eleventh pixels fromthe |left belong to a m xed area serving -
71 as an uncovered background area. The twelfth through twentieth pixels
from t he 1&ta/Y from e iheh v GieFings Zpanddrg tad achd Fovegr dund ar ea.
Val ues corresponding to the shutter tinme/v in the foreground 5 area of
frame #n f&r@‘iﬁ%ﬂﬁ%é%&pﬁﬁm hrigightierd veixnk fepmnbie prkel inoFife

si xt eent ixel fromthe left _in frame #n+l shown in Fig. 22 belong to the
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shutter time/v from when the shutter has opened are F13/v.

A foreground component of the second pixel from the
left in frame #n-1 shown in Fig. 22, corresponding to the
first shutter time/v from when the shutter has opened is

10 Fl4/v. A foreground component of the third pixel from the
left in Fig. 22, corresponding to the second shutter time/v
from when the shutter has opened is also Fl14/v. A
foreground component of the third pixel from the left in Fig.
22, corresponding to the first shutter time/v from when the

15 shutter has opened is F15/v.

Since the object corresponding to the background is
stationary, background éomponents of the leftmost pixel in
frame #n-1 shown in Fig. 22, corresponding to the second to
fourth shutter time/v from when the shutter has opened are

20 B25/v. Background components of the second pixel from the
left in frame #n-1 shown in Fig. 22, corresponding to the
third and fourth shutter time/v from when the shutter has
opened are B26/v. A background component of the third pixel
from the left in frame #n-1 shown in Fig. 22, corresponding

25 to the fourth shutter time/v from when the shutter has



f oreground conponent of the seventeenth pixel fromthe left 15 in frane
#n+l shown in Fig. 22, corresponding to the first shutter tinme/v from when
the shutter has opened is F13/v, and a foreground conponent of the

ei ghteenth pixel fromthe Ileft in Fig. 22, corresponding to the second
shutter tinme/v fromwhen the shutter has opened is also F13/v. A 20
foreground conponent of the nineteenth pixel fromthe left in Fig. 22,
corresponding to the third shutter tine/v from when the shutter has opened
and a foreground conponent of the twep§ieth pixel fromthe left in Fig.

22, corresponding to the fourth shutter tinme/v fromwhen the shutter has
25 opened are F13/v. - 72 A foreground conponent of the ei ghteenth pixel
fromthe left in frame #n+l shown in Fig. 22, corresponding to the first
shutter t9RAHSA B the shutter has opened is F14/v. A foreground
conmponent of &he ninet%enth, ixel from5 the left in Fig. 22, correspondi ng
to the second BhiteBE *dei? FrEm When e Leftmost Rigedpéfedhes al so

L0V, P S SR o S RSt flae rom e el 1
ctat i onary: BASAPSTh ARG €787 the cevent conth pixel fromthe lett
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conponents Bfe e 1 in Fig. 22 belong to the foreground area.
Foreground components of the frame are any one of F13/v
through F32/v.
The leftmost pixel to the eighth pixels from the left
10 in frame #n in Fig. 22 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 and moves at a constant speed.
In addition, the amount v of movement within the shutter
15 time is four, and the frame interval time is twice the
shutter time. Therefore, the foreground image is shifted by
eight pixels to the right and displayed in the next frame.
A foreground component of the ninth pixel from the left
in frame #n shown in Fig. 22, corresponding to the first
20  shutter time/v from when the shutter has opened is F13/v,
and a foreground component of the tenth pixel from the left
in Fig. 22, corresponding to the second shutter time/v from
when the shutter has opened is also F13/v. A foreground
component of the eleventh pixel from the left in Fig. 22

’

25 corresponding to the third shutter time/v from when the



15 eighteenth pixel fromthe left in frane #n+l shown in Fig. 22,
corresponding to the third and fourth shutter tinme/v fromwhen the shutter
has opened are B42/v. A background conponent of the nineteenth pixel from
the left in frame #n+l shown in Fig. 22, corresponding to the fourth
shutter 20 tine/v fromwhen the shutter has opened are B43/v. In frame #n+l
in Fig. 22, the seventeenth through nineteenth pixels fromthe |eft bel ong
to a mxed area serving as an uncovered background area. The twentieth
pixel fromthe left in frame #n+l1 showpy 25 in Fig. 22 belong to the
foreground area. Foreground - 73 conponents corresponding to the shutter
tinme/v in the foreground area of frame #n+l are any one of F13/v through
23 illustrates a npdel_ of an image obtained by 5 extracting the

For egr ourRl EnfTotER SHATGH e 5 i ST CSHRRTATF T Ehe ARt | g
whi ch of R ERBUAT St an Fddieg Pom S BT deriey BRGROUT ar o,
or an UreEad M henkanayndanes,belndal el piasle of, yfe jput | e
(1090, 5 b8 680 CERLENLALOD oL R0y 18, 08! O U2yt o
cal cubat &%, Ul it idhoutd Al 3 J2T GAY AP LIGGL 1) e m xed
shutter time/v from when the shutter has opened is Fl4/v. A
foreground component of the eleventh pixel from the left in
Fig. 22, corresponding to the second shutter time/v from
when the shutter has opened is also Fl4/v. A foreground
10 component of the twelfth pixel from the left in Fig. 22,
corresponding to the first shutter time/v from when the
shutter has opened is F15/v.
Since the object corresponding to the background is
stationary, background components of the ninth pixel from
15 the left in frame #n shown in Fig. 22, corresponding to the
second to fourth shutter time/v from when the shutter has
opened are B33/v. Background components of the tenth pixel
from the left in frame #n shown in Fig. 22, corresponding to
the third and fourth shutter time/v from when the shutter
20 has opened are B34/v. A background component of the
eleventh pixel from the left in frame #n shown in Fig. 22,
corresponding to the fourth shutter time/v from when the
shutter has opened are B35/v.

In frame #n shown in Fig. 22, the ninth through

25 eleventh pixels from the left belong to a mixed area serving



t he pixel values of a plurality of franes and the area information, and
sends the calculated m xture ratio a to the foreground/ background
separator 103. The m xture-ratio cal cul ator 102 generates a notion 20
vector and positional information indicating a pixel or an inage object
corresponding to the notion vector according to the input image, and the
area information sent fromthe area specifying unit 101, and sends the
generated notion vector and the positional information to the notion-blur
adj usting 25 unit 104. The size of theyyoLion vector generated by the - 74
m xture-ratio calculator 102 indicates the anobunt v of novenent within the
shutter tinme. The foreground/ background separator 103 extracts the
f oreground conponent image consisting of only the foreground 5 conponents
based on &Hhéhi KON UL LRI PINH #4528 of franes, the area infornation,
and the m xtur ratiﬁr a, and s%nds t he foreground conponent image to the
moti on-blur  Adfudtiehd thnith TPEFR FHETHIEthn PRXGL Sadrest ithg dRifit 104 adj usts
t he am)un{ a 10£f qgti on. bl ur |%c£ ded in the foreground conponent inage
based on tHe T dr'edi BUH Jt?br%%’e i St From TRITVIEY R backgr ound
separ at Orv:%ﬂ?e the. motion vector sent . fromthe m xture-ratio calcul ator
102, and tthe asre%) RIS I ntose%te 5 BH e tafr“ée?vsplétitf]}ﬁ r#d’ﬁﬁﬁlio , and
Tl b o R T N OTRI N AP Y IPRP LSS 1 PIUr T8
The leftmost pixel to the sixteenth pixel from the left
in frame #n+l shown in Fig. 22 belong to the background area,
and the pixel values thereof are B25 through B40,
respectively.
10 It can be assumed that the object corresponding to the
foreground is a rigid body and moves at a constant speed.
In addition, one foreground component moves such that it is
included in four'pixels in one frame. Accordingly, a
foreground component of the seventeenth pixel from the left
15 in frame #n+l shown in Fig. 22, corresponding to the first
shutter time/v from when the shutter has opened is F13/v,
and a foreground component of the eighteenth pixel from the
left in Fig. 22, corresponding to the second shutter time/v
from when the shutter has opened is also F13/v. A
20 foreground component of the nineteenth pixel from the left
in Fig. 22, corresponding to the third shutter time/v from
when the shutter has opened and a foreground component of
the twentieth pixel from the left in Fig. 22, corresponding

to the fourth shutter time/v from when the shutter has

25 opened are F13/v.



The processing for adjusting the amount of notion blur perfornmed by the
i mage processing apparatus is described belowwth reference to the
flowchart of Fig. 24. In step 20 S11, the area specifying unit 101 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 background area each pixel of the
i nput inage belongs. 25 Details of the area specifying processing are given
below. - 75 The area specifying unit 491 sends the generated area
information to the m xture-ratio cal culator 102. In step Sl11, the area
specifying unit 101 nmay generate, based on the input inmage, area
information indicating to 5 which of the foreground area, the background
area, or the AnifREEIEPERI(FeRRPAEBSSCSf tieEREh tegaihppisrlbérongsheo a
covered hac gnou&p are% or an uncovered background area) each pixel of the
i g&me

i nput i Beéio T Shox&e 11y e 9 f dréegrcOdid @ d&arator 103
of “the® oo TSR dHar S e L A e ke vy &P Bck deound  ar ea
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foreground component of the nineteenth pixel from the left
in Fig. 22, corresponding to the first shutter time/v from
when the shutter has opened is F15/v.

10 Since the object corresponding to the background is
stationary, background components of the seventeenth pixel
from the left in frame #n+l shown in Fig. 22, corresponding
to the second to fourth shutter time/v from when the shutter
has opened is B41l/v. Background components of the

15 eighteenth pixel from the left in frame #n+l shown in Fig.
22, corresponding to the third and fourth shutter time/v
from when the shutter has opened are B42/v. A background
component of the nineteenth pixel from the left in frame
#n+l shown in Fig. 22, corresponding to the fourth shutter

20 time/v from when the shutter has opened are B43/v.

In frame #n+l in Fig. 22, the seventeenth through
nineteenth pixels from the left belong to a mixed area
serving as an uncovered background area.

The twentieth pixel from the left in frame #n+l1 shown

25 in Fig. 22 belong to the foreground area. Foreground



foreground area in the direction of the notion vector, it is determ ned
that the m xed area is an uncovered background 20 area. In step S12, the
m xture-ratio calculator 102 calculates a mxture ratio a and a notion
vector for each pixel included in the m xed area based on the input inmge
and the area information. Details of processing for 25 calculating the

m xture ratio and the notion vector will be - 76 given below The

m xture-ratio cal cul ator 102 sends the <calculated m xture ratio a to the
f oreground/ background separator 103, @afd_the notion vector to the
notion-blur adjusting unit 104. 5 In step S13, the foreground/ background
separator 103 extracts the foreground conponents fromthe input inmage
based on the area information and the mxture ratio a, and sends the

f or egr ourfPTERSHFBHEN L S SRR KT dri BIhe uj s rigimesi timOdeas t he
foregroug? %%gponent imge. 10 In step S14, the notion-blur adjusting unit
104  gener S, OWKs &F 6h th e GRS I ile @RS &y afe o 4 3 Avhftdvaematon, t he
unit of %ﬁ%ﬁgﬁsing that indicates the positions of consecutive pixels

di sposed inm‘t'he noving direction and bel onging to any of the uncovered
background 15_area ound ar t he covered hackground area,

t he.foreaqr a, and
and adjusts t égan%anf§$Ps&5gF8ﬁ B!HPSFHCPEdQ& FﬂaﬁﬁeObFSEBﬁgoBHd
0P oBe e GALAARE Ml il donPon e B n e Pier® 1l
shown in Fig. 22.

Referring back to Fig. 2, the area specifying unit 101
specifies flags indicating to which of a foreground area, a
background area, a covered background area, or an uncovered

10 background area the individual pixels of the input image
belong by using the pixel values of a plurality of frames,
and sends the flags to the mixture-ratio calculator 102 and
the motion-blur adjusting unit 104 as the area information.

The mixture-ratio calculator 102 calculates the mixture

15 ratio a for each pixel included in the mixed area based on
the pixel values of a plurality of frames and the area
information, and sends the calculated mixture ratio a to the
foreground/background separator 103.

The mixture-ratio calculator 102 generates a motion

20 vector and positional information indicating a pixel or an
image object corresponding to the motion vector according to
the input image, and the area information sent from the area
specifying unit 101, and sends the generated motion vector
and the positional information to the motion-blur adjusting

25 unit 104. The size of the motion vector generated by the



amount of notion blur are given below 20 In step S15, the inage processing
apparatus determ nes whether the processing is finished for the whole
screen. If it is determned that the processing is not finished for the
whol e screen, the process proceeds to step S14, and the processing for
adjusting the anmpbunt of notion blur for the 25 foreground conponents
corresponding to the unit of - 77 processing is repeated. If it is
determned in step S15 that the processing is finished for the whol e
screen, the processing is conpleted._ 4p this manner, the inmage processing
apparatus is 5 capable of adjusting the anmpunt of notion blur included in
the foreground by separating the foreground and the background. That is,

t he i mage processing apparatus is capable of adjusting the amount of

not i on bIMUrXFHE Uhdd 9 P2 ket er defta infbi eatts htheheamsiunt wadfues of the
f or eground 101ﬁ{xels” The configuration of each of the area specifying
uni t  10TOHIRETH: WhTET dtho ditickRmtoime02, the . foreground/ background
separ at or 103T and the notion-blur adjusting unit 104 is descri bed bel ow.
15 Fig. 25 is ‘2FORIFCHLANCCKOFOUNE: iS85 4R toFarkiiBe st racks &§8fi gurati on
of the ar a8, S recdr{%icnogn unit 101. The area %Fﬁici fying unit 101 shown_ in
Fig. 25 does hot & ARG Y 1AL GO A i Herftyy Joe sTHes g nput
I magesln cucnrllﬁo%lenQJs fbraasrgads ‘on ehne tphiexélna\ga%.&eos boef par op eusrsaelditlys c}ctr ame #n, the
frames, the area information, and the mixture ratio o, and
sends the foreground component image to the motion-blur
adjusting unit 104.
The motion-blur adjusting unit 104 adjusts the amount
10 of motion blur included in the foreground component image
based on the foreground component image sent from the
foreground/background separator 103, the motion vector sent
from the mixture-ratio calculator 102, and the area
information sent from the area specifying unit 101, and then
15 outputs the foreground component image in which motion blur
is adjusted.
The processing for adjusting the amount of motion blur
performed by the image processing apparatus is described
below with reference to the flowchart of Fig. 24. 1In step
20 S11, the area specifying unit 101 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

background area each pixel of the input image belongs.

25 Details of the area specifying processing are given below.



20 frame nmenory 201 stores franme #n-2, which is the frame two frames
before franme #n, frame #n-1, which is the frane one frane before frane #n,
frame #n, frame #n+l, which is the frame one frane after frame #n, frane
#n+2, which is the frame two franes after franme #n. 25 A stationary/ noving
determ ning portion 202-1 reads the - 78 pixel value of the pixel of frame
#n+2 | ocated at the sane position as a designated pixel of frame #n in
which the area to which the pixel belongs is determ ned, and reads the

pi xel value of the pixel of frame #ntl,tocated at the sane 5 position of

t he designated pixel of frame #n fromthe franme nenory 201, and cal cul ates
the absolute value of the difference between the read pixel values. The
stationary/ movi ng determ ning portion 202-1 determ nes whether the

absol ute Vi (B TRRE UGG et it hWetindhethio ganeitated e frame #n+2

and the pjxﬁg value of frame #n+l 1is greater than a preset threshold Th.
e

If it is dé S8 1hathe SRR | P FEREAT tHih the threshol d Th,
et or i ning b CERE20%17, T P SR “HECO Gy TR Nl (Y GHOGRELE wal o
oo 1, BTG B L e PS030
e i S T R G S R R
deter m nifk RPr4AON 3A3alrdless of whether each pixel belongs to a
covered background area or an uncovered background area)
each pixel of the input image belongs. In this case, the
foreground/background separator 103 and the motion-blur
10 adjusting unit 104 determine based on the direction of the
motion vector whether the mixed area is a covered background
area or an uncovered background area. For example, if the
input image is disposed in the order of the foreground area,
the mixed area, and the background area in the direction of
15 the motion vector, it is determined that the mixed area is a
covered background area. If the input image is disposed in
the order of the background area, the mixed area, and the
foreground area in the direction of the motion vector, it is
determined that the mixed area is an uncovered background
20 area.
In step S12, the mixture-ratio calculator 102
calculates a mixture ratio o and a motion vector for each
pixel included in the mixed area based on the input image
and the area information. Details of processing for

25 calculating the mixture ratio and the motion vector will be



A stationary/ noving determ ning portion 202-2 reads the pixel value of a
desi gnated pi xel of franme #n in which the area to which the pixel bel ongs
is determ ned, and reads the pixel value of the pixel of frame #n+l :
| ocated at the same 25 position as the designated pixel of frame #n from
the frame - 79 nenory 201, and cal cul ates the absol ute val ue of the

di fference between the pixel values. The stationary/noving determ ning
portion 202-2 determ nes whether the absolute value of the difference

bet ween the pi xel value of frane 5 #D+¥6agd t he pi xel value of frame #n is
greater than a preset threshold Th. If it is determ ned that the absolute
val ue of the difference between the pixel values is greater than the
threshold Th, a stationary/nmoving determ nation indicating "nmoving" is
sent to tc-ﬁé’eé’r é%fld%‘t er O Ay XForts o tie Ze8lau et marl 0 ewendist érhre ni ng
portion 203- If is determined that the absolute val ue of the

di ff erend® “’(W‘“kﬁexéflat\ﬂé% fe & thfe fnsegraind/ieaakaneamndind t he

xel of franme #n is smaller than or equal to the

| | f
Fmgshor?feuﬁef‘ %ﬁ?er Z‘]togilt'l Gyt %ﬂ%%t"é‘r“rﬁ% P pora "&1111:51‘2@2112 sends a

st ati onary{.novi.ng det ation indicating "stationary" to the area
determ nlgndduﬁ&r nq% DQ%STP%and the area determning portion 203-2. A
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based on the area information and the mixture ratio a, and
sends the foreground components to the motion-blur adjusting
unit 104 as the foreground component image.

10 In step S14, the motion-blur adjusting unit 104
generates, based on the motion vector and the area
information, the unit of processing that indicates the
positions of consecutive pixels disposed in the moving
direction and belonging to any of the uncovered background

15 area, the foreground area, and the covered background area,
and adjusts the amount of motion blur included in the
foreground components corresponding to the unit of
processing. Details of the processing for adjusting the
amount of motion blur are given below.

20 In step S15, the image processing apparatus determines
whether the processing is finished for the whole screen. TIf
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

25 foreground components corresponding to the unit of



position as the designated pixel of frame #n fromthe frame nenory 201

and cal cul ates the absolute value of the difference between the pixel

val ues. The stationary/ noving 25 determ ning portion 202-3 determ nes

whet her the absolute - 80 value of the difference between the pixel value
of frame #n and the pixel value of frame #n-1 is greater than a preset
threshold Th. If it is determ ned that the absolute value of the

di fference between the pixel values is greater than 5 the threshold Th, a
stationary/ moving deternination indicaying "noving" is sent to the area
determning portion 203-2 and an area determning portion 203-3. If it is
determ ned that the absolute value of the difference between the pixel

val ue of the pixel of frame #n and the pixel value 10 of the pixel of frane
#n-1 i s QS KL Sorrefddiedo the threshold Th, the stationary/ noving
determ ning partion 202- 3 sends a stationary/ noving determ nation

i ndi cati ng "g?aﬂ?oﬁérgetFSmﬂﬁédaﬁéaSG@Peﬁ%ﬁnWthpégﬁi@ﬁozegsinanésthe

area determ.ni.n rtion 203-3. 15 A stationary/ noving determ.ning portion
202- 4 re?&é“tsﬁlf% '°>¥e|t9\Fa|“8€1@f FHE ST x NP TICHRS Y 19 sompd@t®d t he sane
position as aIge%ggnated gixel of .frame #n in which the area, to which the
pi xel bel ongs'P's “B&fePRRES, 4RG B34S PRECeSFBF GRPAE2EHSt hE pi xel of
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background. That is, the image processing apparatus is

capable of adjusting the amount of motion blur included in

sampled data indicating the pixel values of the foreground

10 pixels.

The configuration of each of the area specifying unit
101, the mixture-ratio calculator 102, the .
foreground/background separator 103, and the motion-blur
adjusting unit 104 is described below.

15 Fig. 25 is a block diagram illustrating an example of
the configuration of the area specifying unit 101. The area
specifying unit 101 shown in Fig. 25 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

20 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.

25 A stationary/moving determining portion 202-1 reads the



determ ning portion 202-4 determ nes whet her the absolute value of the

di fference between the pixel value of franme #n 25 1 and the pixel val ue of
frame #n-2 is greater than a preset - 81 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 determ nation
indicating "noving" is sent to the area determning portion 5 203-3. If it
is determ ned that the absolute value of the difference between the pixel
val ue of the pixel of frame #n- 1 and %Ee_pi xel value of the pixel of frane
#n-2 is smaller than or equal to the reshold Th, the stationary/ noving
determ ning portion 202-4 sends a stationary/noving 10 determ nation
indicating "stationary” to the area determ ning portion 203-3. Wen the

st at i onarRA%fli Wyl wretdh riliatkiorelsent frawe tiret2 statd wathrat! nohe Eapme

determ ning portion 202-1 indicates "stationary" and when the

st at i onarBFHovi Yy Feterdfinignared P isemt 9 ofwanke #1 atn ortergt nthe rarea
determ nin ortion 202-2 indicates "noving", the area determ ning portion
203-1 det r‘ﬁ%ﬁ% qr}}%tplt’?f‘el R f (et roiingd armndrrardongse to an
uncover ed_.background eg, and sets_"1", whjch indicates that the
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difference between the read pixel values. The
stationary/moving determining portion 202-1 determines
whether the absolute value of the difference between the
10 pixel value of frame #n+2 and the pixel value of frame #n+1
is greater than a preset threshold Th. If it is determined
that the difference is greater than the threshold Th, a
stationary/moving determination indicating "moving" is sent
to an area determining portion 203-1. If it is determined
15 that the absolute value of the difference between the pixel
value of the pixel of frame #n+2 and the pixel value of the
pixel of frame #n+l is smaller than or equal to the
threshold Th, the stationary/moving determining portion 202-
1 sends a stationary/moving determination indicating
20 "stationary" to the area determining portion 203-1.

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

25 position as the designated pixel of frame #n from the frame



"nmovi ng" or when the stationary/noving determ nation sent 25 fromthe
stationary/ noving determ ning portion 202-2 - 82 indicates "stationary",
the area specifying unit 203-1 determ nes that the designated pixel of
frame #n does not belong to an uncovered background area, and sets "0",
whi ch indicates that the designated pixel does not belong to an 5
uncover ed background area, in the uncovered-background-area determ ning
flag associated with the designhated pixel. The area determ ning portion
203-1 sends the uncovered- backgr oung-?geg determning flag in which "1" or
"0" is set as discussed above to a detérm ning-flag-storing frane 10
menory 204. When the stationary/ noving determ nation sent fromthe
st ati onary/ novi %det erm ning portion 202-2 indicates "stationary" and
when t he BT bretYy/ o i bat ke hatliormbsehiitd romuseo BStidte onar y/ novi ng
determ ni ng tporti on 202-3 15 indicate "stationary", the area determ ning
ortion ZHRLEETeRGRBAFReR Hete thixelesy ®d pihelstoitiqrany Amobisiongs to
P : ST ;
t he statlcgnar area, and sets "1" which indicates that the pixel bel ongs
to the st ‘?‘?%‘ﬁ%ﬁr%}%ﬁ RPTEIPY 24277 gipkgimines whatdren ity a0sql WsSoci at ed
with the Vda si%gnoa%e i ﬁ.ee 20 V\h%r% t he stationary/noving determ nation sent
from t he V&S i Bhar R RER R ISR gots iR Do X3y i T at%ame " novi ng”
or when the statianary/noving determnation sent fromthe
. 4 ’ g
stationar'y rrlova?nnc_‘gchleef G n ]p%ert?%g]np%‘?e- 1 IR FRE SN2 the area
determ'“ﬂ¥£§g!tﬂﬁyéé%§%&zTh. If it is determined that the absolute
value of the difference between the pixel values is greater
than the threshold Th, a stationary/moving determination
indicating "moving" is sent to the area determining portion
10 203-1 and an area determining portion 203-2. 1If it is
determined that the absolute value of the difference between
the pixel value of the pixel of frame #n+l and the pixel
value of the pixel of frame #n is smaller than or equal to
the threshold Th, the stationary/moving determining portion
15 202-2 sends a stationary/moving determination indicating
"stationary" to the area determining portion 203-1 and the
area determining portion 203-2.
A stationary/moving determining portion 202-3 reads the
pixel value of a designated pixel of frame #n in which the
20 area to which the pixel belongs is determined, and reads the
pixel value of the pixel of frame #n-1 located at the same
position as the designated pixel of frame #n from the frame
memory 201, and calculates the absolute value of the

difference between the pixel values. The stationary/moving

25 determining portion 202-3 determines whether the absolute



25 determ nes that the designated pixel of frame #n does not - 83 bel ong
to the stationary area, and sets 11011, which indicates that the pixel
does not belong to the stationary area, in the stationary-area determ ning
flag associated with the designated pixel. 5 The area determ ning portion
203-2 sends the stationary-area determning flag in which 111" or 11011 is
set as discussed above to the determning-flag-storing frame nenory 204.
When the stationary/ noving determ nation sent fromthe 10
stationary/ noving determning portion g92-2 indicates "noving" and when
t he stationary/ noving determ nation sent fromthe stationary/noving
determ ning portion 202-3 indicate "noving", the area determ ning portion
203-2 determ nes that the designated pixel of frane #n belongs to 15 the
movi ng arég it ddts differspfichatnaeattde mHatek vl ufedigifaeae gixel
bel ongs to nmovi ng area, in aftrmvi - area determ ning flag associ ated
with the adbii B i XE TR TS 1Y T lonk WERRKSTy tdetterniBRaSSSn sent
fromthe _.stationary/ novi det erm.nin ortion 202-2 indi cates 20
"stati onai"rhy]‘t'es’té‘rO et é%&ii%éﬂ%ﬁ%‘gﬂ%ﬁ{ dtadr AP L Wesh v lUsm t he
stati onaryd v @L&eet rm ni orti.Qn 202-%1 i_ndi cat.e "stationary", the
area deternining por r%@n@ezd%qa%e&ettg}empnlgse rYzﬁn'LL{ense TR F1§iTHtEd Pidkel  of
frames#n gRes shoﬁ% elrle taocftthdec- v t.s 11011, which
i ndi cates 25 that the piXel does l@ %I@rrlvglﬁgo%eesﬁn%\%ﬂanltglo&r ea, in the

indicating "moving" is sent to the area determining portion

203-2 and an area determining portion 203-3. If it is

determined that the absolute value of the difference between

the pixel value of the pixel of frame #n and the pixel value

10 of the pixel of frame #n-1 is smaller than or equal to the

threshold Th, the stationary/moving determining portion 202-
3 sends a stationary/moving determination indicating
"stationary" to the area determining portion 203-2 and the

area determining portion 203-3.

15 A stationary/moving determining portion 202-4 reads the
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

20 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
determining portion 202-4 determines whether the absolute

value of the difference between the pixel value of frame #n-

25 1 and the pixel value of frame #n-2 is greater than a preset



- 84 noving-area determning flag associated with the designated pixel
The area determ ning portion 203-2 sends the noving- area determning fl ag
in which "1" or "0" is set as 5 discussed above to the _ -
determ ning-flag-storing frame menory 204. Wen the stationary/ noving
determ nation sent fromthe stationary/noving determ ning portion 202-3

i ndicates "noving" and when the stationary/noving determ nation sent 10
fromthe stationary/ noving determ ning portion 202-4 indicate
"stationary", the area determ ning porgion 203-3 determ nes that the

desi gnat ed pi xel of franme #n belongs to a covered background area, and
sets "1", which indicates that the designated pixel belongs to the covered
backgroug%115 area, in a covered-background-area determning flag

associ at éd' it fhd Tdesilgnaitted Sidedermimas tiie tsttdrd sigraliuhsy ivieg ue
i cat 0" TS AGEAAPRCS BRTEAE TS AR IRRA ig GERRTATN 20 sent
the ar oa G GVTHETHG DALY 6h S2oen et SRHATER GRS 60 gnat od pi el of
(1o 0 905 DRI A S BT SR g
backggou%ﬁrﬁa, Iifﬂ' itéqgsc%lque%it}x%%q{h%%dih r%%s-ol%sce value of the
difference between the pixel value of the pixel of frame #n-
1 and the pixel value of the pixel of frame #n-2 is smaller
than or equal to the threshold Th, the stationary/moving
determining portion 202-4 sends a stationary/moving
10 determination indicating "stationary" to the area
determining portion 203-3.
When the stationary/moving determination sent from the
stationary/moving determining portion 202-1 indicates
"stationary" and when the stationary/moving determination
15 sent from the stationary/moving determining portion 202-2
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
20 area, in an uncovered-background-area determining flag
associated with the designated pixel.
When the stationary/moving determination sent from the
stationary/moving determining portion 202-1 indicates
"moving" or when the stationary/moving determination sent

25 from the stationary/moving determining portion 202-2



determning flag associated with the designated pixel. The area determ ning
portion 203-3 sends the covered- background-area determning flag in which
"1" or 11011 is set as discussed above to the determ ning-flag-storing
frame 5 nenory 204, The determ ning-flag-storing franme nmenory 204 thus
stores the uncovered-background-area determning flag sent fromthe area
determ ning portion 203-1, the stationary-area determning flag sent from
the area determ ning portion 203 10 2, the noving-area determning flag
sent fromthe area determning portiop,203-2, and the

cover ed- background-area determning flag sent fromthe area determ ning
portion 203 3. The determ ning-flag-storing frame nenory 204 sends the 15
uncovered-b cﬁg&gund-area determning flag, the stationary area determ ning

flag, the 2Sar & Mt BTN ngHe @ e antPe iy ey el Bkgr ound- ar ea

ganer at c< TS AR | P (ARG RS F0-h (o o e AInGioRs P backor ound

20 area, ;the st tionary area e Vi n rea, or the covered background

area each piXel BelBh Cboé‘%eefae%njal‘ﬂ%ﬁﬂ%gﬁsé%‘tﬁ' Bk gtsdind-%r e & Metter ni ni ng
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determining flag associated with the designated pixel.

The area determining portion 203-1 sends the uncovered-
background-area determining flag in which "1" or "0" is set
as discussed above to a determining-flag-storing frame

10 memory 204.

When the stationary/moving determination sent from the
stationary/moving determining portion 202-2 indicates
"stationary" and when the stationary/moving determination
sent from the stationary/moving determining portion 202-3

15 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.

20 When the stationary/moving determination sent from the
stationary/moving determining portion 202-2 indicates
"moving" or when the stationary/moving determination sent
from the stationary/moving determining portion 202-3

indicate "moving", the area determining portion 203-2

25 determines that the designated pixel of frame #n does not



206. The

informati on sent fromthe synthesizer

determ ning-flag-storing frame nmenory 206 stores the area

205, and also 5 outputs the area

information stored therein. Next, An exanple of the processing perforned by
the area specifying unit 101 when a franme interval. tine has the sane

| ength as a shutter time will be described belowwith reference to Figs.
26 through 30. 10 When the object corresponding to the foreground is

novi ng,

the position of the inage corresponding to the

screen changes in every frane. As sho in Fig. 26, the inmge
corresponding to the object | ocated at “"the position indicated by Yn(x,y)

in frane

#n is positioned 15 at Yn+l (x,y) in franme #n+l, which is

subsequent to frame #n. A nodel obtained by developing in the tine

di recti orPekINg fikeihe o tatsl wramhea paael andi defrred' &1 devtbyels| idelian tewme

nmovi ng direction of the imge corresponding to the foreground object

shown i n W&t 9 mHorelexdary @10t thelpne g i rievtd 1ih asfea heln nage

corresponqug to the foreground object is horizontal with respect to the
Hedet O i 97 MR NG e |2 v e afal byt devidtopi ng

irection the pixel values of the pixels disposed on a line

Screen,
the time

obj ect on the

is

in

si de- by- STUEIVE-9H B4 L 27, the line in frame #n is equal to the line -

in frgne

10

15

20

25

i+ N2 QT QL AP R 1D 9052 QA0 (12 the obi ect

stationary-area determining flag in which "1" or "O0" is set
as discussed above to the determining-flag-storing frame
memory 204.

When the stationary/moving determination sent from the
stationary/moving determining portion 202-2 indicates
"moving" and when the stationary/moving determination sent
from the stationary/moving determining portion 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
designated pixel belongs to the moving area, in a moving-
area determining flag associated with the designated pixel.

When the stationary/moving determination sent from the
stationary/moving determining portion 202-2 indicates
"stationary" or when the stationary/moving determination
sent 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

87



included in the second pixel to the thirteenth pixel from the left in
frame #n are included in the n frane #n+l. In franme #n, the pixels

bel onging to the covered background area are the el eventh through
thirteenth pixels fromthe left, and the pixels belonging to the uncovered
background area are the second through fourth pixels from210 the left. In
frame #n+l, the pixels belonging to the covered background area are the
fifteenth through seventeenth pixels fromthe left, and the pixels

bel onging to the uncovered backgrougdsgrga are the sixth through eighth
pi xels fromthe left. 15 In the exanpl e shown in Fig. 27, since the
foreground conponents included in frane #n are noved such that they are
included in four pixels, the amount v of novenment is four. A virtual

di vi si on PRIMG-3%eF slptermiacons daae adsdcidieed anotintthe ofesioyrentesd . 20 A
description is now given of a change in pixel values of the pixels
belonmluf%%?%he m xed area in the franes before and after a designated
frame. In Fig. 28, the pixels belonging to a covered background area in
frame #n in Wifeh 4158 BELEFEiidY PO iomPiidnar pemss the awvidma—v of
novenent mﬁthu%bthe shutter - 88 tinme in the foreground is four are the

fifteent 1% UG TSR % Wt ¥ECH ol te 1t t1s Si9eeg he amount v of

novengnt within the .shutter tinme,is four, the fifteenth through
sevegseeﬁﬁééﬁ%&ﬁ M 112 The e T i ag-storing frame memory

204.

When the'stationary/moving determination sent from the
stationary/moving determining portion 202-3 indicates
"moving" and when the stationary/moving determination sent

10 from the stationary/moving determining portion 202-4
indicate "stationary", the area determining portion 203-3
determines that the designated pixel of frame #n belongs to
a covered background area, and sets "1", which indicates
that the designated pixel belongs to the covered background

15 area, in a covered-background-area determining flag
associated with the designated pixel.

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

20 sent from the stationary/moving determining portion 202-4
indicate "moving", the area determining portion 203-3
determines that the designated pixel of frame #n does not
belong to a covered background area, and sets "0", which
indicates that the designated pixel does not belong to a

25 covered background area, in the covered-background-area



5 frane #n-1 include only background conponents and belong to the
background area. The fifteenth through seventeenth pixels fromthe left in
frame #n-2, which is one frane before frame #n-1, include only background
conponents and belong to the background area. 10 Since the object
corresponding to the background is stationary, the pixel value of the
fifteenth pixel fromthe Ileft in frame #n-1 does not change fromthe pixel
value of the fifteenth pixel fromthe left in frane #n-2. Simlarly, the
pi xel value of the sixteenth pixel frogthe left in 15 frame #n-1 does not
change fromthe pixel value of the sixteenth pixel fromthe left in franme
#n-2, and the pixel value of the seventeenth pixel fromthe left in frane
#n-1 does not change fromthe pixel value of the seventeenth pixel from
the | ef t detHfe veh-flap @ asp Giatad wortds, thehalqs haslatdch Himete #n-1 and
frame #n-2 correspondin% to the pixels belonging to the covered

background ar €88 AFPPafE LRETdaAETs Postionl ¢ 0Badk §esdsd theorparerds, and t he
pi xel val ues therepf do not change. Accordin t he absol ute val ue of the

ly,
di f f er enc® P 4 ISR Ud 4% W ycrb."lThLPsr, 'the is set

stationary/nmpving - 89. determnati made for the pixels in frame #n-1 and
frane # -Szrgglosrcr"% ec‘fﬁcﬁﬁ?d’et 1 H epi%?"ﬁé?%?%%‘osﬁ%r}ﬂ Xdf % ea in
franeS#nd@htJ§3é§fuionary/noving determ ning portion 202-4 is

"stationary" . "5 "Since the pixels belonging to the covered background

The determining-flag-storing frame memory 204 thus
stores the uncovered-background-area determining flag sent
from the area determining portion 203-1, the stationary-area
determining flag sent from the area determining portion 203-

10 2, the moving-area determining flag sent from the area
determining portion 203-2, and the covered-background-area
determining flag sent from the area determining portion 203-
3.

The determining-flag-storing frame memory 204 sends the

15 uncovered-background-area determining flag, the stationary-
area determining flag, the moving-area determining flag, and
the covered-background-area determining flag stored therein
to a synthesizer 205. The synthesizer 205 generates area
information indicating to which of the uncovered background

20 area, the stationary area, 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 sent from the

25 determining-flag-storing frame memory 204, and sends the



area in frame #n include foreground conponents, the pixel values thereof
are different fromthose of frame #n-1 consisting of only background
conponents. Accordingly, the stationary/noving determ nation nmade for the
pi xel s 10 belonging to the m xed area in frame #n and the correspondi ng

pi xels in frame #n-1 by the stationary/noving determning portion 202-3 is
"nmovi ng". Wen the stationary/noving determ nation result indicating
"noving" is sent fromthe stationary/ noving 15 determ ning portion 202-3,
and when the stationary/nmoving deterngpation result indicating
"stationary" is sent from the stationary/ noving determ ning portion 202-4,
as discussed above, the area determ ning portion 203-3 determ nes that
the correspondi ng pixels belong to a covered 20 background area. In Fig.
29, in frodf? #AP HEMGHE et St 1% £ st oy affchnteheneammunt v of
nmovenent h|n the shutter tine in the foreground is four, the pixels

i ncl uded 4 uncover ed background area are the second through fourth 25
pi xel s fron1tq§ g@ Si.nce tgﬁ frame interval tine has the - 90 sane
length as t he [OFuCEEET AR NGnd leRE SAREIRE FromenB\arRelt 206s stedes t he
second th{ou e left in the subse uent frane #n+l

h f t ls f t
i ncl ude on %baéﬁuno dmﬁgﬁ%bﬁ%%ﬂ% Eﬂﬂjqﬂﬁ(ﬁ%PHQ?%%ﬂ?qJ . In

frameg#n+2, s 3 suhseguent. to framne t he second through fourth
pi xel 2 frorﬁ% hi 2555 1 UHS 36 5 B &G ‘?.fﬁ Hifidhent s and bel ong

Next, An example of the processing performed by the
area specifying unit 101 when a frame interval time has the
same length as a shutter time will be described below with
reference to Figs. 26 through 30.

10 When the object corresponding to the foreground is
moving, the position of the image corresponding to the
object on the screen changes in every frame. As shown in
Fig. 26, the image corresponding to the object located at
the position indicated by Yn(x,y) in frame #n is positioned

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

A model obtained by developing in the time direction
the pixel values of the pixels aligned side-by-side in the
moving direction of the image corresponding to the
foreground object is shown in Fig. 22. For example, if the

20 moving direction of the image corresponding to the
foreground object is horizontal with respect to the screen,
the model shown in Fig. 27 is a model obtained by developing
in the time direction the pixel values of the pixels
disposed on a line side-by-side.

25 In Fig. 27, the line in frame #n is equal to the line



to the background area. Since the object corresponding to the background is
stationary, the pixel value of the second pixel fromthe 10 left in frame
#n+2 does not change fromthe pixel value of the second pixel fromthe |eft
in frame #n+l. Simlarly, the pixel value of the third pixel fromthe left
in frame #n+2 does not change fromthe pixel value of the third pixel
fromthe left in frame #n+l, and the pixel value of the 15 fourth pi xel
fromthe left in frame #n+2 does not change fromthe pixel value of the
fourth pixel fromthe left in frame_#g4l. In other words, the pixels in
frame #n+l and frame #n+2 corresponding to the pixels belonging to the
uncovered 20 background area in frame #n consist of only background
conponents, and the pixel values thereof do not change. Accordingly, the
absol ut e Malldé™F %fe «di fference between the pixel values is al nost 0

Thus, the stﬁékon%rﬁlnnvin determ nation made for the pixels in franme
#n+1 and frame 35 2MEITCYFFe SHBRAFRG Lo CORE efPRBAd NPeten§hrg oPd eElie ni xed
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gio;ne)fjgentﬁxe AR NG Iatir}(eel .40 QI Wdmving defer rgnq_alt.i on made for the
In frame #n, the pixels belonging to the covered
background area are the eleventh through thirteenth pixels
from the left, and the pixels belonging to the uncovered
background area are the second through fourth pixels from

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

15 In the example shown in Fig. 27, since the foreground
components included in frame #n are moved such that they are
included in four pixels, the amount v of movement is four.

A virtual division number is four in accordance with the
amount v of movement.

20 A description is now given of a change in pixel values
of the pixels belonging to the mixed area in the frames
before and after a designated frame.

In Fig. 28, the pixels belonging to a covered
background area in frame #n in which the background is

25 stationary and the amount v of movement within the shutter



bel onging to the mxed area in frame #n and the corresponding pixels in
frame #n+l1 by the stationary/noving 10 determ ning portion 202-2 is
"noving". Wen the s.tationary/noving determnation result indicating
"nmoving" is sent fromthe stationary/noving determ ning portion 202-2, and
when the stationary/nmoving determ nation result indicating "stationary" is
sent from 15 the stationary/ noving determ ning portion 202-1, as discussed
above, the area determi ning portion 203-1 determ nes that the
correspondi ng pi xels belong to an uncgyered background area. Fig. 30
illustrates determ nation conditions for frame 20 #n made by the area
specifying unit 101. When the determnation result for the pixel in frame
#n-2 | ocated at the sanme image position as a pixel in frame #n to be
processed @ Forthehe Qisaaround firsarfown-alrd dde ol Gtearhish tammmigiosi tion as
the pixel in frame #n is stationary, and 25 when the determ nation result
for the pPISYENISEN TR %8 sarfdram gidie thaf thi xdlinge fihmmmawnt wedt ed at the

same i m e‘position as the pixel in frane #n is noving, the area
speci fyi %‘5’ Rt WO iR W RIeR time piskdloum fihend #itasaltdngs to a
covered hackaround area. 5 \Wen the determ nation result for the pixel in

frame #n —an & DI T BIde Ui - b e d ot tife P havd@as position

as th i jn.fra n.js stationar and when the deternmi_nation result
for tﬁepaﬁggﬁ:%??%gﬁﬁﬁﬁhe%ﬁﬁﬂﬁhgaéi round components and belong to

the background area. The fifteenth through seventeenth
pixels from the left in frame #n-2, which is one frame
before frame #n-1, include only background components and
belong to the background area.

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

15 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
does not change from the pixel value of the seventeenth
pixel from the left in frame #n-2.

20 In other words, 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
components, and the pixel values thereof do not change.
Accordingly, the absolute value of the difference between

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



pi xel in frame #n+l |ocated at the same inmage position as 10 the pixel in
frame #n is stationary, the area specifying unit 101 determ nes that the
pi xel in frame #n belongs to the stationary area. \Wen the determnation -
result for the pixel in frame #n and the pixel in frame #n-1 | ocated at
the sane inmage 15 position as the pixel in frame #n is noving, and when the
determ nation result for the pixel in frame #n and the pixel in frame #n+l
| ocated at the same image position as the pixel in frane #n is noving, the
area specifying unit 101 deternines_tg?t_the pi xel in frame #n belongs to
the nmoving 20 area. When the determnation result for the pixel in franme
#n and the pixel in franme #n+l | ocated at the sane inmage position as the
pixel in frame #n is noving, and when the determ nation result for the

pi xel in.d9rerRlnation geded el 25 thisxsbsrein nbganeokitl amdst tdmee pi xel in
frame #n gnd the - 93 pixel in frame #n+2 | ocated at the sane inmage

posi ti on Y 2 tIRFHISRANGING rgret b Rkt uthokrirging heo arlem rsipewd fagery  uni t
101 determ nes thgl the pixel in franme #n belongs to an uncovered

backgr ountd® ali‘? 1€ g R the 6 % R WY Y 119 <39 te e dgdareg | ke toifort he ar ea
determn 'in resuy| ts obtained by the area specifying unit 101. In Fig.
31A, thea%q el st Sihi TR ¥ e er mi ned to belong to a covered background

area are indi %ated i%vvhi.te. I% Fi o 31B, the pixels which are determ ned
to besong to apnce the pixels belonging to the covered background

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

10 belonging to the mixed area in frame #n and the
corresponding pixels in frame #n-1 by the stationary/moving
determining portion 202-3 is "moving".

When the stationary/moving determination result
indicating "moving" is sent from the stationary/moving

15 determining portion 202-3, and when the stationary/moving
determination result indicating "stationary" is sent from
the stationary/moving determining portion 202-4, as
discussed above, the area determining portion 203-3
determines that the corresponding pixels belong to a covered

20 background area.

In Fig. 29, in frame #n in which the background is
stationary and the amount v of movement within the shutter
time in the foreground is four, the pixels ihcluded in an
uncovered background area are the second through fourth

25 pixels from the left. Since the frame interval time has the



10 uncovered background area are indicated in white. In Fig. 31C, the

pi xel s which are determned to belong to a noving area are indicated in
white. In Fig. 31D, the pixels which are determned to belong to a
stationary area are indicated in white. 15. Fig. 32 illustrates the area
information indicating the mxed area, in the formof an inmage, selected
fromthe area information output fromthe determning-flag-storing frane
menory 206. In Fig. 32, the pixels which are determned to belong to the
covered background area or the uncovergg 20 background area, i.e., the

pi xel s which are determned to belong to the m xed area, are indicated in
white. The area information indicating the m xed area output fromthe

determnin -fla%stori ng frame nmenory 206 designates the m xed area and
t he porti%‘%&eh]a IR 3 X er e shFebunbed ad 2Bhe eIt i oret ilarrRAN T
texture in the fore}grou'nd area. - 94 The area specifyi nt%éé)rocessi ng

r§ Freney
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proceeds #%m the left include 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
10 left in frame #n+2 does not change from the pixel value of
the second pixel from the left in frame #n+1. Similarly,
the pixel value of the third pixel from the left in frame
#n+2 does not change from the pixel value of the third pixel
from the left in frame #n+l, and the pixel value of the
15 fourth pixel from the left in frame #n+2 does not change
from the pixel value of the fourth pixel from the left in
frame #n+1.
In other words, the pixels in frame #n+l and frame #n+2
corresponding to the pixels belonging to the uncovered
20 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+l1 and frame

25 #n+2 corresponding to the pixels belonging to the mixed area



step S203 in which the stationary/ noving determ ning portion 202-2
determ nes whether the determnation result for the pixel in frane On and
the pixel in frame #n+l1l |ocated at the sanme position is stationary. 15 If:
it is determned in step S203 that the determ nation result for the pixel
in frame On and the pixel in frane #n+l |ocated at the sane position is
stationary, the process proceeds to step S204. In step S204, the area
determ ning portion 203-2 sets "1", which indicates that the pixel to be
20 processed belongs to the stationarygarea, in the stationary area
determning flag associated with the pixel to be processed. The area
determ ning portion 203-2 sends the stationary-area determning flag to
the determning-flag- storing frame menory 204, and the process proceeds to
step 25 ‘8bo5rate g8l B §he jstafeh gy WaeP V& t4gt sSzom inmtpa e on
det er m n:%df"ﬂ]e result for the pixel in frane #n-1 and the pixel in frane #n
| ocat ed e Wit is noving, or if it is determned in step S203
that the detersr{i rclzati n resultn&or 5 the pixel in frame #n_and the pixel in
frame #n+l | oCATEE &'C PHECISESIOIAHNGn GO TSy iRG OVEREdpbrek graupd
processeda[deoafe. nat_bel,ong ta a stationar rea. Accordingly, the
processi ng o Slsr} ep g%)éfpr} glns(%il‘bdpee OLHRF THY R e Pixflst ep S205.
10 In5st%l%é)ss,tﬁet}e%s§ tionar vi,ng. det ernm ning portio 02-3
det er mi nes whet her_the %’e’{ee@nié/n%?eonnt ?fersou te”foosre tcﬁte e N A
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
10 determining portion 202-2 is "moving".
When the stationary/moving determination result
indicating "moving" is sent from the stationary/moving
determining portion 202-2, and when the stationary/moving
determination result indicating "stationary" is sent from
15 the stationary/moving determining portion 202-1, as
discussed above, the area determining portion 203-1
determines that the corresponding pixels belong to an
uncovered background area.
Fig. 30 illustrates determination conditions for frame
20 #n made by the area specifying unit 101. When the
determination result for the pixel in frame #n-2 located at
the same image position as a pixel in frame #n to be
processed and for the pixel in frame #n-1 located at the

same position as the pixel in frame #n is stationary, and

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



pi xel in frame #n-1 and the pixel in frame #n |ocated at the same position
is moving. If it is determned that the determ nation result is noving,
the process proceeds to step 15 S206 in which the stationary/ noving
determ ning portion 202- 2 determ nes whether the determ nation result for
the pixel in frame #n and the pixel in franme #n+l | ocated at the sane
position is nmoving. If it is determined in step S206 that the determ nation
20 result for the pixel in frame #n and the pixel in frame #n+l |ocated at
the sane position is'noving, the procegs proceeds to step S207. In step
S207, the area determning portion 203-2 sets "1", which indicates that
the pixel to be processed belongs to a noving area, in the noving-area 25
determning flag aSSOCIated with the pixel to be processed. - 96 The area
det er ni nitily Reeldn L amidinte IRrAtRf @rtedhaletasrari imanse foceg tion he
deternlnlfg flag-staoring frame nenory 204, and the process proceeds to
step S208S {8 Pixelydireffang ih i dpvdaes thhe ateRe daesrifad omits

in frame #n-1 and the pixel in frame #n |ocated at

It far.th
trﬁzusarreq{%s Qleﬁtgerf"ilélesst a&*iad‘natrhf Fblr’“%lf in §remferhy Al as &t @ S206 t hat

t he detequpatl Q{ sult f the pixel in frame #n and the pixel in frame
#n+l | ocated at IHEEHE (%ﬁ%QOn is stationary, the pixel in frane #n

5207 s oki pBE" ek, AR roeleT B e eBhl N 5o EposonR 1 1R raectve; the
stati onaryf{m\ng,;dgherm WG PYA1100 goated at the same image
position as the pixel in frame #n is stationary, and when
the determination result for the pixel in frame #n and the
pixel in frame #n+l located at the same image position as
10 the pixel in frame #n is stationary, the area specifying
unit 101 determines that the pixel in frame #n belongs to
the stationary area.

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

15 position as the pixel in frame #n is moving, and when the
determination result for the pixel in frame #n and the pixel
in frame #n+l located at the same image position as the
pixel in frame #n is moving, the area specifying unit 101
determines that the pixel in frame #n belongs to the moving

20 area.

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

25 the same image position as the pixel in frame #n and the



202-4 determ nes whether the determnation result for the pixel in frane
#n-2 and the pixel in frame #n-1 |ocated at 15 the sane position is
stationary. If it is determned that the determ nation result is
stationary, the process proceeds to step S209 in which the

stationary/ noving determining portion 202-3 determ nes whether the

determ nation result for the pixel in frame #n-1 and the pixel in frame #n
20 |l ocated at the sane position is noving. If it is determned in step S209
that the determination result for theypixel in frame #n-1 and the pixel in
frame #n |ocated at the same position is noving, the process proceeds to
step S210. In step S210, the area determ ning portion 25 203-3 sets "1",

whi ch indicates that the pixel to be - 97 processed belongs to a covered
backgr oud ¥frledn ifFanse #rodd drosrh st legy dured-ssamen ddestasr mas ing.dd &g
associated with the pixel to be processed. The area determning portion
203-3  sditfs Rk Ic dve rfedien dity ridu ik adrican adet e rtfieniane o |smp atid i 5

determ ning-flag-storing frame nmenory 204, and the process proceeds to

step S2117the Hr €% TRt o o 03-13 f@mgs #rhdelongs to an
Frame. mendry SO SRPHOP DGR pr oceeds. Lo step S211 10 1T (1 10
ram 2 andibhe pthof "PAUBPARLD Al RoroCiRoR aIPLRE SAmshgosFERon | o
gﬁ‘éi ?%’e Q{eéérniitnaitsz‘!.onderte%ru -tnse%bitnaishtee b%/zot%et rJaai:tealt r.]s% c:ii)(f(;i/lz'.xw.ign Jnria%:rre #n-1
101. In Fig. 31A, the pixels which are determined to belong
to a covered background area are indicated in white. 1In Fig.
31B, the pixels which are determined to belong to an

10 uncovered background area are indicated in white.

In Fig. 31C, the pixels which are determined to belong
to a moving area are indicated in white. 1In Fig. 31D, the
pixels which are determined to belong to a stationary area
are indicated in white.

15 Fig. 32 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
memory 206. In Fig. 32, the pixels which are determined to
belong to the covered background area or the uncovered

20 background area, i.e., the pixels which are determined to
belong to the mixed area, are indicated in white. The area
information indicating the mixed area output from the
determining-flag-storing frame memory 206 designates the

mixed area and the portions having a texture surrounded by

25 the portions without a texture in the foreground area.



pi xel in frame #n |ocated at the same position is stationary, 15 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.
In step S211, the stationary/ noving determ ning portion 202-2 determ nes
whet her the determination result for the 20 pixel in frame #n and the pixel
in frame #n+l |l ocated at the sane position is noving. If it is determ ned
in step S211 that the determ nation result is noving, the process

proceeds to step S212 in which the sjﬁéiqpary/nnving determ ni ng portion
202-1 determ nes whether the 25 determ nation result for the pixel in frane
#n+1l and the - 98 pixel in frame #n+2 | ocated at the same position is
stationary. If it is determined in step S212 that the determ nation result
for the pixel The frgaesprel faadgt heopegelingnperdmemtd#bhy2thecatred at the
same position is stationary, the process proceeds to step S213. In step
S213, t hePacad vdeervildi A1 pgor desrridpad) bedioy wi'th wieifetrenedi dat ddet hat
the pixel_to be processed belongs to an uncovered background area, in the
uncover edH¥RGGuE- &ida det-er FMiSTEH 1528 las $&& dirddpanmemony 294 pi xel to
be processed., The area determ ning portion 203-1 sends the .
uncoverediﬁéﬁﬁﬁrﬁﬁh&WQQ%;QﬁHQQQWQﬂﬁﬂj%IﬁﬂfOWQ9tﬁﬁ?ﬂﬁﬂﬁﬂﬁﬁrﬁWﬁ}WQQ%Fstoring
frame; menor ZEA, and the process proceeds to step S214. If it is
deterﬁingga%W Fbp S211 that the determ nation

In step 5202, the stationary/moving determining portion
202-3 determines whether the determination result for the
pixel in frame #n-1 and the pixel in frame #n located at the
same position is stationary. TIf it is determined that the

10 determination result is stationary, the process proceeds to
step S203 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 position is stationary.

15 If it is determined in step S203 that the determination
result for the pixel in frame #n and the pixel in frame #n+1
located at the same position is stationary, the process
proceeds to step S$204. In step S204, the area determining
portion 203-2 sets "1", which indicates that the pixel to be

20 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 sends the
stationary-area determining flag to the determining-flag-
storing frame memory 204, and the process proceeds to step

25 5205.



15 result for the pixel in frane #n and the pixel in franme #n+l1l | ocated at
the sane position is stationary, or if it is determned in step S212 that
the determnation result for the pixel in frame #n+l and the pixel in
frame #n+2 is noving, the pixel in frame #n does not belong to an 20
uncover ed background area. Accordingly, the processing of step S213 is
ski pped, and the process proceeds to step S214. In step S214, the area
speci fying unit 101 deternmi nes whether the areas of all the pixels in frame
#n are specified. If it is determ nedgthat the areas of all the 25 pixels
in frame #n are not yet specified, the process - 99 returns to step S202,
and the area specifying processing is repeated for the remaining pixels.
If it is determned.,in step S214 that the areas of all the pixels in franme
#n are specifilddr% A€ FRECETINSFodBeddens SR 2sitdatsEhs. defesdpasion the
synt hesi zer 5 generates area informatjon indicating the m xed area based
on the lfrﬁ:%ée etg’-rba%rﬁfd??dl- ared e R PG 1 EE dhideihd e drame)-#n
backgrouriddcaar ea daq;e;%lm ning flag stored in the deternm ning- flag-storing
frame merntS” 264,%an ealss%'('geg P are DN Steth orF i3idi cating to
whi ch of %}e aver.ed hack AN r the stationary area, the noving
ar ea, orC% eerlér(()h\%leercgd& bsgccﬁpg%und%awagé%ec DTS s sr,es&ﬁd: S the
gener gt ed., Ar q{élnf-q{rﬁt'n@ in g et er.y ni ng-fl ag- stori.ng frame, nenory
206. The pr oégsm ng I S then #cor?p ettgld? Ei)rf'g‘e% 18} sécrdag‘%ee ‘Eft}og}e",cata‘r?ed dr'ea
speci fyi nghdiNidnel QhdiScion is moving, the pixel to be processed does
not belong to a stationary area. Accordingly, the
processing of step 5204 is skipped, and the process proceeds
to step S$205.
10 In step S$205, the stationary/moving determining portion
202-3 determines whether the determination result for the
pixel in frame #n-1 and the pixel in frame #n located at the
same position is moving. If it is determined that the
determination result is moving, the process proceeds to step
15 5206 in which the stationary/moving determining portion 202-
2 determines whether the determination result for the pixel
in frame #n and the pixel in frame #n+l located at the same
position is moving.
If it is determined in step S206 that the determination
20 result for the pixel in frame #n and the pixel in frame #n+1
located at the same position is moving, the process proceeds
to step S207. 1In step 5207, the area determining portion
203-2 sets "1", which indicates that the pixel to be

processed belongs to a moving area, in the moving-area

25 determining flag associated with the pixel to be processed.



capabl e of generating area information indicating to which of the noving
area, the stationary area, the uncovered background area, or the covered
background area each of the pixels included in a frane bel ongs. 20 The
area specifying unit 101 nmay apply logical ORto the area information
corresponding to the uncovered background area and the area information
corresponding to the covered background area so as to generate area

i nformation corresponding to the m xed area, and then may 25 generate area
informati on consisting of flags indicaggng to - 100 which of the noving
area, the stationary area, or the m xed area the individual pixels
included in the frane bel ong. When the object corresponding to the
foregrOﬁQ&}has a texture, the area specifying unit 101 is able to specify
the 5 NG L JSFSEI AT S8R 2 ZaredsHdis yiavg ngniarer0l is able to
output the area . nfarmation indicating the mpving area as the area

i nf or mat idce?ﬁrﬁ%nclé‘ﬁ d Fhe&F Fhsg e I BRHARST Heang ea

i nformati indicatin stationary area as the area 10 information

i ndi cat i ﬁngj.e%l%rgl bzg)?kgra%’éz{%aer 4. °Cfve é’rﬁ?&ﬁer?gsntt%%et?eeﬁ?o@escri bed, assuning
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the above-descri bed area specitying pro . .
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located at the same position is stationary, or 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 stationary, the pixel in frame #n does

10 not belong to a moving area. Accordingly, the processing of
step 5207 is skipped, and the process proceeds to step S208.
In step 5208, the stationary/moving determining portion
202-4 determines whether the determination result for the
pixel in frame #n-2 and the pixel in frame #n-1 located at
15 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
portion 202-3 determines whether the determination result
for the pixel in frame #n-1 and the pixel in frame #n
20 located at the same position is moving.
If it is determined in step S209 that the determination
result for the pixel in frame #n-1 and the pixel in frame #n
located at the same position is moving, the process proceeds
to step S210. TIn step S210, the area determining portion

25 203-3 sets "1", which indicates that the pixel to be



the area specifying unit 101 shifts the overall image in accordance with
this notion, and perforns processing in a manner simlar to the case in
whi ch the object corresponding 20 to the background is stationary. If the

i mge corresponding to the background area includes |ocally different
notions, the area specifying unit 101 selects the pixels corresponding to
the notions, and executes the above- described processing. 25 Fig. 34 is a
bl ock diagramillustrating another exanple - 101 of the configuration of
the area specifying unit 101. A backggeund inege generator 301 generates a
background i mage corresponding to an I nput imge, and sends the generated
background image to a binary-object-inage extracting portion 5 302. The
background i mage generator 301 extracts, for exanple, an inmage object

cor r espoffiHF IR RO @ ctywatied haudsPund tared nput thmge, and
generates the ckground | mage. An exanple of a nodel obtained by
devel opi rﬁf‘feﬁcﬁ‘}a‘%ﬂ’i‘%‘frféﬂ‘dﬁee?ctqiﬁﬁqu%ﬁl%|%%oqﬁrat;ﬁ&aisﬂanﬂgmed
For ear outt 50 J8t TS FIRRAFI4H 1 g S8 S S aEnd PAHG o AT
oot O 4 190, AOLIESBAILRL S Loy Lo oW ol seL s,
o SOEG N BRIl AP 1 1 ALIRL AP PUaEl Sl PR
proceeds to step S$211. The area determining portion 203-3
sends the covered-background-area determining flag to the
determining-flag-storing frame memory 204, and the process
proceeds to step S211.
10 If it is determined in step S$208 that the determination
result for the pixel in frame #n-2 and the pixel in frame
#n-1 located at the same position is moving, or if it is
determined in step S209 that the pixel in frame #n-1 and the
pixel in frame #n located at the same position is stationary,
15 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.
In step 5211, the stationary/moving determining portion
202-2 determines whether the determination result for the
20 pixel in frame #n and the pixel in frame #n+l located at the
same position is moving. If it is determined in step S211
that the determination result is moving, the process
proceeds to step S212 in which the stationary/moving

determining portion 202-1 determines whether the

25 determination result for the pixel in frame #n+l1 and the



In Fig. 35, the linein frame #n is the sane as the line in franme #n-1 and
the line in frame #n+l. 20 In frame #n, the foreground conponents
corresponding to the object included in the sixth through seventeenth
pixels fromthe left are included in the second through thirteenth pixels
fromthe left in frame #n-1 and are also included in the tenth through
twenty-first pixel fromthe left in frame 25 #n+l. - 102 In frame #n-1

t he pi xels belonging to the covered background area are the el eventh
through thirteenth pixels fromthe Lefk, _and the pixels belonging to the
uncovered background area are the second through fourth pixels from5 the
left. In franme #n, the pixels belonging to the covered background area are
the fifteenth through seventeenth pixels fromthe left, and the pixels

bel ongi nP1¥°t he? eV It 2 brRIQFRIRLE aflear watee ters Stkem t%irough ei ghth
pixels fromthe left. In frame #n+l, the pixels belonging to the covered
10 backgr%ﬁﬁﬁf?ﬂ%ﬁyzare the nineteenth through twenty-first pixels fromthe

tent h Chr ough Twdlt o A5 RAFE RO i R FORL 2 R ae A G AR 5
Che 1 our (ORI otgh e vt (e el L am i n @ ek L Aatitre #n Che
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proceeds to step S213. In step S213, the area determining
portion 203-1 sets "1", which indicates that the pixel to be
processed belongs to an uncovered background area, in thé
uncovered-background-area determining flag associated with
10 the pixel to be processed. The area determining portion
203~1 sends the uncovered-background-flag determining flag
to the determining-flag-storing frame memory 204, and the
process proceeds to step S§214.
If it is determined in step S211 that the determination
15  result for the pixel in frame #n and the pixel in frame #n+1
located at the same position is stationary, or if it is
determined in step S212 that the determination result for
the pixel in frame #n+l and the pixel in frame #n+2 is
moving, the pixel in frame #n does not belong to an
20 uncovered background area. Accordingly, the processing of
step 5213 is skipped, and the process proceeds to step S214.
In step 5214, the area specifying unit 101 determines
whether the areas of all the pixels in frame #n are
specified. If it is determined that the areas of all the

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



through twenty-first pixels fromthe left. In frame #n+l, 20 the pixels

bel ongi ng to the background area are the first through ninth pixels from
the left. An exanple of the background i mage corresponding to the exanple
shown in Fig. 35 generated by the background i mage generator 301 is shown
in Fig. 36. The background i mage 25 consists of the pixels corresponding to
t he background - 103 object, and does not include inmage conponents
corresponding to the foreground object. The binary-object-inage extracting
portion 302 generates a binary objectqlmage based on the correlation 5

bet ween the background i mage and the input inmage, and sends the generated
bi nary object image to a tinme change detector 303. Fig. 37 is a block
diagramillustrating the configuration of the binary-object-inage

extract i nefPorRs o I E2R c ol e orrsml el wilaitmro@s iowd cid at es
the correlation between the background inmage sent fromthe background

i mage gendiRRBYEROCGANNY HeeMmFIANg Rigeekd as to generate a correl ation
val ue, and sends ,the generated correlation value to a threshol d-val ue
processor 3221t TTHE dsitramdtiesh Aralstere &2dd dthart Fpe agsrisesfeqddt i on

(4) to, fagr exanple,. 3X3-background inage bl ocks having X4 at the center,
as shown tﬂhe Fﬁjd‘%&n R, ™ G SRS ef L By LA ARG PHIRRREDI ocks

ggws ngﬂ% oﬁtsﬁl %be éﬁalrg er f’%ﬂ sCthep Cﬁ 1r58 ,S pt%ned Ss%notlrgehsei zbear_p qulrSO ugnednejrrgitgees bl ocks,
area information indicating the mixed area based on the
uncovered-background-area determining flag and the covered—
background-area determining flag stored in the determining-
flag-storing frame memory 204, and also generates area

10 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
area information in the determining-flag-storing frame
memory 206. The processing is then completed.

15 As discussed above, the area specifying unit 101 is
capable of generating area information indicating to which
of the moving area, the stationary area, the uncovered
background area, or the covered background area each of the
pixels included in a frame belongs.

20 The area specifying unit 101 may apply logical OR to
the area information corresponding to the uncovered
background area and the area information corresponding to
the covered background area so as to generate area
information corresponding to the mixed area, and then may

25 generate area information consisting of flags indicating to



20 38B, thereby calculating a correlation value corresponding to Y4 I (Xi

- X)z (Yl - _Y) Correlation value =1 (4) 28 - 2 (Xi - _X) 01(Yi -
Y) i=0 i=0- 104 8 Xi X =160 9 8 (5 2: Yi Y=i=09 (6) The ‘
correl ation-val ue cal cul ator 321 sends the «correlation value cal cul ated
for each pixel as discussed 5 above to the threshold-value processor 322.
Alternatively, the correlation-value calculator 321 may apply equation (7)
to, for exanple, 3x3-background image blocks having X4 at the center, as
shown in Fig. 39A, and to, for exanpligg 3x3-background i mage bl ocks having
Y4 at the 10 center which corresponds to the background i mage bl ocks, as
shown in Fig. 39B, thereby calculating the sum of absol ute

which of the moving area, the stationary area, or the mixed
area the individual pixels included in the frame belong.

When the object corresponding to the foreground has a
texture, the area specifying unit 101 is able to specify the

5 moving area more precisely.

The area specifying unit 101 is able to output the area
information indicating the moving area as the area
information indicating the foreground area, and outputs the

~area information indicating the stationary area as the area
10 information indicating the background area.

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

15 area includes motion. For example, if the image
corresponding to the background area is uniformly moving,
the area specifying unit 101 shifts the overall image in
accordance with this motion, and performs processing in a
manner similar to the case in which the object corresponding

20 to the background is stationary. If the image corresponding
to the background area includes locally different motions,
the area specifying unit 101 selects the pixels
corresponding to the motions, and executes the above-
described processing.

25 Fig. 34 is a block diagram illustrating another example



val ues of differences corresponding to Y4 8 Sum of absolute val ues of

differences = I (Xi - Yi)l (7) i=0 The correl ation-val ue cal cul ator 321

sends the absolute 15 value of the differences cal cul ated as descri bed

above to the threshol 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 value thO |If the correlation value is snaller than

or equal to the 20 threshold value thO, 1 is set in the pixel value of the
bi nary object image. If the correlatiqp,value is greater - 105 than the
threshold value thOQ, 0 is set in the pixel value of the binary object

i mge. The threshol d-val ue processor 322 then outputs the binary object

i mage whose pixel value is set to O or 1. The threshol d-val ue processor

322 may $tfortdss o igwradHeind afaltide e e ifviimoadwenicd Olor . ey use t he

threshol d value thO input froman external source. Fig. 40 illustrates an

exanpl e o Binshriypasts; slarehakade 30 ssoiRdiary a adkwnrmsl iofagehe i nput
imge shown in Fig. 35 1In the binary object image, 0 is set in the pixel

10 val ueSGFFHRe TNhAR AFP hilghEe ¢ %k ISt e wansratsckgr ound

image. Fig. .41 is a .block diagramillustrating the configuration of the

time char?%&kc?ertoé]&dirm?@f Yfhéhn bld’é"tré’r_rﬁ%“?ierfd:—tlﬁ‘?ge‘r’r X TR FFHK AT ane

On, anr%ma.”eqﬁ&Ybackground image generator 301 extracts, for
example, an image object corresponding to a background
object included in the input image, and generates the
background image.

An example of a model obtained by developing in the

10 time direction the pixel values of pixels aligned side-by-
side in the moving direction of an image corresponding to a
foreground object is shown in Fig. 35. 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. 35 is a model obtained by developing
the pixel values of pixels disposed side-by-side on a single
line in the time domain.

In Fig. 35, the line in frame #n is the same as the
line in frame #n-1 and the line in frame #n+1.

20 In frame #n, the foreground components corresponding to
the object included in the sixth through seventeenth pixels
from the left are included in the second through thirteenth
pixels from the left in frame #n-~1 and are also included in

the tenth through twenty-first pixel from the left in frame

25 #n+l.



15 341 stores a binary object inmage of frane #n-1, frame On, and frane
#n+l sent fromthe binary-object-imge extracting portion 302. An area
determ ning portion 342 determ nes the area of each pixel of franme On
based on the binary object inmage of 20 frame #n-1, frame On, and frane
#n+l so as to generate area information, and outputs the generated area
information. Fig. 42 illustrates the determ nations nmade by the area
determ ning portion 342. Wen the designated pixel of the binary object
image in frame On is 0, the area detenmgning 25 portion 342 determnines that
t he designated pixel in frame On - 10 bel ongs to the background area.
When the designated pixel of the binary object image in franme #n is 1, and
when the correspondi ng pixel of the binary object inmage in frame #n-1 is
1, and when t A8 Sréder &8pdndithg piixell sobeillbagbingaty chieecoviemade i n frame
#n+l is 1, the area determining portion 342 determ nes that the

desi gnat S FIRAWIh Fefnd 98 BE SHRyash Hh oy ridumtearddl pireais he
desi gnat e i xel of the bipary object inage in frame #n is 1, and when the
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background area are the fifteenth through seventeenth pixels
from the left, and the pixels belonging to the uncovered
background area are the sixth through eighth pixels from the
left. In frame #n+l, the pixels belonging to the covered
10 background area are the nineteenth through twenty-first
pixels from the left, and the pixels belonging to the
uncovered background area are the tenth through twelfth
pixels from the left.
In frame #n-1, thé pixels belonging to the background
15 area are the first pixel from the left, and the fourteenth
through twenty-first pixels from the left. 1In frame #n, the
pixels belonging to the background area are the first
through fifth pixels from the left, and the eighteenth
through twenty-first pixels from the left. 1In frame #n+1,
20 the pixels belonging to the background area are the first_
through ninth pixels from the left.
An example of the background image corresponding to the
example shown in Fig. 35 generated by the background image

generator 301 is shown in Fig. 36. The background image

25 consists of the pixels corresponding to the background



portion 342 determ nes that the designated pixel in frame #n belongs to an
uncovered background area. Fig. 43 illustrates an exanple of the
determ nations nade by the tinme change detector 303 on the binary object
20 i mage corresponding to the nodel of the input inmge shown in Fig. 35.
The time change detector 303 determnes that the first through fifth
pi xels fromthe left in frame #n belong to the background area since the
correspondi ng pixels of the binary object image in frame #n are 0. 25 The
time change detector 303 determ nes 1hgf; the sixth - 107 through ninth
pixels fromthe left belong to the uncovered background area since the
pi xel s of the binary object image in frame #n are 1, and the correspondi ng
pixels in frame #n+l are 0. 5 The time change detector 303 determni nes that
the tent PPISfibudid HIeedmth igicddide fiAAe reompgnernts oy tesndraling
foreground area since the pixels of the binary object image in frame #n
are 1, tHe® Ot SPHFIHYDiIsRISEEn frame #n-1 are 1, and the correspondi ng
pi xels in fragﬁ #%fl are é@ 10 The tinme change detector 303 determ nes that
th &ntted

the fourteen rOGgH et e & o PRE e 38¢ ong to the
rame #n St A e oS i 97 B A e, 15 The
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' the generated binary object image to a time change detector
303.
Fig. 37'is a block diagram illustrating the
configuration of the binary-object-image extracting portion
10 302. A correlation-value calculator 321 calculates the
correlation between the background image sent from the
background image generator 301 and the input image so as to
generate a correlation value, and sends the generated
correlation value to a threshold-value processor 322.
15 The correlation-value calculator 321 applies equation
(4) to, for example, 3x3-background image blocks having Xy
at the center, as shown in Fig. 38A, and to, for example,
3x3~background image blocks having Y, at the center which
corresponds to the background image blocks, as shown in Fig.
20 38B, thereby calculating a correlation value corresponding

to Y,.

8 _ .8 _
DXL - XD (Yi - Y)
i=0 i=0

8 __2 8 __2
\/Z(Xi—X) * D (Yi - Y)
i=0 i=0

Correlation value =



to the background area since the corresponding pixels of the binary object
image in frame #n are 0. The area specifying processing perfornmed by the
area 20 determ ning portion 103 is described below with reference to the-
flowchart of Fig. 44. In step S301, the background inmage generator 301 of
the area determ ning portion 103 extracts, for exanple, an inage object
corresponding to a background object included in an input inmge based on
the 25 input inmage so as to generate a background i mage, and sends - 108
the generated background image to thebjnary-object-imge extracting
portion 302. In step S302, the binary-object-inmge extracting portion 302
cal cul ates a correlation value between the input 5 inage and the
background i mage sent fromthe background i mage generator 301 according to,
for exanple | cul ati on discussed with reference to Fig. 38B. In step
S303, the b Myl obj ect - i mage extracting portion 302 conputes a binary

obj ect innge-¥#eﬁathe correlation value and the threshold 10 valuq ghO by,
for exanple, cdhparing the correlation value wth the threshold value t hO.
In step S304, the tinme change detector 303 executes the area determning
processing, ags the processing is conpleted. Details of the area

det er m ning P! 8%35|ng in step S304 15 are described below wth reference
to the fIbwthaTr—of Fig. 45. In step S321, the area determ ning geéytion
342 of the time change detector 303 determ nes whether the designated

The correlation-value calculator 321 sends the

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

Alternatively, the correlation-value calculator 321 may
apply equation (7) to, for example, 3x3-background image
blocks having X, at the center, as shown in Fig. 39A, and to,
for example, 3x3-background image blocks having Y, at the

10 center which corresponds to the background image blocks, as
shown in Fig. 39B, thereby calculating the sum of absolute

values of differences corresponding to Y,.

8
Sum of absolute values of differences = EZkXi - YD| (7)

The correlation-value calculator 321 sends the absolute
15 wvalue of the differences calculated as described above to
the threshold;value processor 322 as the correlation value.
The threshold-value processor 322 compares the pixel
value of the correlation image with a threshold value thO.
If the correlation value is smaller than or equal to the
20  threshold value th0, 1 is set in the pixel value of the

binary object image. 1If the correlation value is greater



pi xel in frame #n stored in the frame menory 341 is 0. If it is determ ned
that the designated pixel in frane #n is 0, 20 the process proceeds to step
S322. In step S322, it is determned that the designated pixel in frame #n
bel ongs to 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. 25 In step S323, the area determ ning
portion 342 of the time - 109 change detector 303 determ nes whether the
designated pixel in frame #n stored h%sthe frame nenory 341 is 1, and

whet her the corresponding pixel in frame #n-1is 0. If it is determ ned
that the designated pixel in franme #n is 1 and 5 the correspondi ng pi xel
in frame #n-1 is 0, the process proceeds to step S324. In step S324, it is
det er ni nédiathdthe tteafdyilghataddpittdl, it s @et #m bdlomysealo wdilaiecofer ed
background area, and the processing is conpleted. If it is determned in
step S32¥hfinary eisstatidpgero gibeelthaeshadre val s m;oass sdrat322he

correspon ing(yixel in frame #n-1 is 1, the process proceeds to step S325.
In step f%?és, YR G e AR S50t timspssahaste tHecqli v lotraridge

det ect or 303 ,determ nes ether the designated pixel in_ franme #n stored in
the fran®ensty 0 s £0% Rﬂ%hQﬁQ’ f%

Yo @ LT EP ot h @3y &% frane
i b5 S o S D (R AN P Sl B R
step SSZQ:hLJeréIﬁ)tl%P v%:i%pe ﬂhtO ii%p%ect efrrrgmneaq'l tergﬁtternal source.

Fig. 40 illustrates an example of the binary object
image corresponding to the model of the input image shown in
Fig. 35. In the binary object image, 0 is set in the pixel

10 values of the pixels having a higher correlation with the
background image.

Fig. 41 is a block diagram illustrating the
configuration of the time change detector 303. When
determining the area of a pixel in frame #n, a frame memory

15 341 stores a binary object image of frame #n-1, frame #n,
and frame fin+l sent from the binary-object-image extracting
portion 302.

An area determining portion 342 determines the area of

each pixel of frame #n based on the binary object image of
20 frame #n-1, frame #n, and frame #n+l so as to generate area
information, and outputs the generated area information.

Fig. 42 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

25 portion 342 determines that the designated pixel in frame #n



t he designated pixel in frame #n belongs to the uncovered 20 background
area, and the processing is conpleted. If it is determned in step S325
that the designated pixel in frame #n is 0, or that the corresponding
pixel in frame #n+l is 1, the process proceeds to step S327. In step

S327, the area determ ning portion 342 of the tine change 25 detector 303
determ nes that the designated pixel in franme - 110 #n belongs to the
foreground area, and the processing is conpleted. As discussed above, the
area specifying unit 101 is able tq spgcify, based on the correlation

val ue between the 5 input inmage and the correspondi ng background inmage, to
whi ch of the foreground area, the background area, the covered background
area, or the uncovered background area each pixel of the input inmge

bel ongs, RfiPEhdrattde ek anmurdheiam corresponding to the specified
result. 10 Fig, 46 is a block diagramillustrating the configuration of

t he nixture-r%?ﬁ& ERecGrsigrates PArelestfi ficedimprruobiesti dmpoecéssor 401
cal cul ate ture ratio for each pixel by a calculation

corr esponfcsﬁat%ge t#%lsgllsmggﬁa X@%@%&%@m%r@d‘%% Y on the input
ot or i mEg0F QEBHE Cho A e Todeh AR GHETh wifurer 10 gibCSSor 401
cal U2 SR agELIN SATBL 0 A  RE ON, L SR T ore
is 1, the area determining portion 342 determines that the
designated pixel in frame #n belongs to the foreground area.
When the designated pixel of the binary object image in
frame #n is 1, and when the corresponding pixel of the
10 binary object image in frame #n-1 is 0, the area determining
portion 342 determines that the designated pixel in frame #n
belongs to a covered background area.
When the designated pixel of the binary object image in
frame #n is 1, and when the corresponding pixel of the
15 Dbinary object image in frame #n+l is 0, the area determining
portion 342 determines that the designated pixel in frame #n
belongs to an uncovered background area.
Fig. 43 illustrates an example of the determinations
made by the time change detector 303 on the binary object
20 image corresponding to the model of the input image shown in
Fig. 35. The time change detector 303 determines that the
first through fifth pixels from the left in frame #n belong
to the background area since the corresponding pixels of the

binary object image in frame #n are 0.

25 The time change detector 303 determines that the sixth



20 corresponding to the nodel of the covered background area, and sends
the cal cul ated estinated notion vector to the mixture-ratio determn ning
portion 403. An estinmated-m xture-ratio processor 402 cal cul ates an :
estimated m xture ratio for each pixel by a calculation 25 corresponding to
a nodel of an uncovered background area - ill based on the input inmage,
and sends the calculated estimated mxture ratio to the mxture-ratio
determ ning portion 403. The estinmated-m xture-ratio processor 402
calculates an estimted notion vechﬁiﬁpqprding to the estimated m xture 5
rati o cal cul ated for each pixel by thé calculation corresponding to the
nodel of the uncovered background area, and sends the cal cul ated esti mated
motion vector to the mxture-ratio determ ning portion 403. The

mi xt ur e- rTPHeteiHihimig ot tiam 408 skt thal oy Mixtidre yratdvexsd based on
the area information sent fromthe area specifying unit 101 and indicating
to whi ch RFCKHO UGS radtfido Fidi e dere thiecaiat ke dihrl iy 1t ey emere

backgr ound rea, or the uncovered background area the pixel for which the
mi xture rati'cdq I fie aldif R RTIERRONGHY 1R e dire-frane
deterninhﬁﬁkporti 403 sets the mxture ratio (X to O when the

correspo lﬁ;iﬁ?e " belongs to the foreground area, and sets the m xture

ratioc(X to 1 en.the _correspondin i xel. belongs to the background area.
When 5Ehe corFﬁ%p&ﬁHFn&hﬁpﬁgld%%@&ﬁ@% Bgétﬁ§t€6VE%§& FRekgtEen &G har ea,

the m xt L‘J}chh?gtﬂ Q:hckqteé’éntq{ r%%.}Pqu iﬁprnom40t3neseitesf1§ rLeelong to the
foreground area since the pixels of the binary object image
in frame #n are 1, the corresponding pixels in frame #n-1
are 1, and the corresponding pixels in frame #n+l are 1.

10 The time change detector 303 determines that the
fourteenth through seventeenth pixels from the left belong
to the covered background area since the pixels of the
binary object image in frame #n are 1, and the corresponding
pixels in frame #n-1 are 0.

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

The area specifying processing performed by the area

20 determining portion 103 is described below with reference to
the flowchart of Fig. 44. 1In step S301, the background
image generator 301 of the area determining portion 103
extracts, for example, an image object corresponding to a
background object included in an input image based on the

25 input image so as to generate a background image, and sends



estimated m xture ratio sent fromthe estimated-m xture- rati o processor
401 as the mxture ratio (X. Wien the corresponding pixel belongs to the
uncover ed background area, the mixture-ratio determi ning portion 403 sets
the estimated 25 m xture ratio sent fromthe estinmated-m xture-ratio - 112
processor 402 as the m xture ratio a. The m xture-ratio determ ning
portion 403 outputs the mxture ratio a specified according to the area

i nformation. Wien the correspondi ng pi xel belongs to the covered 5
background area according to the area b formati on sent from the area
specifying unit 101, the m xture-rati etermning portion 403 sets the
estimated notion vector sent fromthe estimated-m xture-ratio processor
401 as the notion vector. Wen the correspondi ng pi xel belongs to the
uncover ed-NE) IsEtath darkar avcbridiaue tw tthe driges nynfarratti-dmasent from
the area specifying unit 101, the m xture-ratio determ ning portion 403
sets the LSHiafdtlP RGPV elt%r sent fromthe estimated-nmixture-ratio
processor 402 as the notion vector. The mixture-ratio determ ning portion
403 outputs tH8 FHEPoR 395 /vEEEoP 18p8YPPd@ciciBrdiengxtaachdnar ea

i nformation and information of the notion vector. Since it

the positional
can be afhledn t‘?g)tz 976 FHjEGES QorGIGSOfd I el U P storasgy sl inpwiovi ng
at a gon%%%pt %gﬁfQjM1g¥4hthe15fhutter_tine, the mixture ratio a of the
pi xel 3 bel"6IG1 %o RPN GBI TR 1119 Raskg xdrchct eri sti cs.
That i S’irr‘ah;ee rH-e)i’xteurra orratsj Oc}. aaclcionrefirr{gy tcoh,anlg)ers e%cca(%ncgldei ,ngcatlocut lr]’aletion
discussed with reference to Fig. 38B. 1In step S303, the
binary-object-image extracting portion 302 computes a binary
object image from the correlation value and the threshold
10 value thO0 by, for example, comparing the correlation value
with the threshold value thoO.
In step S304, the time change detector 303 executes the
area determining processing, and the processing is completed.
Details of the area determining processing in step $304
15 are described below with reference to the flowchart of Fig.
45. 1In step 5321, the area determining portion 342 of the
time change detector 303 determines whether the designated
pixel in frame #n stored in the frame memory 341 is 0. If
it is determined that the designated pixel in frame #n is 0,
20 the process proceeds to step S322. 1In step $322, it is
determined that the designated pixel in frame #n belongs to
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 §323.

25 In step S323, the area determining portion 342 of the time



posi tional change in the pixels. If the positional change in the pixels is
one-di nensional, a change in the mxture ratio a can be represented
linearly. If the positional 25 change in the pixels is two-dinensional, a-
change in the - 113 mxture ratio a can be represented on a plane. Since
the period of one frane is short, it can be assunmed that the object
corresponding to the foreground is a rigid body and is noving at a
constant speed. 5 The gradient of the m xture ratio a is inversely
proportional to the anmobunt v of novengpty within the shutter Fine_of t he
foreground. An exanple of the ideal mxture ratio a is shown in Fig. 47.
The gradient 1 of the ideal mxture ratio a in the 10 m xed area can be
represented by the reciprocal of the amunt v of novenent. As shown in
Fig. 47, dedeieatentaurdd datemings irethan uhofdesignates meetedr ound
area, the value of O in the foreground area, and the value of greater than
0 and smail drfames ki EForgd, thehd ddng ét@mqr,y t3el ebéarpl @nsholetherr g.

48, the plxel val ue Q06 of the seventh pi fromthe left in frame #n can

be expressi Weesd{?d‘(qld}? @Yy W@ rbllxe‘is WVl uetPdé- dfs t he seventh

+ + FOllv. + F021
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5 the corresponding pixel in frame #n-1 is 0, the process
proceeds to step S5324. 1In step S324, it is determined that
the designated pixel in frame #n belongs to the covered
background area, and the processing is completed.

If it is determined in step S323 that the designated

10 pixel in frame #n is 0, or that the corresponding pixel in
frame #n-1 is 1, the process proceeds to step $325. 1In step
5325, the area determining portion 342 of the time change
detector 303 determines whether the designated pixel in
frame #n stored in the frame memory 341 is 1, and whether

15 the corresponding pixel in frame #n+l is 0. If it is
determined that the designated pixel in frame #n is 1 and
the corresponding pixel in frame #n+l is 0, the process
proceeds to step S326. In step S326, it is determined that
the designated pixel in frame #n belongs to the uncovered

20 background area, and the processing is completed.

If it is determined in step S325 that the designated
pixel in frame #n is 0, or that the corresponding pixel in
frame #n+l is 1, the process proceeds to step $327. 1In step
5327, the area determining portion 342 of the time change

25 detector 303 determines that the designated pixel in frame



2 =21v-PC6 + ZFilv i=1 (8) In equation (8), the pixel value Q06 is
indicated by a pixel value Mof the pixel in the mxed area, while the -

114 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 in the m xed area
and the pixel value B of the pixel in the background area can be '

represented by equations (9) 5 and (10), respectively. M= C06 (9) B = P06
(10) In equation (8), 2/v corresponds to the mixture ratio a. Since the
anount v of novenent within the shuttgrngtie is 10 four, the mxture ratio
a of the seventh pixel fromthe left 1n frame #n is 0.5. As discussed
above, the pixel value Cin the designated frame #n is considered as the
pi xel valyue in the mxed area, while the pixel value P of frame #n-1 prior
to frame %h A% oMY diisitde SR ERITN Diad8a v ANk the RO IESHKRGPD U ar ea.

Accor di ngcloy equation (3) indicating the mxture ratio a can be
r epr esent edﬂp&chee&tration (11): C=aP +f (11) where f in equation (11)

i ndi cates the,sum,of the foregroun 20 conponents EiFi ./v_included in the
desi gnat ed pi§%|ghfﬁgssed a%o e, the area g%ec1@y1ng unit 101 is

able to specify, based on the correlation value between the

5 input image and the corresponding background image, to which
of the foreground area, the background area, the covered
background area, or the uncovered background area each pixel
of the input image belongs, and generates area information
corresponding to the specified result.

10 Fig. 46 is a block diagram illustrating the
configuration of the mixture-ratio calculator 102. An
estimated-mixture-ratio processor 401 calculates an
estimated mixture ratio for each pixel by a calculation
corresponding to a model of a covered backgrouﬁd area based

15 on the input image, and sends the calculated estimated
mixture ratio to a mixture-ratio determining portion 403.
The estimated-mixture-ratio processor 401 calculates an
estimated motion vector according to the estimated mixture
ratio calculated for each pixel by the calculation

20 corresponding to the model of the covered background area,
and sends the calculated estimated motion vector to the
mixture-ratio determining portion 403,

An estimated-mixture-ratio processor 402 calculates an
estimated mixture ratio for each pixel by a calculation

25 corresponding to a model of an uncovered background area



vari abl es included in equation (11) are tw factors, i.e., the mxture
ratio a and the sumf of the foreground conponents. Simlarly, a nodel
obt ai ned by developing in the tine 25 direction the pixel values for which
the amount v of - 115 novenent within the shutter time is four and the
virtual division nunber is four in the tinme direction in an uncovered
background area is shown in Fig. 49. As in the representation of the
covered background area, 5 in the uncovered background area, the pixel
value C of the designated frame #n_i giqonsi dered as the pixel value in the
m xed area, while the pixel value N of frane #n+l subsequent to frane #n
is considered as the background area. Accordingly, equation (3) indicating
the mxture ratio can 10 be represented by equation (12). C = aN + f (12)
The enbo PFad e MR ciMassd, adss RANY tis q%u;@éa@g{%wg@a&@dﬁct is
stationary,. . _However,, equations (8 through (12) can be applied to the case
in whi ch "PAEYES FatgY &hc?oj“@é‘tt)qr@‘rﬁiﬁ%?g d&iﬁ%ﬁf}lﬁ&f{%@%%ﬂ V3ue of a

Pl o o bR L I8 ST el AL L, e shutter
Egsrgggg%tcﬁt\ég%ﬁ%&h%q’tbac cé-‘?%ﬂr?t %:%sr%{]l\l#é %&nh!qmﬁgogﬁﬁn{]a&ﬁ%hﬁtﬁr@n nunber
is tuo. ﬂé%f&“ééféﬁ%étéM“¥6é'S%éﬁ“ﬁ%ﬂél?%ﬁf%ﬁﬁ&”&ﬁf%%f&%f&%?
corresponding to the model of the uncovered background area,
and sends the calculated estimated motion vector to the
mixture-ratio determining portion 403.
The mixture-ratio determining portion 403 sets the
10 mixture ratio o based on the area information sent 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 a is to be calculated belongs. The
15 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 a to 1 when the
corresponding pixel belongs to the background area. When
the corresponding pixel belongs to the covered background
20 area, the mixture-ratio determining portion 403 sets the
estimated mixture ratio sent from the estimated-mixture-
ratio processor 401 as the mixture ratio o. When the
corresponding pixel belongs to the uncovered background area,
the mixture-ratio determining portion 403 sets the estimated

25 mixture ratio sent from the estimated-mixture-ratio



background is noving to the right in the figure, the pixel value B of the
pi xel in the background area in equation (10) 1is represented by a pixel
val ue P04. 25 Since equations (11) and (12) each include two - 116
variables, the m xture ratio a cannot be determ ned wi thout nodifying the
equations. The m xture ratio a linearly changes in accordance wwth a
change in the position of the pixels, caused by the 5 novenent of the

obj ect corresponding to the foreground at a constant speed within the
shutter time. By utilizing this charggteristic, an equation in which the
m xture ratio a and the sumf of the foreground conponents are
approximated in the spatial direction is fornmulated. By utilizing a 10
plurality of sets of the pixel values of the pixels belonging to the m xed

area and RUPESHSA 4PH des e fHe tYFisdlat H5e1%ngi e 8- 3t adground ar ea,

the equatjqgon in_ .which the mxture ratio and the sumf of the foreground
comogentdse%efé"%%ﬁ%l@d‘ i@%ﬁmtslég\ﬂ]é‘ﬁxt%eclﬁﬁ:g‘@s %f the mxture

ratio a Sgrpgeciafol%r xgcréwa.;re nt@/écaozsﬁ_t}{eaifqrgeta( If%r}eq,#aee m xture ratio a can be

expressed by "equat i ofr ( -+ é%ion (13), i indicates
L ThaL ) o RS, WAl oEO oL LRS! e A gratadcBlugh ol et to
and psdegi gNah&tidd'e AdY &eRaHg e SHd ALY A8t it sent from
the area specifying unit 101, the mixture-ratio determining
portion 403 sets the estimated motion vector sent from the
estimated-mixture-ratio processor 401 as the motion vector.
When the corresponding pixel belongs to the uncovered
10 background area according to the area information sent from
the area specifying unit 101, the mixture-ratio determining
portion 403 sets the estimated motion vector sent from the
estimated-mixture-ratio processor 402 as the motion vector.
The mixture-ratio determining portion 403 outputs the motion
15 vector specified according to the area information and the
positional information of the motion vector.

Since it can be assumed that the object corresponding
to the foreground is moving at a constant speed within the
shutter time, the mixture ratio d of the pixels belonging to

20 a mixed area exhibits the following characteristics. That
is, the mixture ratio a linearly changes according to the
positional change in the pixels. 1If the positional change
in the pixels is one-dimensional, a change in the mixture
ratio o can be represented linearly. If the positional

25 change in the pixels is two-dimensional, a change in the



m xture ratio a and also indicates the mxture ratio a of the designated
pi xel . In equation (13), the index i is 25 known, but the gradient 1 and
the intercept p are unknown. - 117 The relationship anong the index i, the
gradient 1, and the intercept pis show in Fig. 50. In Fig. 50, a white
circle indicates the designated pixel, and black circles indicate pixels
close to the designated pixel. 5 By approximating the mxture ratio a as
equation (13), a plurality of different mxture ratios a for a plurality.
of pixels are expressed by two variaQhgs._ I n the exanple shown in Fig.

50, the five mxture ratios for five pixels are expressed by the two
variables, i.e., the gradient 1 and the 10 intercept p. Wen the m xture
ratio a i s approxi mated by a plane shown in Fig. 51, equation (13) is
expanded r‘i’rﬁtgpﬁ%era&%é" AP RhSTRHG IR 92 Fo\VRRIANS: corresponding to the
two directions, i.e,, the horizontal direction and the vertical 15
direction of ﬁ@cﬁngag,p§ﬁd°@h8fnP?FuﬁéaW§tP§ ghos tex gite §88dPeby equati on

0% T A 197 SIS STIREAI o
o0 e AR TS S eI P ton of the
Pﬁ;iigpt?La?rggggggﬁgﬁe%Qeogl%ﬂ% At TALY G E%th%v%ks%qg g indicates

proportional to the amount v of movement within the shutter

time of the foreground.

An example of the ideal mixture ratio o is shown in Fig.
47. The gradient 1 of the ideal mixture ratio o in the
10 mixed area can be represented by the reciprocal of the

amount v of movement.

As shown in Fig. 47, the ideal mixture ratio o has the
value of 1 in the background area, the value of 0 in the
foreground area, and the value of greater than 0 and smaller

15 than 1 in the mixed area.

In the example shown in Fig. 48, the pixel value C06 of
the seventh pixel from the left in frame #n can be expressed
by equation (8) by using the pixel value P06 of the seventh
pixel from the left in frame #n-1.

20
C06 = B06/v + B06/v + FO1lv + F02/y

= P06/v + P062/v + FOI/v + F02/v
=2/v+P06 + D Filv (8)
i=1

In equation (8), the pixel value C06 is indicated by a

pixel value M of the pixel in the mixed area, while the



of the plane of the mixture ratio a. In equation (14), p 25 indicates the
intercept of the plane of the mxture ratio a. - 118 For exanple, in frane
#n shown in Fig. 48, equations (15) through (17) are satisfied for CO5

t hrough C07, respectively. CO5 = a05BC6/v + f05 (15) 5 C06 = a06BO6/v +
f06 (16) CO7 = a070B07/v + f07 (17) Assum ng that the foreground
conponents positioned in close proximty with each other are equal to each
other, i.e., that FOl1 through FO3 are equal, equation (18) holds 10 true
by replacing FOL through FO3 by Fc. f 4(p9 = (1 - (X (x) )Fc (18) In
equation (18), x indicates the p05|t|on in the spatial direction. Wen
a(x) is replaced by equation (14), equation (18) .15 can be expressed by
equation (19). (x) (1.- (jm+ kg + p) ) Fc = (-nmFc) + k (-gFc) + (
(1 - p) MRIx4k walklte £ (1189)1nd11<eaﬁgiuhm a(m’)xel (varﬂﬁce) B qf gfe) pixard (1-p)
Fc have 20 been replaced as expressed by equations (20) t hrough (22),
respect i vidt ythes ‘{T‘Zb)arﬁta = W’ (8) the pixel y@lug M 225 the

pixel in the mixed area and the pixel value B of the pixel
in the background area can be represented by equations (9)

5 and (10), respectively.

M = CO06 (9)
B = P06 (10)
In equation (8), 2/v corresponds to the mixture ratio o.

Since the amount v of movement within the shutter time is
10 four, the mixture ratio o of the seventh pixel from the left
in frame #n is 0.5.

As discussed above, the pixel value C in the designated
frame #n is considered as the pixel value in the mixed area,
while the pixel value P of frame #n-1 prior to frame #n is

15 considered as the pixel value in the background area.
Accordingly, equation (3) indicating the mixture ratio o can
be represented by equation (11):

C = oeP + f (11)

where f in equation (11) indicates the sum of the foreground
20 components X;Fi/v included in the designated pixel. The

variables included in equation (11l) are two factors, i.e.,
the mixture ratio o and the sum f of the foreground
components.

Similarly, a model obtained by developing in the time

25 direction the pixel values for which the amount v of



25 In equation (19), j is an index in the horizontal - 119 direction and k
is an index in the vertical direction when the position of the designated
pixel is set to 0. As discussed above, since it can be assunmed that the

obj ect corresponding to the foreground is noving at a 5 constant speed
within the shutter time, and that the foreground conponents positioned in
close proximty with each other are the same, the sumof the foreground
conponents i s approxi mated by equation (19). Wen the m xture ratio a is
approxi mated by a straight 10 line,_tjg sumof the foreground conponents
can be expressed by equation (2 3) . f (x) =is + u (23) By replacing the
m xture ratio a and the sum of the foregroundlconFonents in equatlgnb(13)
by using equations , 15 (14) and (19), the pixel value Mis expresse y
eéuati o% mq‘ﬁ?e.n'i\/l‘&ll'j‘ﬁ% + Srhlﬂ)ét%% +t3mg ﬁsk’foqr PR B ViBswpl Bp + js +
kit + u (%.4\). In equ tion.%24 , _S]x variaples_are unknown, the 20 _

hori zont al g & it ’ﬂ?%lf thef PFamP oFhe nelMe xd LFCF 4% olB, @R t he verti cal

radi ent e, plane of the mxture ratio, a, . and the intercepts, p, s,
?, and u,lﬂb'?ocg‘f%%e%ﬁ%an%%?c’?% LRt SHWR o . Fidhe H xture ratio a is

cal cul at ed b%é“% i%ﬁ%t£§b§%§§%tatf§hvg%ughgl8gvgggdp£é% g%%h%g grgg,the
normal equation (24) 1n
5 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+1 subsequent
to frame #n is considered as the background area.
Accordingly, equation (3) indicating the mixture ratio o can
10 be represented by equation (12).

C = oeN + 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

15 background object is moving by using the pixel value of a
pixel located corresponding to the amount v of movement
within the shutter time of the background. It is now
assumed, for example, in Fig. 48 that the amount v of
movement within the shutter time of the object corresponding

20 to the background is two, and the virtual division number is
two. In this éase, when the object corresponding to the
background is moving to the right in the figure, the pixel
value B of the pixel in the background area in equation (10)
is represented by a pixel value P04.

25 Since equations (11) and (12) each include two



- 120 accordance with pixels located in the proximty to the designated
pi xel and by solving a plurality of normal equations in which the pixel
value Mor the pixel value B are set by the method of |east squares. 5 It
is now assuned, for exanple, 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. In this case, when the pixel value Mor the pixel value Bis set in
the normal equation expressed by equation (24) for 10 three-by-three pixels
located in the proximty with the desijgnated pixel, equations (25) through
(33) are obtained. M1,-1 (- 1) B-1,-1'm + (- 1) B—l -1q + B'l. 1'p + (-1)
s + (-1) t + u (25 M,-1 (0)' Bo, -1'n1+ (-1)' Bo, -1'q + Bo,-1'p +.(0) s +
(-1) t +u (26) WM+l, -1 (+1) B+1,-1'm+ (-1) B+1,-1'q + B+1,-1'p +
(+1) s +"(":‘rf)<"l les, d=h(927‘)l>1\WJ1r€0 ratilo ¢ Bannptnbe (ptEmingg wikhowp + (- 1)
+ (0) (ﬁg Mb,0 = (0) BO,om + (0) Ba og + BO 09p + (0) s + (0)
+ U (f@ﬁ#@y -IHF+EFW§#PQﬂﬁ-+ (0) B+l,0'q + B+1,0'p + (+1) s + (0) t +
(30) M1, +1

' + -1,+1q + B-1,+19p + (-1) s + (+1) t
mlkture ;%tg5+a(1%%e§rly c%anges in a%corgan%e wit )

S
t
u

a change in the position of the pixels, caused by the

5 movement of the object corresponding to the foreground at a
constant speed within the shutter time. By utilizing this
characteristic, an equation in which the mixture ratio a and
the sum f of the foreground components are approximated in
the spatial direction is fo;mulated. By utilizing a

10 plurality of sets of the pixel values of the pixels
belonging to the mixed area and the pixel values of the
pixels belonging to the background area, the equation in
which the mixture ratio o and the sum f of the foreground
components are approximated is solved.

15 When the changes of the mixture ratio o are
approximated by a straight line, the mixture ratio a can be
expressed by equation (13).

a=31il + p (13)
In equation (13), i indicates the spatial index when the

20 position of the designated pixel is set to 0, 1 designates
the gradient of the straight line of the mixture ratio a,
and p designates the intercept of the straight line of the
mixture ratio o and also indicates the mixture ratio a of
the designated pixel. In equation (13), the index i is

25 known, but the gradient 1 and the intercept p are unknown.
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31) - 1212 W, +1 = (0)'BO,+1'm+ (+1) BO' +1q + Bo, +1p + (0) s +
u (32) M, +i = (+1) B+l,+16m+ (+1) B+l,+1'q + B+l, +1'p + (+1)
t + u (33) 5 Since the horizontal index j of the designated pixel

nd the vertical index k of the designated pixel is 0, the mxture

of the designated pixel is equal to the value obtained when |

is O

O in equation (14), i.e., the mxture ratio a is equal to the
t pin equation 10 (14). Accordingly, based on nine equations (25)

the horizontal gradient m_the vertical gradient g, and the
? by the nethod of |[|east squares,

ts p, s, t, and u are cal cul ate ( S
intercept pis output as the mxture 15 ratio a. A specific

e for calculating the mxture ratio a by applying the method of

uar es The Felpdiioprdir Wrenat as daeexi iandhehgraddentk lar end

d by a single index x, the relationship anobng the index i, the
i IHET IR X i dipfesised i dduat ih Rigz) .50 x a white 03 +
It is now assuned that the horizontal gradient m the vertical
TGy A ARt deif L9 ignated pgkel arand Sdgras sEEByes/ari abl es

%§, 25 reﬁPectively, and jB,]FB, B, j, kand 1 are

4),

lose to the desidgnated pixel.

\é\{zrwvc\g’:ﬁ: M5 .and,

By approximating the mixture ratio o as equation (13),
a plurality of different mixture ratios a for a plurality of
pixels are expressed by two variables. In the example shown
in Fig. 50, the five mixture ratios for five pixels are
expressed by the two variables, i.e., the gradient 1 and the
intercept p.

When the mixture ratio a is appfoximated by a plane
shown in Fig. 51, equation (13) is expanded into the plane
by considering the movement v corresponding to the two
directions, i.e., the horizontal direction and the vertical
direction of the image, and the mixture ratio a is expressed
by equation (14). In Fig. 51, a white circle indicates the
designated pixel.

o = jm + kq + p (14)

In equation (14), j is an index in the horizontal direction
and k 1s an index in the vertical direction when the
position of the designated pixel is set to 0. 1In equation
(14) , m designates the horizontal gradient of the plane of
the mixture ratio a, and g indicates the vertical gradient
of the plane of the mixture ratio o. In equation (14), P

indicates the intercept of the plane of the mixture ratio .

20



- 122 al, a2, a3, a4, and a5, respectively. In consideration of an error
ex, equations (25) through (23) can be nodified into equation (35).
Mk=Zaywy+ex y=0 (35) 5 In equation (35), x is any one of the integers from
0 to 8. Equation (36) can be found fromequation (35). S ex=M -laywy (36)
Y=0 Since the nethod of |east squares is applied, the square sumE of the
error is defined as follows, as 10 expressed by equation (37). 8 E=Zex2
x=0 (37) In order to mnimze the error, the partial differential value of
the variable W with respect to the_ sqyare sumE of the error should be 0.
v is any one of the 15 integers fromO to 5. Thus, wy is determ ned so that
equation (38) is satisfied. aE 8 aex aw 2 1 ex aw 8

For example, in frame #n shown in Fig. 48, equations

(15) through (17) are satisfied for C05 through C07,

respectively.
C05 = a05eB05/v + f05 (15)
5 C06 = a06eB06/v + £06 (16)
C07 = a07eB07/v + £07 (17)

Assuming that the foreground components positioned in
close proximity with each other are equal to each other,
i.e., that FOl through F03 are equal, equation (18) holds

10 true by replacing FO0l through F03 by Fc.

f(x) = (1 - a(x))eFc (18)
In equation (18), x indicates the position in the spatial
direction.

When a(x) is replaced by equation (14), equation (18)

15 can be expressed by equation (19).

f(x) = (1- (jm + kg + p))eFc
= je(-meFc) + ke(-geFc) + ((1 - p)eFc)
= j8 + kt + u (19)
In equation (19), (-meFc), (-g®Fc), and (l-p)eFc have

20 Dbeen replaced, as expressed by equations (20) through (22),

respectively.
s = —-meFc (20)
t = —-qgeFc (21)
u = (1 - p)eFc (22)

25 In equation (19), j is an index in the horizontal



=2Eexav=0 (38) x=0 By substituting equation (36) into equation (38),
equation (39) is obtained. - 123 8 s 8 J (av | ay w) =: av M (39)
x=0 y=0 For For exanple, the sweep-out nethod (Gauss-Jordan elimnation) -
is applied to six equations obtained by substituting one of the integers
fromO to 5into v in 5 equation (39), thereby obtaining w. As stated
above, wOis the horizontal gradient m wW is the vertical gradient q, w2
is the intercept p, w83 is s, wvdist, and wo is u. As discussed above, by
applying the nethod of |east squares 19 the equations in which the pixel
value Mand the 10 pixel value B are sét, the horizontal gradient m the
vertical gradient q, and the intercepts p, s, t, and u can be determ ned.
The description has been given with reference to equations (25) through
(33), by HSRFHIRP tad Kk hes pirxeindex vigl udofvartisl qr kelidewt imteditien t he
mxed area is M, and the pixel value of the pixel included in the

backgr ound"&rReS it omB of tthe dasdamairgd tiixat iforsrlt teguhti ons for each of
cases where tHF %es%gnated ixel is included in the covered background .
area, or the G8sCGREUESSHi fEPVEs SAGICGded iCA™ Be assumeSovrdpdd theckgr ound
area. object corresponding to the foreground is moving at a

5 constant speed within the shutter time, and that the
foreground components positioned in close proximity with
each other are the same, the sum of the foreground
components is approximated by equation (19).

When the mixture ratio @ is approximated by a straight
10 line, the sum of the foreground components can be expressed
by equation (23).
f(x) = 1is + u (23)
By replacing the mixture ratio o and the sum of the
foreground components in equation (13) by using equations

15 (14) and (19), the pixel value M is expressed by equation

(24) .
M= (jm + kg + p)eB + js + kt + u
= jBem + kBeg + Bep + jes + ket + u {(24)
In equation (24), six variables are unknown, the

20 horizontal gradient m of the plane of the mixture ratio o,

the vertical gradient g of the plane of the mixture ratio o,
and the intercepts, p, s, t, and u, of the plane of the
mixture ratio a.

The mixture ratio a is calculated by setting the pixel

25 value M or the pixel value B in the normal equation (24) in



For exanple, if the mxture ratio a of the pixel included in the covered
background area in frane #n shown in Fig. 48 is determ ned, CO04 through
CO08 of the pixels in franme #n and the pixel values P04 through P08 of
pixels in - 124 franme #n-1 are set in the normal equations. If the m xture
ratio a of the pixels included in the wuncovered background area in frane
#n shown in Fig. 49 is determ ned, C28 through C32 of the pixels in frane
#n and 5 the pixel values N28 through N32 of pixels in frame #n+l are set
in the normal equations. Mreover, if,ofor. exanple, the mxture ratio a of
the pixel included in the covered background area shown in Fig. 52 is
cal cul ated, the follow ng equations (40) through (48) 10 are set. In Fig.
52, white circ|es |nd|cate pixel s regarded as the background, and bl ack

circles iarﬁﬁ aém;ﬁ YeIth RigghudPcrtathdde the MrOMIMEY diedheThe pi xel

val ue of 4% for which the mxture ratio a is calculated is Nt5

Ml = (- teq Pixedc|afds Be |59 v ing 2 §lm(alf)ty[ of pompalaQ) M2 = (0)

BcZn1+ c2q + .Bc2 0 +1) Bc3m + 1

Bc3q + (Bceé%u %1(021 4‘-‘&( (‘%h H}xe(l4)2§a12f? M;ZPT— hel)plB‘cez#n"-ﬁ)l(”@ c4q(+ :

(Bgilpt ++( a]r_)e Seft (b(p the mléth(o%g) thZI.SeaT:-;é Os)qu%CrSerQ .+ (0) Bedq + BedSp + (0) s +
u

5 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. In
this case, when the pixel value M or the pixel value B is
set in the normal equation expressed by equation (24) for

10 three-by-three pixels located in the proximity with the
designated pixel, equations (25) through (33) are obtained.
Mj,-1 = (=1)eB_; _;om + (-1)eB_; _,8q + B_; _;8p + (-1)es + (-1)et
+ u (25)

Mp,-1 = (0)®By, ,om + (-1)eB, _;8q + By _;®p + (0)es + (-1)et + u

15 (26)

Myp,-1 = (+1)eB,, ;om + (-1)eB,; _;®q + B,y _;8p + (+1l)es + (-1)et
+u o (27) |

My o= (-1)®B_; o®m + (0)®B_; o8q + B_; ¢®p + (-1)es + (0)et + u
(28)

20 My,p = (0)®B; o®m + (0)®B; (®q + By o®p + (0)es + (0)et + u
(29)

Myg,0 = (+1)eByy o®m + (0)®B,; o®q + B,y o®p + (+1)es + (0)et + u
(30)
Mig,41 = (=1)eB_; ,,om + (+1)eB_; ,,8q + B_; ,,8p + (-1)es + (+1)et

25 + u  (31)



(44) Mc6 = (+1) Bcobm + (0) Bcbgq + Bcbp + (+1) s + (0) t + u 25 (45) - 125
M7 = (-1)Bc7m + ( +1)Bc7g + Bc7p + (-1)s + (+1)t + u (46) M8 = (0)Bc8m
+ (+1)Bc8q + Bc8p + (0)s + (+1)t + u (47) 5 M9 = (+1) Bc9m + (+1) Bc9g
+ Bc90p + (+1) s + (+1) t + u (48) For calculating the mxture ratio a of
the pixel included in the covered background area in frame #n, the pixel
val ues Bcl through Bc9 of pixels in the background 10 area of the pixel in
frame #n-1 corresponding to the pixel in franme #n for which the mxture
ratio is to be calculated are used_njgquations (40) through (48). Wen,
for exanple, the mxture ratio a of a pixel included in the uncovered
background area shown in Fig. 52 15 is calculated, the follow ng equations
(49) thrqugh (57) are set. The pixel value of the pixel for which the
mxture Moati & d9) &Boan ¥l hit 6611 Vavue’d NuBo=1CP1Y BOA) #s ++ (1)) Bulq w Bulp +
(-1) s +-{?£Q t +u (49) 20 Mug = (0) Bu2m + (-1) Bu2q + Bu2p + (0) s +
(-1) t + (50) Mu3 = (+1) Bu3d3m+ (-1) Bu3g + Bu3p + (+1) s + (-1) t + u
(51) M+l,+1 = (+l)'B+1’+1‘m + (+1).B+1'+1.q + B+1'+1.p + (+l)'s + (+1).t
+ u  (33)
5 Since the horizontal index j of the designated pixel is
0, and the vertical index k of the designated pixel is 0,
the mixture ratio o of the designated pixel is equal to the
value obtained when j is 0 and k is 0 in equation (14), i.e.,

the mixture ratio a is equal to the intercept p in equation
10 (14) .

Accordingly, based on nine equations (25) to (33), 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

15 ratio o.

A specific procedure for calculating the mixture ratio
0 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

20 index k, and the index x is expressed by equation (34).

X = (j+1)e3 + (k+1) (34)

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,

25 respectively, and jB, kB, B, j, k and 1 are expressed by a0,



Mu4 = (-1) Budm + (0) Bud4q + Budp + (-1) s + (0) t + u 25 (52) - 126 M5
= (0) Bubm + (0) Bu5q + BubSp + (0) as + (0) at + u (53) Mu6 = (+1) Bubm
+ (0) Bubqg + Bubp + (+1) s + (0) t + u (54) 5 Mu7 = (-1)Bu7m + (+1)Bu7q +
Bu7p + (-1)s + (+1)t + u (55 Mu8 = (0) Bu8m + (+l) Bu8g + Bu80p + (0) s +
(+1) t + u (56) Mu9 = (+1) Bu9m + (+1) Bu9q + Bu9p + (+1) as + (+1) at + u
10 (57) For calculating the mxture ratio a of the pixel included in the
uncover ed background area in frame #n, the pixel values Bul through Bu9 of
pi xel s of the background area of thepio-xel in frane #n+l1 corresponding to
the pixel 15 in frame #n for which the mxture ratio is to be cal cul ated
are used in equations (49) through (57). Fig. 53 is a block diagram
illustrating the configuration of the estinmated-m xture-rati o processor
401.  Andadé i ot d%t Gché estiamResd-ied i e-Iatd sidsradsion 2 401 i s
sent to a delay circuit 421 and an adder 422. The delay circuit 421 del ays

t he i nput®h 5 X ofUFrians @md Erievdheldhagen da medddad 422, wen

frame #n,.is sent as the input image to the adder 422, the delay circuit
421 sends FrafEUAR LY o(e%ér?e' adder 422,

5.
Mx =y§,ay Wy + éx (35)

5 In equation (35), x is any one of the integers from 0 to 8.

Equation (36) can be found from equation (35).

€x=Mx —yzo ay-wy (36)

Since the method of least squares is applied, the
square sum E of the error is defined as follows, as

10 expressed by equation (37).
5 2
E= Zoex (37)
X =

In order to minimize the error, the partial
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

15 integers from 0 to 5. Thus, wy is determined so that

equation (38) is satisfied.

- dE 5 ie,\:- 68.:

8
=2:),ex-av=0 (38)

By substituting equation (36) into equation (38),

equation (39) is obtained.



25 The adder 422 sets the pixel value of the pixel - 127 adjacent to the
pi xel for which the mxture ratio ais calculated, and the pixel value of
frame #n-1 in the nornmal equation. For exanple, the adder 422 sets the

pi xel values Ml through M9 and the pixel values Bcl through Bc9 in the
5 normal equations based on equations (40) through (48), respectively. The
adder 422 sends the normal equations in which the pixel values are set to
a calcul ator 423. The cal cul ator 423 determ nes the estimated m xture
ratio by solving the normal equations ;sent_fromthe adder 10 422, by the
sweep-out nethod or other nethods, and’outputs the determ ned estinated

m xture ratio. The cal cul ator 423 cal cul ates movement v within the shutter
time accorgling tosthe gradientg a of the m xture ratio by using equation

(58). 15 gj)r((dvé,;z ;&%,h.(l\awgﬁu%ggd‘; ,pM_Ly, t he cal cul at or iﬁg)cal cul ates

novenent tinme Tn the x direction novenment viy
within the shutter tine in the y direction according to the gradient min

the horizontal, directign of 20 the plane of the mxture ratio and the
gradient q inFPﬁéexﬁgFﬁ@cthﬁ PEESPOR U Matd o8 diveuss Vs ddinxt ure rati o,

bot h ir“%f%%f%%éihé?“ﬁ%iéﬁbff%ﬂ'té”é%izéé&§§¥2n£”3%ééfﬁé‘E%?
substituting one of the integers from 0 to 5 into v in
5 equation (39), thereby obtaining wy. As stated above, w0 is
the horizontal gradient m, wl is the vertical gradient q, w2
is the intercept p, w3 is s, w4 is t, and w5 is u.
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 g, and the intercepts p, s, t, and u can
be determined.
The description has been given with reference to
equations (25) through (33), by assuming that the pixel
15  value of the pixel included in the mixed area is M, and the
pixel value of the pixel included in the background area is
B. It is necessary to set normal equations for each of
cases where the designated pixel is included in the covered
background area, or the designated pixel is included in the
20 uncovered background area.
For example, if the mixture ratio o of the pixel
included in the covered background area in frame #n shown in
Fig. 48 is determined, C04 through C08 of the pixels in

frame #n and the pixel values P04 through P08 of pixels in



25 The cal cul ator 423 outputs an estimated notion vector - 128 indicated

by the novenent vix within the shutter tinme in the x direction and the

novenent viy within the shutter tinme in the y direction. As shown in Fig.:

54, the magnitude of the estimated 5 notion vector output fromthe

cal cul ator 423 corresponds to the novenent v within the shutter tine. The

anount of of interfranme novenent indicates the novenent of an object

bet ween two adj acent frames. Wen the inage of the object corresponding to

the foreground is 10 noving such that l;zhle_i mage i s displayed at a position

eight pixels apart between a certain frane and the next franme, for

exanpl e, the anount of of interframe novenent of the inmage of the object

corresponding to the foreground is eight. In Fig. 54, A indicates

backgr ourfcF a5 et sl amse |3£t% hins tegy natwa lestqumttierhsi xt ure-rati o processor

401 calculates the estimated m xture ration and the estimated notion

vect or accor dilfg ¢ A& tussutaitiegs ofndhee mdxetlisehnclmdelde imi sther e-rati o

determ ning portion 403. Since the estimated-m xture-ratio processor 402

has the chva?fbe%t]?alﬁﬁ%%l% ARRE eidt i iR -1h Hahawn rigt iBipr dfesisor 401, a

descri pt icfeqithe.r eo 55 is a view show ng exanpl e esti mat ed
a

is, omtted. Fig. )
m xture T 'CLﬁszaB( etdlrbﬁ}‘gl}hé:%stCi%Wfdﬂﬁ%&]tﬁ &t TP rigeedbr 401
oS oei TP O U B R T B e
set in the normal equations.
Moreover, if, for example, the mixture ratio a of the
pixel included in the covered background area shown in Fig.
52 is calculated, the following equations (40) through (48)
10 are set. 1In Fig. 52, white circles indicate pixels regarded
as the background, and black circles indicate pixels
regarded as those in the mixed area. The pixel value of the
pixel for which the mixture ratio o is calculated is Mc5.
Mcl = (—l)OBciOm + (-1)eBcleqg + Bclep + (-1)es + (-1)et + u
15 (40)
Mc2 = (0)eBc2em + (-1)eBc2eq + Bc2ep + (0)es + (-1)et + u
(41)
Mc3 = (+1)eBc3em + (—1)eBc3eg + Bc3ep + (+1)es + (-l)et + u
(42)
20 Mc4 = (-1l)eBc4em + (0)eBcdeq + Bcdep + (-1)es + (0)et + u
(43)
Mc5 = (0)eBc5em + (0)eBcheg + Bc5ep + (0)es + (0)et + u
(44)

Mc6é = (+1)eBc6em + (0)eBc6eq + Bcbep + (+1)es + (0)et +

o

25  (45)



- 129 wunits of seven-by-seven pixel blocks when the novenent v of the
foreground corresponding to an object noving at an equal speed is el even.
As shown in Fig. 61, it is understood that the 5 estimated m xture rati os
are changed alnost linearly in a mxed area. Fig. 56 is a block diagram
illustrating another configuration of the mxture-ratio cal cul ator 102.
The sane portions as those shown in Fig. 46 are 10 indicated by the sane
ref erence nuneral s, and an explanation thereof is omtted. A selector 441
sends a pi xel belonging to the covered,gackground area and the
correspondi ng pixels in the previous and followng franmes to the
estimated-m xture-ratio 15 processor 401 based on the area infornmation sent
fromthe ea specifying unit 101. The sel ector 441 sends a pi xel

bel ongi ng’¢0 T h ﬁ@ﬁ%é?ed BAKEPEUHE arR %hd thd) *€orr d8poMEI hgUpi xel s in
t he previous qﬁg)follomﬁng frames to the estimated-m xture-rati o processor
402 based on t area 20 information sent fromthe area specifying unit

101. The imat ed-m Xt ure-rati rocessor. 401 cal cul ates an estinated

mi xture rbg%s%t 0 f{)o‘r% g’cg)é@i (f:jnéi*zgi'%?g'eq W?ﬁscc%'poé] dPdes o (Hhé*Eoteled

backgr ound arqq7§ccording to the pixel values input fromthe selector 441,
and sends the calculated 25 estimated m xture ratio to a selector 442. The

estimgtedisg 130(+1) eBcoem + (+1)eBc9eq + BeOep + (+1)es + (+1)et + u

(48)

For calculating the mixture ratio o of thé pixel
included in the covered background area in frame #n, the
pixel values Bcl through Bc9 of pixels in the background

10 area of the pixel in frame #n-1 corresponding to the pixel
in frame #n for which the mixture ratio is to be calculated
are used in equations (40) through (48).

When, for example, the mixture ratio o of a pixel

included in the uncovered background area shown in Fig. 52
15 is calculated, the following equations (49) through (57) are
set. The pixel value of the pixel for which the mixture

ratio o is calculated is Mu5.

Mul = (-1)eBulem + (-1)eBuleg + Bulep + (-1)es + (-1l)et + u
(49)
20 Mu2 = (0)eBu2em + (-1)eBu2eqg + Bul2ep + (0)es + (-1)et + u
(50)
Mu3 = (+1)eBu3em + (-1)eBu3eq + Bu3ep + (+l)es + (-1l)et + u
(51)
Mu4 = (-1)eBudem + (0)eBudeqg + Budep + (-1l)es + (0)et + u

25 (52)



m xture-ratio processor 401 cal cul ates an estinmated notion vector
according to the calculated estimted m xture ratio, and sends the

cal cul ated estimted notion vector to the selector 442. 5 The

estimated-m xture-rati o processor 402 cal culates an estimted m xture
ratio for a designated pixel which belongs to the uncovered background
area according to the pixel values input fromthe selector 441, and sends
the calculated estimated mixture ratio to the selector 442. The estinated
10 mi xture-ratio processor 402 cal cul atxgs -an estimated notion vector
according to the calculated estimated m xture ratio, and sends the

cal cul ated estimated notion vector to the sel ector 442. Based on the area
i nformati sen fro speC| unit 101, the selector 442
sel ects &ﬁqﬁstl 0 Wlxtgbga$%?ﬁ% o#3 g’ sV est fie (R SEutelratio a to 0
when the de5| zted pi xel belongs to the foreground area, and selects an
esti mat ed nlxtur ratio of 1 and sets the mxture ratio a to 1 when the
desi gnat ixe o] g(f un rea. g esi gnat ed

pi xel beﬁg)ndSs t{)+lg%%%g(§)'v%r egs]bac oun ée;. eg’, a‘fﬁz'?el egp rg4g2 “sel ects the
estimated m xtwipe ratio sent fron1the estimated-m xture- rati o processor
442 and sets it as the mxture ratio a. Wen the designated pi xel bel ongs

to the ungpver ecilaSBkaaGJﬁgnolew)aé@@-q thes SAEGE Ol 1 1335 ie'@ﬁs Sethe,estimted

- 131 mxture ratio sent fromthe estimted-m xture-rat
(35)
Mu8 = (0)eBuBem + (+1)eBuBeq + Bu8ep + (0)es + (+1l)et + u
(56)
Mu9 = (+1)eBu9em + (+1)eBu9eg + BuSep + (+1)es + (+1l)et + u
10 (57)

For calculating the mixture ratio o of the pixel
included in the uncovered background area in frame #n, the
pixel values Bul through Bu9 of pixels of the background
area of the pixel in frame #n+l corresponding to the pixel

15 in frame #n for which the mixture ratio is to be calculated
are used in equations (49) through (57).

Fig. 53 is a block diagram illustrating the
configuration of the estimated-mixture-ratio processor 401.
An image input into the estimated-mixture-ratio processor

20 401 is sent to a delay circuit 421 and an adder 422.

The delay circuit 421 delays the input image for one
frame, and sends the image to the adder 422. When frame #n
is sent as the input image to the adder 422, the delay
circuit 421 sends frame #n-1 to the adder 422.

25 - The adder 422 sets the pixel value of the pixel



processor 443 and sets it as the mxture ratio a. The selector 442 then
outputs the mxture ratio a which has been selected and set based on the
area information. 5 Based on the area information sent fromthe area

speci fying unit 101, when the designated pixel belongs to the covered
background area, the selector 442 selects the estinmated notion vector sent
fromthe estimated-m xture- ratio processor 401 and sets it as the notion
vector. Wen 10 the designated pixel belongs to the uncovered background
area, the selector 442 selects the estjpopated noti on vector sent fromthe
estimated-m xture-rati o processor 402 and sets it as the notion vector.
The sel ector 442 then outputs the notion vector which has been sel ected

and set based on the .15 area infornmtion. As discussed above, the
i xt ur e- 4 jia(?eé’gtl dq 46 pf@'fal s tfe ™ix&Uh%e adtic % ¥r each pi xel

i ncl uded t i e, | cul.at es the notiaon vector, and qQutputs the

cal cul at edarlngluxltgﬁzreﬁ%tnldoccgleaﬁd“ieﬁe Vc@gi%%loaé efgrar’i‘lﬁ i v &t dhe I®Bdcessi ng
for calc i t he Jn xt ti motjon vector perfarned by the

mi xt ur e- %Ja |a£(;dlg)§)l ’culﬁagt%rewfg?rlaevﬁ Pclhaen%r}gjeesrcr%inzecfe&eﬁ 0 %Hlﬁ‘eﬂefvé‘ﬂéﬁ%ge to a

f I onmchar h o e N : ol i xture-ratj Q cal gyl ator 102
obt ai ns tzgqrczlaOéiI‘Vltr%:fot5Jr(3rri'rlxatMlCg’n agl?nté%r ?ﬁgﬁ%ﬁgfsg%edg ;%ﬁljr’?g]g&nitﬁt&zgnl C1n st ep

$402, 5t he,Agdd MR tToHU i dert idh R ol -(4032 3L AR &%!gﬁt es an

estimated m xture ratio and an estinate noti on vector by usi'ng a nodel

correspon@siedtdv@160Verned adder 422 sends the normal equations in
which the pixel values ére set to a calculator 423.

The calculator 423 determines the estimated mixture
ratio by solving the normal equations sent from the adder

10 422, by the sweep-out method or other methods, and outputs
the determined estimated mixture ratio.

The calculator 423 calculates movement v within the
.shutter time according to the gradient a of the mixture
ratio by using equation (58).

15 a=1/v (58)

More specifically, the calculator 423 calculates
movement vix within the shutter time in the x direction and
movement viy within the shutter time in the y direction
according to the gradient m in the horizontal direction of

20 the plane of the mixture ratio and the gradient g in the
vertical direction of the plane of the mixture ratio, both

indicated in equation (24).

i

vix 1/m (59)
viy = 1/q (60)

25 The calculator 423 outputs an estimated motion vector



background area, and sends the calculated estimated nmixture ratio the
cal cul ated estimated notion vector to the mxture 5 ratio determ ning
portion 403. Details of the processing for estimating the m xture ratio
are discussed later with reference to a flowhart showmn in Fig. 58. In
step $403, the estimted-m xture-ratio processor 402 cal culates an
estimated m xture ratio and an estimated 10 notion vector by using a nodel
correspondi ng to an uncovered background area, and sends the cal cul ated
estimated mixture ratio and the calcyhated esti mated notion vector to the
m xture-ratio determ ning portion 403. I'n step S404, the m xture-ratio
cal cul ator 102 15 determ nes whether the m xture ratios a have been
estimated for the whole frane. If it is determned that the m xture ratios
a have ndftAi& biscepyedtiemmoreresrt e whdihd rf rtdyee shuthe mpridoes .y dher ns t o
step S402, and the processing for estimating the mxture ratio a for the
subsequert GHBEALLOD axg dhscRovEment (vilY idddiar mheedhutteire 196041 hat t he
m xture _ratios,.a have been estimated for the whole frame, the process
proceeds ¥'§ 3t & & °M'n step S405, the mixture ratio determining portion
403 determ neg_the mxture.ratig a,, 25 and,.the noti vect or according to
Font g ettt 151337 1 B PRENAFEACS B Ehg1 BS LARPESS01 ang

the area infornation sét
icg\c/“e?gzii %tti%nvwveg{og outtrf)%tf %rr%gnr q_'l.}llr(lad c%rl%%’l att%Ei\: Q182(53k %roorlf:rcla%p%rne s ttohe
the movement v within the shutter time.

The amount vf of interf;ame movement indicates the
movement of an object between two adjacent frames. When.the
image of the object corresponding to the foreground is

10 moving such that the image is displayed at a position eight
pixels apart between a certain frame and the next frame, for
example, the amount vf of interframe movement of the image
of the object corresponding to the foreground is eight. In
Fig. 54, A indicates background objects.

15 In this way, the estimated-mixture-ratio processor 401
calculates the estimated mixture ration and the estimated
motion vector according to the input image, and sends them
to the mixture-ratio determining portion 403.

Since the estimated-mixture-ratio processor 402 has the

20 same structure as the estimated-mixture-ratio processor 401,
a description thereof is omitted.

Fig. 55 is a view showing example estimated mixture
ratios calculated by the estimated-mixture-ratio processor
401. The estimated mixture ratios shown in Fig. 55 are for

25 one line, calculated by formulating and solving equations in



background area, or the uncovered background area the pixel for which the
m xture ratio a and the notion vector are to 5 be cal cul ated bel ongs. The
m xture-ratio determning portion 403 sets the mxture ratio a to 0 when -
the correspondi ng pi xel belongs to the foreground area, and sets the

m xture ratio a to 1 when the correspondi ng pi xel belongs to the
background area. \Wen the corresponding 10 pi xel belongs to the covered
background area, the m xture- ratio determ ning portion 403 sets the
estimated m xture ratio sent fron1thz@sLjnated-nixture-ratio processor
401 as the mxture ratio a. Wien the corresponding pi xel belongs to the
uncover ed background area, the m xture-ratio 15 determ ning portion 403
sets the estimated m xture ratio sent fromthe estimted-m xture-ratio
processoridgs £&F (FRvenrbitiavemtticel Baxdke otharheher ewpviarfertmat iadh sent
fromthe area specifying unit 101, when the designated pixel belongs to
20 the cdv¥r dPIREAJYIBURP HeEsPontHaTita Ale-qhitear mavdme Mth@mpeauadn 403
selects the estimted notion vector sent from the estimted-m xture-ratio
processor*ERPL diid §&Y€Tt as the notion vector. Wien the designated pixe

bel ongs to th uncover.ed_background area, the m xture-ratio determ ning 25
portion 403 sgﬁegggwphénegﬁﬂnag&d Sn WEEESEO8EntrEEo e 134 the

CoL! P e A SR 02 00 08 Sl 5 s R D
cal cul at f; A2 avea.

Fig. 56 is a block diagram illustrating another
configuration of the mixture-ratio calculator 102.

The same portions as those shown in Fig. 46 are

10 indicated by the same reference numerals, and an explanation
thereof is omitted.

A selector 441 sends a pixel belonging to the covered
background area and the corresponding pixels in the previous
and following frames to the estimated-mixture-ratio

15 processor 401 based on the area information sent from the
area specifying unit 101. The selector 441 sends a pixel
belonging to the uncovered background area and the
corresponding pixels in the previous and following frames to
the estimated-mixture-ratio processor 402 based on the area

20 information sent from the area specifying unit 101.

The estimated-mixture-ratio processor 401 calculates an
estimated mixture ratio for a designated pixel which belongs
to the covered background area according to the pixel values
input from the selector 441, and sends the calculated

25 estimated mixture ratio to a selector 442. The estimated-



calculates the mxture ratio a and the nmotion vector, which 5 are feature
quantities corresponding to each pixel, based on the area information sent
fromthe area specifying unit 101, and the input inmage. The processing for
calculating the mxture ratio a performed by the mxture-ratio cal cul ator
102 configured as 10 shown in Fig. 56 is simlar to that discussed with
reference to the flowhart of Fig. 57, and an expl anation thereof is thus
omtted. A description is nowgiven, with reference to a flowhart shown
in Fig. 58, of mxture-ratio and notigny 15 vector estinmating processing
performed by the estimated m xture-ratio processor 401 by using a nodel
corresponding to the covered background area, the processing correspondi ng

to the process of step S402. In step S421, the adder 422 sets the pixel
val ue 20 ’?H&‘P%ﬂrﬁwcﬁj%’:??ﬁﬁﬁw rf'b‘bﬁ Gy et @ satiea ek inatebi n t he

image sent_fromthe delay circuit 421 in a normal “equation corresponding
to g model ®Bf°% rFeC%%RFEJr‘b% Tb%c‘?f‘b% U Ated 93t inardmixturg ratio,

estimated-m xture-rati o processor 401 25 determ nes whet her the setting of
the tar gg‘il{gpi?eel{(gs i@le: T uclf‘?ﬁ HEE113t99 TREIRA eFSF Y thath] he setti ng

of the t L X is not finished, the processing returns to step
$421, anJﬁ%%§£%$%6§g§’for setting the pixel values in the normal equation

is regeated. fThe estimated-mixture-ratio processor 402 calculates an
estimated mixture ratio for a designated pixel which belongs
to the uncovered background area according to the pixel
values input from the selector 441, and sends the calculated
estimated mixture ratio to the selector 442. The estimated-
10 mixture-ratio processor 402 calculates an estimated motion
vector according to the calculated estimated mixture ratio,
and sends the calculated estimated motion vector to the
selector 442.
Based on the area information sent from the area
15 specifying unit 101, the selector 442 selects an estimated
mixture ratio of 0 and sets the mixture ratio o to 0 when
the designated pixel belongs to the foreground area, and
selects an estimated mixture ratio of 1 and sets the mixture
ratio a to 1 when the designated pixel belongs to the
20 background area. When the designated pixel belongs to the
covered background area, the selector 442 selects the
estimated mixture ratio sent from the estimated-mixture-
ratio processor 442 and sets it as the mixture ratio a.
When the designated pixel belongs to the uncovered

25 background area, the selector 442 selects the estimated



51f it is determined in step S422 that the setting for the target pixels
is finished, the processing proceeds to step S423. In step $423, a
cal cul ator 423 calculates the estimated m xture ratio based on the normal
equations in which the pixels values are set, and outputs the cal cul ated
10 mixture ratio. In step S424, the cal cul ator 423 cal cul ates an estinated
notion vector according to the gradient of the obtained estimted m xture
ratio, and the processing is termnated. 15 As di scussed above, the
estimated-m xture-ratio processor 4013hawi ng the configuration shown in
Fig. 53 calculates the estimated m xture ratio and the estimated notion
vector based on the input imge. Mxture-ratio and notion-vector estimting

processin 20 by uysing a el rrespondi.ng tao the uncqvered background
area is snlg'IL e troal{tlf?e%peﬂl&gggrsqnhéﬁ]%cﬁsgﬁf’ba& PRFHOREHH  of Fig. 58,

whi ch us t I tjans .correspondi.ng to _a . nod of.,.t he uncovered
backgr ou(risgroaér12 :sasfb C%n ?’a‘r?d(i]le@léipﬁegc%atl:;coﬁa S ther énolfxgﬁusret HS 1 6mi% t ecF.hE'ZS The

enbodi m@o?l@%&oqe%{]hzd%%&lg%%ﬁ&aﬁ%s%ﬂen%fmré fk%imoé%ﬁ whfatbcihhg%tas been

corresponding to the backgrou s stationary. ver,

above- deshidied Tt it Yl L YL Ul ks B lg,can be applied even
if the image corresponding to the background area I ncludes notion. For
exanpbe, if tBasddi BRIEnEOREBIPYNELRAALIohNEehRCKGLAURAARRRAI S UNi fornly
specifying unit 101, when the designated pixel belongs to
the covered background area, the selector 442 selects the
estimated motion vector sent from the estimated-mixture-
ratio processor 401 and sets it as the motion vector. When
10 the designated pixel belongs to the uncovered background
area, the selector 442 selects the estimated motion vector
sent from the estimated-mixture-ratio processor 402 and sets
it as the motion vector. The selector 442 then outputs the
motion vector which has been selected and set based on the
15 area information.
As discussed above, the mixture-ratio calculator 102
calculates the mixture ratio o for each pixel included in
the image, calculates the motion vector, and outputs the
calculated mixture ratio o and the calculated motion vector.
20 Processing for calculating the mixture ratio o and
motion vector performed by the mixture-ratio calculator 102
will be described below with reference to a flowchart shown
in Fig. 57. 1In step S401, the mixture-ratio calculator 102
obtains area information sent from the area specifying unit

25 101, 1In step S402, the estimated-mixture-ratio processor



novi ng, the estimted-m xture-ratio processor 401 shifts the overall inmge
in accordance with this notion, and perfornms processing in a manner
simlar to the case in which the object corresponding to the background i's
stationary. If 10 the inage corresponding to the background area includes

| ocally different notions, the estimated-m xture-ratio processor 401

sel ects the pixels corresponding to the notions as the pixels belonging to
the m xed area, and executes the above-described processing. 15 The

m xture-ratio calculator 102 may execut3® enly the mxture-ratio estinmating
processing on all the pixels by wusing a nodel corresponding to the covered
background area, and outputs the calculated estimated mxture ratio as the

m xture r S .cas ture rati,o a 20 i ndi cat the ratio
of the baﬂtgr oundhc%oérre%onaenn?%e?”&ahkt Tie Iﬁ(lp}fL\LXe S Brohdtid 3 q'é ec?e
backgrou it i rou onents for
the pi xgg)saboerfongl ng tﬂt}ﬁi Lﬁsalrﬁ(%c%grgorc{a bézgocxlcz"I c}boehdcI {gc Cno§gern%d1ng t he

i xel s begl u )| ute
5;?Eesof t he dﬂﬂ}éféﬁggibg%ﬁ%gﬁﬁgk é%H'ca cu ate ﬁ@%&hre fg??p (X and
1 is det eﬁa{ﬂﬂﬁ@k@%él%lé@é&t&@&%@&f%&%ﬂ%é&dé SELRS e ad ure

ratio a, the image processing apparatus can determne the mixture ratio a

i ndi cati nhdie detdd oniofiddrgdracke oy camanernt s Ocrhé her e dli 8l
bel ongi ng to the uncovered background area. Simlarly, the mxture-ratio
processorfd) 2 smiynaxeettthe mixture ratio are discussed later with
reference to a flowchart shown in Fig. 58.
In step S403, the estimated-mixture-ratio processor 402
calculates an estimated mixture ratio and an estimated
10 motion vector by using a model corresponding to an uncovered
background area, and sends the calculated estimated mixture
ratio and the calculated estimated motion vector to the
mixture-ratio determining portion 403.
In step S404, the mixture-ratio calculator 102
15 determines whether the mixture ratios o have been estimated
for the whole frame. If it is determined that the mixture
ratios o have not yet been estimated for the whole frame,
the process returns to step S402, and the processing for
estimating the mixture ratio a for the subsequent pixel is
20 executed.
| If it is determined in step S404 that the mixture
ratios o have been estimated for the whole frame, the
process proceeds té step S405. In step S405, the mixture-
ratio determining portion 403 determines the mixture ratio o

25 and the motion vector according to the area information sent



only the mxture-ratio estimating processing on all the pixels by using a
nodel corresponding to the uncovered background area, and outputs the
calculated estimated 10 m xture ratio as the m xture ratio (X As described
above, the m xture-ratio processor 102 calculates the mxture ratio (X and
the notion vector, which area feature quantities for each pixel, according
to the area information sent fromthe area specifying unit 101 and 15 the
i nput inmage. Wth the user of the mxture ratio (X cal culated by the

m xture-ratio processor 102, foregreung3cenponents and background
conponents can be separated in a pixel value while notion-blur information
i ncluded in an object 20 corresponding to a noving object is left. An imge

whi ch includes.correct noti.qn .blur t ghi.n he speed of .a movi ng abj ect
can e SyroSr ol Rre SRR (R o o e b msEE Y (0% M 4aiohor |
were actysgl] tured. 25 T tiqQn vector calcylated by the

m xt ure- I':tgl[el ?o_r%%%g%n%l?gggeggot{%a}cn rcog"}né]‘s) &1 1a hl?ntcoy%fe novenment

wi thin tQ) Rﬁﬁy égegg’cﬂyﬂﬂ% % %ﬁﬂ%&%§3%$ﬁgdgﬁgéa'yyeaijQF %S&ﬁp' Wth

C
the use of tHe notion Véctor cal culate Xture-ratio processor

102, the /DY Af i bk Bl Reillidet HhAMJURAP R asRanding Lo a
novi ng object can be adjusted. The mxture-ratio processor 102 may set the
Mt1 0§ be calculated belongs. The mixture-ratio determining
portion 403 sets the mixture ratio o to 0 when the
corresponding pixel belongs to the foreground area, and sets
the mixture ratio o to 1 when the corresponding pixel
belongs to the background area. When the corresponding
10 pixel belongs to the covered background area, the mixture-
ratio determining portion 403 sets the estimated mixture
ratio sent from the estimated-mixture-ratio processor 401 as
the mixture ratio a. When the corresponding pixel belongs
to the uncovered background area, the mixture-ratio
15 determining portion 403 sets the estimated mixture ratio
sent from the estimated-mixture-ratio processor 402 as the
mixture ratio a.
Based on the area information sent from the area
specifying unit 101, when the designated pixel belongs to
20 the covered background area, the mixture-ratio determining
portion 403 selects the estimated motion vector senf from
the estimated-mixture-ratio processor 401 and sets it as the
motion vector. When the designated pixel belongs to the

uncovered background area, the mixture-ratio determining

25 portion 403 selects the estimated motion vector sent from



vector to an estimated vector corresponding to an estimated mxture ratio
of O to 1, both excluding. In this case, the 10 m xture-rati o processor 102
can generate the notion vector wthout using the area information. The

f oregr ound/ background separator 103 is discussed below. Fig. 59 is a block
diagramillustrating an exanple of the configuration of the

f or egr ound/ background separator 15 103. The input inmage sent to the

f oregr ound/ background separator 103 is sent to a separating portion 601, a
switch 602, and a switch 604. The atem4i nformation sent fromthe area
specifying unit 101 and indicating the information of the covered
background area and the uncovered background 20 area is sent to the
separatin ortion 601. The area , information indjcating the, foreground
oroa s cohf t4t PRatedip R Bpora v BFEEeT 0, A0t SRT | Hat ot F s L FeS
backgrou nt_to the switch 604.. The mxture ratio a sent fromthe
m xt gre- ;}g Fg&?a%gg%ﬁg%'ul at'oF HO2CTESEaRt1s ot HRIARbEP at i ng portion 601. -

139 The separgt idlgscgl%(r)stné'c{)rgb%% separ E)i%%é{]:lheg_nga&;jteﬁg(r:co nq?uglaft%gp ts from

t he i nput imge base he arda ~I'n red

backgr ound, ALefh + dD1Ccd Gt LOFOTPRLLOM | 104 CBAL oL DG, UDEQUEI ed, Agkor ound

area, and 5 the mxture ratio a, and sends e separa oregroun

ComPaserL s o Y eskier S0, P SERRALATG PESCA 0LB01, s ot e
backgr ounghe empanesi Sofa®ion sent from the area specifying unit 101,
and the input image.
The processing for calculating the mixture ratio o
performed by the mixture-ratio calculator 102 configured as

10 shown in Fig. 56 is similar to that discussed with reference
to the flowchart of Fig. 57, and an explanation thereof is
thus omitted.

A description is now given, with reference to a
flowchart shown in Fig. 58, of mixture-ratio and motion-

15 vector estimating processing performed by the estimated-
mixture-ratio processor 401 by using a model corresponding
to the covered background area, the processing corresponding
to the process of step S402.

In step S421, the adder 422 sets the pixel value

20  included in the input image and the pixel value included in
the image sent from the delay circuit 421 in a normal
equation corresponding to a model of the covered background
area.

In step S422, the estimated-mixture-ratio processor 401

25 determines whether the setting of the target pixels is



synt hesi zer 605. 10 The switch 602 is closed when a pixel corresponding to
the foreground is input based on the area information indicating the
foreground area, and sends only the pixels corresponding to the foreground
included in the input image to the synthesizer 603. is The switch 604 is
cl osed when a pixel corresponding to the background is input based on the
area information indicating the background area, and sends only the pixels
correspondi ng to the background included in the input image to the

synt hesi zer 605. 20 The synt hesi zer -6335synt hesi zes a foreground conponent

i mage based on the foreground conponents sent fromthe separating portion
601 and the pixels corresponding to the foreground sent fronlthe switch

602, d t.puts. th t.h d f Si t he 25
foreg??)unf‘.?r”a%;andifh t&aﬁi GG n%h% rfﬁf”p"'% ‘ a ofgcn es'yﬂfﬁeshieL
603 I t reground cao ts and the
foreglrogulnglsrﬁ xe ge%tqhere 3}10 syr%‘t%ne(sgﬁz(% ggtq{ebﬁogcreg%r orij%or l]%’oc’ngzrﬁ i mage. In
the i ni tigild? IS 1P QREP SO R LE AL sté%ecﬁrega "l Ry &1 WAL P est 21 ng

processing for regrou mponent esrzer stores
an |rraget\mo§1e,rpda>gele MRS & & ldadkd N @ bur lt-in frame menory. Then, in

the synthesi zing processrng for the foreground conponent inmage, the

synthgsi zer 603 $tokgsqkherhohear QHNd+egMBeRENt:BGRe setting for
the target pixels is finished, the processing proceeds to
step S423. 1In step 5423, a calculator 423 calculates the
estimated mixture ratio based on the normal equations in
which the pixels values are set, and outputs thelcalculated

10 mixture ratio.

In step S424, the calculator 423 calculates an
estimated motion vector according to the gradient of the
obtained estimated mixture ratio, and the processing is
terminated.

15 As discussed above, the estimated-mixture-ratio
processor 401 having the configuration shown in Fig. 53
calculates the estimated mixture ratio and the estimated
motion vector based on the input image.

Mixture-ratio and motion-vector estimating processing

20 Dby using a model corresponding to the uncovered background
area is similar to the processing indicated by the flowchart
of Fig. 58, which uses the normal equations corresponding to
a model of the uncovered background area, and an explanation
thereof is thus omitted.

25 The embodiment has been described, assuming that the
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conponenimovig@e @WePWstimated-mixture-ratio processor 401 shifts the

10

15

20

25

overall image in accordance with this motion, and performs
processing in a manner similar to the case in which the
object corresponding to the background is stationary. If
the image corresponding to the background area includes
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
executes the above-described processing.

The mixture-ratio calculator 102 may execute only the
mixture-ratio estimating processing on all the pixels by
using a model corresponding to the covered background area,
and outputs the calculated estimated mixture ratio as the
mixture ratio . In this case, the mixture ratio o
indicates the ratio of the background components for the
pixels belonging to the covered background area, and
indicates the ratio of the foreground components for the
pixels belonging to the uncovered background area.
Concerning the pixels belonging to the uncovered background

area, when the absolute value of the difference between the
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fromthe foreground/ background separator 103. Fig. 60B illustrates a nodel
corresponding to the input image input into the foreground/ background
separator 103 and the foreground conponent inage and the background
conponent 15 inmage output fromthe foreground/ background separator 103.

Fig. 60A is a schematic diagramillustrating the inmage to be displ ayed,
and Fig. 60B illustrates a nodel obtained by developing in the tine
direction the pixels disposed in one line including the pixels bel onging
to the foreground 20 area, the pixels el anging to the background area, and
the pixels belonging to the m xed area corresponding to Fig. 73A. As
shown in Figs. 60A and 60B, the background conponent image output fromthe

I ﬁéegégﬁmk%%ﬁnd St r%aﬁ%%%g@%ﬁﬁhf%%%ﬁf@% S ade ntng
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Similarly, the mixture-ratio processor 102 may execute
only the mixture-ratio estimating processing on all the
pixels by using a model corresponding to the uncovered
background area, and outputs the calculated estimated

10 mixture ratio as the mixture ratio «.

As described above, the mixture-ratio processor 102
calculates the mixture ratio o and the motion vector, which
area feature quantities for each pixel, according to the
area information sent from the area specifying unit 101 and

15 the input image.

With the user of the mixture ratio a calculated by the
mixture-ratio processor 102, foreground components and
background components can be separated in a pixel value
while motion-blur information included in an object

20 corresponding to a moving object is left.

An image which includes correct motion blur matching
the speed of a moving object can be synthesized according to
the motion ratios a as if the real world were actually
captured.

25 The motion vector calculated by the mixture-ratio



background area. The separated foreground conponents form the foreground
conponent inmage together with the pixels belonging to the foreground area.
15 As di scussed above, in the foreground conponent image, the pixel val ues
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 mxed area. Simlarly,
20 in the background conponent image, the pixel values of the pixels
corresponding to the foreground area ars set to 0, and significant pixel
values are set in the pixels corresponding to the background area and the
pi xel s corresponding to the m xed area. 25 A description is given bel ow of
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The mixture-ratio processor 102 may set the motion
vector to an.estimated vector corresponding to an estimated
mixture ratio of 0 to 1, both excluding. 1In this case, the

10 mixture-ratio processor 102 can generate the motion wvector
without using the area information.

The foreground/background separator 103 is discussed
below. Fig. 59 is a block diagram illustrating an example
of the configuration of the foreground/background separator

15 103. The input image sent to the foreground/background
separator 103 is sent to a separating portion 601, a switch
602, and a switch 604. The area information sent from the
area specifying unit 101 and indicating the information of
the covered background area and the uncovered background

20 area is sent to the separating portion 601. The area
information indicating the foreground area is sent to the
switch 602. The area information indicating the background
area sent to the switch 604.

The mixture ratio o sent from the mixture-ratio

25 calculator 102 is sent to the separating portion 601.



background conmponents and belong to the background area. In frame #n, the
second through fourth pixels fromthe left 15 include background conponents
and foreground conponents, and belong to the uncovered background area. In
frame #n, the eleventh through thirteenth pixels fromthe |left include
background conmponents and foreground conponents, and belong to the covered
background area. In frame #n, the fifth 20 through tenth pixels fromthe

| eft consist of only the foreground conponents, and belong to the
foreground area. In frane #n+l, the-figet-through fifth pixels fromthe

| eft and the eighteenth pixel fromthe left consist of only the background
conponents, and belong to the background area. 25 In frame #n+l, the sixth
t hrough ei ghth,.pi xels framthe |eft |nclude background conponents and
f oreground co (?n@r‘ft%raé:ﬁd‘g BTG (])G%ﬁ'h HOFEIFISt ea. I

frame #n+ fif eent t hr ough sevent.eent s fromthe |left include
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also separates the background components from the input
image, and sends the separated background components to a
synthesizer 605.

10 The switch 602 is closed when a pixel corresponding to
the foreground is input based on the area information
indicating the foreground area, and sends only the pixels
corresponding to the foreground included in the input image
to the synthesizer 603.

15 The switch 604 is closed when a pixel corresponding to
the background is input based on the area information
indicating the background area, and sends only the pixels
corresponding to the background included in the input image
to the synthesizer 605.

20 The synthesizer 603 synthesizes a foreground component
image based on the foreground components sent from the
separating portion 601 and the pixels corresponding to the
foreground sent from the switch 602, and outputs the
synthesized foreground component image. Since the

25 foreground area and the mixed area do not overlap, the



The pixel value C15 of the fifteenth pixel fromthe 15 left in frame #n
can be expressed by equation (61): Cl15 = B15/v + F09/v + F08/v + FO7/v =
(xI'50B15 + FO9/v + FO8/v + FO7/v = alb0P15 + FO09/v + FO08/v + FO7/v (61)
where al5 indicates the m xture ratio of the fifteenth pixel 20 fromthe
left in frame #n, and P15 designates the pixel value of the fifteenth pixel
fromthe left in frame #n-1. The sumf15 of the foreground conponents of
the fifteenth pixel fromthe left in franme #n can be expressed by
equation (62) based on equation (61)- 120 f15 = F09/v + FO08/v + FO7/v - 145
= C15 - al5P15 (62) Simlarly, the sumfl1l6 of the foreground conponents
of the sixteenth pixel fromthe left in frame #n can be expressed by
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Corr35p0nd'nglnpkﬁ%lthtHQQ1Q 19y sy executed at the start of
5 the synthesizing processing for the foreground component
image, the synthesizer 603 stores an image whose pixel
values are all 0 in a built-in frame memory. Then, in the
synthesizing processing for the foreground component image,
the synthesizer 603 stores the foreground component image
10 (overwrites the previous image by the foreground component
image). Accordingly, 0 is stored in the pixels
corresponding to the background area in the foreground
component image output from the synthesizer 603.
The synthesizer 605 synthesizes a background component
15 image based on the background components sent from the
separating portion 601 and the pixels corresponding to the
background sent from the switch 604, and outputs the
synthesized background component image. Since the
background area and the mixed area do not overlap, the
20 synthesizer 605 applies, for example, logical OR to the
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

25 image, the synthesizer 605 stores an image whose pixel



15 Fig. 63 illustrates the processing for separating the foreground
components fromthe pixels belonging to the uncovered background area. In
Fig. 63, al through al8 indicate mxture ratios of the individual pixels "
of frame #n. In Fig. 63, the second through fourth pixels fromthe left 20
bel ong to the uncovered background area. The pixel value Q2 of the second
pi xel fromthe left 1in frame #n can be expressed by equation (66): C02 =
B02/v + B02/v + B02/v + FO1l/v = a20B02 + FOl/v 25 = a20N02 + FOl/v (66) -
146 where a2 indicates the m xture ratgi0 of the second pi xel fromt_he
left in frame #n, and NO2 designates the pixel value of the second pixel
fromthe left in frame #n+l. The sum f02 of the foreground conponents of
the second . 5 pixel fromthe left.in fra #n can be expressed by equation
(67) basevaa]o%esgqﬁfa%iaolr% 28661)? %332“_1%‘0‘1“/ ANGIREMOLH N 2 N§T7) 10 '*}ﬁlarlh Y,
the sum fQ3 qf t.he foreground conponents of . 10 the third pixel fromthe
left in fF arr%%?nlzclanr? B’el%e%(ep%'sejsré% Olbytq'é%ﬁ%?]ﬁf?‘gg,ccﬁ?ﬁuont L SiR94 of tBe
foregrougg}3 ent.s q% 0 t{&)' |_fromthe left in frane #n can e
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(69) (overwrites the previous image by the background component
5 image). Accordingly, 0 is stored in the pixels
corresponding to the foreground area in the background
component image output from the synthesizer 605.
Fig. 60A illustrates the input image input into the
foreground/background separator 103 and the foreground
10 component image and the background component image output
from the foreground/background separator 103. Fig. 60B
illustrates a model corresponding to the input image input
into the foreground/background separator 103 and the
foreground component image and the background component
15 image output from the foreground/background separator 103.
Fig. 60A is a schematic diagram illustrating the image
to be displayed, and Fig. 60B illustrates a model obtained
by developing in the time direction the pixels dispoéed in
one line including the pixels belonging to the foreground
20 area, the pixels belonging to the background area, and the
pixels belonging to the mixed area corresponding to Fig. 73A.
As shown in Figs. 60A and 60B, the background component
image output from the foreground/background separator 103

consists of the pixels belonging to the background area and

25 the background components included in the pixels of the



In this manner, the foreground conponents fu included in the pixel value C
of the pixel belonging to the uncovered background area can be expressed
by equation (70): fu =C- a N (70) 20 where N designates the pixel val ue
of the corresponding pixel in the subsequent frame. As discussed above,
the separating portion 601 is able to separate the foreground conponents
fromthe pixels belonging to the m xed area and the background conponents
25 fromthe pixels belonging to the m xed area based on the - 147
information indicating the covered backgraound area and the information

i ndi cating the uncovered background area included in the area information,
and the. mxture ratio a for each pixel. 5 Fig. 64 is a bl ock diagram
illustratin n exanple of the configuration of the separating portion 601
f or exeéﬁ?&ﬁg7??ﬁﬁabove-described processing. An inmge input into the
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mixed area.

The pixel values of the pixels in the mixed area are
separated into the background components and the foreground
components by the foreground/background separator 103. The

10 separated backgrouﬁd components form the background
component image together with the pixels belonging to the
background area. The separated foreground components form
the foreground component image together with the pixels
belonging to the foreground area.

15 As discussed above, in the foreground component image,
the pixel values of the pixels corresponding to the
background area are set to 0, and significant pixel values
are set in the pixels corresponding to the foreground area
and the pixels corresponding to the mixed area. Similarly,

20 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.

25 A description is given below of processing executed by



the frame one frane after franme #n. The franme nenory 621 sends the
corresponding pixels in frame #n-1, franme #n, and frame #n+1l to the
separation 20 processing block 622. The separation processing bl ock 622
applies the calculations discussed with reference to Figs. 62 and 63 to

t he pi xel values of the corresponding pixels in frame #n-1, frane #n, and
frame #n+l sent fromthe frame nenory 621 25 based on the area infornmation
i ndicating the covered - 148 background area and the uncovered background
area and the mxture ratio a so as tqgseparate the foreground conponents
and the background conponents fromthe pixels belonging to the m xed area
in frame #n, and sends themto a frane menory 5 623. The separation
processi bIock 6 is formed o uncover ed, arquf essor 631 a

covered arta P eroac:reas 9 @prtiop h%qs’izseefp% rating, 4 634. A
Vel ue'of TP Hhd TR B arroéﬂrf r%nit?ﬁsr?%{é@s?’?faﬁé&r&“ﬁ“p"esbty“tehé" e
m xture r t Qﬁﬂi value t a SWtch 642.
The switc ! Aé%gsaghdotshgéc;%eﬁdt i'Xe r¥oafn%IE'E};{[)‘(rrrs Vcaolrrels"borfdﬁ ng to the
pi xel iné{%ackgﬁﬂ e f quL he 15 frame nenory 621 bel ongs to the

uncover ed un ar ea, send; the pixel value multiplied by the
m xtuge ratiopGy, %@nﬁlﬁﬁ%%E%Q%snﬁlﬁbﬁ%ﬂerGQ% b PadeCahntylalihgb43 and the

foreground components and background components in two

frames including a foreground object moving from the left to

the right in the figure. 1In the model of the image shown in

Fig. 61, the amount v of movement within the shutter time is
10 four, and a virtual division number is set to four.

In frame #n, the leftmost pixel and the fourteenth
through eighteenth pixels from the left consist of only the
background components and belong to the background area. 1In
frame #n, the second through fourth pixels from the left

15 include background components and foreground components, and
belong to the uncovered background area. In frame #n, the
eleventh through thirteenth pixels from the left include
background components and foreground components, and belong
to the covered background area. In frame #n, the fifth

20 through tenth pixels from the left consist of only the
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 background area.

25 In frame #n+l, the sixth through eighth pixels from the left



synt hesi zer 634. The val ue obtained by multiplying the pixel value of the
pi xel in frame #n+l by the m xture ratio 20 a output fromthe swtch 642 is
equi val ent to the background conponents of the pixel value of the '
corresponding pixel in frame #n. The cal cul ator 643 subtracts the
background conponents sent fromthe switch 642 fromthe pixel value of the
pixel 25 in frame #n sent fromthe frame nenory 621 so as to obtain - 149
t he foreground conponents. The cal cul ator 643 sends the foreground
conmponents of the pixel in frame #n belgonging to the uncovered background
area to the synthesizer 633. A nmultiplier 651 of the covered area processor
632 5 multiplies the pixel value of the pixel in frane #n-1 sent fromthe
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subtracts the background conponents
through fourteenth pixels from the left consist of only the

foreground components, and belong to the foreground area.
Fig. 62 illustrates the processing for separating the
foreground components from the pixels belonging to the
10 covered background area. In Fig. 62, al through al8
indicate mixture ratios of the individual pixels'of frame #n.
In Fig. 62, the fifteenth through seventeenth pixels from
the left belong to the covered background area.
The pixel value Cl5 of the fifteenth pixel from the
15 left in frame #n can be expressed by equation (61):

C15

B15/v + F09/v + F08/v + F07/v

ol5eB15 + F09/v + F08/v + FO07/v

al5eP15 + F09/v + F08/v + F07/v (61)
where al5 indicates the mixture ratio of the fifteenth pixel
20 from the left in frame #n, and P15 designates the pixel
value 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 (62) based on equation (61).

25 f15 = F09/v + F08/v + F07/v



sent fromthe switch 652 fromthe pixel value of the pixel 20 in franme #n
sent fromthe frane nenory 621 so as to obtain the foreground conponents.
The cal cul ator 653 sends the foreground conponents of the pixel in frame
#n belonging to the covered background area to the synthesizer 633. The
synt hesi zer 633 conbi nes the foreground conponents 25 of the pixels

bel ongi ng to the uncovered background area and - 150 sent fromthe

cal cul ator 643 with the foreground conponents of the pixels belonging to
t he covered background area and sent jffgspmthe cal cul ator 653, and sends
the synthesized foreground conponents to the frame nmenory 623. 5 The

synt hesi zer 634 conbi nes the background conponents of the pixels bel onging
to the uncovered bac rounqﬁgr 3 and sent fromthe switch 642 with the
backgr ound conponénts~of % épgixels bel ongi ng to the co¥€f:d background
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ratio a, which indicates the
in frame #n can be expressed by equation (64).
f16 = Cl6 - 0l6ePl6 (63)
£f17 = C17 - al7epPl7 (64)
In this manner, the foreground components fc included

10 in the pixel value C of the pixel belonging to the co?ered

background area can be expressed by equation (65):

fc = C - aepP (65)
where P designates the pixel value of the corresponding
pixel in the previous frame.

15 Fig. 63 illustrates the processing for separating the
foreground components from the pixels belonging to the
uncovered background area. - In Fig. 63, al through «al8
indicate mixture ratios of the individual pixels of frame #n.
In Fig. 63, the second through fourth pixels from the left

20 belong to the uncovered background area.

The pixel value C02 of the second pixel from the left
in frame #n can be expressed by equation (66):

co2

B02/v + B02/v + B02/v + FO0l/v

a2eB02 + FOl/v

25 o2eN02 + FOl/v (66)



20 feature quantity, the foreground conponents and the background
conponents included in the pixel values can be conpletely separated. The
synt hesi zer 603 conbi nes the foreground conponents of the pixels in the
m xed area in frame #n output fromthe 25 separating portion 601 with the
pi xel s belonging to the - 151 foreground area so as to generate a
foreground conponent inage. The synthesizer 605 conbi nes the background
conponents of the pixels in the mxed area in frane #n output fromthe
separating portion 601 wth the pixel §4% belonging to the background area
So as to generate a background conponent image. Fig. 65A illustrates an
exanpl e of the foreground conponent inmage corresponding to frame #n in
Fig. 61. The | fhgp,t pi xel and the fourteenth pixel fromthe left 10
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(67) based on equation (66).

f02 = FOl/v
= C02 - a2eN02 (67)
Similarly, the sum f03 of the foreground components of
10 the third pixel from the left in frame #n can be expressed
by equation (68), and the sum £f04 of the foreground
components of the fourth pixel from the left in frame #n can
be expressed by equation (69).
f03 = C03 - a3eN0O3 (68)
15 f04 = C04 - o4eN04 (69)

In this manner, the foreground components fu included
in the pixel value C of the pixel belonging to the uncovered
background area can be expressed by equation (70):

fu = C - aeN (70)

20 where N designates the pixel value of the corresponding
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

25 from the pixels belonging to the mixed area based on the



conponents are maintained. The fifth through tenth pixels fromthe left
consist of only the foreground conponents, which are thus maintained. Fig.
65B il lustrates an exanpl e of the background 25 conponent i mage
corresponding to frame #n in Fig. 61. The - 152 |eftnost pixel and the
fourteenth pixel fromthe left consist of only the background conponents
before the foreground and the background are separated, and thus, the
background conmponents are mai ntained. 5 The second through fourth pixels
fromthe left belong to the uncovered packground area before the
foreground and the background are separated. Accordingly, the foreground
conponents are set to 0, and the background conponents are nmaintained. The
el eventh through thirteenth pixels fromthe 10 |eft belong to the covered
backgrounhné9 A HE D r B UHEA TR et DUl BFeE t PREFSER YRS 1iEE A r a4 6BR8 at ed.
Accor di ngl t he. f oreground, conponents are set to and t he background
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are set to e processing for Separatihg
backgr oung, execut eds by, the foreground/ background separator 103 is

descri bed bel ow w reference to the flowhart of Fig. 66. In step S601,

the fwsame mengryy 624 qfs tah%l%%ksgﬂ%rﬁ:tajrﬂqg.lﬁ(ygﬂr%r{iﬁ%l anteQ{?ﬂﬁ%%n dgnput
i mge, and stores franme #n for which the foreground and the background are
the configuration of the separating portion 601 for
executing the above-described processing. An image input
into the separating portion 601 is sent to a frame memory
621, and the area information indicating the covered
10 background area and the uncovered background area sent from
the mixture-ratio calculator 102 and the mixture ratio o are
sent to a separation processing block 622.
The frame memory 621 stores the input images in units
of frames. When a frame to be processed is frame #n, the
15 frame memory 621 stores frame #n-1, which is the frame one
frame before frame #n, frame #n, and frame #n+l, which is
the frame one frame after frame #n.
The frame memory 621 sends the corresponding pixels in
frame #n-1, frame #n, and frame #n+l to the separation
20 processing block 622. |
The separation processing block 622 applies the
calculations discussed with reference to Figs. 62 and 63 to
the pixel values of the corresponding pixels in frame #n-1,
frame #n, and frame #n+l sent from the frame memory 621

25 Dbased on the area information indicating the covered



separated together with the previous frame #n-1 and the subsequent frane
#n+l . In step S602, the separation processing block 622 of 25 the
separating portion 601 obtains area information sent - 153 fromthe

m xture-ratio calculator 102. In step S603, the separation processing

bl ock 622 of the separating portion 601 obtains the m xture ratio a sent
fromthe mxture-ratio calculator 102. 5 In step S604, the uncovered area
processor 631 extracts the background conponents fromthe pixel val ues of
the pixels belonging to the uncovered fgpckground area sent from the frane
menory 621 based on the area information and the mxture ratio a. .10 In
step S605, the uncovered area processor 631 extrgc}s t he foreﬁround 4
conmponent.s. fromth i xel v es of the |xels el onging to the uncovere
bagEgrou$?%ﬁ%§f%ﬁetigﬁ%nﬁn ?r%ﬂ&? FIORNR DrFd Gy

|nformatlnen anrde qﬁmxture ratio a. 15 In step S606, the covered area

pr oceseor ext r r%?ﬁ'f’dr%%%‘pgh% A FIHID S PIRUIER T ues of
the pix qniwecocnp ered b rk%%gt n%epar’i?ﬁ f‘ﬁn‘-’telol;rgé)%nr]i? t he frame

O S
menory 6 ased on e area 1 orrreﬁ i on ©20 In

step S607%, g the f re round
conmponent sh f ?‘gim ﬁe pi x<aajlr{3 llp%Jes t%ndgzspeﬁ%é% atq’bshf ong ngf) HEEoVer ed
backgsourghbfirea sent from

The separation processing block 622 is formed of an
uncovered area processor 631, a covered area processor 632,
a synthesizer 633, and a synthesizer 634.
A multiplier 641 of the uncovered area processor 631
10 multiplies the pixel value of the pixel in frame #n+1l sent
from the frame memory 621 by the mixture ratio a, and
outputs the resulting pixel value to a switch 642. The
switch 642 is closed when the pixel of frame #n
(corresponding to the pixel in frame #n+l) sent from the
15 frame memory 621 belongs to the uncovered background area,
and sends the pixel value multiplied by the mixture ratio o
sent from the multiplier 641 to a calculator 643 and the
synthesizer 634. The value obtained by multiplying the
pixel value of the pixel in frame #n+l by the mixture ratio
20 o output from the switch 642 is equivalent to the background
components of the pixel value of the corresponding pixel in
frame #n.
The calculator 643 subtracts the background components
sent from the switch 642 from the pixel value of the pixel

25 in frame #n sent from the frame memory 621 so as to obtain



the frame nenory 621 based on the area information and the mxture ratio
a. 25 1In step S608, the synthesizer 633 conbines the - 154 foreground
conponents of the pixels belonging to the uncovered background area
extracted in the processing of step S605 with the foreground conponents of
the pixels belonging to the covered background area extracted in the 5
processi ng of step S607. The synthesized foreground conponents are sent to
t he synthesizer 603. The synthesizer 603 further conbines the pixels

bel onging to the foreground area sentjaga-the switch 602 with the
foreground conponents sent fromthe separating portion 601 so as to
generate a 10 foreground conponent inmage. In step S609, the synthesizer 634
conbi nes the _background conponents of the pixels belonging to the

uncover ed backyre %P%.e%P?égh%&f%d i?P?kﬁ@{#?&%&%?n@4%fse%Q%pt@%04 with

t he back C onents of the_pixels, 15 bel opgin o the covered
backgrougfdggggﬁogrﬁr%%w%%n?rht? h&t BkP%c%Js’é‘?Jr'ngl%fP’g‘i‘%% &Wl%%l%?nﬁ%esi,zed
backgrou o] e nt.hesi zer, 605. Th ynt hesi zer

605 furt#eir}e %ﬁ%@éih%%iﬁﬁn%e?%g@iﬁ% ?%et%n%}é%?ﬁ%ﬂn%far ea sent via
the switch 604 W 1hsthg Qackgr 0 { S rqmt eparating
portion 601 so as tékgéﬁgﬁate gHﬁggE g?%ﬁﬁ%“géﬁgﬁhgﬁkéé%ﬂﬁi %Fstep S610,

the synt hesi 2651 603 QU R Set hea1 (0TSO O, LOIPONENE I MBS, -1 NSt eP S611,
t he synt hesi zer

from the frame memory 621 by the mixture ratio o, and
outputs the resulting pikel value to a switch 652. The
switch 652 is closed when the pixel of frame #n
(corresponding to the pixel in frame #n-1) sent from the

10 frame memory 621 belopgs to the covered background area, and
sends the pixel value multiplied by the mixture ratio o sent
from the multiplier 651 to a calculator 653 and the
synthesizer 634. The value obtained by multiplying the
pixel value of the pixel in frame #n-1 by the mixture ratio

15 o ocutput from the switch 652 is equivalent to the baékground
components of the pixel value of the corresponding pixel in
frame #n.

The calculator 653 subtracts the background components

sent from the switch 652 from the pixel value of the pixel

20 in frame #n sent from the frame memory 621 so as to obtain
the foreground components. The calculator 653 sends the
foreground components of the pixel in frame #n belonging to
the covered background area to the synthesizer 633.

The synthesizer 633 combines the foreground components

25 of the pixels belonging to the uncovered background area and



605 out puts the background conponent inmage. The processing 25 is then
conpleted. - 155 As discussed above, the foreground/ background separat or
103 separates the foreground conponents and the background conponents from
t he i nput inmage based on the area information and the m xture ratio a, and
outputs the 5 foreground conponent inmage consisting of only the foreground
conponents and the background conponent inmage consisting of only the
background conmponents. Adjustnents of the amount of notion blur in a
f oreground conponent inage are descri e bhelow 10 Fig. 67 is a bl ock
diagramillustrating an exanple of the configuration of the notion-Dblur
adj usting unit 104. The nDtion vector and the positional information
t hereof se {é(ﬂnthe detector 102 are sent to a unit-of-

t

processi iy M ity Bo£43% Hddel ShOriAERFBMY GPMEPBILS and a

cal cul at or The ar |anrnat|o sent fro th area specifyi uni t
101 is senftacto tﬁ%é‘el}rﬁ c}fo DSt STy S qﬁﬁ"ﬂr@n aﬁ?g

f t f t he, f d/ b d t
|10 Ul SHRASHL, LIS SO feor U el adibackarund, separator
801 d th on vector, the

posi t?gﬂgoa’"l re%’:ro i or’#pt (aernggc;occessd rL?he a?eegloﬁ%rﬁrgsrﬁglt'gp \z;nd sends t he
gener gt ed unl&hgf 9@9&@%&5@9 634t BEnERAEL" hQ" BhRgRBLELEC L oRBENnARE

uni t - of - processi ng-det er
of the pixels belonglng to the uncovered background area and

sent from the switch 642 with the background components of
the pixels belonging to the covered background area and sent
from the switch 652, and sends the synthesized background

10 components to the frame memory 623.

The frame memory 623 stores the foreground components
and the background components of the pixels in the mixed
area of frame #n sent from the separation processing block
622.

15 The frame memory 623 outputs the stored foreground
components of the pixels in the mixed area in frame #n and
the stored background components of the pixels in the mixed
area in frame #n.

By utilizing the mixture ratio o, which indicates the

20 feature quantity, the foreground components and the

_background components included in the pixel values can be
compleﬁely separated.

The synthesizer 603 combines the foreground components
of the pixels in the mixed area in frame #n output from the

25 separating portion 601 with the pixels belonging to the



25 portion 801 sends the generated unit of processing to the
804. As an exanple is indicated by Ain Fig. 68, the unit of

- 156 adder
processi ng

generated by the wunit-of-processing determning portion 801 indicates
consecutive pixels disposed in the 5 noving direction starting fromthe

pi xel corresponding to the covered background area of the foreground
conponent image until the pixel corresponding to the uncovered background
area, or indicates consecutive pixels disposed in the noving direction
starting fromthe pixel correspondingi1l@ to the uncovered background area
until the pixel corresponding to the covered background area. The unit of
processing is fornmed of two pieces of data which indicate, for exanple,

t he uppe

| eft point (which is the position of the |eftnost or the topnost

"
pi xel intHESH FESER &F By BSIHE it IO SRS ISRIPORTE % he | ower
ri ght poi.,nt.. The del -f.Qrm.n tion 802 for del based on the

rr:)'?i onpvg&a&e "an %gyﬁlrﬁ%[esc}fZ%prP(c)k(rzoesjssqo INBY etrﬁsesg)égg‘ﬁr A%, for exanple,

the mdelc‘ofm%ro,ﬁ]e@%&p { Il it%%ng)qgce 3t q.rnesclhlen .maidve"%‘:{I %?fe?an gl,lt%u rf’j}:lalﬁri[e{

accor dance e nunber of pixel's include eu

t he nunber i Xe

#ﬁ nodel s in
3% processing,

the. Vi1 il 8P AERSE 1 (B (Ol OIS ik Nt o et on, and

or egr ound conponent’s “tor each

-form ng

portign %%aotn@qglgs%oecttr% B0 o udd) UL NG Gy [ggéln%txjaoc% ket ween the

pi xel values and the 25 foreground conponents 1s d
shown i Npackground component image.

ghat ed,

such as that

Fig. 65A illustrates an example of the foreground

component image corresponding to frame #n in Fig. 61.

leftmost pixel and the fourteenth pixel from the lef
10 consist of only the background components before the
foreground and the background are separated, and thu

pixel values are set to 0.

The

t

s, the

The second and fourth pixels from the left belong to

the uncovered background area before the foreground and the

15 Dbackground are separated. Accordingly, the background

components are set to 0, and the foreground componen
maintained. The eleventh through thirteenth pixels
left belong to the covered background area before th

foreground and the background are separated. Accord

ts are
from the
e

ingly,

20 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.

Fig. 65B illustrates an example of the background

25 component image corresponding to frame #n in Fig. 61.

The



- 157 Fig. 69, based on the unit of processing and the virtual division
nunber of the pixel value in the tinme direction. it is now assuned, for
exanpl e, that the nunmber of pixels corresponding to the unit of processing
is 12, and 5 that the amount v of novenent within the shutter tine is 5.
Then, the nodel-formng portion 802 sets the virtual division nunber to 5,
and selects a nodel forned of eight types of foreground conponents so that
the | eftnost pixel includes one foreground conponent, the second pi xel
fromthe 10 left includes two foregroums} conponents, the third pixel from
the left includes three foreground conponents, the fourth pixel fromthe
eft includes four pixel conponents, the fifth pixel fromthe |eft

ncl udes fiyve faoreground onponents, the sixth pixel fromthe |eft

ncl udes 9/ f%"@é‘r (if’rﬂcj %pfg?%qes‘?ntﬁhéj r#’??‘?)i% sfdm the 1 eft
ncl udes five foreground conponents, the eighth pixel_from_ the |left

ncl udes cfcfnvselsftoroe%ro d &g%ﬁrsd,ur}cﬂec%p%r}?n% Qﬁqfc’frreorﬁqe}’ue | ef t

ncl udes r conpone e tenth pixel fr the left

ncl udes {%gegerfofq{)nr%gga%?u%&‘ ezgp ac% ooﬁiennci rs}‘,re[ He & rea\?ceen h i enqhq‘sr'orﬁ She 1eft

”ClUdesHé%k%f&ﬁ&ﬁQﬁﬁ@%ﬂ§HH¥“E¥BfﬁafHEL%ﬁgﬁfmelfth pi xel fromthe |eft

ncl udes one Toregrou conponent. Instea sel ecting a nodel fromthe

pre-sgored noggks sechif %ﬁ@%hgkorfgmhpgri&ie% %Q%mn%e.g%%rt%%lt@ﬁgode'

based on 25 the notion vector and the unit of processing when notion -
158 to the uncovered background area before the foreground and

the background are separated. Accordingly, the foreground
components are set to 0, and the background components are
maintained. The eleventh through thirteenth pixels from the
10 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
from the left consist of only the foreground components, and
15 thus, the pixel values are set to 0.
The processing for separating the foreground and the
background executed by the foreground/background separator
103 is described below with reference to the flowchart of
Fig. 66. 1In step S601, the frame memory 621 of the
20 separating portion 601 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+1l.
In step S602, the separation processing block 622 of

25 the separating portion 601 obtains area information sent



vector and the unit of processing are sent. The nodel -form ng portion 802
sends the selected nodel to an equation generator 803. The equation
generator 803 generates an equation based 5 on the nodel sent fromthe
nodel -form ng portion 802. A description is given below, with reference to
the nodel of the foreground conponent image shown in Fig. 69, of

equations generated by the equation generator 803 when the nunber of
foreground conponents is 8, the nunber of pixels 10 corresponding to the
unit of processing is 12, the amount \s530f- novement within the shutter tinme
is 5 and the virtual division nunber is 5. When the foreground conponents
included in the foreground conponent image corresponding to the shutter

15 time/v.are FO1/v, through F08/v the rel ationshi ps between FO1/v through
FO8/ v andfrt%‘b ST Rt oy aﬁ&fn betTexPrads sthP by 1¥5ttfuat| ons

71) th C01 = FO1/ 7 C0 + FO1/v(72 20CD3 = FO3/v +
03]y 1 R ocasning b %@Eﬁ?ﬁz Vo he, SPHAGNE Er %S;V \
FO4/ + EQ3/ + kK EQ1/.v (75 6 = F06/V + FO5/.v + FQ4/v FO3/v +
F02/x(76) \f/’bizaﬂ%% Hig r’-’Hé?tv“(ﬂe) & AN fr%s%?ﬁ) SESFa gy v +

FO7/v + FQB/, 1505/ 5+ FO4/ v(78) - 159 D9 = FOBIv + FOT/v + FOBIv +
FO5/ v ‘

5 In step S604, the uncovered area processor 631 extracts
the background components from the pixel values of the
pixels belonging to the uncovered background area sent from
the frame memory 621 based on the area information and the
mixture ratio a.

10 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 sent from
the frame memory 621 based on the area information and the
mixture ratio «.

15 | 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 sent from
the frame memory 621 based on the area information and the
mixture ratio a.

20 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 sent from
the frame memory 621 based on the area information and the
mixture ratio o.

25 In step S608, the synthesizer 633 combines the



Cl0 = FO8/v + FO7/v + FO6/v CIl = FO08/v + FO7/v Cl2 = FO8/v (79) (80) (81)
(82) 5 The equation generator 803 generates an equation by nodifying the
generated equations. The equations generated by the equation generator 803
are indicated by equations (83) though (94). COL = 10FOLl/v + OF02/v +
OF03/v + OF04/v + OF0O5/v + 10 OF06/v + OFO7/v + OF08/v (83) C02 = 10FOL/v
+ 1F02/v + OF03/v + OF04/v + OF05/v + OF06/v + OF07/v + OF08/v (84) (03 =
10FAQ /v + 1F02/v + 1F03/v + OF04/v + OF05/v + OF06/v + OFO7/v + OFO08/v
(85) 15 C04 = 10FOL/v + 1F02/v + 1FQ3/1s4+ -1F04/v + OFO5/v + OF06/v +
OF07/v + OF08/v (86) CO5 = 10FA /v + 1F02/v + 1F03/v + 1F04/v + 1F05/v +
OF06/v + OF07/v + OF08/v (87) C06 = OFOL/v + 19F02/v + 1F03/v + 1F04/v +
1FO5/v + _20 i FO6/v + OF07/v + QOF08/v (88). CQ7 OFOLl/v + QF02/v + 1F03/v +
1F04/ v +.5 -*\P“ﬁ‘alﬁfﬁfé?weﬁtﬂ:(?;vt%# cﬁﬂdﬁg %BOW% YOHMY v + 0F02/v +

OF03/v + an F ered ]b i/ground’I‘FaOPe/av e+xt1r|f310c71~{evd +:|_n1Ft 8V lﬁochSlng of

step S605 with the foreground components of the pixels
belonging to the covered background area extracted in the

5 processing of step S607. The synthesized foreground
components are sent to the synthesizér 603. The synthesizer
603 further combines the pixels belonging to the foreground
area sent via the switch 602 with the foreground components
sent from the separating portion 601 so as to generate a

10 foreground component image.

In step S609, the synthesizer 634 combines the
background components of the pixels belonging to the
uncovered backgroﬁnd area extracted in the processing of
step S604 with the background components of the pixels

15 belonging to the covered background area extracted in the
processing of step S$606. The synthesized background
components are sent to the synthesizer 605. The synthesizer
605 further combines the pixels belonging to the background
area sent via the switch 604 with the background components

20 sent from the separating portion 601 so as to generate a
background component image.

In step S610, the synthesizer 603 outputs the
foreground component image. In step S611, the synthesizer
605 outputs the background component image. The processing

25 is then completed.



OFQL/v + OF02/v + OF03/v + OF04/v + 1F05/v + - 160 1F06/v +
1F07/ v 1F08/v (91) C10 = OFO01/v + OF02/v + OF03/v + OF04/v + OFO5/v +
1F06/ v 1F07/v + 1F08/v (92) dIl = OF01/v + OF02/v + OF03/v + OF04/v +
OF05/v + 5 OF06/v + 1F07/v + 1F08/v (93) C12 = OFOl1l/v + OF02/v + OF03/v +
OF04/v + OFO5/v + OF06/v + OFO7/v + 1F08/v (94) Equations (83) through
(94) can be expressed by equation (95). 08 G=faijFily 10 i=0l1 (95) In

25 C09

+ + 1l

equation (95), j designates the position of the pixel. In this exanple, |
has one of the values from1l to 12. -Inssequation (95), i designates the
position of the foreground value. In this exanple, i has one of the val ues

fromlto 8 15 In equation (95), aij has the value 0 or 1 according to the
val ues of i

conS|derat|onR hﬁﬁg gg%gfgbégg) %gglﬁgFgé éﬁia?g6f¥€§g§%hlggp 2ok
103 separates the foreground components and the background
components from the input image based on the area
information and the mixture ratio @, and outputs the
5 foreground component image consisting of only the foreground
components and the background component image consisting of
only the background components.
Adjustments of the amount of motion blur in a
foreground component image are described below.

10 Fig. 67 is a block diagram illustrating an example of
the configuration of the motion-blur adjusting unit 104.

The motion vector and the positional information thereof
sent from the motion detector 102 are sent to a unit-of-
processing determining portion 801, a model-forming portion

15 802, and a calculator 805. The area information sent from
the area specifying unit 101 is sent to the unit-of-
processing determining portion 801. The foreground
component image sent from the foreground/background
separator 103 is sent to the adder 804.

20 The unit-of-processing determining portion 801
generates the unit of processing based on the motion vector,
the positional information thereof, and the area information
and sends the generated unit of processing to the model-
forming portion 802. The unit—of—procéssing determining

25 portion 801 sends the generated unit of processing to the



20 In equation (96), ej designates the error included in the designated
pi xel ¢ . Equation (96) can be nodified into equation (97). - 161 08 ej:q

->aijFi/v i1=0J (97) In order to apply the nethod of |east squares, the
square sum E of the error is defined by equation (98). JZ E _ Z61 ej 2
(98) j j In order to mnimze the error, the partial differential value

using the variable Fk with respect to the square sumE of the error shoul d
be 0. Fk is determned so that equation (99) is satisfied. a E =2Ze* Fk
j=01 k 12 08 =2 Zz (G ->aij Fi/v) @sakj/v) =0 (99) j=01i=01 10 In
equation (99), since the anmount v of novenent within the shutter tinme is a
fi xed val ue, equation (100) can be deduced.

adder 804.

As an example is indicated by A in Fig. 68, the unit of
processing generated by the unit-of-processing determining
portion 801 indicates consecutive pixels disposed in the

5 moving direction starting from the pixel corresponding to
the covered background area of the foreground component
image until the pixel corresponding to the uncovered
background area, or indicates consecutive pixels disposed in
the moving direction starting from the pixel corresponding

10 to the uncovered background area until the pixel
corresponding to the covered background area. The unit of
processing i1s formed of two pieces of data which indicate,
for example, the upper left pdint (which is the position of
the leftmost or the topmost pixel in the image designated by
15 the unit of processing) and the lower right point.

The model-forming portion 802 forms a model based on
the motion vector and the unit of processing. More
specifically, for example, the model-forming portion 802
stores in advance a plurality of models in accordance with

20 the number of pixels included in the unit of processing, the
virtual division number of the pixel value in the time
direction, and the number of foreground components for each
pixel. The model-forming portion 902 then selects a model
in which the correlation between the pixel values and the

25 foreground components is designated, such as that shown in



12 08 >akj (G ->;aijFi/v) =0 j=01 i=01 (100) To devel op equation (100) and
transpose the terns, 15 equation (101) can be obtained. 12 08 12

(akj $aijFi) = v$akj ¢ j=01 i=01 j=01 (101) Equation (101) is devel oped
into eight equations by substituting the individual integers froml to 8
into k in equation (178). The obtained eight equations can be - 162
expressed by one matrix equation. This equation is referred to as a nornal
equation. An exanple of the normal equation generated by the equation
generator 803 based on the nethod of- l1&@st- squares 5 is indicated by
equation (102). 54321 000 FO1 45432100 FO2 34543210 FO3 23454321 FO4
12345432 FO5 01234543 FO6 00123454 FO7 00012345 08

Fig. 69, based on the unit of processing and the virtual
division number of the pixel value in the time direction.
It is now assumed, for example, that the number of
pixels corresponding to the unit of processing is 12, and
5 that the amount v of movement within the shutter time is 5.
Then, the model-forming portion 802 sets the virtual
division number to 5, and selects a model formed of eight
types of foreground components so that the leftmost pixei
includes one foreground component, the second pixel from the
10 left includes two foreground components, the third pixel
from the left includes three foreground components, the
fourth pixel from the left includes four pixel components,
the fifth pixel from the left includes five foreground
components, the sixth pixel from the left includes five
15 foreground components, the seventh pixel from the left
includes five foreground components, the eighth pixel from
the left includes five foreground components, the ninth
pixel from the left includes four foreground components, the
tenth pixel from the left includes three foreground
20 components, the eleventh pixel from the left includes two
foreground components, and the twelfth pixel from the left
includes one foreground component,
Instead of selecting a model from the pre-stored models,
the model-forming portion 802 may generate a model based on

25 the motion vector and the unit of processing when the motion



=v. Gl G 1-04 07 1 C i=03 1=02 G G J Li=oi (102) Wen equation (102)
is expressed by AF = vC, C, A and v are known, and F is unknown. A and v
are known when the nodel is forned, while C becones known when the pixe
value 10 is input in the addition processing. By calculating the foreground
conponents according to the normal equation based on the nethod of |east
squares, the error included in the pixel C can be distributed. The
equati on generator 803 sends the nornmal equation 15 generated as di scussed
above to the adder 804. The adder 804 ;i3gts, based on the unit of processing
sent fromthe unit-of-processing determ ning portion 801, - 163 the pixel
value Cincluded in the foreground conponent inmage in the matrix equation

\?\/ﬁinf:hf { ﬁre‘n’e;[ocl eeﬁe%gt h:g]necgﬁer@e;cr aotforpr%oc?)éssi'l;l%e aq:dedesren8tq4 sends the matrix in

The model-forming portion 802 sends the selected model
to an equation generator 803.

The equation generator 803 generates an equation based

5 on the model sent from the model-forming portion 802.

A description is given below, with reference to the
model of the foreground component image shown in Fig. 69, of
equations generated by the equation generator 803 when the
number of foreground components is 8, the number of pixels

10 corresponding to the unit of processing is 12, the amount v
of movement within the shutter time is 5, and the virtual
division number is 5.

When the foreground components included in the

foreground component image corresponding to the shutter
15 time/v are F0l1/v through F08/v, the relationships between
FO0l/v through F08/v and the pixel values CO0l through Cl2 can

be expressed by equations (71) through (82).

C0l = FO1l/v (71)
C02 = F02/v + FO1l/v (72)
20 C03 = F03/v + F02/v + FOl/v (73)
C04 = F04/v + FO03/v + F02/v + FOl/v (74)
C05 = F05/v + F04/v + F03/v + F02/v + FOl/v (75)
C06 = F06/v + FO05/v + F04/v + F03/v + FO02/v (76)
C07 = F07/v + F06/v + F05/v + F04/v + FO03/v (77)

25 C08 = F08/v + F07/v + F06/v + FO5/v

+

F04/v (78)



set to a calculator 805. 5 The cal cul ator 805 cal cul ates the foreground
conponent Fi/v fromwhich notion blur is elimnated by the processing
based on a solution, such as a sweep-out nethod (Gauss Jordan elim nation),
So as to obtain Fi corresponding to i indicating one of the integers from
1to 8 whichis the 10 pixel value fromwhich notion blur is elimnated.
The cal cul ator 805 then outputs the foreground conponent image consisting
of the pixel values Fi wthout notion blur, such as that in Fig. 70, to a
noti on-bl ur adder 806 and a selectoer 1897~ 15 In the foreground conponent

i mge W thout notion blur shown in Fig. 70, the reason for setting FOL

t hrough FO8 in (C03 through Cl0, respectively, is not to change the

position of fo r,ound one i,mage _w_th respect to the screen.
However, FO1 ﬂ?oﬁgﬁ8g6§ ﬁa?ggzesétgbﬁ/gng E@bf?éd positions.ﬁﬁﬁ The

nmotion-blur a r_8 i,s ab t,0 adpust,_the anmount of notion plur by
addi ng the anggﬁt_vgggfvwﬁi%ﬁ7ﬁgt?oﬁ8§/ﬁr i s adjusted, whicﬁ%ﬁg di fferent

fromthe anou V_O Y s for exanple, the amount v' by ich notion
blur is adj o FRTR SR v o S e e ot the amount 1 3

nmovenent W thipot hepghutter tinme, or the ambunt v' by which - 4 qnotion
blur is adjustea, mﬁ' z isirrelevant to the anount v of nDJg% nt within

e SOUtLer RE, SSSSSUATRor RoR RN gefcfefesly ASLEIMORA! e
amount V'mddh MRing) the generated equations. The equations generated
| by the equation generator 803 are indicated by equations

(83) though (94).
CO01 = 1eF01l/v + 0eF02/v + QeF03/v + 0eF04/v + QeF05/v +
10 0eF06/v + Q0eFQ7/v + 0eF08/v (83)
C02 = 1eFQl/v + 1eF02/v + 0eF03/v + QeF04/v + QeFQ05/v +
OeF06/v + QeF07/v + QeF08/v (84)
CO03 = 1eF01/v + 1eF02/v + 1eF03/v + QeF04/v + Q®FO05/v +
O0eF06/v + QeF07/v + QeF08/v (85)
15 C04 = 1eF0l/v + 1eF02/v + 1eF03/v + 1leF(04/v + QeF05/v +
0eF06/v + QeF07/v + QeF08/v (86)
CO05 = 1eFQ0l/v + 1eF02/v + 1eF03/v + 1leF04/v + 1eF05/v +
OeF06/v + Q0eFQ07/v + QeF08/v (87)
C06 = 0eF0l/v + 1leF02/v + 1eF03/v + 1eF04/v + 1eF05/v +
20 1eF06/v + QeF07/v + QeF08/v (88)
C07 = 0eF0l/v + 0eF02/v + 1eF03/v + 1eF04/v + 1eF05/v +
ler06/v + 1leF07/v + (QeF08/v (89)
C08 = 0eFQl/v + 0eF02/v + 0eF03/v + 1leF04/v + 1leFQ5/v +
1eF06/v + 1eF07/v + 1eF08/v (90)

25 C09 = 0eFQ0l/v + QeF02/v + QeF03/v + 0eFQ04/v + 1eF05/v +



5 notion blur is adjusted so as to obtain the foreground conponent Fi/v'.
The noti on-blur adder 806 then calculates the sumof the foreground
conponents Fi/v', thereby generating the pixel value in which the anount -
of nmotion blur is adjusted. For exanple, when the anmount v' by which 10
motion blur is adjusted is 3, the pixel value C2 is set to (FOl)/v', the
pi xel value C3 is set to (FOL + FO2)/v', the pixel value CO4 is set to
(FO + FO02 + FO03)/v', and the pixel value C05 is set to (F0O2 + FO3 +
FO4)/v'. The notion-blur adder 806 sengg the foreground 15 component inmage
in which the anobunt of notion blur is adjusted to a selector 807. The

sel ector 807 selects one of the foreground conponent inmage w thout notion
bl ur sent  fr the_ca | at or _ 805 and the foreground conponent image in
whi ch thé"%rqgg]ﬁt +26'5M2ﬁ5tf'0ﬁ'%@%$"i s adj usted €t fromthe notion-bl ur

cdder SRAPLH @ SEUSFLN 5 AL e' | oS M IREGRg SELLO o
o1 ur pased g8 Phe 1UBREM ok BR08Ry (T onal Tand t@ amount v by whi ch mot1 on
D oo BRI SS, obeharyebEr T O e bgREle |
novengnt gdrbBi/) theesshvlter {igpgje four, as ng@@ in

Cl2 = QeF01l/v + 0eF02/v + 0eF03/v + 0eF04/v + 0eF05/v +

0eF06/v + 0eFQ07/v + 1eF08/v {(94)

Equations (83) through (94) can be expressed by
equation (95).

08
Cj= Y aij-Fily (95)
10 i=01

In equation (95), j designates the position of the pixel.
In this example, j has one of the values from 1 to 12. 1In
equation (95), i designates the position of the foreground
value. 1In this example, i has one of the values from 1 to 8.
15 In equation (95), aij has the value 0 or 1 according to the
values of i and j.
Equation (95) can be expressed by equation (96) in

consideration of the error.

08
Cj=Y aij-Fily + €j (96)

i=01

20 In equation (96), ej designates the error included in the
designated pixel Cj.

Equation (96) can be modified into equation (97).



Fig. 72, the notion-blur adjusting unit 104 generates a matrix equation
expressed by equation (103). 43210 FO 34321 1F02 2 34 3 2 1F03 1 2 3 4
3 1F04 01234 s =vV. G IG i IL G 1i=02 04 EG J-01 (103) In this ‘
manner, the notion-blur adjusting unit 104 10 calculates Fi, which is the
pi xel value in which the anmount of notion blur is adjusted, by setting up
the equation in accordance with the Iength of the unit of processing.
Simlarly, for exanple, when the nunber of pixels included in the unit of
processing is 100, the equation corregpganding 15 to 100 pixels is generated
so as to calculate Fi. Fig. 73 illustrates an exanple of another
configuration of the notion-blur adjusting unit 104. The sane el enents as
those shown in Figg 67 are designated with |ike reference

ej=Cj -2 aij-Fily (97)

t=01

In order to apply the method of least squares, the

square sum E of the error is defined by equation (98).

E=Y ¢’ (98)

5 In order to minimize the error, the partial
differential value using the variable Fk with respect to the
square sum E of the error should be 0. Fk is determined so

that equation (99) is satisfied.

0E _, & ,. 0¢€j
aFr =2%%" 3R |
12 08
=22 {(Cj -_; aij-Filv)+(-akjlv) =0 (99)
Jj=01 1=01
10 In equation (99), since the amount v of movement within

the shutter time i1s a fixed value, equation (100) can be

deduced.

)5 08

2. akj+ (Cj-2.aij+Filv) =0 (100)
Jj=01 i=01

To develop equation (100) and transpose the terms,

15 equation (101) can be obtained.

12 08 12
; (akj -_Zoaij-Fi) =y ZM akj+ Cj (101)
J=a1 i=01 J=

Equation (101) is developed into eight equations by
substituting the individual integers from 1 to 8 into k in

equation (178). The obtained eight equations can be



nuneral s, and an explanation thereof is thus omtted. 20 Based on a

sel ection signal, a selector 821 directly - 166 sends an input notion
vector and a positional signal thereof to the unit-of-processing

determ ning portion 801 and the nodel-form ng portion 802. Alternatively,
the selector 821 nmay substitute the magnitude of the notion vector by the
5 anmount v' by which notion blur is adjusted, and then sends the notion
vector and the positional signal thereof to the wunit-of-processing
determ ning portion 801 and the nodel 1eRorm ng unit 802. Wth this
arrangenment, the unit-of-processing 10 determ ning portion 801 through the
cal cul ator 805 of the notion-blur adjusting unit 104 shown in Fig. 73 are

able to just t amount of .nmotion hlur in_accordance wi,th the anmpunt v
of nnvem?ﬁ&lrvﬁstsr%&n%tyhém?nﬂﬁ%etrlxt i%%q'he%ﬁf&rﬁqué&m& %ir@&‘?ﬁﬁqr%n bl ur
i s adj usted.. Fqr l e, the 15 anount v of novenent within the
shutter E@%ﬁ?% % §$§§%§ %ﬁ%&ﬁgggﬁnt v' by which notion blur is adjusted is
3, the unit- - i erm.niLhg Iy hrough the cal cul ator
st he Unit fh LGRSl B JRLCLILALIO-BALLLEN BALICRNCI, ! B coal o

comput al iedfta@ o &R BA/QURG L YRALY IHRIG AL JHIHER NG ot v of
novenment within the shutter tine 1s 5 shown In Fig. 69 according to the

model 5 Shawn sindidaged” by Rqualtiith ti®23mount v' by which nmotion blur is
adjusted is 3.  As_a resufﬂ, t he i mage including notion blur having the

amount v [&f 4he¥edreht Ok @H FOd |shut t Ef:tcwﬂe of (anmount v of
45432100|Fo2
34543210|Fo3|=v: -,wC‘ (102)
23454321\ Foq £ ¢
12345432|Fos S
0123454 3| Fo6 ,ic,-
00123454\ Fo7 o
000123 45]lFos
i

When equation (102) is expressed by AeF = veC, C, A, and
v are known, and F is unknown. A and v are known when the
model is formed, while C becomes known when the pixel value

10 is input in the addition processing.

By calculating the foregroﬁnd components according to
the normal equation based on the method of least squares,
the error included in the pixel C can be distributed.

The equation generator 803 sends the normal equation

15 generated as discussed above to the adder 804.
The adder 804 sets, based on the unit of processing

sent from the unit-of-processing determining portion 801,



25 novenent within the shutter tinme)/(anmount v' by which notion - 167 bl ur
is adjusted) = 5/3, i.e., about 1.7 is obtained. In this case, the
cal cul ated i nage does not include notion blur corresponding to the anount’
v of movenent within the shutter time of 3. Accordingly, it .should be
noted that the 5 rel ationship between the amount v of novenent within the
shutter tinme and the anount v' by which notion blur is adjusted is
different fromthe result of the notion-blur adder 806. As discussed
above, the notion-blur adjusting unit 1534 - 10 generates the equation in
accordance with the amount v of novenment within the shutter tinme and the
unit of processing and sets the pixel values of the foreground conponent
i mge thedgﬁierated equat i_on here c | cul ating the foreground

corrponent O Bt FYRAY}SIET edie@Sthe
t t t on bl ur ncl uded jin t
P oregr ound CalmafiiY o &?312%563& n%'f h h%ﬁqﬁtw?r %{bﬁﬁ?sﬁ%gdh?rn 104
d t f nt af. Fi n step
IS?SOleStCLIeﬁﬁeglatQﬁe g\;&éc%seﬁraﬁg s etqngarénﬁqﬁ(lt nr}'g1 VJrglor | gtr%neB(ﬁl Vhalur?ot%?orf‘ bl ur

adj usti ngdinidy 104 genaratss gdshe unit of processing based on the notion
vector and the area Information, and sends the generated unit of

processi ng t@heheameqehtaer@b@gcaqehue@eéo%he2§o&@g%%%9d8%9%pohgﬁt
nodel -form ng portion 802 of th

Fi/v from which motion blur is eliminated by the processing
based on a solution, such as a sweep-out method (Gauss-—
Jordan elimination), so as to obtain Fi corresponding to i
indicating one of the integers from 1 to 8, which is the

10 pixel value from which motion blur is eliminated. The
calculator 805 then outputs the foreground component image
consisting of the pixel values Fi without motion blur, such
as that in Fig. 70, to a motion-blur adder 806 and a
selector 807.

15 In the foreground component image without motion blur
shown in Fig. 70, the reason for setting F0l through F08 in
C03 through C10, respectively, is not to change the position
of the foreground component image with respect to the screen.
However, FO0l through F08 may be set in any desired positions.

20 The motion-blur adder 806 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 v of
movement, for example, the amount v' by which motion blur is
adjusted, which is one half the value of the amount v of

25 movement within the shutter time, or the amount v' by which



- 168 notion-blur adjusting unit 104 selects or generates the nodel in
accordance wth the anount v of novenent within the shutter tine and the
unit of processing. In step S803, the equation generator 803 generates the
normal equation based 5 on the selected nodel. In step S804, the adder 804
sets the pixel values of the foreground conponent image in the generated
normal equation. In step S805, the adder 804 determ nes whether the pixel
values of all the pixels corresponding to the unit 10 of processing are
set. If it is determned that the pixalgs val ues of all the pixels
corresponding to the unit of processing are not yet set, the process
returns to step S804, and the processing for setting the pixel valueshin
the normal_ equation is repeated, 15 If it is determined in step S805 that

t he pi xelm%%j’eg’lud:f 18 1240 (e I 1T rigs poRB ERY AT 1R thE tal‘%ﬁu’}lf-r dlbessi ng
are set, the process proqcee to.step S806. In step S806, the cal cul ator
805 cal CLﬂfhtnde’etn}?é]scpivﬁetl al SRYRE o yr o fRF ISFAR G tafe Rt of

i bl. i j.usted 2Q.b t l .. ti inwhich th i xel
\r/rg]c ng arlelﬁr Elsls ‘(’jl(sj}lellrjf{'S tf%reoﬁ%at eO%Z_g)gLeornEi'O:{df{.seErn%%r%e‘%%ﬁoshg:r}!els nﬁc}-}fee,gl I Cré’dJrﬁﬂ:_eF Iezél.e
As di | ON- . j I it ahl e ta us

et Ve wle IV Hofls i i Wl il 30 B i3 )

t he anou notion blur o oréground inmage 1nc bl ur
basedson {18 JPH1t 1518 justed so as to obtain the foreground

component Fi/v'. The motion-blur adder 806 then calculates
the sum of the foreground components Fi/v', thereby
generating the pixel value in which the amount of motion
blur is adjusted. For example, when the amount v' by which
10 motion blur is adjusted is 3, the pixel value C02 is set to
(FO1) /v', the pixel value C3 is set to (F01l + F02)/v', the
pixel value C04 is set to (F0Ol1 + F02 + F03)/v', and the
pixel value C05 is set to (F02 + FO03 + FO04)/v'.
The motion-blur adder 806 sends the foreground
15 component image in which the amount of motion blur is
adjusted to a selector 807.
The seleétor 807 selects one of the foreground
component image without motion blur sent from the calculator
805 and the foreground component image in which the amount
20 of motion blur is adjusted sent from the motion-blur adder
806 based on a selection signal reflecting a user's
selection, and outputs the selected foreground component
image.
As discussed above, the motion-blur adjusting unit 104

25 is able to adjust the amount of motion blur based on the



vector and the area information. That is, it is possible to adjust the
anmount of notion blur included in the pixel values, that is, included in
sanpled data. 5 Fig. 75 is a block diagramillustrating another exanple of
the configuration of the notion-blur adjusting unit 104. The notion vector
and the positional information thereof sent fromthe m xture-ratio

cal culator 102 are sent to a wunit-of-processing determ ning portion 901
and an adjusting 10 portion 905. The area information sent fromthe area
specifying unit 101 is sent to the unijtgsof- processing determ ning portion
901. The foreground conponent inmage sent fromthe foreground/ background
separator 103 is sent to a calculator 904. 15 The unit-of-processing
determ nin rtion . 901 en tes the unit of ocessi ng based on the

not i on vecqq(ﬁ?%lotrhes%@lt %d’r‘fglt SIS o tbryervﬁb‘f ch R4 B s

i nformati and sends it together with the nDtlon vector to a nodel -

form ng po fF%h 02. 20 The nodel -form ng portion 902 forms a nodel based

on the nDtlo ct a in u RLgce More specifically,
!8 gef ? #gﬁe, Qﬂgn %h%ogh er o ge&

for exanpl e, portlo TSEGr 85 vance a plurality

of nodel 3.4 M i igcl nit of
processi n%éjﬁ 5 VI rt % c]-'tw si on nrblf?rg3 C%fssq ellSs VSQ{I uaglgPdCH a%% lrice - 170
di recgi or, ANGhdhmeHHTRAr O f@feeg;rﬁf%r.cm%@ S, eaascfghown in

Fig. 72, the motion-blur adjusting unit 104 generates a

matrix equation expressed by equation (103).

43210 FOIT [~
34321||Fo2|™"" gz (103
23432||Fo3 ez
12343/ Fo4 2 Ci
01234llros] |
5cil

In this manner, the motion-blur adjusting unit 104
10 calculates Fi, which is the pixel value in which the amount
of motion blur is adjusted, by setting up the equation in
accordance with the length of the unit of processing.
Similarly, for example, when the number of pixels included
in the unit of processing is 100, the equation corresponding
15 to 100 pixels is generated so as to calculate Fi.

Fig. 73 illustrates an example of another configuration
of the motion-blur adjusting unit 104. The same elements as
those shown in Fig. 67 are designated with like reference
numerals, and an explanation thereof 1s thus omitted.

20 Based on a selection signal, a selector 821 directly



pi xel . The nodel -form ng portion 902 then selects a nodel in which the
rel ati onshi p between pixel values and foreground conponents is designated,
such as that shown in 5 Fig. 76, based on the unit of processing and the"
virtual division nunber for the pixel values in the tine direction. It is
now assumned, for exanple, that the nunber of pixels corresponding to the
unit of processing is twelve, and that the anmount v of novenent within the
shutter tine is 10 five. Then, the nodel -form ng portion 902 sets the
virtual division nunber to five, andigel ects a nodel fornmed of eight
foreground conponents such that the | eftnost pixel includes one foreground
conponent, the second pixel fromthe left includes two foreground
conmponents, the third pixel, fromthe 15 |eft includes three foreground
TonentE 4 e R BIRCT FRSHAE bR BHILANE T GO Sheedionent s,

conponent’s,
the fift ixel fromthe left i.ncludes fi,ve foregraund nponents, the

sixth pigé %n%q#%i é%HFQQ%ﬁﬁhﬂ%;4giﬁ§q%ﬂ%ﬁﬂwﬂﬁ%}lQQnﬁ? éﬁF%?ﬁ¥he sevent h
pi xel fr t he t. 1ncl s fi 20 .f.-qreqr.qund .co nents, the eighth
pi xel fr gﬁdteﬁe fllogrilmjnﬁ’gll% o5 f8 i\b\(;ze' f(ﬁ%&%ﬁ?\% Vceolr}’pgrricghet ss,eﬁlar%corﬁ %tz pi xel

from thadlelbynalides daub LALeu Uit UGS, JASLeRN ol xel from

the left 1 clugés three fToregro conponent s, el even pi Xel fromthe

left §ncliidest wo iRr %ri%n%o%ﬁ.o%ogﬁéﬁ@erltss a3 i ftthrénlpis)é%!dsf romthe

| eft includes one - 171 foregroun onponent”. I nst'ead of sel ecting a nodel
from t he thlee nitalodd VER4QIrS and the positional signal thereof to the

unit-of-processing determining portion 801 and the model-
forming unit 802.
With this arrangement, the unit-of-processing

10 determining portion 801 through the calculator 805 of the
motion-blur adjusting unit 104 shown in Fig. 73 are able to
adjust the amount of motion blur in accordance with the
amount v of movement within the shutter time and the amount
v' by which motion blur is adjusted. For example, when the

15 amount v of movement within the shutter time is 5, and the
amount v' by which motion blur is adjusted is 3, the unit-
of-processing determining portion 801 through the calculator
805 of the motion-blur adjusting unit 104 shown in Fig. 73
execute computation on the foreground component image in

20 which the amount v of movement within the shutter time is 5
shown in Fig. 69 according to the model shown in Fig. 71 in
which the amount v' by which motion blur is adjusted is 3.
As a result, the image including motion blur having the
amount v of movement within the shutter time of (amount v of

25 movement within the shutter time)/(amount v' by which motion



the nodel -form ng portion 902 may generate a nodel based on the notion
vector and the unit of processing when the notion 5 vector and the unit of
processing are sent. An equation generator 903 generates an equation based
on the nodel sent fromthe nodel -form ng portion 902. A description is now
given, with reference to the nodels of foreground conponent images shown
in Figs. 76 10 through 78, of an exanpl e equation generated by the equation
generator 903 when the nunber of foreground conponents is eight, the
nunber of pixels corresponding to the ¥ t- of processing is twelve, and

t he amount v of novenent within the shutter tine is five. 15 Wen

f oreground conponents included in the foreground conponent inage,

correspo jme/v are FO1l/v through FO8/v, the

i ] t h hut t ! !
rel ati ongﬁ;"g‘g %t"\‘/%g’rf‘stﬁlﬁl)/ }e/=rt rough € FOFRP SN pf Xl QRiF&IEd01 Fthr ough C12
Consi der TS R AR it e, SR & et e A SRR e iRles
Phe pi xel SR PIRONGHL il Pl RGOy et ez °
ty s d regr.ou C t FO7/v, ,Accordingly, the 25
1(‘: ggggpgzntdl n{;eg?r!pf\(;nﬁzt /]:Elcﬁcngﬁl}g’erﬁ’fdco'usﬂ'{c’ig{i)l;;da erbqeuar{cf%%d (tﬂﬁ-}t) .tqj-e 172 FO08/v =

CL2 (404); JH0H6r31GH setailerd 100 ardidfid &7 0 U &GROS 4RTdNG, L, T or ear ound

conponent s .
shutter time and the amount v' by which motion blur is

adjusted is different from the result of the motion-blur
adder 806.

As discussed above, the motion-blur adjusting unit 104

10 generates the equation in accordance with the amount v of
movement within the shutter time and the unit of processing,
and sets the pixel values of the foreground component image
in the generated eduation, thereby calculating the
foreground component image in which the amount of motion

15 Dblur is adjusted.

The processing for adjusting the amount of motion blur
included in the foreground component image executed by the
motion-blur adjusting unit 104 is described below with
reference to the flowchart of Fig. 74.

20 In step S801, the unit-of-processing determining
portion 801 of the motion-blur adjusting unit 104 generates
the unit of processing based on the motion vector and the
area information, and sends the generated unit of processing
to the model-forming portion 802.

25 In step S802, the model-forming portion 802 of the



included in the pixel values Cl10 through C01, the foreground 5 conponents
FO6/v through FOl1/v can be found by equations (106) through (111),
respectively. FO6/v = C10 - Cl11 (106) FO5/v = C09 - C10 (107) FO04/v = C08
- C09 (108) 10 FO3/v = CO7 - CO8 + C12 (109) FO2/v = C06 - QO7 + Cl1 - C12
(110) FO1l/v = C0O5 - Q06 + C10 - CI (111) The equation generator 903
generates equations for cal culating foreground conponents by the difference
between 15 pixel values, as indicated by the exanple equations (104)
t hrough (111). The equation generatar 1333 sends the generated equations to
the calcul ator 904. The cal cul ator 904 sets the pixel values of the
foreground conponent image in the equations sent fromthe 20 equation
generator_ 903 sqQ as to _obtain the foreground conponents based on the _
equat i oné“qtrf‘%"&blt’l”i REINSEInNT dAids 1 0h e leats Ry WHRRES WiHEh equat i ons
(104) throu ((111) are sent from.the equation generator 903, the
cal cul at &1° 4l%e%csc°t’1‘f§‘rlpﬁ%<é’fl%l r’t%r"o&fﬂ eMEReN b JUidt dhhe04) 25
t hrough ( - 3 .Th al cul.ator. 904 cal cul ates_the for ou
conponents - base (z)nﬁE t%néleet%lueatulnolﬁts G5 BRI $HE pi SEAR) a%'er@bq./ For
exanpl e, c t 48%931(2!}” t t foreground cqnponents FO1/v
t hr ough I%%vtﬁ%fsﬂs g\%rﬁﬁ%% 1 g. ,aerﬁachee%eche kel equaq::Lon %asedz

5 on the selected model.

In step S804, the adder 804 sets the pixel values of
the foreground component image in the generated normal
equation. 1In step S805, the adder 804 determines whether
the pixel values of all the pixels corresponding to the unit

10 of processing are set. If it is determined that the pixel
values of all the pixels corresponding to the unit of
processing are not yet set, the process returns to step S804,
and the processing for setting the pixel values in the
normal equation is repeated.

15 If it is determined in step S805 that the pixel wvalues
of all the pixels corresponding to the unit of processing
are set, the process proceeds to step S806. In step S806,
the calculator 805 calculates the pixel values of the
foreground in which the amount of motion blur is adjusted

20 Dbased on the normal equation in which the pixel values are
set sent from the adder 804. The processing is then
completed.

As discussed above, the motion-blur adjusting unit 104
is able to adjust the amount of motion blur of the

25 foreground image including motion blur based on the motion



5 on the calcul ations of equations (104) through (111) in which the pixel
val ues C05 through Cl2 are set. The calculator 904 sends the foreground
conponents FO1/v through F08/v to the adjusting portion 905. The adjusting
portion 905 nmultiplies the foreground 10 conponents sent fromthe
cal cul ator 904 by the anmount v of novenent within the shutter tine
included in the notion vector sent fromthe m xture-ratio cal cul ator 102
so as to obtain the foreground pi xel values fromwhich notion blur is

el imnated. For exanple, when the fargggpund conponents 15 FO1/v through
FO8/v are sent fromthe cal cul ator 904, the adjusting portion 905

mul tiples each of the foreground conponents FO1l/v through FO8/.v by the
anount v of nnveng£ within the shutter tine, i.e., five, so as to obtain

t

the foréfiOd Pikehs A% FICTM BRI FO8 from which notion 20 bl ur has
been elimnnated, .as shqown.in Fig. .78. The adjusting portion 905 sends the

f or egr ound cgg‘ﬁé"néﬁt' itagé @8&%&?@@@%@%#@? GG PEHE oidke MAFOFe s

wi t hout t] bl.ur al cul.at ed. as descri bed ,above, to i on- bl ur adder
906 and argisderlogcrfcolru _1112%%65)%% ovﬁa-sjb"?‘?ﬁ' gtcfbaetr o6 Hbﬁm%tlﬁé amount of

nntion-—%%ﬁhlégtqa¢§/Lwing an anmount v' by which notion blur is adjusted,

which is differen romthe anount v of novenent within the shutter tine,

o SSaL UG gt S TR s AR W o,
amount V'o D% Hhidhfiguration of the motion-blur adjusting unit 104.

The motion vector and the positional information thereof
sent from the mixture-ratio calculator 102 are sent to a
unit-of-processing determining portion 901 and an adjusting

10 portion 905. The area information sent from the area
specifying unit 101 is sent to the unit-of-processing
determining portion 901. The foreground component image
sent from the foreground/background separator 103 is sent to
a calculator 904.

15 The unit-of-processing determining portion 901
generates the unit of processing based on the motion vector,
the positional information thereof, and the area information,
and sends it together with the motion vector to a model-
forming portion 902.

20 The model-forming portion 902 forms a model based on
the motion vector and the input unit of processing. More
specifically, for example, the model-forming portion_902
stores in advance a plurality of models in accordance with
the number of pixels included in the unit of processing, a

25 virtual division number for pixel values in the time



notion blur is adjusted, which is irrelevant to the anount v
within the shutter tine. For exanple, as showmn in Fig. 71,
adder 906 divides foreground pixel values Fi wthout notion

of npvenent
t he noti on-bl ur
bl ur by the

anount v' by 10 which notion blur is adjusted so as to obtain foreground

conponents Fi/v'. The notion-blur adder 906 then cal cul ates
foreground conponents Fi/v' to generate pixel values in whi
of notion blur is adjusted. For exanple, when the anount Vv’
notion blur is adjusted 15 is three—- tihg pi xel value CO2 is

t he suns of

ch the anpunt
by which

set to

(FO1)/v', the pixel wvalue CO3 is set to (FOL + FO2)/v', the pixel value
C04 is set to (FOL + FO2 + FO3)/v', and the pixel value CO5 is set to
(FO2 + FO3 + FQ4)/v'. The notion-blur adder 906 sends the foreground 20
conponent3ifsde A R fFhen & WS © Toff GRAITSINS (FomRenafdeh Toddjasstted to

t he sel ect,or .907. . The sel.ector 907 sel ects ej thtﬁ_gethe f or eground, _conponent
[

i mge wi PHAR ‘moti$h MG Lo iMG MY e O 3P4

D GG DT S05Hek he

foregrour]_q] Qv(?ﬂf%%n%@{ iere_ %1 i rrlls\lr\{ni c%ett&ee&rnzg&g{e ug}(?éﬂeas(rznc)%)irdgn bl ur has been

adj ust ed "Sent from not1 on- i

scus dve, 1 on-

ng to a

j usting

sel ecti oqfé)sﬁi Iundr %fo_lm%%éiee%qu ié**.s%fésslg?%"t}?i %q[q?e%dsno%a&m%loﬁ‘{ﬁeét el ect ed
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signal and the anoun ich noti

division number for the pixel values in the time direction.

It is now assumed, for example, that the number of

pixels corresponding to the unit of processing is twelve,

and that the amount v of movement within the shutter time is

10 five. Then, the model-forming portion 902 sets the

division number to five, and selects a model formed

virtual

of eight

foreground components such that the leftmost pixel includes

one foreground component, the second pixel from the

includes two foreground components, the third pixel

left

from the

15 left includes three foreground components, the fourth pixel

from the left includes four pixel components, the fifth

pixel from the left includes five foreground components, the

sixth pixel from the left includes five foreground

components, the seventh pixel from the left includes five

20 foreground components, the eighth pixel from the left

includes five foreground components, the ninth pixel from

the left includes four foreground components, the tenth

pixel from the left includes three foreground components,

the eleventh pixel from the left includes two foreground

25 components, and the twelfth pixel from the left includes one



The processing for adjusting the anount of notion blur in the foreground
executed by the notion-blur adjusting unit 104 configured as shown in Fig.
75 is described belowwith 10 reference to an flowhart shown in Fig. 79.
In step S901, the unit-of-processing determning portion 901 of the
notion-blur adjusting unit 104 generates the unit of processing based on
the notion vector and the area information, and sends the generated unit
of processing 15 to the nodel -form ng portion 902 and the adjusting portion
905. In step S902, the nodel -form ng ponti-on 902 of the notion-blur
adjusting unit 104 selects or generates a nodel according to the anount v
of novenent within the shutter 20 tinme and the unit of processing. In step
S903, the equation ener at or 903 generates, based on the selected or
gener at ed ° un%ﬁﬁiﬂﬂQﬂ%ﬁtror cal cul ating the foreground conponents by

he diff nth i,xel I f.th t i .
25 1n stop S907 orho CLal R ar D0n VT { FEORi KAF APUBLOrSa7BoaE S rhe
f ' in.t. ted t,i , d t t
For agr ounch e Sbanoe Ty iy e T PEM e B S o SRR e
based ' [ [ R ; , 905,
he cal oGP GEH Sl BHEIAR Gy ) PRI AL AR b e

cOr 1 e§PORAAAGD 1 Qrld@ riin 1¢f ¥ g have begpextracted.  If it s

determned that all the foreground conporients
An equation generator 903 generates an equation based

on the model sent from the model-forming portion 902.
A description is now given, with reference to the
models of foreground component images shown in Figs. 76

10 through 78, of an example equation generated by the equation
generator 903 when the number of foreground components is
eight, the number of pixels corresponding to the unit of
processing is twelve, and the amount v of movement within
the shutter time is five.

15 When foreground components included in the foreground
component image, corresponding to the shutter time/v are
F01/v through F08/v, the relationships between FO1/v through
F08/v and pixel values COl through Cl2 can be expressed by
equations (71) through (82), as stated above.

20 By considering the pixel values Cl12 and Cll, the pixel
value Cl2 includes only the foreground component F08/v, as
expressed by equation (104), and the pixel value Cl1
consists of the product sum of the foreground component
F08/v and the foreground component F07/v. Accordingly, the

25 foreground component F07/v can be found by equation (105).



corresponding to the unit of processing have not been extracted, the
processing returns to step S904, and the 10 processing for extracting
foreground conponents is repeated. If it is determined in step S905 that -
all the foreground conponents corresponding to the unit of processing
have been extracted, the processing proceeds to step S906. In step S906,
the adjusting portion 905 adjusts 15 each of the foreground conponents
FO1l/v through FO8/v sent fromthe cal cul ator 904 based on the anount v of
novenment w thin the shutter tinme sa agsta obtain the foreground pixel

val ues FOL through FO8 from which notion blur is elimnated. In step S907,
t he notion-blur adder 906 cal cul ates the 20 foreground pixel values in
whi ch t he anount of nDtlon blur has been adjusted, and the sel ector 907
selects the i fH§éV @ £héut notion blur or the irmage in whi®h the anount of
nmotion bl ur een ust and outputs the selected nage The
processi ng |SQBKZH coﬁghefe59225 As descri bed above, the %%ﬁlon bl ur

d 104 - 177 f d 75 adj the not |
bl ur of the %o%é%am Piage™i0 rs%aa%c;sﬁﬁ"%”ées PhifS, GouPrBraES

cal cul at' ener kp.%]vw{ht eﬂl@é (’l?%a equ-j’ achb uelh rEOr‘iat 't% tr'e%g:egl:nd’

such as a ter fec Ive used i state

but is n%"@l&f G er]‘_,togf/qfr A ebf?th %101/1\3& nﬂtbaeg %?:II %Jé,dur(#ﬁutcalt%g) ng noi se. In

contr ast IS prove hat not'i on- conflgured
as shown (106) through (111), respectively.

F06/v = C10 - C1l1 (106)
FO5/v = C09 - C10 (107)
F04/v = C08 - CO09 (108)
10 F03/v = C07 - C08 + Cl12 (109)
F02/v = C06 - C07 + Cll - Cl12 (110)
FO0l/v = C05 - C06 + Cl0 - Cl1 (111)

The equation generator 903 generates equations for
calculating foreground components by the difference between
15 pixel values, as indicated by the example equations (104)
through (111). The equation generator 903 sends the
generated equations to the calculator 904.
The calculafor 904 sets the pixel values of the
foreground component image in the equations sent from the
20 equation generator 903 so as to obtain the foreground
components based on the equations in which the pixel values.
are set. For example, when equations (104) through (111)
are sent from the equation generator 903, the calculator 904
sets the pixel values CO5 through Cl12 in equations (104)

25 through (111).



in Fig. 75 is sufficiently effective for an actual inmage 10 quanti zed and
including noise. It is thus possible to elimnate notion blur with high
preci sion. As described above, the inage processing apparatus, the
structure of which is shown in Fig. 2, can adjust the anpbunt of notion
blur included in an input inmage. 15 Fig. 80 is a block diagramillustrating
another configuration of the function of the inage processing apparatus.
The i mage processing apparatus, the structure of which is shown in Fig.

80, does not use a notion vector. Eleqents simlar to those shown in Fig. 2
are 20 designated wth the sanme reference nunerals, and an explanation
thereof is thus omtted. An area specifying unit 101 sends area information

to a mxture-ratio_calculatgor 102 and a synthesizer 1001. The
mxture-ratior gSIEGFSP5Ft9629Qén&§l§u%ﬁ%ﬁﬁréhﬁa€PGegZQU§dtGogponents

foreground/b nd separ,ator 103 _an nthe5|zer 1001. The

f or egr ourrdy ig &%ﬁﬁdeﬁé‘%&ﬁé}n& k@ecgﬂé:r}ée M&H: i mage to
t he synt S|zer he synt hesi zer, 1001 .conbi nes an ackground i mage
with 5 the fed(raé“é)&&n Tl rﬁ%?fé‘ﬂt e 5 &S etshe%%/oﬁl') ‘ﬁiﬂ’l’d‘/dgackgr ound
separ at or, r q! Q rati X sent_.fro h

m xt ure- rat| o%n(;aegqlcc%u%lzg{l %ﬁ’g} ﬁ]otagﬁldr &3 |S%‘((§qrnaltn| anlgsenH’f ‘r%c?rﬁpt%e area

speci &yi ngy Yid chtuiatd o einf SHHESI 78T dHRARH 1Y) chof he any
backgr ound
which the pixel values C05 through Cl2 are set. The
calculator 904 sends the foreground components F0l/v through
F08/v to the adjusting portion 905.
The adjusting portion 905 multiplies the foreground

10 components sent from the calculator 904 by the amount v of
movement within the shutter time included in the motion
vector sent from the mixture-ratio calculator 102 so as to
obtain the foreground pixel values from which motion blur is
eliminated. For example, when the foreground components

15 FO0l/v through F08/v are sent from the calculator 904, the
adjusting portion 905 multiples each of the foreground
components F01l/v through F08/v by the amount v of movement
within the shutter time, i.e., five, so as to obtain the
foreground pixel values F0l through F08 from which motion

20  blur has been eliminated, as shown in Fig. 78.

The adjusting portion 905 sends the foreground

component image consisting of the foreground pixel values
without motion blur, calculated as described above, to a

motion~blur adder 906 and a selector 907.

25 The motion-blur adder 906 adjusts the amount of motion



10 image and the foreground conmponent inmage have been conbined. Fig. 81
illustrates the configuration of the synthesizer 1001. A background
conponent generator 1021 generates a background conponent inage according
to the mxture ratio a and any background i mage, and sends the 15
background conmponent inmage to a m xed-area-inage synt hesi zi ng portion
1022. The m xed-area-i mage synt hesi zi ng portion 1022 conbi nes the
background conmponent inmage sent fromthe background conponent generator
1021 with the foreground conponent i_mgge 20 so as to generate a mi xed-area
synt hesi zed i mage, and sends the generated m xture-area synthesized i nmage
to an image synthesizing portion 1023. The i mge synthesizer 1023 conbi nes
the foreground conponent inage, the m xed-area synthesized i mage sent from
25 the mYF HedSiher SHESI%) Ry porichiabon Rk tie agipstedg
background . e according to the area information so as to _generate a
synt %esi z‘&&"ﬂﬁgtfédc ISR e ttheanauty s Rf RNAet he'ifhihddi®er 1001

mage obtaIHOE byt BUtmi S b AL AP Lo Rery (THHs PR s
backar Ui, JBA AGEOLALND 1 B T e "L S OiS Db P
cort SR L3S AR S el 8 3 Wit her 20
motion blur is adjusted, which is irrelevant to the amount v
of movement within the shutter time. For example, as shown
in Fig. 71, the motion-blur adder 906 divides foreground
pixel values Fi without motion blur by the amount v' by
10 which motion blur is adjusted so as to obtain foreground
components Fi/v'. The motion-blur adder 906 then calculates
the sums of foreground components Fi/v' to generate pixel
values in which the amount of motion blur is adjusted. For
example, when the amount v' by which motion blur is adjusted
15 is three, the pixel value C02 is set to (F01l)/v', the pixel
value C03 is set to (FOl + F02)/v', the pixel value C04 is
set to (FOl + F02 + F03)/v', and the pixel value C05 is set
to (F02 + FO03 + F04)/v'.
The motion-blur adder 906 sends the foreground
20 component image in which the amount of motion blur has been
adjusted to the selector 907.
The selector 967 selects either the foreground
component image without motion blur sent from the adjusting
portion 905 or the foreground component image in which the

25 amount of motion blur has been adjusted sent from the



apparatus for adjusting the anmobunt of notion blur. The inmage processing
apparatus shown in Fig. 2 sequentially perforns the area-specifying
operation and. the calculation of a mxture ratio a. In contrast, the

i mage processing 15 apparatus shown in Fig. 82 sinultaneously perforns the
area- specifying operation and the calculation of a mxture ratio a.
Functional elenents simlar to those in the block diagramof Fig. 2 are
designated with the sanme reference 20 nunerals, and an expl anati on t hereof
is.thus omtted. An input inage is sent;sta a m xture-ratio cal cul at or

1101, a foreground/ background separator 1102, and an area specifying unit
101. The area specifying unit 101 generates area information 25 according

to an input .imge, and sends the generated area -. 180 information to the
f or egr ouM LK St @ g’&%r af%?f %% & SRS T FLEHlusti ng unit

1103. The mixtyr.e-ratio cglcul ator ,1101 cal cul ates, hased .on_ the input
i mage, arfetrags}ﬁ‘:#dﬂgd NG € AT T ki r‘?e"tiJ WHEP YRS tg"ei $ that each
pi xel iru%&i %&_in he i nput in%%g bel ongs to a covered background area, and

an estimte AU e P o5 %ed when it is assumed that each pi xel
included in the 4R

SEQ’BQEng"aOT‘g@Sﬁ o J oD BTN %ﬁaug%gﬁ%%@% 3pga, and

sends t he calculateg estima m atro’ o ine en’it Is assuned

t hat §acfaéﬂieseés e udedind R4 B d il 1dRAe RELANGES 4P e Lavweiady

backgr ound "ar ea,
signal and the amount v' by which motion blur is adjusted.

The processing for adjusting the amount of motion blur
in the foreground executed by the motion-blur adjusting unit
104 configured as shown in Fig. 75 is described below with

10 reference to an flowchart shown in Fig. 79.

In step S901, the unit-of-processing determining
portion 901 of the motion-blur adjusting unit 104 generates
the unit of processing based on the motion vector and the
area information, and sends the generated unit of processing

15 to the model-forming portion 902 and the adjusting portion
905.

In step S902, the model-forming portion 902 of the
motion-blur adjusting unit 104 selects or generates a model
according to the amount v of movement within the shutter

20 time and the unit of processing. In step S903, the equation
generator 903 generates, based on the selected or generated
model, equations for calculating the foreground components
by the difference between the pixel values of the foreground
component image.

25 In step S904, the calculator 904 sets the pixel values



and the calcul ated estimated m xture rati o obtained when it is assuned
that each pixel included in the input imge belongs to the uncovered
background area, to the 15 foreground/ background separator 1102. The

m xture-ratio cal culator 1101 cal cul ates an estimated notion vector
obtained when it is assuned that each pixel included in the input inmage
bel ongs to the covered background area, according to the estimted m xture
20 ratio calculated when it is assunmed that each pixel included in the

i nput image belongs to the covered hacgkg aund area, and an estimated
notion vector obtained when it is assunmed that each pixel included in the
i nput inage belongs to the uncovered background area, according to the

esti mat ed ure ratio calculated when it is assuned that each pixel -
181 i ncl (ﬁP?r1?¥ﬁ9??ﬁﬁﬁ ?ﬂ%@%n%%Foﬁ@%gﬁolPhéhﬁneéﬁéFé&edbﬁﬁ%@Féeﬁérarea
and sends_t e, calc at d est mat ed noti on vector obt ai ned, when it is
assunmed tHEt BEH Pi C?W’PCEWF%H?H e U FhgsE TR cover ed
backgrou and t | cul at ed stl ed nDtlon vect or tai. ned when
it is assurreaer% h% é’acmel’ipl alluef%?cf R §HRE I Hag "Hb]‘rcgh %0 the

K ad 03 Fig. 83
(20 b od LGRS Ridfiad gt B %%é’r&ot%eokéj%r%%z#g the
M xt uge- radd D e%"'lvﬁ'f%he]rmalll gﬂﬁ?e e:[s%% CQ_P{H x&% esald o processor 401

shown in Fig. Is the sane a BMUreFati o processor 401
corresponding to the unit of processing have been extracted.

If it is determined that all the foreground components
corresponding to the unit of processing have not been
extracted, the processing returns to step S904, and the
10 processing for extracting foreground components is repeated.
If it is determined in step S905 that all the
foreground components corresponding to the unit of
processing have been extracted, the processing proceeds to
step S906. In step S906, the adjusting portion 905 adjusts
15 each of the foreground components F0l/v through F08/v sent
from the calculator 904 based on the amount v of movement
within the shutter time so as to obtain the foreground pixel
values F01l through F08 from which motion blur is eliminated.
In step S907, the motion-blur adder 906 calculates the
20 foreground pixel values in which the amount of motion blur
has been adjusted, and the selector 907 selects the image
without motion blur or the image in which the amount of
motion blur has been adjusted, and outputs the selected
image. The processing is then completed.

25 As described above, the motion-blur adjusting unit 104



shown in Fig. 47. An estimated-m xture-ratio processor 402 shown in Fig.
83 is the sane as the estimated-m xture-ratio 15 processor 402 shown in
Fig. 47. The estimated-m xture-rati o processor 401 cal cul ates an estinated
m xture ratio for each pixel by the conputation corresponding to a nodel
of a covered background area according to an input image, and outputs the
calculated 20 estimated m xture ratio. The estimated-m xture-ratio
processor 401 cal cul ates an estimted notion vector according to the

cal cul ated estimated m xture ratio, -angy autputs the cal cul ated esti mated
notion vector. The estinmated-m xture-rati o processor 402 cal culates an 25
estimated m xture ratio for each pixel by the conputation - 182
correspondin% to a nodel of an uncovered background area based on the

i nput i mes SuSutSh M 1aIFAd at’ed 2 BRIttt Mokiate RS @ The

estimated-m xture-rati o, processor 402 cal cul ates, an esti mated notion
vect or Sq:&ecﬁodﬁer%%g’d?ﬁé%% AR5 S RGP THIAL M SR Tand  out put s

t he calc%aigﬁié¥§j %ated notion vector. The foreground/ background separat or
1102 generates a o'f”or'eground conponent image fromthe input inage according

0 ol Mool oy RS M IRl R Sl o0 YNEDsdind 2 ST SHIBACAOpT 0L L e
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ideal state, but is not sufficient for an actual image
quantized and including noise. In contrast, it is proved
that the motion-blur adjusting unit 104 configured as shown
in Fig. 75 is sufficiently effective for an actual image

10 quantized and including noise. It is thus possible to
eliminate motion blur with high precision.

As described above, the image processing apparatus, the
structure of which is shown in Fig. 2, can adjust the amount
of motion blur included in an input image.

15 Fig. 80 is a block diagram illustrating another
configuration of the function of the image processing
apparatus. The image processing apparatus, the structure of
which is shown in Fig. 80, does not use a motion vector.

Elements similar to those shown in Fig. 2 are

20 designated with the same reference numerals, and an
explanation thereof is thus omitted.

An area specifying unit 101 sends area information to a
mixture-ratio calculator 102 and a synthesizer 1001.

The mixture-ratio calculator 102 sends a mixture ratio

25 o to a foreground/background separator 103 and the



m xture-ratio cal culator 1101, and the area information sent 15 fromthe
area specifying unit 101, and sends the generated foreground conponent
image to the notion-blur adjusting unit 1103 and a selector 105. Fig. 84
is a block diagramillustrating an exanple configuration of the

f or eground/ background separator 1102. 20 Elenents simlar to those of the
f or egr ound/ background separator 103 shown in Fig. 59 are indicated by the
same reference nunerals, and an explanation thereof is thus omtted. A
sel ector 1121 selects, based on the_aneg information 25 sent fromthe area
specifying unit 101, either the estimated - 183 mxture ratio cal cul ated
when it is assuned that the pixel belongs to the covered background area,
sent fromth nlxture ratio cal culator 1101 or the estimated m xture ratio
cal cul at e 3385 d Usuned that the pi xel belongs to the 5 uncovered

back d t fromt t t | cylator 1101, and send
'he Selected CEi FACEA-RURTYPB REPLES: 6 oBoCaiarating SRS 6n 601 as { o

m xt ure f_%tﬂ (r)ﬁfaound-rhcr?mrﬁ nefnaél N ortl Qﬁqm{?gﬁld’e tractegl? fjﬁj;logground conponent s

and backgrou conpaone Fori ‘pi xel s bel ongi ng

to the m xed %E%as§ﬁ%ﬁegHQ%rtﬁobHe Senhgre 5§t 8? g% fr%glgh% %%Iector

1121 and the area ormati on e ex oregroun

corrpoglen t&&%@%ﬂor@q& q_%gaé SYORESTC] o7 1SN h&é)ackgr ound conponent s

'to a synt esl zer
foreground/background separator 103 according to the mixture

ratio o sent from the mixture-ratio calculator 102 and the
area information sent from the area specifying unit 101, and
outputs a synthesized image in which the any background

10 image and the foreground component image have been combined.

Fig. 81 illustrates the configuration of the
synthesizer 1001. A background component generator 1021
generates a background component image according to the
mixture ratio @ and any background image, and sends the

15 background component image to a mixed-area-image
synthesizing portion 1022.

The mixed—-area-image synthesizing portion 1022 combines
the background component image sent from the background
component generator 1021 with the foreground component image

20 so as to generate a mixed-area synthesized image, and sends
the generated mixture-area synthesized image to an image
synthesizing portion 1023.

The image synthesizer 1023 combines the foreground

component image, the mixed-area synthesized image sent from

25 the mixed-area-image synthesizing portion 1022, and the any



15 The separating portion 601 can have the sane structure as that shown in
Fig. 64. The synthesizer 603 synthesizes a foreground conponent i nage and
outputs it. The synthesizer 605 synthesizes a background conponent inage
and outputs it. 20 The notion-blur adjusting unit 1103 adjusts the anount
of notion blur included in the foreground conponent inmage sent fromthe

f or egr ound/ background separator 1102 according to the area information
sent fromthe area specifying unit 101, the estinated notion vector
cal cul ated when it is 25 assuned that jtjlee pi xel bel ongs to the covered
background - 184 area, sent fromthe m xture-ratio cal culator 1101, and
the estimted notion vector calculated when it is assuned that the pixel
bel ongs Eglthe uncover ed background area, sent fromthe m xture-ratio

cal cul at 12 KEFL IR ¢ MRAASH RE HF B % iy ridish ¢ G pdHER™S Hfe S amiteh t he
amount of_ notiqn _blur has .been .adjusted. Fig. 85 i,s a bl ock diagram
i |l ust ratqer{lgerta}c')utee & YRS tlﬂ-,agrﬁjt i PSS dting unit 1103.
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background area, sent fromt
image with any background image according to the mixture

ratio o, which is a feature quantity, appears more natural
compared to an image obtained by simply combining pixels.
Fig. 82 is a block diagram illustrating still another
10 | configuration of the function of the image processing
apparatus for adjusting the amount of motion blur. The
image processing apparatus shown in Fig. 2 sequentially
performs the area-specifying operation and the calculation
of a mixture ratio a. 1In contrast, the image processing
15 apparatus shown in Fig..82 simultaneously performs the area-
specifying operation and the calculation of a mixture ratio
o.
Functional elements similar to those in the block
diagram of Fig. 2 are designated with the same reference
20 numerals, and an explanation thereof is thus omitted.
An input image is sent to a mixture-ratio calculator
1101, a foreground/background separator 1102, and an area
specifying unit 101.
The area specifying unit 101 generates area information

25 according to an input image, and sends the generated area



m xture-ratio calculator 1101 or the estinmated notion vector calcul ated
when it is assuned that the pixel belongs to the uncovered background
area, sent fromthe m xture-ratio calculator 1101; specifies the selected"
estimated notion 20 vector as the notion vector; and sends the notion
vector to a unit-of-processing determning portion 801, a nodel- formng
portion 802, and a cal cul ator 805. Back to Fig. 82, the selector 105
selects the foreground conponent image sent fromthe 25

f oregr ound/ background separator 1102 argot he foreground - 185 conponent

i mage in which the ampbunt of notion blur has been adjusted, sent fromthe
notion-blur adjusting unit 1103 according to, for exanple, a selection

signal reflecti user el ection out pu s the sel ect ed foreground
5 conponert fe]?ﬂfagonAs °d|t§’(ﬁjsé° /btar’r'g‘ Hy HWPfarrds, the
structur of whi.ch | shown..in Fig. , ts the anDunt of notion blur
i ncl uded aarﬁnOtrf‘E?db cld‘\'rr &dﬂd‘}?c]:llr@ tUd”aF eground Obj ect of the input

| mage, and output 1&@%r%o gglggn uﬁ%re%rQHBq ah 8t§s bﬁﬁggrgngdggent

has been di scussSed above b sett I'Ng X ur €
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belongs to a covered background area, and an estimated
mixture ratio obtained when it is assumed that each pixel
included in the input image belongs to an uncovered
background area, and sends the calculated estimated mixture

10 ratio obtained when it is assumed that each pixel included
in the input image belongs to the covered background area,
and the calculated estimated mixture ratio obtained when it
is assumed that each pixel included in the input image
belongs to the uncovered background area, to the

15 foreground/background separator 1102,

The mixture-ratio calculator 1101 calculates an
estimated motion vector obtained when it is assumed that
each pixel included in the input image belongs to the
covered background area, according to the estimated mixture

20 ratio calculated when it is assumed that each pixel included
in the input image belongs to the covered background area,
and an estimated motion vector obtained when it is assumed
that each pixel included in the input image belongs to the
uncovered background area, according to the estimated

25 mixture ratio calculated when it is assumed that each pixel



noving direction of the foreground object to the direction
to the right. However, the noving direction is not restrict
above-described direction. 20 In the above description, a re
having a three-dinmensional space and tine-axis information

fromthe left
ed to the

al - space i mage
is projected

onto a time space having a two-di nensi onal space and tine-axis information

by using a video canera. However, the present invention is

to this case, and 25 can be applied to a case in which, when
information in - 186 a | arger-nunber 1fgir st di mensi onal spac
onto second information in a snaller-nunber second di mensio
distortion generated by the projection is corrected, signif

informati,on is extracted, or a nore natural 5 image is synth
sensor i §'I}F01tucjreé§t’f’i R é@igea&t?w
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signdl
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mediumin which the programis recor

Istributed

provi di ng f R RARY &Mat each pixel included in the input image

belongs to the uncovered background area, to the motion-blur

adjusting unit 1103.

Fig. 83 1s a block diagram illustrating an example

10 configuration of the mixture-ratio calculator 1101.

An estimated-mixture-ratio processor 401 shown

in Fig.

83 is the same as the estimated-mixture-ratio processor 401

shown in Fig. 47. An estimated-mixture-ratio processor 402

shown in Fig. 83 is the same as the estimated-mixture-ratio

15 processor 402 shown in Fig. 47.

The estimated-mixture-ratio processor 401 calcu

lates an

estimated mixture ratio for each pixel by the computation

corresponding to a model of a covered background area

according to an input image, and outputs the calculated

20 estimated mixture ratio. The estimated-mixture-ratio

processor 401 calculates an estimated motion vector
according to the calculated estimated mixture ratio,
outputs the calculated estimated motion vector.

The estimated-mixture-ratio processor 402 calcu

and

lates an

25 estimated mixture ratio for each pixel by the computation



for a user separately fromthe conputer, such as the magnetic disk 51
(including a floppy (registered trade nane) 20 disk), the optical disk 52
(CD- ROM (Conpact Disc-Read Only Menory) and a DVD (Digital Versatile
Disc)), the magneto- optical disk 53 (including MD (Mni-Disc) (registered
trade nane)), or the sem conductor menory 54, as shown in Fig. 1. The
recordi ng medium may al so be fornmed of the ROM 22 or a 25 hard disk
included in the storage unit 28 in which the - 187 programis recorded,
such recordi ng nmedi um bei ng provi ded 1fger -t he user while being pre-stored
in the conputer. In the present specification, the steps describing the
programrecorded in a recordi ng nmediuminclude processing 5 executed

ti me-sequenti all ccording to descri bed order, .and al so processi ng not
necessar i(“lcﬁfr@f‘@coéc%"&q % & i"f?éieqsé) &ft i*AC b@Lﬁq‘gé%?é’aﬂD&fqan par al | el
or individually. lndustrial . |icabi]ity 1Q Accordi t.o .the present

i nventi or?%ste#e oéqm;clljlr?t ik Stit ‘W‘# @r‘ry)ﬁpﬁlgisc;t?‘ees c[aﬁ% nt of an

obj ect w thi. e i od tained. - 188 AIMS 1. An

i mge pr oecsje{lslgr}aﬁcrgédag%g{%z#ﬁes z%gc{loﬁr oglgls%s%ﬁs&qi%r?gtge;&e e{’txa{_‘ur\ﬁniréah % forned of a

T s
funct §0n.adde-diFRI& PO TH 1 13RRAY HMI UL ARA Rk io, and
outputs the calculated estimated motion vector.

The foreground/background separator 1102 generates a
foreground component image from the input image according to
the estimated mixture ratio calculated when it is assumed

10 that the pixel belongs to the covered background area, sent
from the mixture-ratio calculator 1101, the estimated
mixture ratio calculated when it is assumed that the pixel
belongs to the uncovered background area, sent from the
mixture-ratio calculator 1101, and the area information sent

15 from the area specifying unit 101, and sends the generated
foreground component image to the motion-blur adjusting unit
1103 and a selector 105.

Fig. 84 is a block diagram illustrating an example
configuration of the foreground/background separator 1102.

20 Elements similar to those of the foreground/background
separator 103 shown in Fig. 59 are indicated by the same
reference numerals, and an explanation thereof is thus
omitted.

A selector 1121 selects, based on the area information

25 sent from the area specifying unit 101, either the estimated



conprising: mxture-ratio detection neans for detecting, in a mxture area
where a foreground object conponent 10 constituting a foreground object and
a background object conponent constituting a background object are m xed
in the inmage data, a mxture ratio indicating the ratio of a mxture

bet ween the foreground object conponent and the background obj ect

" conponent, and 15 novenent-anount detection neans for detecting the anount
of novenment of the foreground object in an exposure period when the pixel
data constituting the i nage data has  ilggen obtained, in correspondence wth
the mxture ratio. 2. An inmage processing apparatus according to Caiml,
20 characterized in that the mxture-ratio detection neans conprises

rel ati onal ressi.on eratin ans for, extractjn i n _correspondence
wth a déf&%eeowpﬁ%a S G TR T s e R i R e e e
data in nearby ne cl ose de5| nat ed frane ) b kground 25

pi xel dat%aelcoonr espl engc%"'e]:[ &eq%aa cgabr‘b?aé’ct s%r at%69189

extracti Q&_;I{Hei e a Oatceachll)%eéc%rdaf 01.I ng desd natteedd erllxethue 1 Wtig

vi cinity-prx Vi Ci ni |er n a vicinit y~of esl ghat ed

el in g pl ati onal
ELEr esIS| oén{l I%ﬁcﬁﬁh? reﬁatl onsniu ps am)ng ét &gl%elsﬁéér’]lg{deifypl xe hee!dat a,
the viCi Riddbvdd et hAalfro i 4N backayr g&e&{zﬁn n rﬁlml%&ec&ra{&%oond' ng to

t he designated pi xel and the vicinity pi
calculator 1101, and sends the selected estimated mixture

ratio to a separating portion 601 as the mixture ratio a.
The separating portion 601 extracts foreground
components and background components from the pixel values

10 of the pixels belonging to the mixed area according to the
mixture ratio o sent from the selector 1121 and the area
information, and sends the extracted foreground components
to a synthesizer 603 and also sends the background
components to a synthesizer 605.

15 The separating portion 601 can have the same structure
as that shown in Fig. 64.

The synthesizer 603 synthesizes a foreground component
image and outputs it. The synthesizer 605 synthesizes a
background component image and outputs it.

20 The motion-blur adjusting unit 1103 adjusts the amount
of motion blur included in the foreground component image
sent from the foreground/background separator 1102 according
to the area information sent from the area specifying unit
101, the estimated motion vector calculated when it is

25 assumed that the pixel belongs to the covered background



m xture ratios of the designated pixel and the vicinity pixel are detected
according to the relational expressions. 10 3. An inmage processing
apparatus according to Claim2, characterized in that the

rel ati onal - expression generating neans generates the rel ational
expressions according to a first approximation in which the val ues of
conponents of the foreground object are the sanme, the 15 conponents bei ng
i ncluded in the designated-pixel data and the vicinity-pixel data, and a
second approximation in which the m Xtgure ratio changes linearly with
respect to the positions of the pixels in the mxture area. 4. An inage
processi ng apparatus according to Caim3, 20 characterized in that the
novenent - amount detection_ nmeans detects the reciprocal of the gradient of

the |inedt*®hdifges 0% HE %X HF S A YL GHIBE o ngt o 3 tions
f th i xel.s i h i xt t.h t of m t f th
£ or egr ouRF BT WA (HF S G WS A T & He 235 TR di has
amount ., of novenent. 5. An

b bt ai . d he .d d - 0
age. tad}&egjllx & ]%)e;%f#&ss £ eCheetuenCCtoeverr?adégjad:aﬁngWﬁ & S% 9f'hed of a

i mage processing ne or processing

predet of s GIRAL Al PlXR dlata coltalnad g, and st ng devi ce

that includes a edeterm ned nunbe piX€el’s having—a me integrating

funct5on, e d:ney R |G ARG, GRATACLSI 260 P9 2
m Xture-rati 0 detection step o etecting, In a
blur has been adjusted.

Fig. 85 is a block diagram illustrating the structure
of the motion-blur adjusting unit 1103.

Functional elements similar to those shown in Fig. 67

10 are designated with the same reference numerals, and an
explanation thereof is thus omitted.

A selector 1131 selects, based on the area information
sent from the area specifying unit 101, either the estimated
motion vector calculated when it is assumed that the pixel

15 belongs to the covered background area, sent from the
mixture-ratio calculator 1101 or the estimated motion vector
calculated when it is assumed that the pixel belongs to the
uncovered background area, sent from the mixture-ratio
calculator 1101; specifies the selected estimated motion

20 vector as the motion vector; and sends the motion vector to
a unit-of-processing determining portion 801, a model-
forming portion 802, and a calculator 805.

Back to Fig. 82, the selector 105 selects the
foreground component image sent from the

25 foreground/background separator 1102 or the foreground



m xture area where a foreground object conmponent 10 constituting a
foreground object and a background object conponent constituting a
background object are mxed in the image data, a mxture ratio indicating
the ratio of a mxture between the foreground object conponent and the
background obj ect conponent, and 15 a novenent-anount detection step of
detecting the amount of novenent of the foreground object in an exposure
period when the pixel data constituting the i mge data has been obtained,
in correspondence with the mxture ratjiggy — 6. An i mage processing nmet hod
according to Claimb5, 20 characterized in that the m xture-rati o detection
step conprises a relational-expression generating step of extracting, in
correspondence with a desjignated pixel in a designated frame of the inmage

data, thEPBECHardaIe &7 MDY FrafWUs L e &) W diasy bfqefﬂre a%s
back d,.25 pi xel dat ing ta the background object; also of -
101 ext AETHE e Tsi Gkt o imA ATl b 4 %%g}q;ﬁmzerd‘lpw(fel and
i cinity-pj dat f icinit i xel i vicinity of _the designate
bixel 10 R et i’ & SRl Gdhg Bl i s d At ona
[ 1.ndi cat | 5 | at i anshi among the designat ed- pi xel data,
S)ﬁgr\?isz: %%Seyrl- rgg:s%gé%%toéf’ !ia‘r%]lcfﬁjt#wug %U}L{;t_rhoeunsaegj'pﬁ%r}eefcgatquge%roorurr’.égpondi ng to
t he ngigﬁﬁﬁigh#HB“ﬁT the vicinity pixel, and m xture ratios of the
I Xel and t

designated p e vicinity pixel are detected according to the
relational expseg§s@iSsed above, the image processing apparatus, the

structure of which is shown in Fig. 82, adjusts the amount
of motion blur included in an image corresponding to a
foreground object of the input image, and outputs the

10 resulting foreground object image.

The embodiment has been discussed above by setting the
mixture ratio o to the ratio of background components
included in pixel values. However, the mixture ratio o may
be set to the ratio of foreground components included in

15 pixel values.

The embodiment has been discussed above by setting the
moving direction of the foreground object to the direction
from the left to the right. However, the moving direction
is not restricted to the above-described direction.

20 In the above description, a real-space image having a
three-dimensional space and time-axis information is
projected onto a time space having a two-dimensional space
and time-axis information by using a video camera. However,
the present invention is not restricted to this case, and

25 can be applied to a case in which, when first information in



10 in the mxture-ratio detection step. 7. An inmage processing nethod
according to Claim®6, characterized in that, in the relational-expression
generating step, the relational expressions are generated according to a-
first approximation in which the values of 15 conponents of the foreground
object are the sane, the conponents being included in the designated- pi xel
data and the vicinity-pixel data, and a second approximation in which the
m xture ratio changes linearly with respect to the positions of the pixels
in the mxture area. 20 8. An inage-pn@gessi ng net hod according to daim7,
characterized in that, in the novenent-anount detection step, the

reci procal of the gradient of the |linear changes of the m xture ratios
correspondi.ng to the positions of the ixels in the mxture area is
detectgd B3 ré'r?d'\.‘fm%rofftl’f? 1R FPFST dfr AR SS5%EEOREQ hi n t he

exposure period .- 192 .when.the inmage data has been obtained, and the

det ect ed * ANt VP VRNt & SRPST FUR G &G0 . ng
brocessi g s Bt e MRS I e T L B er m e
ot odet or f REA RTBGT ‘o T e S T (oA My B R S on, e |
progrem oharRcter iZed s 1 LPrising: 10 a mxture-ratio detection step of
detecting, in a
The sensor is not restricted to a CCD, and may be
another solid-state image-capturing device, such as a CMOS
(Complementary Metal Oxide Semiconductor), a BBD (Bucket
Brigade Device), a CID (Charge Injection Device), or a CPD
10 (Charge Priming Device). Also, the sensor does not have to
be a sensor in which detection elements are arranged in a
matrix, and may be a sensor in which detection elements are
arranged in one line.
A recording medium in which a program for performing
15 the signal processing of the present invention is recorded
may be formed of a package medium in which the program is
recorded and which is distributed for providing the program
for a user separately from the computer, such as the
magnetic disk 51 (including a floppy (registered trade name)
20 disk), the optical disk 52 (CD-ROM (Compact Disc-Read Only
Memory) and a DVD (Digital Versatile Disc)), the magneto-
optical disk 53 (including MD (Mini-Disc) (registered trade
name)), or the semiconductor memory 54, as shown in Fig. 1.
The recording medium may also be formed of the ROM 22 or a

25 hard disk included in the storage unit 28 in which the



m xture area where a foreground object conmponent constituting a foreground
obj ect and a background object conponent constituting a background object
are mixed in the imge data, a mxture ratio indicating the ratio of a 15
m xture between the foreground object conponent and the background object
conponent, and a novenent-anount detection step of detecting the anount of
novenment of the foreground object in an exposure period when the pixel
data constituting the i nage data has 20 been obtained, in correspondence
with the mxture ratio. 10. A recordiipg nedi um according to Claim?9
characterized in that the mxture-ratio detection step conprises a

rel ati onal - expressi on generating step of extracting, in correspondence

wi th a designated pixel i 25 designated frane of the inmage data, the

i xel dat 4T AT 9 gFe el SN, L Fo S G 6 TR A
backgrougg i,xel data.carresponding to the background object; also of
extracti ngt ie Y& Gn A ed-SHiBE P AT TTEUR desi iRt  and
vicinity-pixel._data of a vicinity_pixel. in a vicinity of 5.the designated
pi xel in the g@s%éﬁapggSFP&WS?eﬁéElSP%lﬁgneg iﬁ&eBSpPﬁFgFF%§n8f%ﬁ8Iational

expressiQH% i.ndi cat | |_ati qnshi %Egngrthe.de i.gnat ed- pi xel data, the
vicinity- pﬁg%ﬁl§%¥gﬁgﬁﬁ%%ﬁh§'%g%%ﬁ?%ﬂl pliéw‘d§¥§'c5? é%fé%ﬁﬁﬁg§'to t he
desi gpat ed, i %&lg and,d-ne MGy Wi ] Al f. the

desi gnated pixel and the (%Jleg{l%at y ypé&%eoimgl?lg’ gfgot ergci&feeéucgrclga%rdd%%g S the

rel ati ongn AR5 PYrPTssing not necessarily executed in a time-

sequential manner but executed in parallel or individually.

Industrial Applicability
10 According to the present invention,'the amount of
movement which indicates the movement of an object within an

exposure period can be obtained.



in the mxture-ratio detection step. 11. A recording nedium according to
Claim 10, characterized in that, in the relational-expression 15
generating step, the relational expressions are generated according to a
first approximation in which the values of conmponents of the foreground
obj ect are the same, the conponents being included in the designated- pi xel
data and the vicinity-pixel data, and a second approximation in which 20
the m xture ratio changes linearly with respect to the positions of the
pixels in the mxture area. 12. A recqr@ ng nedi umaccording to Caim 11l
characterized in that, in the novenent-anount detection step, the

reci procal of the gradient of the |inear changes 25 of the m xture ratios
corresponding to the positions of the -_194 pixels in the mxture area is
detected as the amount of novement SFAEH2 foreground object within the

exposure period . when the imge data has been obtained, and the detected
amount of® ‘mov ehet9% PRRGRRAS L fé’.paﬁ%ruﬁgr R0 GRSy &t hat

A ocesses oS o da NG S SoldIed 0l & Bsgetert ned nunper, of pixe

data obtained an | mage- capturing devi det er m ned
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m xture-ratio i on st ure area where a

f or egs ounRf Y 1RGN TP MNEHe r TIH 1Lt Q&\ﬁnfgoraegfi%@q.n%g%\attﬁ%d a
background obj ect
function, the image processing apparatus characterized by
comprising:
mixture-ratio detection means for detecting, in a
mixture area where a foreground object component

10 constituting a foreground object and a background object
component constituting a background object are mixed in the
image data, a mixture ratio indicating the ratio of a
mixture between the foreground object component and the
background object component, and

15 movement-amount detection means for detecting the
amount of movement of the foreground object in an exposure
period when the pixel data constituting the image data has
been obtained, in correspondence with the mixture ratio.

2. An image processing apparatus according to Claim 1,

20 characterized in that the mixture-ratio detection means
comprises relational-expression generating means for
exXtracting, in correspondence with a designated pixel in a
designated frame of the image data, the pixel data in a
nearby frame close to the designated frame as background

25 pixel data corresponding to the background object; also for



conponent constituting a background object are mxed in the inmage data, a
m xture ratio indicating the ratio of a 15 m xture between the foreground
obj ect component and the background object conponent, and a
novenent - anount detection step of detecting the amount of novenment of the
foreground object in an exposure period when the pixel data constituting
the i mage data has 20 been obtained, in correspondence with the mxture
ratio. 14. A program according to Claim 13, characterized in that the

m xture-ratio detection step conprissgga relational-expression generating
step of extracting, in correspondence with a designated pixel in a 25
designated frane of the inage data, the pixel data in a - 195 nearby frane

e bacKgPORAE OHSotie A0 BIe Rkt S ] 1 Yhe e AR Sl RIAtaof the
0,510 S BTG 8y WAL ML VLAl
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accor gi ng:d10, £ i 18 5 iémﬁ{g SR QA QR e ddL S e M g -1l 1R A818GSd on
step. 15. A program-according to alm 14,
pixel data, and the background pixel data corresponding to
the designated pixel and the vicinity pixel, and
mixture ratios of the designated pixel and the vicinity
pixel are detected according to the relational expressions.

10 3. An image processing apparatus according to Claim 2,

characterized in that the relational-expression
generating means generates the relational expressions
according to a first approximation in which the values of
components of the foreground object are the same, the

15 components being included in the designated-pixel data and
the vicinity-pixel data, and a second approximation in which
the mixture ratio changes linearly with respect to the
positions of the pixels in the mixture area.

4. An image processing apparatus according to Claim 3,

20 characterized in that the movement-amount detection
means detects the reciprocal of the gradient of the linear
changes of the mixture ratios corresponding to the positions
of the pixels in the mixture area as the amount of movement
of the foreground object within the exposure period when the

25 image data has been obtained, and outputs the detected



characterized in that, in the rel ational -expression 15 generating step,
the relational expressions are generated according to a first

approxi mation in which the values of conponents of the foreground object
are the sane, the conponents being included in the designated-pixel data
and the vicinity-pixel data, and a second approximation in which 20 the
m xture ratio changes linearly with respect to the positions of the pixels
in the mxture area. 16. A program according to Claim 15, characterized in
that, in the novenent-anount detectionggstep, the reciprocal of the
gradient of the linear changes 25 of the mxture ratios corresponding to
the positions of the - 196 pixels in the mxture area is detected as the
anount of novenent of the foreground object within the exposure period
when theqmﬁﬁﬁ§(ﬁﬁl¥9ﬁﬁ?qﬁiﬂlobtained, and the detected anount of novenent

is output. 5.17.., An inmage-capturing.a atus characterjzed by conprising:
i mage- capt ur ity ST pr"fg’rC Rjili ﬁ%%ﬁa{%d@‘%ﬁes&r}n%ﬁjwe c‘:é&t%.r ed by an
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function, the image processing method characterized by

comprising:

a mixture-ratio detection step of detecting, in a

mixture area where a foreground object component

10 constituting a foreground object and a background object
component constituting a background object are mixed in the
image data, a mixture ratio indicating the ratio of a
mixture between the foreground object component and the
background object component, and

15 a movement—-amount detection step of detecting the
amount of movement of the foreground object in an exposure
period when the pixel data constituting the image data has
been obtained, in correspondence with the mixture ratio.

6. An image processing method according to Claim 5,

20 characterized in that the mixture-ratio detection step
comprises a relational-expression generating step of
extracting, in correspondence with a designated pixel in a
designated frame of the image data, the pixel data in a
nearby frame close to the designated frame as background

25 pixel data corresponding to the background object; also of



15 conponent constituting a background object are m xed in the inage data,
a mxture ratio indicating the ratio of a mxture between the foreground
obj ect conponent and the background object conponent, and novenent-anount
detection neans for detecting the 20 ambunt of novement of the foreground
object in an exposure period when the pixel data constituting the inmage
data has been obtained, in correspondence with the mxture ratio. 18. An
i mage-capturing apparatus according to Claim17, characterized in that the
m xture-ratio detection nmeans 25 cenprdises rel ati onal - expression
generating nmeans for - 197 extracting, in correspondence with a designated
pi xel in a designated frame of the inage data, the pixel data in a nearby

f I A4 th ted f ba rou dat.a orrespondlng
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i mage- capturing apparatus according to Caim 18, 15 characterlz d i that
the rel atgional - R4 S5idPrthe background pixel data corresponding to
the designated pixel and the vicinity pixel, and
mixture ratios of the designated pixel and the vicinity
pixel are detected according to the relational expressions
10 in the mixture-ratio detection step.
7. An image processing method according to Claim 6,
characterized in that, in the relational-expression
generating step, the relational expressions are generated
according to a first approximation in which the values of
15 components of the foreground object are the same, the
components being included in the designated-pixel data and
the vicinity-pixel data, and a second approximation in which
the mixture ratio changes linearly with respect to the
positions of the pixels in the mixture area.
20 8. An image processing method according to Claim 7,
characterized in that, in the movement-amount detection
step, the reciprocal of the gradient of the linear changes
of the mixture ratios corresponding to the positions of the
pixels in the mixture area is detected as the amount of

25 movement of the foreground object within the exposure period



generating neans generates the relational expressions according to a first
approxi mation in which the values of conponents of the foreground object
are the sane, the conponents being included in the designated-pixel data -
and 20 the vicinity-pixel data, and a second approximation in which the

m xture ratio changes linearly with respect to the positions of the pixels
in the mxture area. 20. An inmage-capturing apparatus according to Caim
19, characterized in that the novenent-anount detection 25 neans detects
the reci procal of the gradient of thejlgonear - 198 changes of the m xture
rati os corresponding to the positions of the pixels in the mxture area as
t he anobunt of novenent of the foreground object within the exposure period

[ ta has. been obtai ned, and outputs the detected 5 anpunt
g?egnage Iégﬂ¥%ékimage data has been obtained,[%nd the detected

amount of movement is output.
9. A recording medium having recorded thereon a program
readable by a computer, for image processing processing for
5 ©processing image data which is formed of a predetermined
number of pixel data obtained by an image-capturing device
that includes a predetermined number of pixels having a time
integrating function, the program characterized by
comprising:

10 a mixture-ratio detection step of detecting, in a
mixture area where a foreground object component
constituting a foreground object and a background object
component constituting a background object are mixed in the
image data, a mixture ratio indicating the ratio of a

15 mixture between the foreground object component and the
background object component, and

a movement-amount detection step of detecting the
amount of movement of the foreground object in an exposure
period when the pixel data constituting the image data has

20 been obtained, in correspondence with the mixture ratio.
10. A recording medium according to Claim 9,

characterized in that the mixture-ratio detection step
comprises a relational-expression generating step of
extracting, in correspondence with a designated pixel in a

25 designated frame of the image data, the pixel data in a
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nearby frame close to the designated frame as background
pixel data corresponding to the background object; also of
extracting the designated-pixel data of the designated pixel
and vicinity-pixel data of a vicinity pixel in a vicinity of
the designated pixel in the designated frame; and of
generating a plurality of relational expressions indicating
relationships among the designated-pixel data, the vicinity-
pixel data, and the background pixel data corresponding to
the designated pixel and the vicinity pixel, and

mixture ratios of the designated pixel and the vicinity
pixel are detected according to the relational expressions
in the mixture-ratio detection step.
11. A recording medium according to Claim 10,

characterized in that, in the relational-expression
generating step, the relational expressions are generated
according to a first approximation in which the values of
components of the foreground object are the same, the
components being included in the designated-pixel data and
the vicinity-pixel data, and a second approximation in which
the mixture ratio changes linearly with respect to the
positions of the pixels in the mixture area.
12. A recording medium according to Claim 11,

characterized in that, in the movement-amount detection
step, the reciprocal of the gradient of the linear changes

of the mixture ratios corresponding to the positions of the
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pixels in the mixture area is detected as the amount of
movement of the foreground object within the exposure period
when the image data has been obtained, and the detected
amount of movement is output.

13. A program for causing a computer that processes image
data which is formed of a predetermined number of pixel data
obtained by an image-capturing device that includes a
predetermined number of pixels having a time integrating
function, to execute:

a mixture-ratio detection step of detecting, in a
mixture area where a.foreground object component
constituting a foreground object and a background object
component constituting a background object are mixed in the
image data, a mixture ratio indicating the ratio of a
mixture between the foreground objeét component and the
background object component, and

a movement-amount detection step of detecting the
amount of movement of the foreground object in an exposure
period when the pixel data constituting the image data has
been obtained, in correspondence with the mixture ratio.
1l4. A program according to Claim 13,

characterized in that the mixture-ratio detection step
comprises a relational-expression generating step of
extracting, in correspondence with a designated pixel in a

designated frame of the image data, the pixel data in a
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hearby frame close to the designated frame as background
pixel data corresponding to the background object; also of
extracting the designated-pixel data of the designated pixel
and vicinity-pixel data of a vicinity pixel in a vicinity of
the designated pixel in the designated frame; and of
generating a plurality of relational expressions indicating
relationships among the designated-pixel data, the vicinity-
pixel data, and the background pixel data corresponding to
the designated pixel and the vicinity pixel, and

mixture ratios of the designated pixel and the vicinity
pixel are detected according to the relational expressions
in the mixture-ratio detection step.
15. A program according to Claim 14,

characterized in that, in the relational-expression
generating step, the relational expressions are generated
aécording to a first approximation in which the values of
components of the foreground object are the same, the
components being included in the designated-pixel data and
the vicinity-pixel data, and a second approximation in which
the mixture ratio changes linearly with respect to the
positions of the pixels in the mixture area.
16. A program according to Claim 15,

characterized in that, in the movement-amount detection
step, the reciprocal of the gradient of the linear changes

of the mixture ratios corresponding to the positions of the
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pixels in the mixture area is detected as the amount of
movement of the foreground object within the exposure period
when the image data has been obtained, and the detected
amount of movement is output.
17. An image-capturing apparatus characterized by
comprising:

image-capturing means for outputting an image of an
object captured by an image-capturing device that includes a
predetermined number of pixels having a time integrating
function, as image data formed of a predetermined number of
pixel data;

mixtufe—ratio detection means for detecting, in a
mixture area where a foreground object component
constituting a foreground object and a background object
component constituting a background object are mixed in the
image data, a mixture ratio indicating the ratio of a
mixture between the foreground object component and the
background object component, and

movement-amount detection means for detecting the
amount of movement of the foreground object in an exposure
period when the pixel data constituting the image data has
been obtained, in correspondence with the mixture ratio.
18. An image-capturing apparatus according to Claim 17,

characterized in that the mixture-ratio detection means

comprises relational-expression generating means for
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extracting, in correspondence with a designated pixel in a
designated frame of the image data, the pixel déta in a
nearby frame close to the designated frame as background
pixel data corresponding to the background object; also for
extracting the designated-pixel data of the designated pixel
and vicinity-pixel data of a vicinity pixel in a vicinity of
the designated pixel in the designated frame; and for
generating a plurality of relational expressions indicating
relationships among the designated-pixel data, the vicinity-
pixel data, and the background pixel data corresponding to
the designated pixel and the vicinity pixel, and

mixture ratios of the designated pixel and the vicinity
pixel are detected according to the relational expressions.
19. An image-capturing apparatus according to Claim 18,

characterized in that the relational-expression
generating means generates the relational expressions
according to a first approximation in which the values of
components of the foreground object are the same, the
components being included in the designated-pixel data and
the vicinity-pixel data, and a second approximation in which
the mixture ratio changes linearly with respect to the
positions of the pixels in the mixture area.
20. An image-capturing apparatus according to Claim 19,

characterized in that the movement—-amount detection

means detects the reciprocal of the gradient of the linear
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changes of the mixture ratios corresponding to the positions
of the pixels in the mixture area as the amount of movement
of the foreground object within the exposure period when the
image data has been obtained, and outputs the detected

amount of movement.



