DESCRI PTI ON | MAGE PROCESSI NG APPARATUS AND METHOD, AND | MAGE- CAPTURI NG
APPARATUS 5 Technical Field The present invention rel atesat,0.i Q 5’
processi ng apparatuses and net hods, and inage-capturing,gégér §g , ' and
nore particularly, to an inmage processing apparatus and nethod, and an
i mge-capturing apparatus in which a 10 difference between a siﬁnal

detected by a sensor and the real world is taken into coﬂmummm MWMMML
5

Background Art A technique for detecting incidents occurr
real world by a sensor and for processiing sanpl ed data out putissiswom t he
i mge sensor is wdely used. For exanple, notion blur occurs in an inage
obt ai ned by capturing an object noving in front of a predeterm ned
stationary background with a vide i.f. the noving 20 speed is

rel atively high. However, when antgﬁgg%%F?&nnving in front of a
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i mge an%P5E%A&%%ect i mge occurs. 25 Hitherto, it has not been consi dered
to detect the mXture

5' Technical Field

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

10 difference between a signal detected by a sensor and the

real world is taken into consideration.

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

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

20 speed is relatively high.

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

25 Hitherto, it has not been considered to detect the mixture

R

*GOONN2*




state of the background i nage and the noving object. D sclosure of

I nvention The present invention has been nade in view of the 5
above-descri bed background. Accordingly, it is an object of the present
invention to make it possible to detect the mxture ratio indicating the
m xture state of a plurality of objects, such as a background i mage and a
novi ng object imge. 10 A first imge processing apparatus of the present
i nvention includes: rel ational -expression generating neans for extracting,
in correspondence with a designated pi 2zel of a designated frane of inmage
data, m xed pixel data, which is pixel data, in which a plurality of
objects contained in the 15 image data are m xed, fromthe designated frane
and a peripheral fra round the _designated frane in.accordance wth a
not i on oFtQQFopggFgﬁngSS gE@PnﬂhF@ﬁgFoPﬁg i%ef8P¥&PQUH&38F ‘he plurality of
objects, and also for extracting, in correspondence with the m xed pi xel
data, 20 background pi xel data, which is the pixel data, corresponding to

a backgrgggglgghggtP@hgggekgﬁgi a background of the plurality of objects,
g p

t he backgroun i Xe ata béing associated with the correspondi ng m xed

bixel - data fromacfeame diLhetentnlLomLLientaaes L1 Wkl hot he 25 i xed

pi xel data are extract In accordance with a notion of the background
obj ecq 5Qb@%et—aeg@ﬁﬁfﬁ%ﬂﬁb%cﬂlblfro%h'dt.y Btcoraliaignak texRr assb@Agdtndiccat i ng
e

rel ati onshi ps between
the present invention to make it possible to detect the

mixture ratio indicating the mixture state of a plurality of
objects, such as a background image and a moving object |
image.

10 A first image processing apparatus of the present
invention includes: relational-expression generating means
for extracting, in correspondence with a designated pixel of
a designated frame of image data, mixed pixel data, which is
pixel data, in which a plufality of objects contained in the

15 image data are mixed, from the designated frame and a
peripheral frame around the designated frame in accordance
with a motion of a foreground object which forms a
foreground of the plurality of objects, and also for
extracting, in correspondence with the mixed pixel data,

20 Dbackground pixel data, which is the pixel data,
corresponding to a background object which forms a
background of the plurality of objects, the background pixel
data being associated with the corresponding mixed pixel
data, from a frame different from the frames from which the

25 mixed pixel data are extracted in accordance with a motion



m xed pi xel data and the background pixel data concerning the designated
pi xel ; and m xture-ratio detection neans for 5 detecting a mxture ratio
indicating a mxture state of the plurality of objects in the real world"
concerning the designated pixel based on the rel ational expressions. The
rel ati onal - expressi on generating nmeans generates the plurality of

rel ati onal expressions based on a first 10 approxi mati on in which
conponents of the foreground object contained in the m xed pixel data
change substantially linearly with re3gpect to the positions of the pixels,
and a second approximation in which the mxture ratio of the m xed pixel
data extracted fromthe designated frane changes 15 substantially linearly
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The m xture-rati o detection nmeans nmay detect the m xture ratio by sol ving
the pi urgbikbytohqr 8l Atkenak ramee&%uqeat%@oradm@qtheeasﬂﬁfteogfoftheeast

squares. A first "image processing nethod of 'the present invention
i ncl udesplareehayi efabbg¥ptessnomhegenrenat wdg 18t @Bncerning the
designated pixel based on the relational expressions. The
relational-expression generating means generates the
plurality of relational expressions based on a first
10 approximation in which components of the foreground object
contained in the mixed pixel data change substantially
linearly with respect to the positions of the pixels, and a
second approximation in which the mixture ratio of the mixed
pixel data extracted from the designated frame changes
15 substantially linearly with respect to the positions of the
pixels.

The image processing apparatus may further include
foreground/background separation means for separating the
image data into a foreground object image consisting of only

20 the foreground object components which form the foreground
object in the image data and a background object image
consisting of only background object components which form
the background object in the image data based on the mixture
ratio corresponding to the designated pixel.

25 The mixture-ratio detection means may detect the



5 of extracting, in correspondence with a designated pixel of a designated
frame of image data, m xed pixel data, which is pixel data, in which a
plurality of objects contained in the inage data are m xed, fromthe
designated frame and a peripheral frame around the designated frane in
accordance 10 with a notion of a foreground object which forns a
foreground of the plurality of objects, and also of extracting, in
correspondence with the m xed pi xel data, background pixel data, which is
the pi xel data, corresponding to a bagkground object which forns a 15
background of the plurality of objects, the background pixel data being
associated with the corresponding m xed pixel data, froma franme different
fron1themﬁ& mes f% m iChoﬁQ% n% %d 5§eliQ%t% re extrac ed in

accor danfe* WY &% 68 °SrthE back rouﬁ& oBj ect S6 Aas generate a
plural i ty,gf 2 ColaL gl expressl ans padiealidd f glatianshi ps between the
m xed pi Xé ata and “the bac ground pi Xel Jat a “Concer i'ng~ ‘the designated
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indicating a m xture sta alirty o tsinthe real world
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the rel ational -expression generating step, the plurality of a
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conponents of the foreground object contained in the m xed pixel data

change subgleanignalteyi Frameeart ¥makleh daespeati Ked PikenOslattiaQnwhakhnt he
pi xel s, and a second approximation in which the m xture ratio of the m xed

pixel data, in which a plurality of objects contained in the
image data are mixed, from the designated frame and a
peripheral frame around the designated frame in accordance

10 with a motion of a foreground object which forms a
foreground of the plurality of objects, and also of
extracting, in correspondence with the mixed pixel data,
background pixel data, which is the pixel data,
corresponding to a background object which forms a

15 Dbackground of the plurality of objects, the background pixel
data being associated with the corresponding mixed pixel
data, from a frame different from the frames from which the
mixed pixel data are extracted in accordance with a motion
of the background object, so as to generate a plurality of

20 relational expressions indicating relationships between the
mixed pixel data and the background pixel data concerning
the designated pixel; and a mixture-ratio detection step of
detecting a mixture ratio indicating a mixture state of the
plurality of objects in the real world concerning the

25 designated pixel based on the relational expressions. In



pi xel data extracted fromthe designated-frame changes substantially
linear with respect to the positions of the pixels. 10 The i mge
processi ng nethod may further include a foreground/ background separation"
step of separating the inage data into a foreground object inmge
consisting of only the foreground object conmponents which formthe
foreground object in the imge data and a background object inage 15
consi sting of only background object conponents which form the background
object in the imge data based on the ®mi xture ratio corresponding to the
designated pixel. In the mxture-ratio detection step, the mxture ratio
may be detected by solving the plurality of relational 20 expressions
accordi ng,to alr'raect.hod of Ieastsisocl]‘ua Ar ogr.am of_,a first .r. cor(¥ ng
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forms a foreground of the plurality of objects, and also of extracting,
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is the pixel data, corresponding to a background object which fornms a

backgr oungceind kg ptowialaitliybnofi noRina@hS t Hehenibaak@® etd opiofelthe mixed
pixel data extracted from the designated frame changes
.substantially linear with respect to the positions of the
pixels.

10 The image processing method may further include a
foreground/background separation step of separating the
image data into a foreground object image consisting of only
the foreground object components which form the foreground
object in the image data and a background object image

15 consisting of only background object components which form
the background object in the image data based on the mixture
ratio corresponding to the designated pixel.

In the mixture-ratio detection step, the mixture ratio
may be detected by solving the plurality of relational

20 expressions according to a method of least squares.

A program of a first recording medium of the present
invention includes: a relational-expression generating step
of extracting, in correspondence with a designated pixel of

a designated frame of image data, mixed pixel data, which is

25 pixel data, in which a plurality of objects contained in the



data being associated with the corresponding m xed pixel 10 data, froma
frame different fromthe frames fromwhich the m xed pixel data are
extracted in accordance with a notion of the background object, so as to
generate a plurality of relational expressions indicating relationships
between the m xed pixel data and the background pi xel data concerning 15
the designated pixel; and a mxture-ratio detection step of detecting a
m xture ratio indicating a m xture state of the plurality of objects in
the real world concerning the " designhaged pixel based on the rel ational
expressions. In the rel ational -expression generating step, the plurality
of 20 rel ational expressions are generated based on a first approxinmation
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corresponding to a background object which forms a
background of the plurality of objects, the background pixel
data being associated with the corresponding mixed pixel

10 data, from a frame different from the frames from which the
mixed pixel data are extracted in accordance with a motion
of the background object, so as to generate a plurality of
relational expressions indicating relationships between the
mixed pixel data and the background pixel data concerning

15 the designafed pixel; and a mixture-ratio detection step of
detecting a mixture ratio indicating a mixture state of the
plurality of objects in the real world concerning the
designated pixel based on the relational expressions. In
the relational-expression generating step, the plurality of

20 relational expressions are generated based on a first
approximation in which components of the foreground object
contained in the mixed pixel data change substantially
linearly with respect to the positions of the pixels, and a
second approximation in which the mixture ratio of the mixed

25 pixel data extracted from the designated frame changes



In the m xture-ratio detection step, the mxture ratio may be detected by
solving the plurality of relational expressions according to a nethod of

| east squares. A first program of the present invention allows a 15
conputer to execute: a relational-expression generating step of
extracting, in correspondence with a designated pixel of a designated
frame of image data, m xed pixel data, which is pixel data, in which a
plurality of objects contained in the inage data are m xed, fromthe
designated frane and a 20 peri pheral -frrare around the designated franme in
accordance wth a notion of a foreground object which forns a foreground
of the plurality of objects, and also of extracting, in correspondence

with the m xed pi.xel. dat.a, background pi xel ta, which is 't pi xel dat a,
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pluralitﬁ.%fl%bjects, t he background pi xel data being associated with the
correspo di r?g m xed pixel data, froma frame different fromthe franes
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generating step, the plurality of
image data and a background object image consisting of only
background object components which form the background
object in the image data based on the mixture ratio
10 corresponding to the designated pixel.

In the mixture-ratio detection step, the mixture ratio
may be detected by solving the plurality of relational
expressions according to a method of least squares.

A first program of the present invention allows a

15 computer to execute: a relational-expression generating step
of extracting, in correspondence with a designated pixel of
a designated frame of image data, mixed pixel data, which is
pixel data, in which a plurality of objects contained in the
image data are mixed, from the designated frame and a

20 peripheral frame around the designated frame in accordance
with a motion of a foreground object which forms a
foreground of the plurality of objects, and also of
extracting, in correspondence with the mixed pixel data,
background pixel data, which is the pixel data,

25 corresponding to a background object which forms a



rel ati onal expressions are generated based on a first approximtion in

whi ch conponents of the foreground object 15 contained in the m xed pi xel
data change substantially linearly with respect to the positions of the

pi xel s, and a second approxinmation in which the m xture ratio of the m xed
pi xel data extracted fromthe designated frame changes substantially |inear
wWth respect to the positions of the 20 pixels. The program may further

i ncl ude a foreground/ background separation step of separating the inage
data into a foreground object inmage-cgnsisting of only the foreground

obj ect components which formthe foreground object in the 25 i nage data and
a background object inmage consisting of only background object conponents
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for extracting, in correspondence with a designated pixel of "a designated
frame of dehatim@e dabessions indicating relationships between the
mixed pixel data and the background pixel data concerning
the designated pixel; and a mixture-ratio detection step.of
detecting a mixture ratio indicating a mixture state of the
10 plurality of objects in the real world concerning the
designated pixel based on the relational expressions.. In
the relational-expression generating step, the plurality of
relational expressions are generated based on a first
approximation in which components of the foreground object
15 contained in the mixed pixel data change substantially
linearly with respect to the positions of the pixels, and a
second approximation in which the mixture ratio of the mixed
pixel data extracted from the designated frame changes
substantially linear with respect to the positions of the
20 pixels.
The program may further include a foreground/background
separation step of separating the image data into a
foreground object image consisting of only the foreground
object components which form the foreground object in the

25 image data and a background object image consisting of only



15 m xed pixel data, which is the pixel data, in which a plurality of
objects contained in the inmage data are m xed, fromthe designated frane
and a peripheral franme around the designated frame in accordance with a
notion of a foreground object which forns a foreground of the plurality of
objects, 20 and also for extracting, in correspondence with the m xed

pi xel data, background pixel data, which is the pixel data, corresponding
to a background object which forns a background of the plurality of

obj ects, the background pixel data bepng associated with the corresponding
m xed pixel 25 data, froma frame different fromthe franes fromwhich the
- 10 mxed pixel data are extracted in accordance with a notion of the
background ener at ali t ti onal, expressions
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A first image-capturing apparatus of the present
invention includes: image-capturing means for outputting a
subject image captured by an image-capturing device

10 including a predetermined number of pixels having a time
integrating function as image data consisting of a
predetermined number of pixel data; relational-expression
generating means for extracting, in correspondence with a
designated pixel of a designated frame of the image data,

15 mixed pixel data, which is the pixel data, in which a
plﬁrality of objects contained in the image data are mixed,
from the designated frame and a peripheral frame around the
designated frame in accordance with a motion of a foreground
object which forms a foreground of the plurality of objects,

20 and also for extracting, in correspondence with the mixed
pixel data, background pixel data, which is the pixel data,
corresponding to a background object which forms a
background of the plurality of objects, the background pixel
data being associated with the corresponding mixed pixel

25 data, from a frame different from the frames from which the



substantially linearly with respect to the positions of the pixels. The

i mage-capturing apparatus may further include foreground/background
separation nmeans for separating the 20 inage data into a foreground object

i mge consisting of only the foreground object conponents which formthe
foreground object in the inmage data and a background object inmage

consi sting of only background object conponents which form the background
object in the imge data based on the m xture 25 ratio corresponding to the
designated pixel. - 11 The m xture-+at0 o-detecti on neans may detect the

m xture ratio by solving the plurality of relational expressions according
to a nethod of |east squares. A second i mage processi ng apparatus of the

pr esent ﬁ1&%ﬁ?%&&%ﬁ dQ%'”% % ex%l t% ahneégkgs%é%% geng&atln Teans for

extractlng i'n correspondenc WTh eS|gnate plxel a 5b3|gnated
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desi gnated frane as gr ou pi xel "data “correspond to a background
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extracting designated pixel data of the designate plxe proximty

pi xel dataxefy piRlielatacanedthe ©he%e e @S‘ltx)élw'd%ﬂ%at G%nc@%ua@at ed pi xel
in the designated frame so as to generate a plurality of relational

expressi @he Idré@lg@brt@a pekalli;onsdl pS xtorefrbhe odeshanatied pexak @¢ata, the
proxi mty pixel ta, and the background pi xel data corresponding to the
desi gnat @é@tecting a mixture ratio indicating a mixture state of the
plurality of objects in the real world concerning the
designated pixel based on the relational expressions. The
relational-expression generating means generates the
10 plurality of relational expressions based on a first
approximation in which components of the foreground object
contained in the mixed pixel data change substantially
linearly with respect to the positions of the pixels, and a
second approximation in which the mixture ratio of the mixed
15 pixel data extracted from the designated frame changes
substantially linearly with respect to the positions of the
pixels.
The image-—capturing apparatus may further include
foreground/background separation means for separating the
20 image data into a foreground object image consisting of only
the foreground object components which form the foreground
object in the image data and a background object image
consisting of only background object components which form
the background object in the image data based on the mixture

25 ratio corresponding to the designated pixel.



pi xel data or the proxinmity pixel data concerning the designated pixel

and m xture-ratio detection neans for detecting a mxture ratio indicating
a mxture state of the 20 plurality of objects in the real world concerning
the designated pixel based on the rel ational expressions. The

rel ati onal - expressi on generating nmeans generates the plurality of

rel ati onal expressions based on an approximtion in which the m xture
ratio corresponding to 25 the designated pixel and the proximty pixel is
uniform - 12 The relational -expression generating neans my generate the
plurality of relational expressions based on an approximtion in which
components of a foreground object of the plurality of objects contained in
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data and a background object imge consisting of only background object
conponenttg rweixgalc®iMg, in correspondence with a designated pixel of

a designated frame of image data, pixel data of a peripheral
frame around the designated frame as background pixel data
corresponding to a background object of a plurality of

10 objects of the image data, and also for extracting
designated pixel data of the designated pixel and proximity
pixel data of a pixel located in close proximity with the
designated pixel in the designated frame so as to generate a
plurality of relational expressions indicating relationships

15 of the designated pixel data, the proximity pixel data, and
the background pixel data corresponding to the designated
pixel data or the proximity pixel data concerning the
designated pixel; and mixture-ratio detection means for
detecting a mixture ratio indicating a mixture state of the

20 plurality of objects in the real.world concerning the
designated pixel based on the relational expressions. The
relational-expression generating means generates the
plurality of relational expressions based on an
approximation in which the mixture ratio corresponding to

25 the designated pixel and the proximity pixel is uniform.



t he background object in the i nage data based on the m xture

ratio

corresponding to the designated pixel. 20 The m xture-rati o detecti on neans

may detect the mxture ratio by solving the plurality of rel
expressions according to a nethod of |east squares. A second
processi ng nethod of the present invention includes: a

ati onal
i mge

rel ati onal - expressi on generating step 25 of extracting, in correspondence
with a designated pixel of - 13 a designated frame of the imge data,
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the plurality of relational expressions based on an

approximation in which components of a foreground object of

the plurality of objects contained in the designated pixel

10 data and the proximity pixel data change substantially

linearly with respect to the positions of the pixels.

The image processing apparatus may include

foreground/background separation means for separating the

image data into a foreground object image consisting of only

15 the foreground object components which form the foreground

object in the image data and a background object image

consisting of only background object components which form

the background object in the image data based on the mixture

ratio corresponding to the designated pixel.

20 The mixture-ratio detection means may detect the
mixture ratio by solving the plurality of relational
expressions according to a method of least squares.

A second image processing method of the present

invention includes: a relational-expression generating step

25 of extracting, in correspondence with a designated pixel of



to the designated pixel and the proximty pixel is uniform 20 In the

rel ati onal - expressi on generating step, the plurality of relational
expressions nay be generated based on an approxinmation in which conponents
of a foreground object of the plurality of objects contained in the

desi gnated pi xel data and the proximty pixel data are 25 uniform - 14 |In
the rel ational -expression generating step, the plurality of relational
expressions nay be generated based on an approxinmation in which conponents
of a foreground object of the plural nBy-of objects contained in the 5

desi gnated pi xel data and the proximty pixel data change substantially
linearly mﬁth respect to the positions of the pixels. The inage processing
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proximity pixel data of a pixel located in close proximity
with the designated pixel in the designated frame so as to
generate a plurality of relational expressions indicating
relationships of the designated pixel data, the proximity

10 pixel data, and the background pixel data corresponding to
the designated pixel data or the proximity pixel data
concerning the designated pixel; and a mixture-ratio
detection step of detecting a mixture ratio indicating a
mixture state of the plurality of objects in the real world

15 concerning the designated pixel based on the relational
expressions. In the relational-expression generating step,
the plurality of relational expressions are generated based
on an approximation in which the mixture ratio corresponding
to the designated pixel and the proximity pixel is uniform.

20 In the relational-expression generating step, the
plurality of relational expressions may be generated based
on an approximation in which components of a foreground
object of the plurality of objects contained in the
designated pixel data and the proximity pixel data are

25 uniform.



20 invention includes: a rel ational -expression generating step of
extracting, in correspondence with a designated pixel of a designated
frame of inage data, pixel data of a peripheral frane around the

desi gnated frane as background pi xel data corresponding to a background
object of a plurality of 25 objects of the inmage data, and al so of
extracting designated - 15 pixel data of the designated pixel and
proximty pixel data of a pixel located in close proxinmty with the
designated pixel in the designated-fname so as to generate a plurality of
rel ati onal expressions indicating relationships of the 5 designated pixel
data, the proximty pixel data, and the background pixel dat a
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The image processing method may further include a
foreground/background separation step of separating the
10 image data into a foreground object image consisting of only
the foreground object components which form the foreground
object in the image data and a background object image
consisting of only background object components which form
the background object in the image data based on the mixture
15 ratio corresponding to the designated pixel.

In the mixture-ratio detection step, the mixture ratio
may be detected by solving the plurality of relational
expressions according to a method of least squares.

A program of a second recording medium of the present

20 invention includes: a relational-expression generating step
of extracting, in correspondence with a designated pixel of
a'designated frame of image data, pixel data of a peripheral
frame around the designated frame as background pixel data
corresponding to a background cobject of a plurality of

25 objects of the image data, and also of extracting designated



uniform In the relational -expression generating step, the plurality of

rel ati onal expressions nmay be generated based on an approximation in which
conponents of a foreground 25 object of the plurality of objects contained
in the - 16 designated pixel data and the proximty pixel data change
substantially linearly with respect to the positions of the pixels. The
program may i nclude a foreground/ background 5 separation step of
separating the inmage data into a foreground object image consisting of
only the foreground object conponents mhi-ch formthe foreground object in
the inmage data and a background object inage consisting of only

background obj ect conponents which formthe background 10 object in the

i mge data_based,on th ture rati correspondi n t he_desi.gnat ed
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background pixel data corresponding to the designated pixel
data or the proximity pixel data concerning the designated
pixel; and a mixture-ratio detection step of detecting a
mixture ratio indicating a mixture state of the plurality of

10 objects in the real world concerning the designated pixel
based on the relational expressions. In the relational-
expression generating step, the plurality of relational
expressions are generated based on an approximation in which
the mixture ratio corresponding to the designated pixel and

15 the'proximity pixel is uniform.

In the relational-expression generating step, the
plurality of relational expressions may be generated based
on an approximation in which components of a foreground
object of the plurality of objects contained in the

20 designated pixel data and the proximity pixel data are
uniform.

In the relational-expression generating step, the
plurality of relational expressions may be generated based

on an approximation in which components of a foreground

25 object of the plurality of objects contained in the



pi xel data of the designated pixel and proximty pixel data of a pixel

| ocated in close proximty with the designated pixel in the designated
frame so as to generate a plurality 25 of relational expressions indicating
relati onships of the F - 17 designated pixel data, the proximty pixel
data, and the background pixel data corresponding to the designated pixel
data or the proximty pixel -data concerning the designated pixel; and a

m xture-ratio detection step of detecting a 5 mxture ratio indicating a

m xture state of the plurality of objerts in the real world concerning the
desi gnat ed pi xel based on the relational expressions. In the relational -
expression generating step, the plurality of relational expressions are

gener at ed based o an_approxi mation_in which 10 the ure atio
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foreground object image consisting of only the foreground
object components which form the foreground object in the
image data and a background object image consisting of only
background object components which form the background

10 object in the image data based on the mixture ratio
corresponding to the designated pixel.

In the mixture-ratio detection step, the mixture ratio
may be detected by solving the plurality of relaticnal
expressions according to a method of least squares.

15 A second program of the present invention allows a
computer to execute: a relational-expression generating step
of extracting, in correspondence with a designated pixel of
a designated frame of image data, plxel data of a peripheral
frame around the designated frame as background pixel data

20 corresponding to a background object of a plurality of
objects of the image data, and also of extracting designated
pixel data of the designated pixel and proximity pixel data
of a pixel located in close proximity with the designated
pixel in the designated frame so as to generate a plurality

25 of relational expressions indicating relationships of the



desi gnated pi xel data and the proximty pixel data change substantially
linearly with respect to the positions of the pixels. 25 The program may
further include a foreground/ background - 18 separation step of separating
the image data into a foreground object imge consisting of only the
foreground object conponents which formthe foreground object in the

i mge data and a background object image consisting of only 5 background
obj ect components which formthe background object in the inage data based
on the mxture ratio corresponding-tq7he designated pixel. In the

m xture-ratio detection step, the mxture ratio my be detected by sol ving
the plurality of relational 10 expressions according to a nmethod of | east
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for extracting, in correspon ce w esi gnat I xe esi gnat ed

frame of ;thei.mage dahaxtupPkXehtd8t ae@bcRiBAM 5RBGr 8l fEaABLaKguURd the
desi gnated frane 20 as background pi xel data corresponding to a background

obj ec ofiatnker ahii¥ 9hdebheshy 8f miheukEBgeadat ar aRd plsealiey of
extracting designated pixel data of the designated pixe
objects in the real world concerning the designated pixel
based on the relational expressions. In the relational-
expression generating step, the plurality of relational
expressions are generated based on an approximation in which
10 the mixture ratio corresponding to the designated pixel and
the proximity pixel is uniform.

In the relational-expression generating step, the
plurality of relational expressions may be generated based
on an approximation in which components of a foreground

15 object of the plurality of objects contained in the
designated pixel data and the proximity pixel data are
uniform.

In the relational-expression generating step, the
plurality of relational expressions may be generated based

20 on an approximation in which components of a foreground
object of the plurality of objects contained in the
designated pixel data and the proximity pixel data change
substantially linearly with respect to the positions of the
pixels.

25 The program may further include a foreground/background



and proximty pixel data of a pixel located in close proximty with the
desi gnated pixel in the designated frane 25 so as to generate a plurality
of relational expressions - 19 indicating relationships of the designated
pi xel data, the proximty pixel data, and the background pi xel data
corresponding to the designated pixel data or the proximty pixel data
concerning the designated pixel; and m xture 5 ratio detection neans for
detecting a mxture ratio indicating a m xture state of the plurality of
objects in the real world concerningitghe desi gnated pi xel based on the
rel ati onal expressions. The rel ational -expressi on generating neans
generates the pIuraIity of relational 10 expressions based on an
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data change Substantially Ilinearly with respect to the positions of the

pi xel s. object in the image data based on the mixture ratio
corresponding to the designated pixel.

In the mixture-ratio detection step, the mixture ratio
may be detected by solving the plurality of relational

10 expressions according to a method of least squares.

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

15 integrating function as image data consisting of a
predetermined number of pixel data; relational—expression
generating means for extracting, in correspondence with a
designated pixel of a designated frame of the image data,
pixel data of a peripheral frame around the designated frame

20 as background pixel data corresponding to a background
object of a plurality of objects of the image data, and also
for extracting designated pixel data of the designated pixel
and proximity pixel data of a pixel located in close
proximity with the designated pixel in the designated frame

25 so as to generate a plurality of relational expressions



The i mage-capturing apparatus may further include 25 foreground/ background
separation neans for separating the - 20 inmage data into a foreground

obj ect imge consisting of only the foreground object conponents which
formthe foreground object in the inmage data and a background object inmage
consi sting of only background object conponents which form5 the background
object in the imge data based on the m xture ratio corresponding to the
desi gnated pixel. The m xture-ratio detection nmeans may detect the mxture
ratio by solving the plurality of rel awmi enal expressions according to a
met hod of |east squares. 10 In correspondence wth a designated pixel of a
desi gnat ed frane of image data, m xed pixel data, which is pixel data, in
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framg dkBi@beHEtEEQﬂbhhﬁeéﬁ@”@@rfa@ﬂbﬂhhﬁ bheiptyed phyxeb data are
extracted in accordance with a notion of the background object. A
pluralitynaficaeliali anpixexpeesshessoEndheapliidality of objects in
the real world concerning the designated pixel based on the
relational expressions. The relational-expression
generating means generates the plurality of relational
10 expressions based on an approximation in which the mixture
ratio corresponding to the designated pixel and the
proximity pixel is uniform.
The relational-expression generating means may generate
the plurality of relational expressions based on an
15 approximation in which components of a foreground object of
the plurality of objects contained in the designated pixel
data and the proximity pixel data are uniform.
The relaticnal-expression generating means may generate
the plurality of relational expressions based on an
20 approximation in which components of a foreground object of
the plurality of objects contained in the designated pixel
data and the proximity pixel data change substantially
linearly with respect to the positions of the pixels.
The image-capturing apparatus may further include

25 foreground/background separation means for separating the



25 rel ationshi ps between the m xed pi xel data and the - 21 background

pi xel data are generated concerning the designated pixel. A mxture ratio
indicating a mxture state of the plurality of objects in the real world-
i's detected concerning the designated pixel based on the 5 rel ational
expressions. In the generation of the relational expressions, the
plurality of relational expressions are generated based on a first

approxi mation in which conponents of the foreground object contained in
the m xed pixel data change substantig)ly linearly with respect to the
positions 10 of the pixels, and a second approximation in which the

m xture ratio of the m xed pixel data extracted fromthe designated frame
changes substa ect .to the positions
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pi xel data corresponding fo the designat 5 pixel data or the proximty
pi xel dat-atdbecgeresabiding to the designated pixel.

The mixture-ratio detection means may detect the
mixture ratio by solving the plurality of relational
expressions according to a method of least squares.

10 In correspondence with a designated pixel of a
designated frame of image data, mixed pixel data, which is
pixel data, in which a plurality of objects contained in the
image.data are mixed, are extracted from the designated
frame and a peripheral frame around the designated frame in

15 accordance with a motion of a foreground object which forms
a foreground of the plurality of objects. Also, in
correspondence with the mixed pixel data, background pixel
data, which is the pixel data, corresponding to a background
object which forms a background of the plurality of objects,

20 the background pixel data being associated with the
corresponding mixed pixel data, are extracted from a frame
different from the frames from which the mixed pixel data
are extracted in accordance with a motion of the background
object. A plurality of relational expressions indicating

25 relationships between the mixed pixel data and the



- 22 concerning the designated pixel. A mxture ratio indicating a

m xture state of the plurality of objects in the real world is detected
concerni ng the designated pixel based on the relational expressions. In
t he generation of the 5 relational expression, the plurality of rel ational
expressions are generated based on an approximation in which the mxture
rati o corresponding to the designated pixel and the proximty pixel is
uniform Wth this arrangenent, the m xture ratio indicating the 10

m xture state of a plurality of objectsy, such as a background image and a
novi ng obj ect inmage, can be detected. Brief Description of the Draw ngs
Fig. 1 illustrates the principle of the present 15 invention. Fig. 2 is a
bl ock diggrgn1illgstrat'ng gn exanpl e oft ahe confi uraﬁbon to which the
present PR7EAEPBA iglﬁﬁkl 842 2EPgIe8er8ts bF88Ee8Pgﬁga Fllustrating an
exanple qf the configuration of signal .pro .12 shown.in Fig. 2. 20
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5 relational expressions. In the generation of the relational
expressions, the plurality of relational expressions  are
generated based on a first approximation in which components
of the foreground object contained in the mixed pixel data
change substantially linearly with respect to the positions

10 of the pixels, and a second approximation in which the
mixture ratio of the mixed pixel data extracted from the
designated frame changes substantially linearly with respect
to the positions of the pixels.

In correspondence with a designated pixel of a

15 designated frame of the image data, pixel data of a
peripheral frame around the designated frame are extracted
as background pixel data corresponding to a background
object of a plurality of objects of the image data. Also,
designated pixel data of the designated pixel and proximity

20 pixel data of a pixel located in close proximity with the
designated pixel in the designated frame are extracted. A
plurality of relational expressions indicating relationships
of the designated pixel data, the proximity pixel data, and
the background pixel data corresponding to the designated

25 pixel data or the proximity pixel data are generated



capturing an object corresponding to a noving foreground and an obj ect
corresponding to a stationary background. Fig. 8B illustrates a nodel of an
i mge obtained by 5 inmge-capturing an object corresponding to a noving
foreground and an object corresponding to a stationary background. Fig. 9
illustrates a background area, a foreground area, a m xed area, a covered
background area, and an uncovered 10 background area. Fig. 10 illustrates a
nodel obtained by expanding in the tine direction the pixel values of

pi xel s aligned side- by-side in an i4mge -obtai ned by i mage-capturing an
object corresponding to a stationary foreground and an the object 15
corresponding to a stationary background. Fig. 11 illustrates a nodel in

whi ch pi xel I ded.in.the ti di i d, i od
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a mxed area are extracted.
5 relational expression, the plurality of relational
.expressions are generated based on an approximation in which
the mixture ratio corresponding to the designated pixel and
the proximity pixel is uniform.
With this arrangement, the mixture ratio indicating the

10 mixture state of a plurality of objects, such as a

background image and a moving object image, can be detected.

Brief Description of the Drawings
Fig. 1 illustrates the principle of the present
15 invention.
Fig. 2 is a block diagram illustrating an example of
the configuration to which the present invention is applied.
Fig. 3 is a block diagram illustrating an example of
the configuration of a signal processor 12 shown in Fig. 2.
20 Fig. 4 is a block diagram illustrating the signal
processor 12.
Fig. 5 illustrates the image capturing performed by a
sensor.
Fig. 6 illustrates the arrangement of pixels.

25 Fig. 7 illustrates the operation of a detection device.



Fig. 15 illustrates the relationshi ps between pixels and a nodel obtained
by expanding the pixel values inthe 5 time direction. Fig. 16 illustrates
a nodel in which pixel values are expanded in the time direction and the
period corresponding to the shutter tine is divided. Fig. 17 illustrates a
nodel in which pixel values are 10 expanded in the tinme direction and the
period corresponding to the shutter tinme is divided. Fig. 18 illustrates a
nodel in which pixel values are expanded in the tinme direction and the
period corresponding to the shutter pgne is divided. 15 Fig. 19
illustrates a nodel in which pixel values are expanded in the tine
direction and the period corresponding to the shutter tinme is divided.

Fig. 20 illustrates a nodel in which pixel values are  expanded in the tine
di rection and %e Bp“erlil&d‘%ar%(ﬁ{ﬂi’ﬁgagez@qt&%nr?éi Ht %ime is divided.
Fig. 21 is a flowhart jllustrating the processing, for_. adjusting t&e
amount of2RbYF HRI bRRroPFPGE 92X FESEORT R E?a@rrﬁ???i'rlqug‘??%%‘?%ﬁn@naré anpl e
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5 image-capturing an object corresponding to a moving
foreground and an object corresponding to a stationary
background.
Fig. 9 illustrates a background area, a foreground area,
a mixed area, a covered background area, and an uncovered
10 Dbackground area.

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

15 corresponding to a stationary background.

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

Fig. 12 illustrates a model in which pixel values are

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

Fig. 13 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.

25 Fig. 14 illustrates an example in which pixels in a



to the shutter tine is divided. 5 Fig. 25 illustrates a nodel in which
pi xel values are expanded in the tinme direction and the period

corresponding to the shutter tine is divided. Fig. 26 illustrates a nodel
in which pixel values are expanded in the tine direction and the period
corresponding 10 to the shutter tine is divided. Fig. 27 illustrates the
conditions for determning the area. Fig. 28A illustrates an exanple of the

result obtained by specifying the area by the area specifying unit 103. 15
Fig. 28B illustrates an exanple of theagesult obtained by specifying the
area by the area specifying unit 103. Fig. 28C illustrates an exanpl e of
the result obtained by specifying the area by the area specifying unit 103.
Fig. 28D_illustrates an exanple of the result 8btalned 20 by eci fying
the arcafByePREUAfcarEpectf JPABIBRIEI1B5SSF G028 PLFGE: PAFRS2ER exanpl o of
t he result obt |§ed by specifying the area by the area specifying unit

103. Flg. fl owchart iIIustrating the area specifying processing.

fﬁeFL?ea3ipéi.?@Phﬁgﬁh.%aﬁééglé% LA PR Bellan BT Lkl

val ues atgq gxmeagfdabgﬁgggdtbgeeqbsﬁa&hantﬁedpans1p€5&9g3095r@ﬁeond'ng to

t he shut ine 1S
5 time direction.

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

Fig. 17 illustrates a model in which pixel values are

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

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

15 Fig. 19 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.

Fig. 20 illustrates a model in which pixel wvalues are
expanded in the time direction and the period corresponding

20 to the shutter time is divided.

Fig. 21 is a flowchart illustrating the processing for
adjusting the amount of motion blur.

Fig. 22 is a block diagram illustrating an example of
the configuration of an area specifying unit 103.

25 ~ Fig. 23 illustrates an image when an object



5 Fig. 33 illustrates an exanple of a background image. Fig. 34 is a block
diagramillustrating the configuration of a binary-object-inmge extracting
portion 302. Fig. 35A illustrates the calculation of a correlation 10
value. Fig. 35B illustrates the calculation of a correlation value. Fig.
36A illustrates the calculation of a correlation value. 15 Fig. 36B
illustrates the calculation of a correlation value. Fig. 37 illustrates an
exanple of the binary object image. Fig. 38 is a bl ock diagram
illustrating the 20 configuration af & time change detector 303. Fig. 39
illustrates determ nations nade by an area determ ning portion 342. Fig.
40 illustrates an exanple of determ nations nade by the tine change

detector 303. 25 Fig. 41 is_a flomchg illustrating the area specifying -
27 proc%@gFﬁﬁp%%?¥%gnEﬂ PyLPREIEPRAASHBRCPPYFRAG  unit 103. Flg 42 is a

o RS Pl S R R O %
speC|fy|Qg gﬂhédlo3 the time direction and the period corresponding
to the shutter time is divided.

5 Fig. 25 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.

Fig. 26 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
10 to the shutter time is divided.
Fig. 27 illustrates the conditions for determining the
area.
Fig. 28A illustrates an example of the result obtained
by specifying the area by the area specifying unit 103.
15 Fig. 28B illustrates an example of the result obtained
by specifying the area by the area specifying unit 103.
Fig. 28C illustrates an example of the result obtained
by specifying the area by the area specifying unit 103.
Fig. 28D illustrates an example of the result obtained
20 by specifying the area by the areé specifying unit 103.
Fig. 29 illustrates an example of the result obtained
by specifying the area by the area specifying unit 103.
Fig. 30 is a flowchart illustrating the area specifying
processing.

25 Fig. 31 is a block diagram illustrating another




Fig. 44 is a block diagramillustrating the configuration of a

r obust - processing portion 361. Fig. 45 illustrates notion conpensation
performed by a notion conpensator 381. 10 Fig. 46 illustrates notion
conpensation performed by the notion conpensator 381. Fig. 47 is a
flowchart illustrating the area specifying processing. Fig. 48 is a
flowchart illustrating details of the 15 robust processing. Fig. 49 is a
bl ock diagramillustrating the configuration of a m xture-ratio cal cul ator
104. Fig. 50 illustrates an exanpl e ofpg he ideal m xture ratio a. 20 Fig.
51 illustrates a nodel in which pixel values are expanded in the tine
direction and the period corresponding to the shutter time is divided.

Fig. 52 illustrates a nodel in which pixel values are expanded in the tine
dlrectloﬁoéﬁ&gﬁﬁétﬁépléé EBPré§SénéPﬁ§leSnﬂouPH§ dRdtter time is divided.
- 28 Fig. 53 lIIu % a nodel in

s val ue anded in
the t e i cEtFon ‘ﬁ%t’f)%'??%dac%‘?&% SR ALCh BLFRD ChEEEE SEF e | s
di vi ded. Fi tes str I|n for roxi mating .5 the
mixture PaPBIEY iy RS TR, i PRPELIH BnangnFoPeRRRrokPRREPRECEREY
to the shutter time is divided.
5 Fig. 33 illustrates an example of a background image.
Fig. 34 is a block diagram illustrating the
configuration of a binary-object-image extracting portion
302.
Fig. 35A illustrates the calculation of a correlation
10 wvalue.
Fig. 35B illustrates the calculation of a correlation
value.
Fig. 36A illustrates the calculation of a correlation
value.
15 Fig. 36B illustrates the calculation of a correlation
value.
Fig. 37 illustrates an example of the binary object
image.
Fig. 38 is a block diagram illustrating the
20 configuration of a time change detector 303.
Fig. 39 illustrates determinations made by an area
determining portion 342.
Fig. 40 illustrates an example of determinations made

by the time change detector 303.

25 Fig. 41 is a flowchart illustrating the area specifying



m xture ratio a. Fig. 56 illustrates a nodel in which pixel values are
expanded in the tinme direction and the period corresponding 10 to the
shutter tine is divided Fig. 57 illustrates the rel ationships of the pixels
inaplurality of frames when the m xture ratio a is calculated. Fig. 58
illustrates a nodel in which pixel values are expanded in the tine
direction and the period corresponding 15 to the shutter tine is divided.
Fig. 59 is a block diagramillustrating the configuration of the

m xture-ratio estimation processor 40b7 Fig. 60 is a block diagram
illustrating another configuration of the mxture-ratio calculator 104. 20
Fig. 61 is a flowhart illustrating the processing for calculating the

m xture ratio. Fig. 62 is a flowhart illustrating the processing for

cal cul at PR§CERELREt PREERIMRAKPYr EPPaBFE2 FPECLE¥1NEG HNBE0ER3di agr am
illustrating the 25 configuration of_ the mxture-ratjo calculator 104. -
29 Fig. 64 iTt9sttared & SHe9Fhait +h u§6¥a5bﬁgd§?5%}f590ft EntkEare

rati o a. Fig" 65 illustrates a plane for approximting the mxture ratio
a. 5 Fi gSPBEIYIOYt PAPESSERBIr el ati onships of the pixels in plurality of

frames when the mxture Lab{Q-R §aGREU PIekraflfy S¢ill! 455LALES the

rel ati onshi ps o1 t he pi xel's"Tn
5 configuration of the area specifying unit 103.

Fig. 44 is a block diagram illustrating the
configuration of a robust-processing portion 361.

Fig. 45 illustrates motion compensation performed by a
motion compensator 381.

10 Fig. 46 illustrates motion compensation performed by
the motion compensator 381.

Fig. 47 is a flowchart illustrating the area specifying
processing.
Fig. 48 is a flowchart illustrating details of the

15 robust processing.

Fig. 49 is a block diagram illustrating the
configuration of a mixture-ratio calculator 104.

Fig. 50 illustrates an example of the ideal mixture
ratio «.

20 Fig. 51 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.

Fig. 52 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding

25 to the shutter time is divided.



plurality of franmes when the mxture ratio a is calculated. Fig. 68 is a
bl ock diagramillustrating the 10 configuration of the estimated

m xture-ratio processor 501. Fig. 69 is a block diagramillustrating the
configuration of a mxture-ratio calculator 522. Fig. 70 is a flowhart
illustrating the mxture-ratio calculation processing. 15 Fig. 71 is a
flowchart illustrating the mxture-ratio estimating processing by using a
nodel corresponding to a covered background area. Fig. 72 is a bl ock
diagramillustrating an exanple of _thg configuration of a

f oregr ound/ background separator 105. 20 Fig. 73A illustrates an input

i mge, a foreground conponent inage, and a background conponent i mage.

Fig. 73Billustrates a nodel of an input jnage, a foreground conponent

amnggﬁ, and a %j?%kgﬁ‘%uiﬂ]dl‘%é?%%ga ﬂ%ﬁgt’elt h’F‘? d?“w;m-}’t%{t ?‘éatjééedsat el in
ic i xel v es are expanded.in ne_direction an g perio

corresBoﬁﬁPﬂ§g§g3ﬁn FBetFémghE%F%?gf?ﬂea?g gb@iﬁ%ﬁ?o i §OTT8SPPE Y ates a

nmodel in_which pjx val ues are..expanded in the tine direction and the
peri od cB?rtﬁﬁoﬁhPﬁtert R 8t YERE o is divided. 5 Fig. 76 illustrates
TP cor LED PAC NALUER LSy ORIARE 1 4 L I iy (e
di agraam {}Lugt Lahi89,-8p;6%gmpl e of
Fig. 55 illustrates a plane for approximating the
mixture ratio a.
Fig. 56 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
10 to the shutter time is divided
Fig. 57 illustrates the relationships of the pixels in
a plurality of frames when the mixture ratio a is calculated.
Fig. 58 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
15 to the shutter time is divided.
Fig. 59 is a block diagram illustrating the
configuration of the mixturé—ratio estimation processor 401.
Fig. 60 is a block diagram illustrating another
configuration of the mixture-ratio calculator 104.
20 Fig. 61 is a flowchart illustrating the processing for
calculating the mixture ratio.
Fig. 62 is a flowchart illustrating the processing for
calculating the estimated mixture ratio.
Fig. 63 is a block diagram illustrating the

25 configuration of the mixture-ratio calculator 104.



the configuration of a separating portion 601. 10 Fig. 78A illustrates an
exanpl e of a separated foreground conponent image. Fig. 78B illustrates an
exanpl e of a separated background conponent image. Fig. 79 is a flowhart
illustrating the processing for 15 separating a foreground and a
background. Fig. 80 is a block diagramillustrating an exanple of the
configuration of a notion-blur adjusting unit 106. Fig. 81 illustrates the
unit of processing. Fig. 82 illustrates a nodel in which the pixel val ues
20 of a foreground conponent inage arggexpanded in the time direction and
the period corresponding to the shutter tinme is divided. Fig. 83
illustrates a nodel in which the pixel values of a foreground conponent
image are expanded in the tinme 2S direction and the period correspondi ng
to the shuttefigi n®d-iBlusisatiesydeditraight shing| £¥F rAPRECHIMDEEII i n whi ch
t he pixel values of a foreground conponent inmage are expanded in the tine
di recti ofh8nBiERBrBeFRrEdOCHrresponding to the shutter tine 5 is divided.
Fig. 85 illustrates_ a npdel in which_ the Pixel val ues = of a foreground

conmponent i meaigEd ar@® ekparIBERFRS t AP 1P TOF r ARR T ORI RAE R RetBRr i od

correspondigg to tge shutter tine is divided.
mix re ratlo .

5 Fig. 66 illustrates the relationships of the pixels in
a plurality of frames when the mixture ratio a is calculated.
Fig. 67 illustrates the relationships of the pixels in
a plurality of frames when the mixture ratio a is calculated.
Fig. 68 is a block diagram illustrating the
10 configuration of the estimated mixture-ratio processor 501.
Fig. 69 is a block diagram illustrating the
configuration of a mixture-ratio calculator 522.
Fig. 70 is a flowchart illustrating the mixture-ratio
calculation processing.

15 _Fig. 71 is a flowchart illustrating the mixture-ratio
estimating processing by using a model corresponding to a
covered background area.

Fig. 72 is a block diagram illustrating an example of
the configuration of a foreground/background separator 105.

20 Fig. 73A illustrates an input image, a foreground
component image, and a background component image.

Fig. 73B illustrates a model of an input image, a
foreground component image, and a background component image.
Fig. 74 illustrates a model in which pixel values are

25 expanded in the time direction and the period corresponding



10 Fig. 86 illustrates an exanple of another configuration. of the
notion-blur adjusting unit 106. Fig. 87 is a flowhart illustrating the
processing for adjusting the anbunt of notion blur contained in a
foreground conponent image performed by the notion-blur 15 adjusting unit
106. Fig. 88 is a block diagramillustrating an exanple of another
configuration of the notion-blur adjusting unit 106. Fig. 89 illustrates
an exanpl e of a nodel in which the relationships between pixel values and
foreground conponents 20 are indicateg Fig. 90 illustrates the

cal cul ation of foreground conponents. Fig. 91 illustrates the cal cul ation
of foreground conponents. 25 Fig. 92 is a flowhart illustrating the

processing for - 32 elininatinainpti n blur contained in a foreground.

Fig. 93 8 &b 8RRtEPEGFLMAR EPUSEYAEFRg anot her configuration of the

function of the sipga] Progcessor 1 0, 94 jllustr he configuration
-5

of a synthesiZ oI UFF ALY ?éh%dsgjr otk %}lr‘aﬁ’ﬁ’f? 5‘2#%?? - @anot her
configuration_ of the function of the signal processor, 12. Fig. 96 is a
bl ock diSéP&HFFPlbEtFéFiﬁbmétPFFeﬁngﬂegngc8ﬁFi88Fé??oﬁ°5FeFﬁ8n$bH€tion of
t he sign%g Bﬁ%csﬁﬁEEe%ZtiméoiEiSiV?Ze&§ a block diagramillustrating the
5 Fig. 76 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.
Fig. 77 is a block diagram illustrating an example of
the configuration of a separating portion 601.
10 Fig. 78A illustrates an example of a separated
foreground component image.
Fig. 78B illustrates an example of a separated
background component image.
Fig. 79 is a flowchart illustrating the processing for
15 separating a foreground and a background.
Fig. 80 is a block diagram.illustrating an example of
the configuration of a motion-blur adjusting unit 106.
Fig. 81 illustrates the unit of processing.
Fig. 82 illustrates a model in which the pixel values
20 of a foreground component image are expanded in the time
direction and the period corresponding to the shutter time
is divided.
'Fig. 83 illustrates a model in which the pixel wvalues

of a foreground component image are expanded in the time

25 direction and the period corresponding to the shutter time



configuration of a mxture-ratio calculator 1101. Fig. 98 is a block
diagramillustrating the configuration of a foreground/ background
separator 1102. Fig. 99 is a block diagramillustrating still another 15
configuration of the function of the signal processor 12. Fig. 100 is a
bl ock diagramillustrating the configuration of a mxture-ratio cal cul ator

1101. Fig. 101 is a block diagramillustrating still another configuration
of the function of the signal processor 12. 20 Fig. 102 illustrates the
configuration of a synthesizer 120L Fi g 103 is a block diagram
illustrating still another configuration of the function of the signal
processor 12. 25 Best Mdde for Carrying Qut the Invention - 33 Fig. 1
illustrates the principle of the present invention. As showmn in Fig. 1, a
first S|dﬁa91 V#Areh is information of a real society 1 having a space and

1 ned d f d_i ,
Which s the %ﬁeﬁ?@ oh ChanEr Pohed: Reash, SRreh EenobPe B ReE PRt Brtmi ron
obt ai ned by Piegleet Lt he tarathan ol . ! he real 96l oY 1ignto a time

space haV|ng a nsion than ffe *f al “88¢ et Accordingly, the

proj ecte n s ..di rt. Y +th r Ne 10 ot her
wor ds, t 1r§§%§5ga%h? E?%f %ﬁﬁ%ﬁehggggggggaﬁgg tglgp%rgkgﬁkagthl#gspect to
t he |§fo&gahhggdgg the real society 1. Although the data 3 has distortion

caused by t
Flg. 85 illustrates a model in which the pixel values

of a foreground component image are expanded in the time
direction and the period corresponding to the shutter time
is divided.

10 Fig. 86 illustrates an example of another configuration
of the motion-blur adjusting unit 106.

Fig. 87 is a flowchart illustrating the processing for
adjusting the amount of motion blur contained in a
foreground component image performed by the motion-blur

15 adjusting unit 106.

Fig. 88 is a block diagram illustrating an example of
another configuration of the motion-blur adjusting unit 106.

Fig. 89 illustrates an example of a model in which the
relationships between pixel values and foreground components

20 are indicated.

Fig. 90 illustrates the calculation of foreground
components. |

Fig. 91 illustrates the calculation of foreground
components.

25 Fig. 92 is a flowchart illustrating the processing for




projection, it contains significant information for correcting for the
distortion. 15 Accordingly, in the present invention, by performng signal
processing on the data output fromthe sensor 2 by a signal processor 4,
significant information can be extracted. By using this significant
information, the distortion can be renoved, reduced, or adjusted. 20 Fig.
2 illustrates an exanple of the configuration of a signal processing
apparatus to which the present invention is applied. A sensor 11, which is
formed of, for exanple, a video camersg, captures an inmage of the rea
society, and outputs the obtained inage data to a signal processor 12. 25
The signal processor 12, which is fornmed of, for exanple, a - 34 personal

conmput er, _processes the data_input fromthe sensor 11, adjusts the anount
of di st ofttBARBEEBEIMBYiPRePIPF of BRER GRS pBCRT FRECTREBUAHea i n whi ch

significant inf t] i nbedded by t j ection, t ts the 5

o oni ficant i BHr raT I b B POHS L | b ar LA Che iRt ae The | nput
data_based 9p t he extragtgg signiglcant %Bfornatign. The abov Qdescribed
si gni fi cSRPEFAPEPFEPT oA 51ef SFRCERBHPPE, tReSHERELr BEPEEFE O whfeh i s

di d bel ow I 1 I [ ' L ndicati
the area i n viien The SO TSR e Rct o be i et ooy it e Sct o

i's cantai is also significant information. The area information, which
i s described bel ow, corresponds

Fig. 95 is a block diagram illustrating another
configuration of the function of the signal processor 12.
Fig. 96 is a block diagram illustrating still another
configuration of the function of the signal processor 12.
10 Fig. 97 is a block diagram illustrating the
configuration of a mixture-ratio calculator 1101.
Fig. 98 is a block diagram illustrating the
configuration of a foreground/background separator 1102.
Fig. 99 1s a block diagram illustrating still another
15 configuration of the function of the signal processor 12.
Fig. 100 is a block diagram illustrating the
configuration of a mixture-ratio calculator 1101.
Fig. 101 is a block diagram illustrating still another
configuration of the function of the signal processor 1l2.
20 Fig. 102 illustrates the configuration of a synthesizer
1201.
Fig. 103 is a block diagram illustrating still another

configuration of the function of the signal processor 12.

25 Best Mode for Carrying Out the Invention



to the significant information. 15 The area in which the significant
information is contained is, for exanple, a mxed area, which is di scussed
bel ow. The signal processor 12 is configured, for exanple, as shown in
Fig. 3. ACPU (Central Processing Unit) 21 20 executes various types of
processi ng according to prograns stored in a ROM (Read Only Menory) 22 or
in a storage unit 28. Prograns executed by the CPU 21 and data are stored
in a RAM (Random Access Menory) 23 as required. The CPU 21, the ROM 22,
and the RAM 23 are connected to each ggher by a 25 bus 24. - 35 An

i nput/output interface 25 is also connected to the CPU 21 via the bus 24.
An input unit 26, which is fornmed of a keyboard, a nouse, a m crophone,
and so on, and an output wunit 27, which is forned of a display, a speaker,

and so on, 5 E¥® conhek4seratees nd'§ Mt ORIt nths fRI&SYY The CPU 21
executes,various types of progessing |n response to a. coO nd, i nput from
the i nput™YeMEL98: ~ The ?ﬁ@ﬁ?ll?hghg'oLtpﬁtggﬁﬁtiﬁﬁ%%aﬁr EBLRY HBt ai ned as a
result of %he groces?ing to.the ou%fui Hnit 27. 10 The s&ora e unit 28

/ ace'2514 fo

connect el FRTPAELPRpRE/ BUF AL SPHt TRRTES of %t dr “ERanpl e, a

hard di sk, .and, stores_prograns_executed by.the U 2 nd varjious types of
data. A %%hﬁnnfﬁa??%ﬁlﬁggtg%Qac%ﬁ%%%chte%X%A%ﬁ g§}%§ e?ﬁg & %%ice via the

lnteﬁpetDQEaa§9tQﬁ£cHe£ED£ﬁe agtég£foﬁngaﬁgl obtained by the sensor

2, is information obtained by projecting the information of
the real society 1 onto a time space having a dimension
lower than the real society. Accordingly, the projected
information has distortion caused by the projection. In

10 other words, the data 3 output from the sensor 2 has
distortion with respect to the information of the real
society 1. Although the data 3 has distortion caused by the
projection, it contains significaﬁt information for
correcting for the distortion.

15 Accordingly, in the present invention, by performing
signal processing on the data output from the sensor 2 by a
signal processor 4, significant information can be extracted.

By using this significant information, the distortion
can be removed, reduced, or adjusted.

20 Fig. 2 illustrates an example of the configuration of a
signal processing apparatus to which the present invention
is applied. A sensor 11, which is formed of, for example, a
video camera, captures an image of the real society, and
outputs the obtained image data to a signal processor 12.

25 The signal processor 12, which is formed of, for example, a



15 the communication unit 29 serves as an obtaining unit for obtaining an
out put of a sensor. Alternatively, a program nmay be obtained via the
comuni cation unit 29 and stored in the storage unit 28. A drive 30
connected to the input/output interface 25 20 drives a magnetic disk 51, an
optical disc 52, a magneto- optical disk 53, a sem conductor nenory 54, or
the li ke, when such a recording nediumis attached to the drive 30, and
obtains a programor data stored in the corresponding medium The obtained
programor data is transferred to the 325 _storage unit 28 and stored therein
if necessary. - 36 By taking a nore specific exanple, a description is now
given of a signal processing apparatus which perforns processing, such as
speci fying an area having significant information enbedded therein or
extract.H@r§PaﬁifFeaﬁvtsrynPBPﬁﬁFFSﬁ Ehﬁeéaéa LABRE] AreRokBafan8dtai ned by
a sensor n .t he subsequent exanpl e i ne sensor or a CCD area
sensor ca}regﬁéHEEStBh?h%mggﬂgo?f ?ﬁ@taFEéopnFBPﬁﬁ?lﬁﬁ BR®the mixture ratio

corresponds.to. the si cant_ _j nformation xture state of a
foregrouﬂﬁoéﬁatéoﬁacﬁ ?thaeﬁr 56 ﬁﬁ??oﬁnbVBFCFnségﬁfgia 38Fea corresponds
di st . trat i |
;?oc;:sgiktgrm?Flﬂoe Tbﬁ%e? Cgﬁh Q$g§%8° 5 rgléggf gﬁitﬁ%ﬁs of the
SIONA PLRGREOLad? ?ﬁfﬂkﬂyk%@% mexheagg&@iﬁlga dregofiyare. That is,

t he bl oc I'agrans o 'S Specificati
processes the input data based on the extracted significant

information.
The above-described significant information is, for
example, the mixture ratio, which is discussed below.

10 It can be considered that the information indicating
the area in which the significant information embedded by
the projection is contained is also significant information.
The area information, which is described below, corresponds
to the significant information.

15 The area in which the significant information is
contained is, for example, a mixed area, which is discussed
below.

The signal processor 12 is configured, for example, as
shown in Fig. 3. A CPU (Central Processing Unit) 21

20 executes various types of processing according to programs
stored in a ROM (Read Only Memory) 22 or in a storage unit
28. Programs executed by the CPU 21 and data are stored in
a RAM (Random Access Memory) 23 as required. The CPU 21,
the ROM 22, and the RAM 23 are connected to each other by a

25 bus 24.



may be hardware bl ock diagranms or software functional block diagrans.
Motion blur is a distortion contained in an inage corresponding to a
novi ng obj ect caused by the novenent of 20 an object to be captured in the
real world and the inage capturing characteristics of the sensor 11. In
this specification, an imge to be captured corresponding to an object in
the real world is referred to as an inage object. 25. An input inage
supplied to the signal processor 12 is - 37 supplied to an object
extracting unit 101, an area specifyigg unit 103, a m xture-ratio

cal cul ator 104, and a foreground/ background separator 105. The object
extracting unit 101 extracts a rough inmage 5 object corresponding to a

foreground object contained in the inpg% i, mage, and supplies the extracted
i mage obj ect %B ANPHE( PBRPHE EREEFE269. hé308§§8tc@?PFEEFFnEOUFP? 101
detect s, or,.exanpl e, an outline of the foreground. i.nage olj ect . cqontai ned
inthe i rﬁ?&]t Zlygé é:g‘eag’utsolééxt rZ\& lélprug‘ué’ﬁ”i gie ¥ lg'%i &t (?Wélsr?%ndi ng
to the forE%[%ynd obj_ect. The _obj.ect extract.i uni t 101d¢xtrac ) g rough

i mge 0B &SYPO8 Pes BofiHST 't & LIEEOREPEGd 2B5] 86t “BonfAhER PRI PRE i nput

| mge, ac’&[‘?xi%”%' | Ghilhe L%th*f%gnte% oif”‘%g%i%gh%% 10 28 7Ot iaj?x'a t@%t gator 102.

The obje extrdcting unit extract ough™1 mage ‘obj ec

cor r espondin@ohdehea RACKHLUAGRIEbultr MMt X! ernhepdi bier ence

bet ween
executes various types of processing in response to a

command input from the input unit 26. The CPU 21 then
outputs an image or sound obtained as a result of the
processing to the output unit 27.

10 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. In this example,

15 the communication unit 29 serves as an obtaining unit for
obtaining an output of a sensor.

Alternatively, a program may be obtained via the
communication unit 29 and stored in the storage unit 28.
A drive 30 connected to the input/output interface 25

20 drives a magnetic disk 51, an optical disc 52, a magneto-
optical disk 53, a semiconductor memory 54, or the like,
when such a recording medium is attached to the drive 30,
and obtains a program or data stored in the corresponding
medium. The obtained program or data is transferred to the

25 storage unit 28 and stored therein if necessary.



the input imge and the extracted i mage object corresponding to the
foreground object. Alternatively, for exanple, the object extracting unit
20 101 may extract the rough i mage object corresponding to the foreground
obj ect and the rough i mage object corresponding to the background object
fromthe difference between the background inmage stored in a built-in
background nenory and the input inmage. 25 The notion detector 102

calcul ates a notion vector of - 38 the roughly extracted i mage obj ect
corresponding to the foreground objecigaccording to a technique, such as
bl ock matching, gradient, phase correl ation, or pel-recursive technique,
and supplies the cal cul ated notion vector and the 5 notion-vector
positional information (which is information_ for specifying the positions
of the pixel sBEofFrELIRSNnEi RYTEoSPERELABL FERAMRLEE of) IBBCERBTAPRBA1SpBEYFT yi ng
unit 103, .the 1 xture-ratio cal culator 104, and.a npotion-blur extracting
unit 106 IHEPTRE AotigRvePEOFSST PR PPOTAHE HBCon PEELETSr 102

cont ai ns infornation'co%{espondkg% t.0 t he anounégpf novenent..v. The notion

det ect or PIOZ S8y "dut SIC™ RE MBE G Wk 67 61 =% HiﬁﬁaSéQBﬁFéSPP oget her
with the ;pietel RO .eR3lhaly LRfQLTBL IQNn Q0. SREE fé'i%%itfll%apﬁtxe' s of th
to the notio gl [ g 208,

i mage object, mot1 on- bl ur” -adj usting uni hé “anount of :
movengent ;¥ fo$ @ t43hU e Rdised! ith®Rin from data obtained by a sensor.

In the subsequent example, a CCD line sensor or a CCD area
sensor corresponds to the sensor, the area information or
the mixture ratio corresponds to the significant information,
and the mixture state of a foreground and a background or
10 motion blur in a mixed area corresponds to distortion.
Fig. 4 is a block diagram illustrating the signal
processor 12.
It does not matter whether the individual functions of
the signal processor 12 are implemented by hardware or
15 software. That is, the block diagrams of this specification
may be hardware block diagrams or software functional block
diagrams.
Motion blur is a distortion contained in an image
corresponding to a moving object caused by the movement of
20 an object to be captured in the real world and the image-
capturing characteristics of the sensor 11.
In this specification, an image to be captured
corresponding to an object in the real world is referred to
as an image object.

25. An input image supplied to the signal processor 12 is



positional change in an inage corresponding to a noving object in units of
the pixel pitch. For exanple, if an 20 object inage corresponding to a
foreground is noving such that it is displayed at a position four pixels-
away froma reference frame when it is positioned in the subsequent

frame, the anount of novenment v of the object inmage corresponding to the
foreground is 4. 25 The object extracting unit 101 and the notion detector
- 39 102 are needed when adjusting the anount of notion blur

corresponding to a noving object. The ¢ ea specifying unit 103 determ nes
to which of a foreground area, a background area, or a m xed area each 5
pi xel of the input imge bel ongs, and supplies information indicating to
whi ch area each pixel belongs (hereinafter referred to as "area

i nf or mat iSORPL 1S e 3R PRICET gxtdactaPQuMais 1034, apharea
foreground/back%round_separator 105, and the notion-blur _adjusting unit

106. 10 PRECHLNIRGe WY &0al durdtdiriod akare frdradatne AlfuP@d Pati o
corresponding to the pixels contained in m xed area 63 (hereinafter
referred%95e §°Pﬁ§/%ﬁF%QEPénPaFPQaéafoﬁaégé' on the input inmage, the notion
vector and th@ goshtio al infgrnation tﬂgieof sugglied frog1the noti on
detector 102, 748 QR4SEHeSAFEAFAPEr MRtFonSuppFFagter anFPHalatBa%€ peci fyi ng
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input image, and supplies the extracted image object to a
motion detector 102. The object extracting unit 101 detects,
for example, an outline of the foreground image object
contained in the input image so as to extract a rough image

10 object corresponding to the foreground object.

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

15 extracts a rough image object corresponding to the
background object from, for example, the difference between
the input image and the extracted image object corresponding
to the foreground object.

Alternatively, for example, the object extracting unit

20 101 may extract the rough image object corresponding to the
foreground object and the rough image object corresponding
to the background object from the difference between the
background image stored in a built-in background memory and
the input image.

25 . The motion detector 102 calculates a motion vector of



t he i mage conponents corresponding to the background object 20
(hereinafter also be referred to as "background conponents"”) to the pixel
val ue as expressed by equation (3), which is shown bel ow. The '
f oregr ound/ background separator 105 separates the input inmage into a

f oreground conponent image forned of only 25 the inmage conponents
corresponding to the foreground object - 40 (hereinafter also be referred
to as "foreground conponents”) and a background conponent image fornmed of
only the. background conponents based ggn the area information supplied
fromthe area specifying unit 103 and the m xture ratio a 5 supplied from
the m xture-ratio cal cul ator 104, and supplies the foreground conponent

i mge to %Fe not | n bl ur adj ustlngg uni.t 106 and a sel ector 107. The
separ at ed OFQQHB ¥d SXESRFGRENTRREY 8RS thECSEE SRONARBYF tRaltNSut put . A

nor e ci se foreground, and background can be obtai ned, conpared 10 to a
known ne?ﬁ&&gFﬁu%ﬁg J§fity a§CP6ﬁé§Po§ﬁd a%&cgnlﬁagkgﬁBGHdaérgl§ﬁ5C|f|ed
wi t hout conshderln rspe nlxed area.
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t he noti on- ment s ase on the anmount e nmotion blur
is to begor spec1fy1ng the positions of the pixels corresponding to

the motion vector) to the area specifying unit 103, the
mixture-ratio calculator 104, and a motion-blur extracting
unit 106.

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

The motion detector 102 may output the motion vector of
each image object, together with the pixel positional

15 information for specifying the pixels of the image object,
to the motion-blur adjusting unit 106.

The amount of movement v is a value indicating a
positional change in an image corresponding to a moving
object in units of the pixel pitch. For example, if an

20 object image corresponding to a foreground is moving such
that it is displayed at a position four pixels away from a
reference frame when it is positioned in the subsequent
frame, the amount of movement v of the object image
corresponding to the foreground is 4.

25 The object extracting unit 101 and the motion detector



20 adjusted, which is input into the signal processor 12, the foreground
conponent inmage supplied fromthe foreground/ background separator 105, the
notion vector and the positional information thereof supplied fromthe
notion detector 102, and the unit of processing, the notion-blur 25
adjusting unit 106 adjusts the ampunt of notion blur - 41 contained in the
foreground conponent inmage by renoving, decreasing, or increasing the
notion blur contained in the foreground conponent image. The notion-bl ur
adjusting unit 106 then outputs the_ fg0f eground conponent inmage in which 5
anount of notion blur is adjusted to the selector 107. It is not essential
that the notion vector and the positional information thereof be used. The
sel ector 107 sel ects one of the foreground conponent image supplied from
t he for edfduidrbacrgesugen @ddesaiadoitheosmendts k€ fetdghobAdrconponent
i mage in which the amount of motion blur is adjusted supplied fromthe
not i on- bCAF TEFPEEAIRG GRi & TO¥ 1h¥sO®ISSL-for exanple, a selection signal
reflecting a user's selection, and outputs the sel ected foreground
conmponent i magBe iSeﬁnspﬁﬁﬁFYFﬂﬁan§Eng§eGeFSrFHBe§iEﬂavhb?Bc%gs%r 12 is
di scussed. below with reference.to Figs. 5 through 20. Fi%. 5 illustrates
i mge ca%tolflelgr’fﬁuﬁ‘é]r PEPRed 225X ILEHEET 2TFRe SEnSoPitEd 8TP8r RBG of, for
exanple, .a ( Char ge- Coupl ed vi.ce) videq canera provided wi.th a CCD 20
o oa benBdrS TR i, 5eLY RutleaBE Pikse. £hh SPPRY 4R, RHisoEnatibh
indicating to which area each pixel belongs (hereinafter

referred to as "area information") to the mixture-ratio
calculator 104, the foreground/background separator 105, and
the motion-blur adjusting unit 106.
10 The mixture-ratio calculator 104 calculates the mixture
.ratio corresponding to the pixels contained in a mixed area
63 (hereinafter referred to as the "mixture ratio a") based
on the input image, the motion vector and the positional
information thereof supplied from the motion detector 102,
15 and the area information supplied from the area specifying
unit 103, and supplies the mixture ratio a to the
foreground/background separator 105.
The mixture ratio a is a value indicating the ratio of
the image components corresponding to the background object
20 (hereinafter also be referred to as "background components")
to the pixel value as expressed by equation (3), which is
shown below.
The foreground/background separator 105 separates the
input image into a foreground component image formed of only

25 the image components corresponding to the foreground object



An object 111 corresponding to a foreground in the real world noves, for
exanpl e, horizontally fromthe left to the right, between an object 112
corresponding to a background and the sensor. 25 The sensor 11 captures
the image of the object 111 - 42 corresponding to the foreground together
with the image of the object 112 corresponding to the background. The
sensor 11 outputs the captured image in units of franes. For exanple, the
sensor 11 outputs an image having 30 franes per 5 second. The exposure
time of the sensor 11 can be 1/30 secgnd. The exposure time is a period
fromwhen the sensor 11 starts converting input light into electrical
charge wuntil when the conversion fromthe input light to the electrical
charge is fInISh The ex ur time, iis also 10 referred to as a "shutter
Liner. FiGeTginA Eet: ais bR CER G 26 " P>’€§|9§°u|nﬁ‘ ECEPONENTE"Y hr ough
I |nd|cate theb i dugl xe s. . The pi % re dIS on a plane of a
cor r espoRding ﬁ§§8r° < @F@@Fm5n1859ic &8 e?Eoﬁ& § each pixel is
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each det éct evi ce ut's p1 Xel spoﬁ rxel
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the X direction corresg t he horlzontal r ection on I'mage,

whi | e5 20 St.he 1R Fi-gn Qhetgﬁ Q%E%QEbQﬁod%$HE%lEQOEh§OX,dhﬁacghgglies
corresponds'to the vertical direction on I mage.
the fo;eground component image to the motion-blur adjusting
unit 106 and a selector 107. The separated foreground
- component image may be set as the final output. A more
precise foreground and background can be obtained compared
10 to a known method in which only a foreground and a
background are specified without considering the mixed area.
The motion-blur adjusting unit 106 determines the unit
of processing indicating at least one pixel contained in the
foreground component image based on the amount of movement v
15 obtained from the motion vector and based on the area
information. The unit of processing is data that specifies
a group of pixels to be subjected to the motion-blur
adjustments.
Based on the amount by which the motion blur is to be
20 adjusted, which is input into the signal processor 12, the
foreground component image supplied from the
foreground/background separator 105, the motion vector and
the positional information thereof supplied from the motion
detector 102, and the unit of processing, the motion-blur

25 adjusting unit 106 adjusts the amount of motion blur



As shown in Fig. 7, the detection device, which is, for exanple, a CCD,
converts input light into electrical charge during a period correspondi ng
to a shutter tine, and stores 25 the converted el ectrical charge. The -
anount of charge is - 43 alnost proportional to the intensity of the input
light and the period for which the light is input. The detection device
sequentially adds the electrical charge converted fromthe input light to
the stored electrical charge during 5 the period corresponding to the
shutter tine. That is, the detection ggevice integrates the input |ight
during the period corresponding to the shutter tinme and stores the
el ectrical charge corresponding to the amount of integrated light. It can
be considered that the detection device has 10 an integrating function
with respédttaigead f thee foregrowel comREndt ditegs pn Fengatideri on devi ce
is converted into a voltage value by a circuit (not shown), and_ the
vol t age PAFEFE W r Pﬁerln&&ﬁ\?érltn@d ths &Oatlméaltvam@ta@@éh igs tdegi t al
dat a, an i.S _outp Accordin eac i,xel | ue output from.the
%hg §B éﬁuﬁhl

sensor |§g§ BPSPELTe a@ﬁ a IPﬁe $1R9 dodit of
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storage qper %E'%@s%%t&gﬁ %%%%QEh%lmotlon vector and the positional

information thereof be used.

The selector 107 selects one of the foreground

component image supplied from the foreground/background

10 separator 105 and the foreground component image in which
the amount of motion blur is adjusted supplied from the
motion-blur adjusting unit 106 based on, for example, a
selection signal reflecting a user's selection, and outputs
the selected fofeground component image.

15 An input image supplied to the signal processor 12 is
discussed below with reference to Figs. 5 through 20.

Fig. 5 illustrates image capturing performed by a
sensor. The sensor 11 is formed of, for example, a CCD
(Charge-Coupled Device) video camera provided with a CCD

20 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
and the sensor.

25 The sensor 11 captures the image of the object 111



The signal processor 12 adjusts the amount of distortion, for exanple, the
anount of notion blur, caused by the 25 m xture of the foreground i nage

object itself. The signal - 44 processor 12 also adjusts the anount of
di stortion caused by the m xture of the foreground i mage object and the
background i mage object. Fig. 8Aillustrates an i nage obtai ned by capturing

a 5 noving object corresponding to a foreground and a stationary object
correspondi ng to a background. In the exanple shown in Fig. 8A the object
corresponding to the foreground is 1w ng horizontally fromthe left to
the right with respect to the screen. 10 Fig. 8B illustrates a nodel
obt ai ned by expanding pixel values corresponding to one |ine of the imge
shown in FI% 8A in the tinme direction. The horizagntal direction shomm in

Fig. 8B é’&r ESPORFL % %éfgepéqragr&%tﬁogﬁtﬂaqrn%t@ tél@ insge ffues of
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fromthe backgroun nents an the or egr ound “conponent s
second. The exposure time is a period from when the sensor

11l starts converting input light into electrical charge
until when the conversion from the input light to the
electrical charge is finished. The exposure time is also
10 referred to as a "shutter time".
Fig. 6 illustrates the arrangement of pixels. In Fig.
6, A through I indicate the individual pixels. The pixels
are disposed on a plane of a corresponding image. One
detection device corresponding to each pixel is disposed on
15 the sensor 11. When the sensor 1l performs image capturing,
each detection device outputs a pixel value of the
corresponding pixel forming the image. For example, the
position of the detection device in the X direction
corresponds to the horizontal direction on the image, while
20 the position of the detection device in the Y direction
corresponds to the vertical direction on the image.
As shown in Fig. 7, the detection device, which is, for
example, a CCD, converts input light into electrical charge
during a period corresponding to a shutter time, and stores

25 the converted electrical charge. The amount of charge is



it my be referred to as a "distortion area". The m xed 25 area is further
classified into a covered background area - 45 and an uncovered background
area. The covered background area is a mxed area at a position
corresponding to the leading end in the direction in which the foreground
object is noving, where the 5 background conponents are gradually covered
with the foreground over tinme. In contrast, the uncovered background area
is a mxed area corresponding to the trailing end in the direction in

whi ch the foreground object is noving,ggdhere the background 10 conponents
gradual |y appear over tinme. As discussed above, the inmage containing the
foreground area, the background area, or the covered background area or

t he uncovered background area is_input into the area specifyi g unit 103,
t he nlxtGﬁgoﬁétP6°@8F5&P§PértPOEheaﬁHtefﬁlFHeoﬁoFéﬁr6BHHFbé&QB ofhd
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portion that changes frontthe fadreground t
detection device integrates the input light during the
period corresponding to the shutter time and stores the
electrical charge corresponding to the amount of integrated
light. It can be considered that the detection device has

10 an integrating function with respect to time.

The electrical charge stored in the detection device 1is
converted into a voltage value by a circuit (not shown), and
the voltage value is further converted into a pixel value,
such as digital data, and is output. Accordingly, each

15 pixel value output from the sensor 11 is a value projected
on a linear space, which is a result of integrating a
certain three-dimensional portion of the object
corresponding to the foreground or the background with
respect to the shutter time.

20 The signal processor 12 extracts significant
information embedded in the output signal, for example, the
mixture ratio a, by the storage operation of the sensor 11.
The signal processor 12 adjusts the amount of distortion,

for example, the amount of motion blur, caused by the

25 mixture of the foreground image object itself. The signal



25 background. - 46 Fig. 10 illustrates a nodel obtained by expanding in
the time direction the pixel values of the pixels aligned side-by-side in
t he i mage obtai ned by capturing the imge of the object corresponding to-
the stationary foreground and 5 the i mage of the object corresponding to
the stationary background. For exanple, as the pixels aligned

si de- by-si de, pi xel s arranged in one line on the screen can be sel ected.
The pi xel values indicated by FO1 through FO4 shown in Fig. 10 are val ues
of the pixels corresponding to the aobjggt_ 10 of the stationary foreground.
The pi xel values indicated by BO1l t hrough-B04 shown in Fig. 10 are val ues
of the pixels corresponding to the object of the stationary background.
Time el apses fromthe top to the bottomin Fig. 10 in the vertical

di recti oPHofemspr 16 afse peYiusten the @eundp ofl Bligitgatdfont vausesk Hivgl e in
Fig. 10 corresponds to the time at which the sensor 11 starts converting

i nput | i g MHEFUEs Ot GheaIf caeargaincy ddadse bt @datthene bott om si de of
the rectangle in Fig. 10 corresponds to the tine at which the conversion
fron1the%1 qqq&hgqaﬂFbopﬁ€q§rectrical 20 charge is finished. That is,
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object corresponding to a background. In the example shown
in Fig. 8A, the object corresponding to the foreground is
moving horizontally from the left to the right with respect
to the screen.

10 Fig. 8B illustrates a model obtained by expanding pixel
values corresponding to one line of the image shown in Fig.
8A in the time direction. The horizontal direction shown in
Fig. 8B corresponds to the spatial direction X in Fig. 8A.

The values of the pixels in the background area are

15 formed only from the background components, that is, the
image components corresponding to the background object.

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

20 The values of the pixels of the mixed area are formed
from the background components and the foreground components.
Since the values of the pixels in the mixed area are formed
from the background components and the foreground components,
it may be referred to as a "distortion area". The mixed

25 area is further classified into a covered background area



- 47 The horizontal direction in Fig. 10 corresponds to the spati al
direction Xin Fig. 8A. Mre specifically, in the exanple shown in Fig.

10, the distance fromthe left side of the rectangle indicated by "FO1" in
Fig. 10 to the right 5 side of the rectangle indicated by "B04" is eight
times the pixel pitch, i.e., eight consecutive pixels. Wen the foreground
obj ect and the background object are stationary, the light input into the
sensor 11 does not change during the period corresponding to the shutter
time. 10 The period corresponding to tjye shutter time is divided into two
or nore portions of equal periods. For exanple, if the nunber of virtual
divided portions is 4, the nodel shown in Fig. 10 can be represented by

t he nodel shown in Fig. 11. The nunber of virtual divided portions can be
set accof@ichgr1snceveredaraehkoretndp@&®ent v of the object corresponding to
the foreground within the shutter tinme. For exanple, the nunber of virtual
di vi ded porti 6R€ FevVeredibagkgrerndhareandint Bixadvereatal #s 4, and the
peri od correspondln to the shutter tinme i,s divided into four portions. 20
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when t he ,shutte S gened Tg Eecond line,i $orresponds to the
be? &d
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foreground over time.
In contrast, the uncovered background area is a mixed
area corresponding to the trailing end in the direction in
which the foreground object is moving, where the background
10 components gradually appear over time.
As discussed above, the image containing the foreground
area, the background area, or the covered background area or
the uncovered background area is input into the area
specifying unit 103, the mixture-ratio calculator 104, and
15 the foreground/background separator 105 as the input image.
Fig. 9 illustrates the background area, the foreground
area, the mixed area, the covered background area, and the
uncovered background area discussed above. In the areas
corresponding to the image shown in Fig. 8A, the background
20 area 1s 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 mixed

area 1s a portion that changes from the foreground to the

25 background.



to the fourth divided period fromwhen the shutter has opened. The shutter
tinme divided in accordance with the anmobunt of novenent v is also

herei nafter referred to as the 5 "shutter tine/v". Wen the object
corresponding to the foreground is stationary, the light input into the
sensor 11 does not change, and thus, the foreground conponent FOl/v is
equal to the value obtained by dividing the pixel value FO1 by the 10
nunber of virtual divided portions. Simlarly, when the object
corresponding to the foreground is stajgonary, the foreground conponent
FO2/v is equal to the value obtained by dividing the pixel value FO02 by
the nunber of virtual divided portions, the foreground conponent FO3/v is

equal to 15 the val ue obtained by dividing the pixel value FO3 by the
nunber of virfad- dPviidédshortesng, mSHSltHEtﬁéPéﬁrBMnéxPéBﬁﬁaﬁeHP FO4/Vv is

equal to e .val ue  obt ai,ned di vi the p val ue FO4 by the nunber
of virt uazl%edlt\}l“t?e&ll tt’todhé:wez "%H'é'l t%Leo ]'ri-(j?/"teé’1 t he
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background. For example, as the pixels aligned side-by-side,

pixels arranged in one line on the screen can be selected.
The pixel values indicated by F0l1l through F04 shown in
Fig. 10 are values of the pixels corresponding to the object
10 of the stationary foreground. The pixel values indicated by
B0l through B04 shown in Fig. 10 are values of the pixels
corresponding to the object of the stationary background.
Time elapses from the top to the bottom in Fig. 10 in
the vertical direction in Fig. 10. The position at the top
15 side of the rectangle in Fig. 10 corresponds to the time at
which the sensor 11 starts converting input light into
electrical charge, and the position at the bottom side of
the rectangle in Fig. 10 corresponds to the time at which
the conversion from the input light into the electrical
20 charge is finished. That 1is, the distance from the top side
to the bottom side of the rectangle in Fig. 10 corresponds
to the shutter time.
The pixels shown in Fig. 10 are described below
assuming that, for example, the shutter time is equal to the

25 frame size.



di viding the pixel value B02 by the nunber of virtual divided portions,

t he background conponent B0O3/v is equal to the val ue obtained by dividing
t he pi xel value B03 by the 5 nunber of virtual divided portions, and the -
background conponent BO4/v is equal to the value obtained by dividing the
pi xel value B0O4 by the nunber of virtual divided portions. Mre
specifically, when the object corresponding to the 10 foreground is
stationary, the light corresponding to the foreground object input into

t he sensor 11 does not change during 4he_ period corresponding to the
shutter tine. Accordingly, the foreground conponent FO1l/v corresponding to
the first portion of the shutter tine/v fromwhen the 15 shutter has
opened, the fo ground conponent FQ1/v corresgondln to the second portion

of the shutteF FyZoRES ﬁﬁéﬁcFHBHSHBtFéE hal GpERegropre £8r E§Found

conponent FQl/v Gorr pong:p tq t third portion qf e shutter timelv
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corresponding to the shutt r tinme. Accor |ng :
pixel pitch, i.e., eight consecutive pixels.

When the foreground object and the background object
are stationary, the light input into the sensor 11 does not
change during the period corresponding to the shutter time.

10 The period corresponding to the shutter time is divided
into two or more portions of equal periods. For example, if
the number of virtual divided portions is 4, the model shown
in Fig. 10 can be represented by the model shown in Fig. 11.
The number of virtual divided portions can be set according

15 to the amount of movement v of the object corresponding to
the foreground within the shutter time. For example, the
number of wvirtual divided portions is set to 4 when the
amount of movement v is 4, and the period corresponding to
the shutter time is divided into four portions.

20 The uppermost line in Fig. 11 corresponds to the first
divided period from when the shutter has opened. The second
line in Fig. 11 corresponds to the second divided period
from when the shutter has opened. The third line in Fig. 11
corresponds to the third divided period from when the

25 shutter has opened. The fourth line in Fig. 11 corresponds



background conmponent B0l/v corresponding to the first portion of the
shutter tinme/v fromwhen the shutter has 5 opened, the background conponent
BO1l/v corresponding to the second portion of the shutter tinme/v from when
the shutter has opened, the background conponent BO1l/v corresponding to
the third portion of the shutter tinme/v fromwhen the shutter has opened,
and t he background conponent BOl/v 10 corresponding to the fourth portion
of the shutter time/v fromwhen the shutter has opened becone the sane

val ue. The sane applies to B02/v thraoygh B04/v. A description is given of
the case in which the object corresponding to the foreground is noving and
the object 15 corresponding to the background is stationary. Fig. 12
illustrates a nodel obtained by expanding in the time direction the pixel
val ues oftot f&epifeeirsh diydded preloghdrqli Wher theesbyttsckgasund ar ea,
when the object corresponding to the foreground is noving to the right in
20 Fig. PPEPFRFig. 12, the anount of movenent v is 4. Since one frane is
a short perio it.c be, assuned, that,the object corresponding to the

f or egr ound isggerFBF%Q%5d§lmﬁngfﬁbéﬁﬁthnc%ﬁg?ﬁh?HGEIBﬁﬁPth?na@g 12, the
obj ect image caorrespondi ng.to the foreground_s vi_ng _su that it is 25
positiong PSHFmSPEeVSlFOQ%ﬁS ﬁFéﬁ%nﬁ??ﬁrr§§ESEfe o ] ?SS%Eereference frame

when 4t i, i a i,n,the subsequent frame. 1In Fig. 12, the pixels from
t he I%ftn%ggkggkeﬁﬁﬁg/Phé fourth pixel belong to the foreground area. In

Fig. 12, the When the object corresponding to the foreground is
stationary, the light input into the sensor 11 does not
change, and thus, the foreground component F0l/v is equal to
the value obtained by dividing the pixel value F0l by the

10 number of virtual divided portions. Similarly, when the
object corresponding to the foreground is stationary, the
foreground component F02/v is equal to the value obtained by
dividing the pixel value F02 by the number of virtual
divided portions, the foreground component F03/v is equal to

15 the value obtained by dividing the pixel value F03 by the
number of virtual divided portions, and the foreground
component F04/v is equal to the value obtained by dividing
the pixel value F04 by the number of virtual divided
portions. I

20 When the object corresponding to the background is
stationary, the light input into the sensor 11 does not
change, and thus, the background component B0l/v is equal to
the value obtained by dividing the pixel value B0l by the
number of virtual divided portions. Similarly, when the

25 object corresponding to the background is stationary, the




pixels fromthe fifth pixel to the seventh pixel fromthe 5 |eft belong to
the m xed area, which is the covered background area. In Fig. 12, the

ri ght nost pixel belongs to the background area. The object corresponding-
to the foreground is noving such that it gradually covers the object
corresponding to 10 the background over tine. Accordingly, the conponents
contained in the pixel values of the pixels belonging to the covered
background area change fromthe background conponents to the foreground
conponents at a certain time during tie period corresponding to the
shutter tine. 15 For exanple, the pixel value M surrounded by the thick
frame in Fig. 12 is expressed by equation (1) below. M=

B02/ v+B02/ v+FO7/ v+F06/v (1) For exanple, the fifth pixel fromthe |eft

cont ai ns P2 KSRGS GRAIPCHRFEN &2 /Morise §5513di 1@ tidSove Lysr vbdrised ky 20
shutter tj,ne/v _and foregrqund . conponents corresponding to three portions of
the shut &7 3Hhg \F,heaﬁ’&g‘te é’,altuﬁeBcﬁzlir}xtthr é"%er °Z &ffgf"ﬁétﬁ’iaf]’[ h pixel from
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conponenteomponent B04/v is equal to the value obtained by dividing
the pixel value B04 by the number of virtual divided
portions.
More specifically, when the object corresponding to the
10 foreground is stationary, the light corresponding to the
foreground object input into the sensor 11 does not change
during the period corresponding to the shutter time.
Accordingly, the foreground component F0l/v corresponding to
the first portion of the shutﬁer time/v from when the
15 shutter has opened, the foreground component F0l/v
corresponding to the second portion of the shutter time/v
from when the shutter has opened, the foreground component
FO0l/v corresponding to the third portion of the shutter
time/v from when the shutter has opened, and the foreground
20 component F0l/v corresponding to the fourth portion of the
shutter time/v from when the shutter has opened become the
same value. The same applies to F02/v through F04/v, as in
the case of F01l/v.

When the object corresponding toc the background is

25 stationary, the light corresponding to the background object



5 corresponding to one portion of the shutter tine/v, and thus, the
m xture ratio a of the fifth pixel fromthe left is 3/4. It can be assuned
that the object corresponding to the foreground is a rigid body, and the
foreground object is noving with constant velocity such that it is
di spl ayed four 10 pixels to the right in the subsequent frane.
Accordingly, for exanple, the foreground conponent FO7/v of the fourth
pi xel fromthe left in Fig. 12 corresponding to the first portion of the
shutter tinme/v fromwhen the shutter_ hggg - opened is equal to the foreground
component of the fifth 15 pixel fromthe left in Fig. 12 corresponding to
the second portion of the shutter tinme/v fromwhen the shutter has
opened. Simlarly, the fore%rogad conponent FO7/v js equal to the

[
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the left in, Fig. 12 ar respondi to the fourth portion_of the shutter
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when the shutter has
has opened, the background component BOl/v corresponding to
the third portion of the shutter time/v from when the
shutter has opened, and the background component B0l/v
10 corresponding to the fourth portion of the shutter time/v
from when the shutter has opened become the same value. The
same applies to B02/v through B04/v.

A description is given of the case in which the object

corresponding to the foreground is moving and the object
15 corresponding to the background is stationary.

Fig. 12 illustrates a model obtained by expanding in
the time direction the pixel values of the pixels in one
line, including a covered background area, when the object
corresponding to the foreground is moving to the right in

20 Fig. 12. 1In Fig. 12, the amount of movement v is 4. Since
one frame is a short period, it can be assumed that the
object corresponding to the foreground is a rigid body
moving with constant velocity. 1In Fig. 12, the object image
corresponding to the foreground is moving such that it is

25 positioned four pixels to the right with respect to a



opened is equal to the foreground conponent of the fourth pixel fromthe
left in Fig. 12 corresponding to the second portion of the shutter tine/v
fromwhen the shutter has opened. Simlarly, the foreground conponent
FO6/v is equal 10 to the foreground conponent of the fifth pixel fromthe
left in Fig. 12 corresponding to the third portion of the shutter tine/v
fromwhen the shutter has opened, and the foreground conponent of the
sixth pixel fromthe left in Fig. 12 corresponding to the fourth portion of
the shutter tine/v 15 fromwhen the_shutter has opened. It can be assuned
that the object corresponding to the oreground is a rigid body, and the
foreground object is noving with constant velocity such that it is

di spl ayed four pixels to the right in the subsequent frame. Accordingly,
20 for eXx&fArENehd Fagregthrndt tohpohbsrl #0857 vinf theessbesdadenpi fehmer om
the left in Fig. 12 corresponding_to the first portion of _the shutter
timelv fron1mﬁgnFﬂﬁe %ﬁuth? Ragelgpdned thecdglltmestt Réxpdr Egr 6BAd

conmponent_ of the thir pixel fromthe left in Fig. 12 corresponding to the
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the background area.
The object corresponding to the foreground is moving
such that it gradually covers the object corresponding to
10 the background over time. Accordingly, the components
contained in the pixel values of the pixels belonging to the
covered background area change from the background
components to the foreground components at a certain time
during the period corresponding to the shutter time.
15 For example, the pixel value M surrounded by the thick

frame in Fig. 12 is expressed by equation (1) below.

M

B02/v+B02/v+F07/v+F06/v (1)
For example, the fifth pixel from the left contains a

background component corresponding to one portion of the

20 shutter time/v and foreground components corresponding to
three portions of 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 contains background components
corresponding to two portions of the shutter time/v and

25 foreground components corresponding to two portions of the



fromwhen the shutter has opened. It can be assuned that the object
corresponding to the foreground is a rigid body, and the foreground object
is 10 noving with constant velocity such that it is displayed four pixels
to the right in the subsequent franme. Accordingly, for exanple, the
foreground conponent FO4/v of the left nost pixel in Fig. 12 correspondi ng
to the first portion of the shutter tinme/v fromwhen the shutter has
opened is equal to 15 the foreground conponent of the second pixel fromthe
left in Fig. 12 corresponding to the second portion of the shutter tine/v
fromwhen the shutter has opened. Simlarly, the foreground conponent
FO4/v is equal to the foreground conponent of the third pixel fromthe
left in Fig. 12 20 corresponding to the third portion of the shutter tine/v
fr om whe FHIFE e (e VhadnGpdhed, ihe Mistisredaddnd @ edmsdseixéh t he
fourth pixel fromthe left in Fig. 12 corresponding to the fourth portion
of the sRdt€er frrmetire Lol wWieh/ehe ThEt SEVSRAL Bi&sdd from thecdefhe

foregroundggrea corres ondinggto the nmoving - 5 ect contains notion
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4. SinCethe mixture ratio a of the fifth pixel from the left is 3/4.
It can be assumed that the object corresponding to the
foreground is a rigid body, and the foreground object is
moving with constant velocity such that it is displayed four
10 pixels to the right in the subsequent frame. Accordingly,
for example, the foreground component F07/v of the fourth
pixel from the left in Fig. 12 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is equal to the foreground component of the fifth
15 pixel from the left in Fig. 12 corresponding to the second
portion of the shutter time/v from when the shutter has
opened. Similarly, the foreground component F07/v is equal
to the foreground component of the sixth pixel from the left
in Fig. 12 corresponding to the third portion of the shutter
20 time/v from when the shutter has opened, and the foreground
component of the seventh pixel from the left in Fig. 12
corresponding to the fourth portion of the shutter time/v
from when the shutter has opened.

It can be assumed that the object corresponding to the

25 foreground is a rigid body, and the foreground object is



one frame is a short period, it can be assuned that the object
corresponding to the foreground is a rigid body 10 noving with constant
velocity. In Fig. 13, the object inage corresponding to the foreground is
noving to the right such that it is positioned four pixels to the right
with respect to a reference frame when it is displayed in the subsequent
frame. 15 In Fig. 13, the pixels fromthe leftnost pixel to the fourth

pi xel belong to the background area. In Fig. 13, the pixels fromthe fifth
pixel to the seventh pixels fromthe. d¢ft belong to the m xed area, which
is an uncovered background area. In Fig. 13, the rightnost pixel belongs
to 20 the foreground area. The object corresponding to the foreground

whi ch covers the object corresponding to the background is noving such
that it MOVGREdFaHTY coRsdeed MedMity shicdethady rlésp}@ndilﬁ@lawgdt rf@uﬁ |
background over .tine. Accordingly, the conponents 25 contained in the pixe
valugs o Y SpreggebéFgﬁﬁiﬁﬁ ﬁgﬁlﬁgiﬁgﬁgenGnéEFEde B&A0F 3 Hed Yar ea
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opened is equal to the foreground component of the fourth
pixel from the left in Fig. 12 corresponding to the second
portion of the shutter time/v from when the shutter has
opened. Similarly, the foreground component F06/v is equal
10 to the foreground component of the fifth pixel from the left
in Fig. 12 corresponding to the third portion of the shutter
time/v from when the shutter has opened, and the foreground
component of the sixth pixel from the left in Fig. 12
corresponding to the fourth portion of the shutter time/v
15 from when the shutter has opened.
It can be assumed that the object corresponding to the
foreground is a rigid body, and the foreground object is
moving with constant velocity such that it is displa?ed four
pixels to the right in the subsequent frame. Accordingly,
20 for example, the foreground component F05/v of the second
pixel from the left in Fig. 12 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is equal to the foreground component of the third
pixel from the left in Fig. 12 corresponding to the second

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



shutter tine/v and a foreground conponent corresponding to 10 one shutter
portion of the shutter tine/v, and thus, the. mxture ratio (x of the fift
pi xel fromthe left is 3/4. The sixth pixel fromthe | eft contains '
background conmponents corresponding to two portions of the shutter time/v
and foreground conponents corresponding to two portions of the 15 shutter
tinme/v, and thus, the mxture ratio (x of the sixth pixel fromthe left is
1/2. The seventh pixel fromthe left contains a background conponent
corresponding to one portion of the shutter tine/v and foreground
conponents corresponding to three portions of the shutter tinme/v, and 20
thus, the mxture ratio (x of the seventh pixel fromthe left 1is 1/4. \Wen
equations (1) and (2) are generalized, the pixel value M can be expressed
by equat PBfTEY): REEiderlyp Fhej fprggrgpnd spmperens EOP4vt hé RAINBdre
ratio, B indicates a pixel value of the background, and Fi/v designates a
foregrout® EORpSRERTIOPPI:SAMBENERSUREd thRat OPKE OB 88 E6PPe&B8Nding to

e o ST g, 8Pt o LR M Lhconstant Rovel ooty
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g. corresponding to the second portion of
12 corresponding to the fourth portion of the shutter time/v
from when the shutter has opened.
It can be assumed that the object corresponding to the
foreground is a rigid body, and the foreground object is
10 moving with constant velocity such that it is displayed four
pixels to the right in the subsequent frame. Accordingly,
for example, the foreground component F04/v of the left most
pixel in Fig. 12 corresponding to the first portion of the
shutter time/v from when the shutter has opened is equal to
15 the foreground component of the second pixel from the left
in Fig. 12 corresponding to the second portion of the
shutter time/v from when the shutter has opened. Similarly,
the foreground component F04/v 1s equal to the foreground
component of the third pixel from the left in Fig. 12
20 corresponding to the third portion of the shutter time/v
from when the shutter has opened, and the foreground
component of the fourth pixel from the left in Fig. 12
corresponding to the fourth portion of the shutter time/v

from when the shutter has opened.

25 Since the foreground area corresponding to the moving



the shutter tinme/v fromwhen the shutter has opened. Simlarly, the

f oreground conponent FOl/v is equal to the foreground conponent of the
seventh pixel fromthe left in Fig. 13 corresponding to the third portion
of the shutter 15 time/v fromwhen the shutter has opened, and the
foreground conponent of the eighth pixel fromthe left in Fig. 13
corresponding to the fourth portion of the shutter tinme/v fromwhen the
shutter has opened. It can be assuned that the object corresponding to the
20 foreground is a rigid body, which isgss mving with constant velocity, and
t he amount of novenent v is 4. Accordingly, for exanple, the foreground
conponent FO02/v of the sixth pixel fromthe left in Fig. 13 correspondi ng
to the first portion of the shutter tine/v from when the shutter has 25
opened | $P3GFA PP LAASSt BP&gBuRd U0 RFo ReFCUSH Sth@be¥Fentt £a8g3150xel from
the left in Fi 13 correspoq%al q.te the second portion of the shutter
time/v fPEMERIAERTERe TONGE: & RASTOShdR8d 3 &Pni'l arly, the foreground

t FO2 he f t of t hth |
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for exanple, or eground conponen € seventh piX romthe

left in Bogreldon@inhgSRANENRI fb@egheuhld §5 moving to the right in
Fig. 13. 1In Fig. 13, the amount of movement v is 4. Since
one frame is a short period, it can be assumed that the
object corresponding to the foreground is a rigid body

10 moving with constant velocity. In Fig. 13, the object image
corresponding to the foreground is moving to the right such
that it is positioned four pixels to the right with respect
to a reference frame when it is displayed in the subsequent
frame.

15 In Fig. 13, the pixels from the leftmost pixel to the
fourth pixel belong to the background area. In Fig. 13, the
pixels from the fifth pixel to the seventh pixels from the
left belong to the mixed area, which is an uncovered
background area. 1In Fig. 13, the rightmost pixel belongs to

20 the 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
to the background over time. Accordingly, the components

25 contained in the pixel values of the pixels belonging to the



portion of the shutter tine/v fromwhen the shutter has opened is equal to
the foreground conponent of the eighth pixel fromthe left in Fig. 13
corresponding to the second 15 portion of the shutter tine/v fromwhen the
shutter has opened. It has been described with reference to Figs. 11

t hrough 13 that the nunber of virtual divided portions is 4. The nunber of
virtual divided portions corresponds to the 20 anount of novenent v.
General ly, the anobunt of novenent v corresponds to.the noving speed of the
obj ect corresponding to the foregroungl, For exanple, if the object
corresponding to the foreground is noving such that it is displayed four

pi xels to the right with respect to a certain frane when it 25 is
positioned in the subsequent franme, the amount of - 59 novenent v is set

to 4. ThéngeviseedPagkareanddiarede Fhapsie ifad ithesdoregroungd accor dance
with the amount of novenent v. Sim]arly, when the object corresponding to
the for eGPORSRS LSS 4G Ss bETRAFLMTG SOTPPNSHEIY &F & £ogitedlss Wge 95 he

| ef t wﬁtg?{es ect to a certain frame en it is _positioned in the

subsequent §ﬁéPdtﬁ8r§ﬁ§€ﬁpd&Pgh5§bﬁ£%tSFUtF§IS§EmFo 6, and the nunber of
virtual divid drporgkogg i? set Lo 6. Eggﬂ, 14 and éS iélugﬁraﬁg.tﬁe
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M' = F02/v+F01/v+B26/v+B26/v (2)

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

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

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

20 thus, 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=a-B+ )Fi/v (3)
i



conponents and the background conponents corresponding to the divided
periods of the shutter tine. 15 Fig. 14 illustrates an exanple in which
pi xels in the foreground area, the background area, and the m xed area are
extracted froman i mage containing a foreground corresponding to an object
nmoving in front of a stationary background. In the exanple shown in Fig.:
14, the object 20 corresponding to the foreground is horizontally noving
with respect to the screen. Frame #n+l is a frane subsequent to frane #n,
and franme #n+2 is a franme subsequent 40 franme #n+l. Pixels in the
foreground area, the background area, and 25 the m xed area are extracted
fromone of franmes #n through - 60 #n+2, and the anmount of novenent v is
set to 4. A nodel, obtained by expanding the pixel values of the extracted
pi xel s i WheRe € ke dhee BEXSHTes Tefdfn Bn 1Pdg.cates g mi&alhyadpiceof
corresponding to the foreground is 5 noving, the pixel values in the
foregrouﬁgea%égﬁgFgupgwné d gﬂgWOQFS&BPFGF n@ fOrEGrOURE CORPORERLs
corresponding_fo the shutter .t v, For_exapple, the |eftnost pjxel of
Che pixol s PHELRER{BPenP SHARaF BAt s HBRnCPA P qoo 1E=SRARALPE BF TEBI /v,
FO2/v, F %@%q %ﬂ% FO4/%. Ih§t E%a th%hgi eE% %gvgge 1Q o%e%r%ggq contain
notion blur. §|ncg e oﬁi CF corVéspon& ng-to thegbgéﬁ r SOng T8
statignapy il LARULHENLA LR SeNR0LCALARCLLCIPONdd tingh S Bagkar ound
during the shuttér tine Go8S “not ¢ ange. I'n

example, the foreground component F0l/v of the fifth pixel

from the left in Fig. 13 corresponding to the first portion
of the shutter time/v from when the shutter has opened is
equal to the foreground component of the sixth pixel from
10 the left in Fig. 13 corresponding to the second portion of
the shutter time/v from when the shutter has opened.
Similarly, the foreground component FO0l/v is equal to the
foreground component of the seventh pixel from the left in
Fig. 13 corresponding to the third portion of the shutter
15 +time/v from when the shutter has opened, and the foreground
component of the eighth pixel from the left in Fig. 13
corresponding to the fourth portion of the shutter time/v
from when the shutter has opened.
It can be assumed that the object corresponding to the
20 foreground is a rigid body, which is moving with constant
velocity, and the amount of movement v is 4. Accordingly,
for example, the foreground component F02/v of the sixth
pixel from the left in Fig. 13 corresponding to the first
portion of the shutter time/v from when the shutter has

25 opened is equal to the foreground component of the seventh



this case, the pixel values in the background area do not 15 contain
motion blur. The pixel values in the nixed area consisting of a covered
background area or an uncovered background area are formed of foreground-
conponent s and background conponents. A description is given bel ow of a
nodel obtained by 20 expanding in the time direction the pixel values of
the pixels which are aligned side-by-side in a plurality of franes and
which are | ocated at the sanme positions when the frames are overl apped when
the i mage corresponding to the objectgds noving. For exanple, when the

i mge corresponding 25 to the object is noving horizontally wth respect
to the - 61 screen, pixels aligned on the screen can be selected as the

pi xel s allgned si de- by- si de. % 16 illustrates a nodel obtained by
expandi n§ 1 FH@“&F#@ &PF@CHPO lQhe18|§€F§e®ﬁP€ﬁl§ﬂét3IF&ﬁeée§PH€ by- si de
5 in three franes
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shutter time/v from when the shutter has opened.

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

10 for example, the foreground component F03/v of the seventh
pixel from the left in Fig. 13 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is equal to the foreground component of the eighth
pixel from the left in Fig. 13 corresponding to the second

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

It has been described with reference to Figs. 11
through 13 that the number of virtual divided portions is 4.
The number of virtual divided portions corresponds to the

20 amount of movement v. Generally, the amount of movement v
corresponds to.the moving speed of the object corresponding
to the foreground. For example, if the object corresponding
to the foreground is moving such that it is displayed four
pixels to the right with respect to a certain frame when it

25 is positioned in the subsequent frame, the amount of



15 frame #n-1 through frame #n+l do not change. For exanple, the pixel in
frame #n and the pixel in frane #n+l | ocated at the correspondi ng position
of the pixel having the pixel value B0O5 in frane #n-1 have the pixel value
BO5. Fig. 17 illustrates a nodel obtained by expanding in 20 the tine
direction the pixels which are aligned side-by-side in three franes of an
i mage obtai ned by capturing an object corresponding to a foreground that
is noving to the right in Fig. 17 together with an object corresponding to
a stationary background and which are §gcated at the same 25 positions when
the frames are overl apped. The nodel shown - 62 in Fig. 17 contains a
covered background area. In Fig. 17, it can be assuned that the object
corresponding to the foreground is_a rigid body noving with constant

vel oci t ymoysHeRfal it s€tnd¢i Ag sd&§ PrEPSr ofs virgiugd fjvddesur pixels to
the right in . the subsequent franme. Accordingly, the anount of novenment v
is 4, an®@°théCREnter S€ t@iﬁt&&la&F@F&@&CﬁoﬁgF§n§ esaﬁpuﬁﬁyoéxanple, t he
o1 e0roupd SRIBENENC lplie.bel eat -SoxShigld LA AP BE
ShuLter URsadBRIg s, RSts, QUL Re.Loreanauid amanent of s oaeon,
L SRkl TS HE Ul Lo s noRElRg el 30 2L, The
correspopdisng ibAekhgnt Bhed subsequent frame, the amount of movement v

is set to 6, and the number of virtual divided portions is

set to 6.

Figs. 14 and 15 illustrate the relationship of the

10 foreground area, the background area, and the mixed area
which consists of a covered background or an uncovered
background, which are discussed above, to the foreground
components and the background components corresponding to
the divided periods of the shutter time.

15 Fig. 14 illustrates an example in which pixels in the
foreground area, the background area, and the mixed area are
extracted from an image containing a foreground
corresponding to an object moving in front of a stationary
background. In the example shown in Fig. 14, the object

20 corresponding to the foreground is horizontally moving with
respect to the screen.

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

Pixels in the foreground area, the background area, and

25 the mixed area are extracted from one of frames #n through



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

f oreground conponent of the fourth pixel from the left in Fig. 17
corresponding to the fourth portion of the shutter tine/v fromwhen the
shutter has opened are 20 F12/v. The foreground conponent of the | eftnost
pi xel of frame #n-1 in Fig. 17 corresponding to the second portion of the
shutter tinme/v fromwhen the shutter has opened is F11/v. The foreground
conponent of the second pixel fromthe left 25 in Fig. 17 corresponding to
the third portion of the shutter - 63 ggine/v fromwhen the shutter has
opened is also Fll/v. The foreground conponent of the third pixel fromthe
left in Fig. 17 corresponding to the fourth portion of the shutter tine/v
fromwhen the shutter has opened is F1l/v. 5 The foreground conponent of
the |eft #6<E pPREl tHE BRQWEL 1. Movemenk viiscsetedBortdi nd Me%eRe third
portion of the shutter time/v fromwhen the shutter has opened is F10/v.
The for e§P&GATSCoRYoRERENGEIEh &S B G pivRdlies, o the ratractedri g. 17
correspondingﬁto tgggfourth portiqgn of the 10 shutter tinme/v from when the

shutter Fa$<ofed8d s &85 dﬁf@F&Foﬁhésf5$€§Po&HdF&8hp&ﬁent of the |eftnost.
Chut ter ti ol S PF Srt0ReRt REESHATPPORag  BPehedtre FOSPErorick®t he obj ect
cort SEPoR Lo HRRRIOLRNA! I BR S BIA LIBPagsIzu comanen
to the of four different foreground components corresponding to the
shutter time/v. For example, the leftmost pixel of the
pixels in the foreground area shown in Fig. 15 consists of
F0l/v, F02/v, F03/v, and F04/v. That is, the pixels in the
10 foreground contain motion blur.
Since the object corresponding to the background is
stationary, light input into the sensor 11 corresponding to
the background during the shutter time does not change. In
this case, the pixel values in the background area do not
15 contain motion blur.
The pixel values in the mixed area consisting of a
covered background area or an uncovered background area are
formed of foreground components and background components.
A description is given below of a model obtained by
20 expanding in the time direction the pixel values of the
pixels which are aligned side-by-side in a plurality of
frames and which are located at the same positions when the
frames are overlapped when the image corresponding to the

object is moving. For example, when the image corresponding

25 to the object is moving horizontally with respect to the



first portion of the shutter tine/v fromwhen the shutter has opened is
BO1/v. The background conponents of the third pixel fromthe left of franme
#n-1 in Fig. 17 corresponding 20 to the first and second portions of the
shutter tinme/v from when the shutter has opened are B02/v. The background
conponents of the fourth pixel fromthe left of frame #n-1 in Fig. 17
corresponding to the first through third portions of the shutter tine/v
from when the shutter has opened are 25 B03/v. - 64 |In frame #n-1 in Fig.
17, the leftnost pixel fromthe Ieft felongs to the foreground area, and
the second through fourth pixels fromthe left belong to the m xed area,
which 1is a covered background area. 5 The fifth through twelfth pixels
fromthe left of frame #n-1 in Fig. 17 belong to_ the background area, and
t he pi xeBCreghuePixrdseail lgredpon ghﬁoﬁ@ﬁesplFapebﬁe@?ﬂﬁéﬁﬁd Fhe ther st
through fifth pixels fromthe left in frame #n in Fig. 17 belong to the

f or egr ouRd*8t8a21¥RBefordgrolHaS186 -conponent in the shutter tine/v in the
f oreground arﬁa of FO5/ v hrouggaFl [v. |t can be

nsumed that THE: bf ot LeaFFatnani MOTeD PHESTR6relY odRERFELEd 181 - body
nmovi ng wi.ith constant velocity, _and.that .it i s noyin uch that th
For egr ouidsi MABE F4 P8 APEpFAFeRIREA BIAETs “26 Ha o rgne-rR Pie *a8Bsequent
(L2 ARCREYLOLaplHecEOLROt BN ERTRONEA' 11 cLBLLLLLPaR' B eckrom the
corresponding to a stationary background and which are
located at the same positions when the frames are overlapped.
Frame #n is the frame subsequent to frame #n-1, and frame
#n+l is the frame subsequent to frame #n. The same applies
10 to the other frames.
The pixel values B0l through Bl2 shown in Fig. 16 are
pixel values corresponding to the stationary background
object. Since the object corresponding to the background is
stationary, the pixel values of the corresponding pixels in
15 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 B05 in frame #n-1 have the pixel value B05.
Fig. 17 illustrates a model obtained by expanding in
20 the time direction the pixels which are aligned side-by-side
in three frames of an image obtained by capturing an object
corresponding to a foreground that is moving to the right in
Fig. 17 together with an object corresponding to a

stationary background and which are located at the same

25 positions when the frames are overlapped. The model shown
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Accordingly, the amount of movement v is 4, and the number
of virtual divided portions is 4.

For example, the foreground component of the leftmost
pixel of frame #n-1 in Fig. 17 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is F1l2/v, and the foreground component of the second
pixel from the left in Fig. 17 corresponding to the second
portion of the shutter time/v from when the shutter has
opened is also Fl12/v. The foreground component of the third
pixel from the left in Fig. 17 corresponding to the third
portion of the shutter time/v from when the shutter has
opened and the foreground component of the fourth pixel from
the left in Fig. 17 corresponding to the fourth portion of
the shutter time/v from when the shutter has opened are
Fl2/v.

The foreground component of the leftmost pixel of frame
#n-1 in Fig. 17 corresponding to the second portion of the
shutter time/v from when the shutter has opened is F1l/v.

The foreground component of the second pixel from the left

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

t he

portion
e
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xt h



portion of the shutter tine/v fromwhen the shutter has 20 opened is al so
F10/v. The foreground conponent of the fifth pixel fromthe left of frane
#n in Fig. 17 corresponding to the fourth portion of the shutter tine/v
fromwhen the shutter has opened is FO09/v. Since the object corresponding
to the background is 25 stationary, the background conponent of the sixth
pi xel from- 66 the left of frame #n in Fig. 17 corresponding to the first
portion of the shutter tine/v fromwhen the shutter has opened is BO5/v.
The background conponents of the severgf _pixel fromthe [eft of frame #n
in Fig. 17 corresponding to 5 the first and second portions of the shutter
time/v from when the shutter has opened are B06/v. The background
conponents of the eighth pixel fromthe left of frame #n in ig.

cor r esportdid ¥t & TR Whiens then sdugh eehihed ﬁ@ﬁﬁaﬁnléfalﬁﬁeFéﬂtherTbﬁne/v
fromwhen the shutter has opened are 10 BO7/v. In_ frane #n in Fig._ 17, the
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f or egr ound
#n-1 in Fig. 17 corresponding to the third portion of the

shutter time/v from when the shutter has opened is F10/v.
The foreground component of the second pixel from the left
in Fig. 17 corresponding to the fourth portion of the

10 shutter time/v from when the shutter has opened is also
F10/v. The foreground component of the leftmost pixel of
frame #n-1 in Fig. 17 corresponding to the fourth portion of
the shutter time/v from when the shutter has opened is F09/v.

Since the object corresponding to the background is

15 stationary, the background component of the second pixel
from the left of frame #n-1 in Fig. 17 corresponding to the
first portion of the shutter time/v from when the shutter
has opened is B0l/v. The background components of the third
pixel from the left of frame #n-1 in Fig. 17 corresponding

20 to the first and second portions of the shutter time/v from
when the shutter has opened are B02/v. The background
components of the fourth pixel from the left of frame #n-1
in Fig. 17 corresponding to the first through third portions
of the shutter time/v from when the shutter has opened are

25 B03/v.



20 area of frame #n+l1 is any one of FO1l/v through F12/v. It can be assuned
that the object corresponding to the foreground is a rigid body noving

wi th constant velocity, and that it is noving such that the foreground
image is displayed four pixels to the right in the subsequent frane. 25
Accordi ngly, the foreground conponent of the ninth pixel - 67 fromthe

| eft of frame #n+l in Fig. 17 corresponding to the first portion of the
shutter tine/v fromwhen the shutter has opened is F12/v, and the
foreground conponent of the tenth pixgd fromthe left in Fig. 17
corresponding to the 5 second portion of the shutter tinme/v fromwhen the
shutter has opened is also F12/v. The foreground conponent of the

el eventh pixel fromthe left in Fig. _17 corresponding to_the third portion
of the shuttef™t FABP§ FROM wWReRifheldnuther LefEBO8heRédCaNETPRe th8r egr ound
conmponen he twelfth pixel 10 fromthe left in Fig. 17 corresponding to
t he fourﬁﬁ%jﬁo&’ﬁié’ﬁgsoftot F'fgles Gttte@rrot‘ﬁ“?ela\?e[ar'oﬁr\ﬁh&?et & CORG (S WL opened
are F12/.. e_f.oregrqund nent .of the ninth pi,xel. fromthe, lLeft of
frame Anfpiepgveld dsdm SRR H31ond sB e PidS, el hiche
shutter tioe/v {r t tter. has opened is F11/v. The foreground
conponen%so fﬁ&e%ght gggﬁggﬁ%gggﬁgfhe left in Fig. 17 corresponding to the

thirds portiofnglsiRenSeHELEN! LIBLYCH BT URENCEDR BhU! EELNGE capgRed 1

al so F1l/v. The foregroun nponent o elleventh pi xe romthe |eft
in Fig. ¥a-qonnesigndinAgpnkd ol to the background area, and the pixel

values thereof are B04 through Bll, respectively.

The first through fifth pixels from the left in frame

#n in Fig. 17 belong to the foreground area. The foreground
10 component in the shutter time/v in the foreground area of
frame #n is any one of F05/v through Fl2/v.

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

15 displayed four pixels to the right in the subsequent frame.
Accordingly, the foreground component of the fifth pixel
from the left of frame #n in Fig. 17 corresponding to the
first portion of the shutter time/v from when the shutter
has opened is Fl1l2/v, and the foreground component of the

20 sixth pixel from the left in Fig. 17 corresponding to the
second portion of the shutter time/v from when the shutter
has opened is also Fl2/v. The foreground component of the
seventh pixel from the left in Fig. 17 corresponding to the
third portion of the shutter time/v from when the shutter

25 has opened and the foreground component of the eighth pixel



fourth portion of the shutter time/v fromwhen the shutter has opened is
F11/v. The foreground conponent of the ninth pixel fromthe left of frane
#n+l in Fig. 17 corresponding to the third 25 portion of the shutter
time/v fromwhen the shutter has - 68 opened is F10/v. The foreground
component of the tenth pixel fromthe left in Fig. 17 corresponding to the
fourth portion of the shutter tinme/v fromwhen the shutter has opened is
al so F10/v. The foreground conponent of the ninth 5 pixel fromthe left of
frame #n+l in Fig. 17 corresponding _tgo-the fourth portion of the shutter
time/v fromwhen the shutter has opened is FO09/v. Since the object
corresponding to the background is stationary, the background conponent of
the tenth pixel from 10 the left of frame #n+l in Fig. 17 corresponding to
t he firstiropoithicodedit the Fdbut tLdr coirmespomnddmantieon thiee fohurthe polrgd oopened
is B0O9/v. The background conponents of the eleventh pixel fromthe left of
frane #nPf therisjuttercimedJokdiongwhea the pihudtezndasecopsaefoptieons of
the shutter time/v from 15 when the shutter has opened are B10/v. The
backgr oufid?¢8nponents of the twelfth pixel fromthe left of frame #n+l in

Fig. 17 corresgon ing to the first through third portion _of the shutter
time/v fromwhef fRESSROTREr CAERODBBRReBEaFRe BIEFG. POBe nfFPRNEBREN+1 in

E}gé ;;&%E%mhggﬁgﬁgg;%%QQntQ?BitQ? %%§%£%p%%%qh%h%ol%kg g%kggg to the
portion of the shutter time/v from when the shutter has
opened is Fll/v. The foreground component of the sixth .
pixel from the left in Fig. 17 corresponding to the third
portion of the shutter time/v from when the shutter has

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

The foreground component of the fifth pixel from the

15 1left of frame #n in Fig. 17 corresponding to the third
portion of the shutter time/v from when the shutter has
opened is F10/v. The foreground component of the sixth
pixel from the left in Fig. 17 corresponding to the fourth
portion of the shutter time/v from when the shutter has

20 opened is also F10/v. The foreground component of the fifth
pixel from the left of frame #n in Fig. 17 corresponding to
the fourth portion of the shutter time/v from when the
shutter has opened is F09/v.

Since the object corresponding to the background is

25 stationary, the background component of the sixth pixel from



covered background area. Fig. 18 is a nodel of an inmage obtained by
extracting the foreground conponents fromthe pixel values shown in Fig.
25 17. - 69 Fig. 19 illustrates a nodel obtained by expanding in the tine
direction the pixels which are aligned side-by-side in three franes of an
i mge obtained by capturing an object corresponding to a foreground that
is moving to the right in 5 Fig. 19 together with an object correspondi ng
to a stationary background and which are |located at the sane positions
when the frames are overlapped. The mgel shown in Fig. 19 contains an
uncover ed background area. In Fig. 19, 1t can be assuned that the object 10
corresponding to the foreground is a rigid body noving with constant
velocity, and that it is nmoving such that it is displayed four pixels to

the rightthen1ehé SfbSEgient*rr Aa@né 19 AddorerngisPorci@daimsuitieot imgFenent v
is 4. For exanple, the foreground conponent of the leftnost 15 pixel of
frame #nPPTEHoR §Ff f@ecﬁg 6h&ﬂﬂ§/W0fFHE Fhegy theoshugtest bege shutter
el EReD L Boa0 S Nesc onened La Bl ang e Laregrgund
Lhe Secod oLl 8L SAS SIS Ll U1 o when e abutigroies 20
left in Ehg 19-600ras00ndln0 Lo i8R s! Bl dheP QR 2R, Ok sy bher time/v
when the shutter has opened are B06/v. The background
components of the eighth pixel from the left of frame #n in
Fig. 17 corresponding to the first through third portion of
the shutter time/v from when the shutter has opened are
10 B07/v.
In frame #n in Fig. 17, the sixth through eighth pixels
from the left belong to the mixed area, which is a covered
background area.
The ninth through twelfth pixels from the left of frame
15 #n in Fig. 17 belong to the background area, and the pixel
values thereof are BO8 through Bll, respectively.
The first through ninth pixels from the left in frame
#n+l in Fig. 17 belong to the foreground area. The
foreground component in the shutter time/v in the foreground
20 area of frame #n+l is any one of FO0l/v through Fl2/v.
It can be assumed that the object corresponding to the
foreground is a rigid body moving with constant velocity,
and that it is moving such that the foreground image is

displayed four pixels to the right in the subsequent frame.

25 Accordingly, the foreground component of the ninth pixel



opened and the foreground conponent of the fourth pixel from the left in
Fig. 19 corresponding to the fourth portion of 25 the shutter tine/v from
when the shutter has opened are - 70 F13/v. t he foreground conponent of
the second pixel fromthe left of frame #n-1 in Fig. 19 corresponding to
the first portion of the shutter tine/v fromwhen the shutter has 5
opened is Fl14/v. The foreground conponent of the third pixel fromthe |eft
in Fig. 19 corresponding to the second portion of the shutter tinme/v from
when the shutter has opened is alsao FJ#4/v. The foreground conponent of the
third pixel fromthe left in Fig. 19 corresponding to the first 10 portion
of the shutter tine/v fromwhen the shutter has opened is F15/v. Since

t he object corresponding to the background is_stationary, the background
conponentfF By thige Ledttt odstf rgmee#ntdf 1oy g -#r-71 qox rEisgpongd ngotice dhéendi ng to
the second through 15 fourth portions of the shutte tinme/v fromwhen the
shutter HESTopeFddoRr 8IB3Sey Shiyhd oFa blgied vn & re8mpdsentheo s it ersecond

pi xel fromthe |left ,of frame #n-1.in Fig. 19 corresponding to the third
and f our tHSpSRENGSs 15 Fl V'sﬁﬁpt&PQJﬁﬁ%QQHQRﬁ%\ﬂ%ﬂﬁopﬁ€ts%§tF@F has opened:
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has opened is also Fl2/v. The foreground component of the
eleventh pixel from the left in Fig. 17 corresponding to the
third portion of the shutter time/v from when the shutter
has opened and the foreground component of the twelfth pixel

10 from the left in Fig. 17 corresponding to the fourth portion
of the shutter time/v from when the shutter has opened are
Fl2/v.

The foreground component of the ninth pixel from the

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

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

20 eleventh pixel from the left in Fig. 17 corresponding to the
fourth portion of the shutter time/v from when the shutter |
has opened is Fll/v.

The foreground component of the ninth pixel from the

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

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



the third pixel belong to the m xed area, which is an 25 uncovered
background area. - 71 The fourth through twelfth pixels fromthe left of
frame #n-1 in Fig. 19 belong to the foreground area. The foreground '
conponent of the frame is any one of F13/v t hrough F24/v. 5 The | eftnost
pi xel through the fourth pixel fromthe left of frame #n in Fig. 19 bel ong
to the background area, and the pixel values thereof are B25 through B28,
respectively. 1t can be assuned that the object corresponding to the 10
foreground is a rigid body noving withgaonstant velocity, and that it is
novi ng such that it is displayed four pixels to the right in the
subsequent frane. Accordingly, the foreground conponent of the fifth pixel
fromthe left of frame #n in Fig. 19 corresponding to the first portion of
15 the sRBEREA EiSnEA/FromTieeh CERILOHGE: ELTRRECHHeREdthe EEBLR,  and the
foreground conponent of the sixth pixel fromthe left in Fig. 19

corr espoRd¥Rg £8°Ph&h&edShd por Fiign &f CRETSSRARCERTt tRelbef £8HTRRen t he

shutter has qpened is also. F13/v. The foreground conponent of the seventh
i xel frBRESGOPNET| SPe FRUEEGE ToMedVr SERBnUPRG EBS RBSEREFABASN tion of

the shutter tinme/v romwhen the shutter has opened and the_ . foreground
componenfPEFFhé Sefdifh gngr f&gﬁl ﬁéeﬁéPPnFnCOEPQPefg 8ng5§p8ﬁgFﬁg to
the fourth,3reigh Rha! BErANYH Srank! JREY GROF:YNR+t 08, 30UpLGR; igs oPened
to the fourth portion of the shutter time/v from when the
shutter has opened is F09/v.
Since the object corresponding to the background is
stationary, the background component of the tenth pixel from
10 the left of frame #n+l in Fig. 17 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is B09/v. The background components of the eleventh
pixel from the left of frame #n+l in Fig. 17 corresponding
to the first and second portions of the shutter time/v from
15 when the shutter has opened are B1l0/v. The background
components of the twelfth pixel from the left of frame #n+l
in Fig. 17 corresponding to the first through third portion
of the shutter time/v from when the shutter has opened are
Bll/v.
20 In frame #n+l in Fig. 17, the tenth through twelfth
pixels from the left belong to the mixed area, which is a
covered background area.
Fig. 18 is a model of an image obtained by extracting
the foreground components from the pixel values shown in Fig.

25 17.



25 The foreground conponent of the sixth pixel fromthe - 72 left of frame
#n in Fig. 19 corresponding to the first portion of the shutter tinme/v
fromwhen the shutter has opened is F14/v. The foreground conponent of the
seventh pixel fromthe left in Fig. 19 corresponding to the second 5
portion of the shutter tine/v fromwhen the shutter has opened is also
F14/v. The foreground conponent of the eighth pixel fromthe left in Fig.
19 corresponding to the first portion of the shutter tinme/v fromwhen the
shutter has opened is F15/v. 10 Sinced he object corresponding to the
background is stationary, the background conponents of the fifth pixel
fromthe left of franme #n in Fig. 19 corresponding to the second through
fourth portions of the shutter time/v from when the shutter has opened are
B29/v. The baEkgrobRdilbugbnpbagnasmefel hebspinpdpbXepxpabdingeineft of
frame #n in Fig. 19 corresponding to the third and fourth portions of the

shutter fG%e/AHMEr GAERRER OPh&heh Biterl sh¥d iGHe f&G &l Ined3sAde PHe SB& kgr ound
conmponent, of .the seventh pixel from the left of frame #n in Fig. 19
Gor T osporkd FiEs ERETESUPEN 00 LBBPE 1P G NEre B9h CEPBATEPReAP PPgRRHNen t he -
shutter has _opened is B31l/y. In frame #n.in Fig. .19, .the fifth pixe
Chrough CHETSSROBALRopEReP FP5RUERE Rorh el ord BhbomtRed “4P8R, ini ch
s ans unover ed RagKanaundatedn 23510t Uil lough bug! fth pixels from
étationary background and which are located at the same
positions when the frames are overlapped. The model shown
in Fig. 19 contains an uncovered background area.
In Fig. 19, it can be assumed fhat the object
10 corresponding to the foreground is a rigid body moving with
constant velocity, and that it is moving such that it is
displayed four pixels to the right in the subsequent frame.
Accordingly, the amount of movement v is 4.
For example, the foreground component of the leftmost
15 pixel of frame #n-1 in Fig. 19 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is F13/v, énd the foreground component of the second
pixel from the left in Fig. 19 corresponding to the second
portion of the shutter time/v from when the shutter has
20 opened is also F13/v. The foreground component of the third
pixel from the left in Fig. 19 corresponding to the third
portion of the shutter time/v from when the shutter has
opened and the foreground component of the fourth pixel from

the left in Fig. 19 corresponding to the fourth portion of

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



- 73 frame #n in Fig. 19 belong to the foreground area. The value in the
foreground area of frame #n corresponding to the period of the shutter
time/v is any one of F13/v through F20/v. 5 The | eftnost pixel through
the eighth pixel fromthe Ileft of frane #n+l in Fig. 19 belong to the
background area, and the pixel values thereof are B25 through B32,
‘respectively. It can be assuned that the object corresponding to the 10
foreground is a rigid body noving with constant velocity, and that it is
nmovi ng such that it is displayed four .ty xels to the right in the
subsequent frane. Accordingly, the foreground conponent of the ninth pixel
fromthe left of frame #n+l in Fig. 19 corresponding to the first portion
of 15 the shutter tinme/v fromwhen the shutter has opened is F13/v, and
the fore§A8dNd conponent of the tenth pixel fromthe left in Fig. 19
corresponding to the second portion of the shutter tinme/v _fromwhen the
shutter has opBReforegrPund £emponerkeofokhfr 88REANEoRHBALNELXSN the el event h

pi xel from20 the left in_Fig. 19 corresponding to the third portion of
t he shut EFttPﬁeF€aPFo#PWHeﬁ%tﬁéQSh&?tGPrH§§p88Qﬁ@8 &Rd thRe firsitegr ound
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pixel from the left in Fig. 19 corresponding to the second
portion of the shutter time/v from when the shutter has
opened is also Fl4/v. The foreground component of the third
pixel from the left in Fig. 19 corresponding to the first

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

Since the object corresponding to the background is
stationary, the background components of the leftmost pixel
of frame #n-1 in Fig. 19 corresponding to the second through

15 fourth portions of the shutter time/v from when the shutter
has opened are B25/v. The background components of the
second pixel from the left of frame #n-1 in Fig. 19
corresponding to the third and fourth portions of the
shutter time/v from when the shutter has opened are B26/v.

20 The background component of the third pixel from the left of
frame #n-1 in Fig. 19 corresponding to the fourth portion of
the shutter time/v from when the shutter has opened is B27/v.

In frame #n-1 in Fig. 19, the leftmost pixel through
the third pixel belong to the mixed area, which is an

25 uncovered background area.



left of frame #n+l in Fig. 19 corresponding to the first portion of the
shutter tinme/v fromwhen the shutter has opened is Fl14/v. The foreground
conponent of the eleventh pixel fromthe left in Fig. 19 corresponding to
the second 5 portion of the shutter tinme/v fromwhen the shutter has

opened is also F14/v. The foreground conponent of the twelfth pixel from
the left in Fig. 19 corresponding to the first portion of the shutter
time/v fromwhen the shutter has opened is F15/v. 10 Since the object
corresponding to the background is stqafionary, the background conponents
of the ninth pixel fromthe left of frame #n+l in Fig. 19 corresponding to
the second through fourth portions of the shutter tine/v from when the
shutter has opened are B33/v. The background_ 15 conponents of the tenth

pi xel fromthEhF‘er‘fPuéFhf threugh+twehafthi gixedscérprspbadiagti8fthe third
and fourth portions of _the shutter tine/v fromwhen the shutter has opened
are  B34FEMeTHE PadkgFdend 1OomsdRast tor the foregerundpaxsr - r GRe the | eft
of frame #n+l in Fig. 19 correspondi to the 20 fourth pqrtjion of the
shutter tiORERT OFPEMRRERTERE ?ﬁﬁﬁ@@r%%ﬁg? dfei8d P§GB§%7€83VN frame #n+l in
Fi g. 19,t%he nbnge49hrough el eventh pixels fromthe left in Fig. 19 bel ong
to the nmixed&red”* Which is an uncovered background area. 25 The twelfth
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left of frame #n in Fig. 19 belong to the background area,
and the pixel values thereof are B25 through B28,
respectively.
It can be assumed that the object corfesponding to the

10 foreground is a rigid body moving with constant velocity(
and that it is moving such that it is displayed four pixels
to the right in the subsequent frame. Accordingly, the
foreground component of the fifth pixel from the left of
frame #n in Fig. 19 corresponding to the first portion of

15 the shutter time/v from when the shutter has opened is F13/v,
and the foreground component of the sixth pixel from the
left in Fig. 19 corresponding to the second portion of the
shutter time/v from when the shutter has opened is also
F13/v. The foreground component of the seventh pixel from

20 the left in Fig. 19 corresponding to the third portion of
the shutter time/v from when the shutter has opened and the
foreground component of the eighth pixel from the left in
Fig. 19 corresponding to the fourth portion of the shutter
time/v from when the shutter has opened are F13/v.

25 The foreground component of the sixth pixel from the



in the shutter tinme/v in the foreground area of franme #n+l is any one of
F13 through F16, respectively. Fig. 20 illustrates a nodel of an inage
obtained by 5 extracting the foreground conponents fromthe pixel values
shown in Fig. 19. Referring back to Fig. 4, the area specifying unit 103
specifies flags indicating to which of a foreground area, a background
area, a covered background area, or an uncovered 10 background area the

i ndi vi dual pixels of the input imge belong by using the pixel values of a
plurality of frames, and supplies the,flags to the mxture-ratio
calculator 104 and the notion-blur adjusting unit 106 as the area
information. 15 The m xture-ratio cal cul ator 104 cal cul ates the m xture
ratio a for each pixel contained in the m xed area based on the pixe

val ues ofteftplofr diriame @ finafdg.add e respendimgorteattihen fiasd supplies the
calculated m xture ratio a to the foreground/ background separator 105. 20
The f or e§RETHIIbL &k Fheushuddgsr &ise/ Vo rem whens thiee shiuditegr ba@sd conponent

i mge consisting of _only the foreground @conponents based on the pixel
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opened is also Fl4/v. The foreground component of the

eighth pixel from the left in Fig. 19 corresponding to the

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

has opened is F15/v.

10 Since the object corresponding to the background is
stationary, the background components of the fifth pixel
from the left of frame #n in Fig. 19 corresponding to the
second through fourth portions of the shutter time/v from
when the shutter has opened are B29/v. The background

15 components of the sixth pixel from the left of frame #n in
Fig. 19 corresponding to the third and fourth portions of
the shutter time/v from when the shutter has opened are
B30/v. The background component of the seventh pixel from
the left of frame #n in Fig. 19 corresponding to the fourth

20 portion of the shutter time/v from when the shutter has
opened is B3l/v.

In frame #n in Fig. 19, the fifth pixel through the
seventh pixel from the left belong to the mixed area, which
is an uncovered background area.

25 The eighth through twelfth pixels from the left of



based on the foreground conponent image supplied fromthe
f or egr ound/ background separator 105, the notion vector 5 supplied fromthe
notion detector 102, and the area information supplied fromthe area
speci fying unit 103, and then outputs the foreground conponent imge in
which notion blur is adjusted. The processing for adjusting the anount of
notion blur 10 perforned by the signal processor 12 is described bel ow
with reference to the flowhart of Fig. 21. In step Sil, the area
specifying unit 103 executes area specj§ying processing, based on an input
i mage, for generating area information indicating to which of a foreground
area, a background area, 15 a covered background area, or an uncovered
background are each pixel of the input inage belongs. Details of the area
specify|E&aﬂﬁo%€s§Pn§l§%e13|P@ﬁOBSI6@ tﬁﬁefQF§5r§H@@1ﬁ§Pﬁg dhet 103
supplies the gener ted area information to the m xture-rati g cal cul ator
104. 20 MR'&FeplsitPe £RESFFOANSpEEIPRY g TEATE 183 wae@@ﬁ@fiape tOased on
n |nd|cat|ng to t he ore ound

th
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area is 3¢¢QVere¢ Raekaneynds rFig. 19 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
10 foreground is a rigid body moving with constant velocity,
and that it is moving such that it is displayed four pixels
to the right in the subsequent frame. Accordingly, the
- foreground component of the ninth pixel from the left of
frame #n+l in Fig. 19 corresponding to the first portion of
15 the shutter time/v from when the shutter has opened is F13/v,
and the foreground component of the tenth pixel from the
left in Fig. 19 corresponding to the second portion of the
shutter time/v from when the shutter has opened is also
F13/v. The foreground component of the eleventh pixel from
20 the left in Fig. 19 corresponding to the third portion of
the shutter time/v from when the shutter has opened and the
foreground component of the twelfth pixel from the left in
Fig. 19 corresponding to the fourth portion of the shutter
time/v from when the shutter has opened are F13/v.

25 The foreground component of the tenth pixel from the



area or an uncovered background area. For exanple, if the 5 input inmage is
di sposed in the order of the foreground area, the m xed area, and the
background area in the direction of the notion vector, it is determ ned
that the mxed area is a covered background area. If the input inmage is
di sposed in the order of the background area, the m xed area, and the 10
foreground area in the direction of the notion vector, it is determ ned
that the m xed area is an uncovered background area. In step S12, the

m xture-ratio calculator 104 calculatgs the mxture ratio a for each pixel
contained in 15 the m xed area based on the input image, the notion vector
and the positional information thereof, and the area information. Details
of the m_ xture ratio calculating processing are given below. The

i xt ur e- A&fito ofalf€amat dptli102 Fagpl iLds CPPfée@@p@eﬂi&tge&Omt%ﬁunférﬁéti oato
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opened is also Fl4/v. The foreground component of the

twelfth pixel from the left in Fig. 19 corresponding to the
first portion of the shutter time/v from when the shutter
has opened is F15/v.

10 Since the object corresponding to the background is
stationary, the background components of the ninth pixel
from the left of frame #n+l in Fig. 19 corresponding to the
second through fourth portions of the shutter time/v from
when the shutter has opened are B33/v. The background

15 components of the tenth pixel from the left of frame #n+l in
Fig. 19 corresponding to the third and fourth portions of
the shutter time/v from when the shutter has opened are
B34/v. The background component of the eleventh pixel from
the left of frame #n+l in Fig. 19 corresponding to the

20 fourth portion of the shutter time/v from when the shutter
has opened is B35/v.

In frame #n+l in Fig. 19, the ninth through eleventh
pixels from the left in Fig. 19 belong to the mixed area,
which is an uncovered background area.

25 The twelfth pixel from the left of frame #n+l in Fig.



5 direction and belonging to any of the uncovered background area, the
foreground area, and the covered background area, and adjusts the anopunt
of notion blur contained in the foreground conponents corresponding to the
unit of processing. Details of the processing for adjusting the 10 anount
of nmotion blur are given below. In step S15, the signal processor 12
determ nes whether the processing is finished for the whole screen. If it
is determned that the processing is not finished for the whole screen,
the process proceeds to step Sl14, and tHe-processing 15 for adjusting the
amount of notion blur for the foreground conmponents corresponding to the

unit of processing IS repeated. it is determned in step S15 that the
pr ocessi fini ed for_the mhol screen, the processing is conpl et ed.
20 In thi #&%?éws iy rfQ* SRSk G e .§hea§eme@reendada°&enwtt he

anount of, on bI ai ed i th for round atin
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diagramillustrati-ng an exanple
shown in Fig. 19.

Referring back to Fig. 4, the area specifying unit 103
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 supplies the flags to the mixture-ratio calculator 104
and the motion-blur adjusting unit 106 as the area
information.

15 The mixture-ratio calculator 104 calculates the mixture
ratio o for each pixel contained in the mixed area besed on
the pixel values of a plurality of frames and the area
information, and supplies the calculated mixture ratio a to
the foreground/background separator 105.

20 The foreground/background separator 105 extracts the
foreground component image consisting of only the foreground
components based on the pixel values of a plurality of
frames, the area information, and the mixture ratio a, and
supplies the foreground component image to the motion-blur

25 adjusting unit 106.



the configuration of the area specifying unit 103. The area specifying
unit 103 shown in Fig. 22 does not use a notion vector. A frame nenory 201
stores an input image in units of frames. Wen the inmage to be processed
is frame #n, the 10 franme nmenory 201 stores frane #n-2, which is the frane
two franes before franme #n, frame #n-1, which is the frane one frane
before frane #n, franme #n, frame #n+l, which is the franme one frame after
frame #n, frame #n+2, which is the frane two frames after frame #n. 15 A
statlonary/nDV|ng deternlnlng portiaon Z02-1 reads the pixel value of the
pi xel of frame #n+2 located at the sanme position as a designated pixel of
frame #n in which the area to which the pixel belongs is determ ned, and
reads the pixel value of the pixel of frane #n+l |ocated at the sane 20
position of tRBedBeF4RATRAVEI REFuStirganBifnlPPorriHELEr Bhe aREHBEY 201,
and cal cul tes the absol ute value ,Of Hﬁf dlfference bet ween the read pi xel
val ues. el G TFFRAUGE 26§¥@nﬁeﬁeeﬁﬁﬁ@s

whet her e solu e Iue of the dlfference bet ween _t.he éF val ue of
frame #n Lhﬁ é’lrexgéflob’é‘doFOF“rpé’r‘P@%H“ageBﬁugpé & n a preset-

t hr eshol I it,.1s deter ned that ere ce |s reater t han the
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of franex%%t%m%qu%h%dﬁﬁﬁﬁed from the area specifying unit 103, and

then outputs the foreground component image in which motion
blur is adjusted.
The processing for adjusting the amount of motion blur

10 performed by the signal processor 12 is described below with
reference to the flowchart of Fig. 21. 1In step Sl1ll, the
area specifying unit 103 executes area specifying processing,
based on an input image, for generating area information
indicating to which of a foreground area, a background area,

15 a covered background area, or an uncovered background area
each pixel of the input image belongs. Details of the area
specifying processing are given below. The area specifying
unit 103 supplies the generated area information to the
mixture-ratio calculator 104.

20 In step S11, the area specifying unit 103 may generate,
based on the input image, area information indicating to
which of the foreground area, the background area, or the
mixed area (regardless of whether each pixel belongs to a
covered background area or an uncovered background area)

25 each pixel of the input image belongs. In this case, the



val ue of the pixel of frame #n+1 is smaller than or equal to the threshold
Th, the stationary/noving determning portion 202-1 supplies a
stationary/ noving determination indicating 10 "stationary” to the area
determ ning portion 203-1. A stationary/noving determning portion 202-2
reads the pixel value of a designated pixel of frame #n in which the area
to which the pixel belongs is determ ned, and reads the pixel value of the
pi xel of frame #n+l1l | ocated at the same 15 position as the designated pixel
of frame #n fromthe frame nenory 20k~ and cal cul ates the absol ute val ue
of the difference between the pixel values. The stationary/ noving
determ ning portion 202-2 determ nes whet her the absolute value of the
di fference between the pixel value of frane 20 #n+l and the_ pixel val ue of
frame #n P§e§F€&Pé/bﬁﬁ§ﬁrgunﬁré?@?r?ﬁPésHQPda?ﬁ the WPtF§nd€#éFnlned t hat
t he absol val ue of i fference between t i,xel  val ue greater
thant no 2fRRasBEa SRR 08 B G PRoRY o bR it 6h L oPndic sbeng

" movi ng" p d to,the ar determ ning 25 porti area
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val ue of r 14X al u f |er £0 frame #n+
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the motion wvector, 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
10 foreground area in the direction of the motion vector, it is
determined that the mixed area is an uncovered background
area.
In step S12, the mixture-ratio calculator 104
calculates the mixture ratio a for each pixel contained in
-15 the mixed area based on the input image, the motion vector
and the positional information thereof, and the area
information. Details of the mixture ratio calculating
processing are given below. The mixture-ratio calculator
104 supplies the calculated mixture ratio a to the
20 foreground/background separator 105 
In step S13, the foreground/background separator 105
extracts the foreground components from the input image
based on the area information and the mixture ratio «, and
supplies the foreground components to the motion-blur

25 adjusting unit 106 as the foreground component image.



A stationary/ noving determ ning portion 202-3 reads the pixel value of a
desi gnated pi xel of franme #n in which the 10 area to which the pixel

bel ongs is determ ned, and reads the pixel value of the pixel of frame #n-1
| ocated at the same position as the designated pixel of frame #n fromthe
frame nenory 201, and cal cul ates the absolute value of the difference

bet ween the pixel values. The stationary/noving 15 determ ning portion
202- 3 determ nes whet her the absolute value of the difference between the
pi xel value of frame #n and the pixel,qalue of frame #n-1 is greater than
a preset threshold Th. If it is determned that the absolute value of the
di fference between the pixel values is greater than 20 the threshold Th, a
stationary/moving deternination indicating "noving" is sugglied to the area
determining porsten 204, 2thadrapienchldset edniataggperitoh0®03-3. If it is
determ ned that the absolute value of the difference between the pixel

val ue of 9eRerpites! @ﬁsﬁﬂaﬁﬁ #heafi@tine Yscpoxehndalthie 8tethe pi xel of frane
#n-1 is smaller than or - gual to the threshgld Th, the
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and adjusts the amount of motion blur contained in the
foreground components corresponding to the unit of
processing. Details of the processing for adjusting the
10 amount of motion blur are given below.
In step S15, the signal processor 12 determines whether
the processing is finished for the whole screen. If it is
determined that the processing is not finished for the whole
screen, the process proceeds to step S14, and the processing
15 for adjusting the amount of motion blur for the foreground
components corresponding to the unit of processing is
repeated.
If it is determined in step S15 that the processing is
finished for the whole screen, the processing is completed.
20 In this manner, the signal processor 12 is.capable of
adjusting the amount of motion blur contained in the
foreground by separating the foreground and the background.
That is, the signal processor 12 is capable of adjusting the

amount of motion blur contained in sampled data indicating

25 the pixel values of the foreground pixels.



pi xel value of the pixel of frame #n-2 | ocated at the same 10 position as
t he designated pixel of frame #n fromthe frame nenory 201, and cal cul ates
t he absol ute value of the difference between the pixel values. The
stationary/ noving determ ning portion 202-4 determ nes whether the
absolute value of the difference between the pixel value of frame #n 15 1
and the pixel value of frane #n-2 is greater than a preset threshold Th.
If it is determined that the absolute value of the difference between the
pi xel values is greater than the threshald Th, a stationary/noving

determ nation indicating "moving" is supplied to the area determ ning 20
portion 203-3. it is determ ned that the absolute value of the

di fference bet en t i xel val ue of the gixel of frame #n-1 and the

pi xel val ue of hEOEE%E r3fiPPafe BACD PS tBRafFeR PREALEYiBuEPito the
t hr eshol e t onary/ movi.n ter ortion 202-4 supplies a
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specifying unit 103 shown in Fig. 22 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

10 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.

15 A stationary/moving determining portion 202-1 reads the
pixel value of the pixel of frame #n+2 located at the same
position as a designated pixel of frame #n in which the area
to which the pixel belongs is determined, and reads the
pixel value of the pixel of frame #n+l located at the same

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

25 pixel'value of frame #n+2 and the pixel value of frame #n+1



10 area, in an uncovered-background-area determning flag associated with
t he designated pixel. Wien the stationary/ noving determ nation supplied
from the stationary/noving determ ning portion 202-1 indicates "noving""
or when the stationary/ noving determ nation 15 supplied fromthe
stationary/ noving determ ning portion 202- 2 indicates "stationary", the
area specifying unit 203-1 determ nes that the designated pixel of frane
#n does not belong to an uncovered background area, and sets "0", which

i ndi cates that the designated pixel daogs not belong to an 20 uncovered
background area, in the uncovered-background-area determning flag
associated with the designated pixel. The area determ ning portion 203-1
supplies the uncovered-background-area determning flag in which "1" or

"0" is sét gFegitecuibed abbresed FhgesdedidnThg- f T&gist d6i Agtermipedne
menory 204. - 84 \Wen the stationary/ moving determ nation supplied from
the st at itOR&r FPRoFihd SdePErnilsi AGeAGRE thadoEhe thaeshrdd Thst &ti onary” and
when t he st tiona§y/noving det erm nation . supplied from.the .
Stati onafyATVEAG YABEEAREN (RS SFBAT T 0B03 "8IS AR ATEVBEN fnary" | t he
det i i, ti 203-.2. deter.m hat [ ted.pi xel of
ores Jel SLIIIAN B Lo 23R RLSAN B0 ha) LS dee gaad g xel of
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det erm ni ng ag assocCi a the designated pixé e

stationary,emyiag dehgembpathan SHaR! bed o0 #n+2 and the pixel
value of the pixel of frame #n+l is smaller than or equal to
the threshold Th, the stationary/moving determining portion
202-1 supplies a stationary/moving determination indicating
10 "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

15 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 202-2 determines whether the absolute
value of the difference between the pixel value of frame

20 #n+l and the pixel value of frame #n is greater than a
preset threshold Th. If it is determined that the absolute
value of the difference between the pixel values is greater
than the threshold Th, a stationary/moving determination
indicating "moving" is supplied to the area determining

25 portion 203-1 and an area determining portion 203-2. If it



the stationary/ noving determ ning portion 202-2 indicates "noving" or when
the stationary/ nmoving determ nation supplied fromthe stationary/noving
determ ning portion 202- 3 indicate "noving", the area determ ning portion
203-2 15 determ nes that the designated pixel of frame #n does not - bel ong
to the stationary area, and sets "0", which indicates that the pixel does
not belong to the stationary area, in the stationary-area determning flag
associated with the designated pixel. 20 The area determ ning portion
203-2 supplies the stationary-area dejermning flag in which "1" or "0" is
set as discussed above to the determ ning-flag-storing frame menory 204.
When the stationary/ noving determ nation supplied from 25 the
stationany/nnving_deternining portign 202-2 indicates - 85 "noving" and

when t he 18t f&itexaLPefo G BRSRALEENn VadyspPife dher Grhfifiseence
stationary/aninQSQeterninin portion 202- 3 indicate "noving", the area
det er ni nPREWESH THF Po%e3 v r fitnd&ie Ratetn@tdéLPgRated lpitkel t8€ frame #n
bel ongs taq Slthelnovi g %%ea“ aqd ets "1", which i ica% s that the
desi gnat E3%5ix &P LHE Srrgdio FERE i fgaBeedn 5 & ehg-"4Pe& det ermi ni ng -
flag assqciated with é%% desi.gnat ed pi xel . \Wien _t he st.atignary/ noving
et o m naAB San STt ST FFGIe 1eha et Koo SEA RO FH R GYC DR oy BB o
202- 21 “gﬁo.%ﬁ_%% 2H3_2S %@l})kﬁqgsy a Y8R0 ?m%b_%' Ogé%/rm%ﬂqon .
determ nation supplie omthe stationar nDV|n8 etermning portion 202
indicating "stationary" to the area determining portion 203-
1 and the area detérmining portion 203-2.
A stationary/moving determining portion 202-3 reads the
pixel value of a designated pixel of frame #n in which the
10 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
15 determining portion 202-3 determines whether the absolute
value of the difference between the pixel value of frame #n
and the pixel value of frame #n-1 is greater than a preset
threshold Th. If it is determined that the absolute value
of the difference between the pixel values is greater than
20 the threshold Th, a stationary/moving determination
indicating "moving" is supplied to the area determining
portion 203-2 and an area determining portion 203-3. If it
is determined that the absolute value of the difference

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

25 pixel value of the pixel of frame #n-1 is smaller than or



3 indicate "stationary", the area determ ning portion 203-2 determ nes
that the designated pixel of franme #n does not belong to the noving area,
and sets "0", which indicates 15 that the pixel does not belong to the '
noving area, in the noving-area determning flag associated with the
designated pixel. The area determ ning portion 203-2 supplies the noving-
area determning flag in which "1" or "0" is set as 20 di scussed above to
the determ ning-flag-storing frane nmenory 204. \Wen the stationary/ noving
determ nation supplied from the statignary/ noving determning portion
202-3 indicates "noving" and when the stationary/noving determ nation 25
supplied fromthe stationary/ noving determ ning portion 202 - 86 4
indicate "stationary", the area determ ning portion 203-3 determn nes that
the desi §F¥edd 6 kdie dhreshnd ddheltdfysted LopacyyEryd ngadelesiid i88ea, and
sets "1", whi,ch indicates _that the designated pixel. belongs to the covered
backgr ouR@ 5 1&re£ 0% &ue@&éﬁédabaeﬁejrl@a%aym 196t detrertigatiag

associ ated wi th .the designated, pixel ., Wen the stat.iqnary/noving

ot or m AP A8 I SE oG R TG o AheoRGR HEFERGIa0E HORTAE oaPRron
202- 3 indi cate "statiagnary” .or._when the s i_gnary/ nmovi ng determ nation
10 suppl?e%npr%§ﬁtﬁ§e§t ei8n§%§FRQVPH§E&8Pe?§?n%ng portion 202- 4 indicate

;ggyg%gzédtB?QggﬁgF9§§g%g?ﬂ%@gggg&%%§9m29§ﬁ8 p8ELELH 965-hPALahbene
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

10 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-

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

20 portion 203-3. If it is determined that the absolute value
of the difference between the pixel value of the pixel of
frame #n-1 and the pixel value of the pixel of frame #n-2 is
smaller than or equal to the threshold Th, the
stationary/moving determining portion 202-4 supplies a

25 stationary/moving determination indicating "stationary" to



bel ong to a covered background area, and sets "0", which indicates that
t he desi gnated pi xel does not belong to a 15 covered background area, in
t he covered- background-area determning flag associated with the
designated pixel. The area determ ning portion 203-3 supplies the

cover ed- background-area determning flag in which "1" or "0" s set as
di scussed above to the determning-flag-storing 20 franme nenory 204. The
determ ning-flag-storing frame nmenory 204 thus stores the
uncover ed- background-area determning d4ag supplied fromthe area
determ ning portion 203-1, the stationary-area determning flag supplied
fromthe area 25 determ ning portion 203-2, the noving-area determning
flag - 87 supplied fromthe area determ ning portion 203-2, and the
cover ed- BAEk gredndedecaigdngr woritiers PA3Supplied fromthe area

determ ning portion 203-3. The determning-flag-storing frame nenory 204
supplies b5 tHeennERGepEAthABREY ANAHIRFcHCHBEBERRALAR FrAPLiedefrom
stationary-area determ ning flag, the noving-area determ ning flag, and
t he coveFé&-ﬁ&@%@PG&ﬁanggéngdé@@@ﬁpﬁpﬁ@gfP8§t§96r§82FHeﬂ@ﬁﬁCPGG§

“synt hesi zer__205. _Th {
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Toving areeidid hecgovsied Backarauloatas fash.plish, BELENgs bgsed on

t he uncov ackgroun area deter ronary- aréa
dEter”‘nbnQn%h%gte%hemgggh@gﬂaE%% 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

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

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

15 supplied from the stationary/moving determining portion 202-
2 indicates "stationary", the area specifying unit 203-1
determines that the designated pixel of frame #n does not
belong to an uncovered background area, and sets "0", which
indicates that the designated pixel does not belong to an

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

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

25 frame memory 204.

esi zer 205 generates area jinformation_indicating
é@?gf%&ﬁgo



determ ning flag, and the covered-background-area 15 determ ning flag
supplied fromthe determning-flag-storing franme nenory 204, and supplies
the area information to a determning-flag-storing frame nmenory 206. The
determ ning-flag-storing frame nmenory 206 stores the area information
supplied fromthe synthesizer 205 and 20 also outputs the area
information stored therein. An exanple of the processing perfornmed by the
area specifying unit 103 is described belowwith reference to Figs. 23

t hrough 27. \Wen the object correspandiyig.to the foreground is 25 noving,
the position of the inmage corresponding to the - 88 object on the screen
changes in every frane. As shown in Fig. 23, the inmage corresponding to

the object located at the position indicated by Yn(x,y) in framne #n is
posi ti oned aWh?ﬂ+Fb§,§yth°P?5Mémﬁﬁ¥P9 ﬁﬁF%ﬁmF§a§66§eﬁH€H%l?@ f¥efe #n. 5

A nodel t ai ned .by expandi.ng in the tinme direction the  pixel values of
t he pi xel éaﬁﬁ@ﬁé@ Tﬁémﬁy}ggdQeﬁﬁrﬂﬁglnﬁbPPﬁ§l&Pyg@@rgnl 1CRESPmage
T The MGG oRRrag: PO fiernd erase CeaPREYARIERY P6 PRE- D8 RBPogr ound
24 (5 o BHRRT G0 ATRBITHY STRTATRGY/FNVCRG CERE T GRR bR CAE pPRE values
?Ia;gg#ﬁhfgkgéggkifg§$%59EF%g§mqet%gdgigg_%qurmiBQnEigbr%ibntE%3Lbne in
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.
10 When the stationary/moving determination supplied from
the stationary/moving determining portion 202-2 indicates
"moving" or when the stationary/moving determination
supplied from the stationary/moving determining portion 202-
3 indicate "moving", the area determining portion 203-2
15 determines that the designated pixel of frame #n does not
belong to the stationary area, and sets "0", which indicates
that the pixel does not belong to the Stationary area, in
the stationary-area determining flag associlated with the
designated pixel. |
20 The area determining portion 203-2 supplies the
stationary—a;ea determining flag in which "1" or "o" is set
as discussed above to the determining-flag-storing frame
memory 204.

When the stationary/moving determination supplied from

25 the stationary/moving determining portion 202-2 indicates



15 in frane #n+l. The foreground conponents corresponding to the object
contained in the second pixel to the thirteenth pixel from the left in
frame #n are contained in the sixth pixel through the seventeenth pixel
fromthe left in frame #n+l. 20 In franme #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

t he second through fourth pixels from the left. In frame #n+l, the pixels
bel onging to the 25 covered backgroundysparea are the fifteenth through - 89
seventeenth pixels fromthe left, and the pixels belonging to the
uncover ed background area are the sixth through eighth pixels fromthe
left. In the exanple shown in Fig. 24, since the foreground 5 conponents
cont ai ned™PNifLAmBNEnvALE FHfed te) PG YYMRELEY AetrrAdBakA®n, the anount
of novenent v . is 4. The nunber of virtual divided portions iis 4 in

accor danSEPRLERY fECENGHE: S tEE IRBFEMERL VY RIAGGESEFERLRGn PRPE tEOR §0%an of a
change in pixel valyes .10 of the pixels belgonging to the nixed area in the
frams ' BeRBFecall aPeuing"qeshinated PRAREMLANE BT8O0 RO Sixel < ,

D1 ON) 1 55:5R4CL A RAE MU a0k REP LN LGRALIS Yactor ound
the T4t egal fotihgUudResevaRLegatly Phxel gnitaMibAG LEEL: that the
designated pixel belongs to the moving area, in a moving-
area determining flag associated with the designated pixel.
When the stationary/moving determination supplied from
the stationary/moving determining portion 202-2 indicates
10 "stationary" or when the stationary/moving determination
supplied from the stationary/moving determining portion 202-
3 indicate "stationary", the area determining portion 203-2
determines that the designated pixel of frame #n does not
belong to the moving area, and sets "0", which indicates
15 that the pixel does not belong to the moving area, in the
moving-area determining flag associated with the designated
pixel.
The area determining portion 203-2 supplies the moving-
area determining flag in which "1" or "0" is set as
20 discussed above to the determining-flag-storing frame memory
204.
When the stationary/moving determination supplied from
the stationary/moving determining portion 202-3 indicates
"moving" and when the stationary/moving determination

25 supplied from the stationary/moving determining portion 202-



Since the anpbunt of novenment v is 4, the fifteenth through seventeenth
frames fromthe left in the previous frame #n-1 contain only background
conponents and belong to the background area. The fifteenth through
seventeenth pixels 20 fromthe left in frane #n-2, which is one before
frame #n-1, contain only background conponents and belong to the
background area. Since the object corresponding to the background is
stationary, the pixel value of the fifteenth pixel fromthe 25 left in
frame #n-1 does not change fromthe pixgl_value of - 90 the fifteenth

pi xel fromthe left in frame #n-2. Simlarly, the pixel value of the
sixteenth pixel fromthe left in frame #n-1 does not change fromthe pixel
val ue of the sixteenth pixel fromthe left in frame #n-2, and the pixel 5
val ue of 4 NOYGAGR esiatinnedty fr dhe R 9sefdetarmindfy merricaodd 3t change
fromthe pixel value of the seventeenth pixel fromthe left in frame #n-2.
That is, YHETHES G0 % (TR dasionafed mine ke frage daphfdiolygs ¢4 he

pi xel s bel ongi n the covered 10 background area in franme #n consist of
only bacl?grcﬁ%’r‘?d&é{) NG RF $hve Pk e tml ey therdorlndd Gidteschange.

pocor il Y U AP IS Y e Tt e beaen e Bl el ues
D! 872 L 0 4 (TR AR MR RO SORN DA o Bl el ont 1
| associated with the designated pixel.

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

10 supplied 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

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

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

20 frame memory 204.

The determining-flag-storing frame memory 204 thus

stores the uncovered-background-area determining flag
- supplied from the area détermining portion 203-1, the
stationary-area determining flag supplied from the area

25 determining portion 203-2, the moving-area determining flag



202-4 is "stationary". Since the pixels belonging to the covered background
area in franme #n contain foreground conponents, the pixel 20 val ues
thereof are different fromthose of frame #n-1 consisting of only
background conmponents. Accordingly, the stationary/noving determ nation
made for the pixels belonging to the mxed area in frane #n and the
corresponding pixels in frame #n-1 by the stationary/ noving 25 determ ning
portion 202-3 is "noving". - 91 Wen the stationary/noving determ nation
result indicating "noving" is suppliegd, fromthe stationary/noving

det er m ni ng portion 202- 3, and when the stationary/noving determ nation
result indicating "stationary"” is supplied 5 fromthe stationary/ novi ng
determ ning portion 202-4, as discussed above, the area determning
portion 2GPP3ieglefaom ﬁ@@ @ﬁ@@ Fﬁéeé@#Pé§§bﬁ@Fﬁ@°ﬁl%@ﬁszbeﬁﬁﬁgtbﬁ a covered
background area. In_Figqg. in frame #n.in which the back%round is 10
statlonaFfvéﬁﬁdrﬁéc§ﬁﬁﬁﬁpdoﬁrﬁ@v@ﬁéﬁ?ménﬂﬁgtﬁéaﬂbﬁ ggPddsd it¥omy thene pixel s
contained in an uncqvered backgro ﬁg rea are the second through fourth

pi xel s fF&ﬁPt%@tﬁépﬁnl§ﬁh€@rFﬁg g 3t of novenent v is 4, the second

t hr ough fourt? g é £ fron1t? Ieft n th subse uent % me #n+l contain
onl y 15 backgfBEntSEGHBoeHES TAG-BEPBARSt DX ORE BAERGY otRA SPERLLPR  frame
fromEhe o PR BERA Bor B okl aned detethuRiRy ¢y qudn Tourth pixels

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

10 which of the uncovered background 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

15 determining flag supplied from the determining-flag-storing
frame memory 204, and supplies the area information to a
determining-flag-storing frame memory 206.

The determining-flag-storing frame memory 206 stores
the area information supplied from the synthesizer 205, and

20 also outputs the area information stored therein.

An example of the processing performed by the area
specifying unit 103 is described below with reference to
Figs. 23 through 27.

When the object corresponding to the foreground is

25 moving, the position of the image corresponding to the



conponents and belong to the background area. Since the object
corresponding to the background is 20 stationary, the pixel value of the
second pixel fromthe |left in frane #n+2 does not change fromthe pixel
value of the second pixel fromthe left in frame #n+l. Simlarly, the

pi xel value of the third pixel fromthe left in frane #n+2 does not change
fromthe pixel value of the third pixel 25 fromthe left in frame #n+l, and
the pi xel value of the - 92 fourth pixel fromthe left in frame #n+2 does
not change fromthe pixel value of thg fourth pixel fromthe left in

frame #n+l. That is, the pixels in frame #n+l1 and frame #n+2 5
corresponding to the pixels belonging to the uncovered background area in
frame #n consist of only background conponents, and the pixel val ues

t hereof @bIeet ohafifje. scaeedr ghaghes theexlsyl frameal udsosheWe dnfference
between _the pixel values is alnmpst 0. Thus, the stationary/noving 10
det er ni n&iPon2dadéhpoimeae FrXEESPPRMLRAMECHRE QRdeFtakecagpdoat
corresponding to the pixels belonging to the mixed area in frame #n by the
st ati onatPPnBPEAG 1Bt ePAEAREGIpBYt FBN % ¥02iR fEamgt 37 dRaPPSITEPREE t he

pi xel s bel ongi to . the uncovered_ background 15 area in _frane #n, contain

f or egr ouRld ggﬁggﬁeHQS}nt éaﬁFX§P+lvaVEg§ Hér 84 SﬁﬂBeBFfF8rgﬁ?m?r8ﬁTthose
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pixel values of the pixels aligned side-by-side in the
moving direction of the image corresponding to the
foreground object is shown in Fig. 24. For example, if the
moving direction of the image corresponding to the

10 foreground object is horizontal with respect to the screen,
the model shown in Fig. 24 is a model obtained by expanding
in the time direction the pixel values of the pixels
disposed on a line side-by-side.

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

15 in frame #n+l.

The foreground components corresponding to the object
contained in the second pixel to the thirteenth pixel from
the left in frame #n are contained in the sixth pixel
through the seventeenth pixel from the left in frame #n+1l.

20 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
the left. 1In frame #n+l, the pixels belonging to the

25 covered background area are the fifteenth through



bel onging to the m xed area in frame #n and the 20 corresponding pixels in
frame #n+l by the stationary/noving determning portion 202-2 is "noving".
When the stationary/noving determnation result indicating "noving" is
supplied fromthe stationary/ noving determning portion 202-2, and when
t he stationary/ noving 25 determnation result indicating "stationary" is
supplied - 93 fromthe stationary/ noving determning portion 202-1, as
di scussed above, the area determ ning portion 203-1 deternm nes that the
correspondi ng pi xel s belong to an ungpyered background area. 5 Fig. 27
illustrates determ nation conditions for frame #n nade by the area
specifying unit 103. When the determnation result for the pixel in frame
#n-2 located at the sane inmage position as a Eixel_in frame #n to be
processedSYRALESPtOhBIFRLS| TR ChRe 1841 PBEatBE RE*PHE P619RAETHositi on
as the pixel in frame #n | s statio ar¥, and mgen Lh% d%gerni ation result
for the pPx&ENS HREPYRESHN PAREITPHBYAXER BESt Fhfe SAXLD LOLRLEE at the sane
i mge posi,ti as the pixel in.frame #n is nmoving, the area specifying
uni t 10§lgég§rﬁﬁﬁ8 stﬁngtﬁgepﬁfgﬁ‘in frame #n belongs to a 15 covered
background area. Wen_the %e% rmnatign reswlt_for t pikxel in frame #n
and the pixelfﬁnt??aﬁﬁa%%} 0CH egﬁa€lghe§§an%ll%%gggep%%??gﬁ%u%% t he
Pixels I N LEBRARS 3c5ka1hants: 2ahe PaNarbNfiodekeby #8LLOB:kERY! knfor the
pi xel in fTrame #n and thé
frame #n+l, the amount of movement v is 4. The number of
virtual divided portions is 4 in accordance with the amount
of movement v.
A description is now given of a change in pixel values
10 of the pixels belonging to the mixed area in the frames
before and after a designated frame.
In Fig. 25, the pixels belonging to a covered
background area in frame #n in which the background is
stationary and the amount of movement v in the foreground is
15 4 are the fifteenth through seventeenth pixels from the left.
Since the amount of movement v is 4, the fifteenth through
seventeenth frames from the left in the previous frame #n-1
contain only background components and belong to the
background area. The fifteenth through seventeenth pixels
20 from the left in frame #n-2, which is one before frame #n-1,
contain only background components and belong to the
background area.
Since the object corresponding to the background is
stationary, the pixel value of the fifteenth pixel from the

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



20 pixel in frame #n+l |ocated at the sane inmage position as the pixel in
frame #n is stationary, the area specifying unit 103 determ nes that the
pi xel in frame #n belongs to the stationary area. Wien the determ nation-
result for the pixel in frame #n 25 and the pixel in frame #n-1 | ocated at
the sane inmage - 94 position as the pixel in frame #n is noving, and when
the determnation result for the pixel in frame #n and the pixel in frame
#n+l |l ocated at the sane inage position as the pixel in frame #n is
moving, the area specifying unit 103 Heterm nes that the pixel in frane
#n belongs to the noving area. Wien the determination result for the pixel
in frame #n and the pixel in frame #n+l |ocated at the same image
position as the pixel in frame 4n is noving, and when the 10 determ nation
result f&Pet R EFrRBIED RikeanE LA theod 8EEd 1At TXARE #AME -i medBipasiYion as
the pixel in frane #n and the pixel in frame #n+2 |ocated at the sane
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does not change from the pixel value of the seventeenth

pixel from the left in frame #n-2.
That is, the pixels in frame #n-1 and frame #n-2
corresponding to the pixels belonging to the covered
10 background area in frame #n consist of only background
components, and the pixel values thereof do not change.
Accordingly, the absolute value of the difference between
the pixel values is almost 0. Thus, the stationary/moving
determination made for the pixels in frame #n-1 and frame
15 #n-2 corresponding to the pixels belonging to the mixed area
in frame #n by the stationary/moving determining portion
202-4 is "stationary".
Since the pixels belonging to the covered background
area in frame #n contain foreground components, the pixel
20 values thereof are different from those of frame #n-1
consisting of only background components. Accordingly, the
stationary/moving determination made for the pixels
belonging to the mixed area in frame #n and the
corresponding pixels in frame #n-1 by the stationary/moving

25 determining portion 202-3 is "moving".



uncover ed background area are indicated in white. In Fig. 28C, the pixels
which are determned to belong to a noving area are indicated in white. In
Fig. 28D, the pixels which are deternmned to belong to a stationary area-
25 are indicated in white. - 95 Fig. 29 illustrates the area information
indicating the mxed area, in the formof an inmage, selected fromthe area
information output fromthe determ ning-flag-storing frame nenory 206. In
Fig. 29, the pixels which are deternmned to 5 belong to the covered
background area or the uncovered backgyaund area, i.e., the pixels which
are determned to belong to the mxed area, are indicated in white. The
area information indicating the m xed area output fromthe

determ ning-fl ag-storing frane menory 206 designates the 10 mi xed area and
the portions WBEPnghs BERtdPBaZH/MEUAREJIBYCrMARABAPHI BREUMt hout a texture
in the fqoreground area. The area specifying processing perforned by the
area spedFiFRtd Nehi"TorERS"s 1de SUPRIER DGR ileh Stefte iy /Mo ViRg
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discussed above, the area determining portion 203-3
determines that the corresponding pixels belong to a covered
background area. |
In Fig. 26, in frame #n in which the background is
10 stationary and the amount of movement v in the foreground is
4, the pixels contained in an uncovered background area are
the second through fourth pixels froﬁ the left. Since the
amount of movement v is 4, the second through fourth pixels
from the left in the subsequent frame #n+l contain only
15 background components and belong to the background area. 1In
frame #n+2, which is subsequent to frame #n+l, the second
through fourth pixels from the left contain only background
components and belong to the background area.
Since the object corresponding to the background is
20 stationary, the pixel value of the second pixel from the
left in frame #n+2 does not chaﬁge from the pixel value of
the second pixel from the left in frame #n+l. Similarly,
the pixel value of the third pixel from the left in frame
#n+2 does not change from the pixel value of the third pixel

25 from the left in frame #n+l, and the pixel value of the



step S203 in which the stationary/ noving determ ning portion 202-2

determ nes whether the determnation result for the pixel in frame #n and
the pixel in frame #n+l1l |located at the 25 same position is stationary. -
96 If it is determined in step S203 that the determination result for the
pi xel in frame #n and the pixel in frame #n+1 |ocated at the same position
is stationary, the process proceeds to step S204. In step S204, the area
determining 5 portion 203-2 sets "1", which indicates that the pixel to be
processed belongs to the stationary arga, in the stationary- area
determning flag associated with the pixel to be processed. The area
determ ning portion 203-2 supplies the stationary-area determning flag to
the determning-flag 10 storing frame nmenory 204, and the process proceeds
to step fspgsh pﬁxeg fsogetbeniréd in §rapestnz2t Aaest Retdehapdenati on
result for the pixel in frame #n-1 and the pixel in frame #n_|ocated at
the sanefpB8i thenPigehoVrhYe BF fthej forgthspdgedr AFABITRR 48Ep 5203 t hat
the determ nation_result for the pixel in frame #n and the pixel in frane
#n+l | ocif@leat®tihe same position is moving, the pixel to be processed

5204 1 5 ski ppUIt afr (TS R ORELY BF oReRt Fabt i BBl n st ep 208,
the sf atignaLypopuing det eomi BL0d) BbLh8RgiAG%ed dRLeLALBGR Lot her the
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
10 determination made for the pixels in frame #n+l and frame
#n+2 corresponding to the pixels belonging to the mixed area
in frame #n by the stationary/moving determining portion
202-1 is "stationary".
Since the pixels belonging to the uncovered background
15 area in frame #n contain foreground components, the pixel
values thereof are different from those of frame #n+l
consisting of only background components. Accordingly, the
stationary/moving determination made for the pixels
belonging to the mixed area in frame #n and the
20 corresponding pixels in frame #n+l by the stationary/moving
determining portion 202-2 is "moving".
When the stationary/moving determination result
indicating "moving" is supplied from the stationary/moving
determining portion 202-2, and when the stationary/moving

25 determination result indicating "stationary" is supplied



pixel in frame #n-1 and the pixel in frame #n |ocated at the same position
is moving. If it is determined that the 25 determnation result is noving,
the process proceeds to step - 97 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 frame #n+l |ocated at the sane
position is noving. 5 If it is determned in step S206 that the

determ nation result for the pixel in frame #n and the pixel in frame #n+
|l ocated at the same position is novingszthe process proceeds to step S207.
In step S207, the area determining portion 203-2 sets "1", which indicates
that the pixel to be 10 processed belongs to a noving area, in the
noving-area determning flag associated with the pixel to be processed.

The ar ea fdéreihienist@ tdoaa Ly By iagh steites mimd ngo Pord-igne 2 02ddt.edsi ni ng fl ag
to the determning-flag-storing frame nemgry 204, and the process pr oceeds
to step §2@§usf§dr@quq'st@@t@Fﬁ@n@&qeﬁmépéﬁgSE@gtﬂﬁét 208e ldet er mi nati on
result faor .the pixel in frame #n-1 and .the pix in frame #n |ocated at
the same GG Si§h§FaFP8n§PerSP°P%lP9 P X8 ét?ﬁ%oﬁédqona§tep S206 t hat

the determnatio Les |t for. the pixel in frame #n and the pixel in franme

#n+l | ocdETVE" QEQHde8§FP1on i's statlonary the pixel in frame #n
d0es N0t el 80g. L 972, IONL0 BLEAACERLALEOLY, CLRS,BLBRES24PTc 0Ly, St €D

S207 |s ski ppe rocess proceeds St ép 8, the

Stat'ona%%/ﬁﬂﬁ!n%yd%%%rgE@ NARYiE9Rg unit 103. When the

determination result for the pixel in frame #n-2 located at
the same image position as a pixel in frame #n to be
processed and for the pixel in frame #n-1 located at the

10 same 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-1 located at the same image position
as the pixel in frame #n is moving, the area specifying unit
103 determines that the pixel in frame #n belongs to a

15 covered background area.

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

20 pixel in frame #n+l located at the same image position as
the pixel in frame #n is stationary, the area specifying
unit 103 determines that the pixel in frame #n belongs to
the stationary area.

When the determination result for the pixel in frame #n

25 and the pixel in frame #n-1 located at the same image



202-4 determ nes whether the determ nation result for the 25 pixel in
frame #n-2 and the pixel in frame #n-1 located at - 98 the sane position
is stationary. If it is determined 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
determnation result 5 for the pixel in franme #n-1 and the pixel in frane
#n |ocated at the same position is noving. If it is determned in step
S209 that the determination result faojgthe pixel in frame #n-1 and the
pixel in frame #n |ocated at the sane position is noving, the process
proceeds 10 to step S210. In step S210, the area determ ning portion 203-3
sets "I", which indicates that the pixel to be processed belongs to a
covered BREKGHLOENGSaltbg, Pilfethdn EodBeedPpackJrYdRg-arBs W&@Pe?%ﬁning flag
associated with el to be &rocessei.,The area determ ning portion

t he i
203-3 159555 étﬂﬁépgé%lléd-fl%c GfoRidear &8 dEEBRN* R RG] ERE Pd*Ehe
det i ni,ng-flag-stori f 204, .and th ds t
Step S2110 FRETH, &3 et BPATANG poTel GRTS0ANSOS BESHEAS™ g the
covered-backgroung-area deterninL% f% g to the de%enniningif#%g-storing
frame meRdry 202 TERESt R APol8¥4"Yq % 08&E8s SPS PRI £Pt i s

det ' [ t the,d ipat i Lt . f he pi.xel i
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moving, Qhelf it is determned in step S209 that the pixel in frame #n-1

and the
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

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

15 uncovered background area.

Figs. 282A through 28D illustrate examples of the area
determination results obtained by the area specifying unit
103. 1In Fig. 28A, the pixels which are determined to belong
to a covered background area are indicated in white. 1In Fig.

20 28B, the pixels which are determined to belong to an
uncovered background area are indicated in white.

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

25 are indicated in white.



25 pixel in frame #n |located at the sane position is stationary, 99 the

pi xel in frame #n does not belong to a covered background area.

Accordi ngly, the processing of step S210 is skipped, and the process
proceeds to step S211. In step S211, the stationary/ noving determ ning
portion 5 202-2 determ nes whether the determnation result for the pixel
in frame #n and the pixel in frame #n+l |ocated at the sane position is
noving. If it is determined in step S211 that the determnation result is
nmovi ng, the process proceeds to step 212 in which the stationary/ noving
10 determ ning portion 202-1 determ nes whether the determ nation result
for the pixel in frane #n+l and the pixel in frame #n+2 | ocated at the

same position_is ationary. If it is determned in step,S212 that the
det er ni nat i on¥195 ?és&h&uﬁa¥aFﬁ§ EL?ePrFﬁ FPghEmﬁﬁ$9naH8g%ﬁ@tbPQthFn frame
#n+2 Iocagg% t thg san%'pog&}ionfis stationagy, th% roce?s pro%gggs to
step S213H9°F §C&p SifS,hFh ZFe & Tdéfe riiadiShg SSIGRHEh T565: FhgefT o
101 1 SRR LR ISR ot e QLGSR U008 L0 o e o
25305 SLSAAL o BKEl ol oght MRCEIRy TG BEIHLEB G RET LI
CeL e £ TRSELRYE G R LIRS 20 oo ol U PAgRER A0S Lo
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
10 mixed area and.the portions having a texture surrounded by
the portions without a texture in the foreground area.

The area specifying processing performed by the area
specifying unit 103 is described below with reference to the
flowchart of Fig. 30. In step S201, the frame memory 201

15 obtains an image of frame #n-2 through frame #n+2 including
frame #n.

In step S202, the stationary/moving determining portion
202-3 determines whether the determination result for the
pixel in frame #n-1 and the pixel in frame #n located at the

20 same position is stationary. If it is determined that the
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

25 same position is stationary.



- 100 result for the pixel in franme #n and the pixel in frame #n+l

| ocated at the sanme position is stationary, or if it is determned in step
S212 that the determination result for the pixel in frame #n+l and the -
pixel in frame #n+2 is 5 noving, the pixel in frame #n does not belong to
an uncovered 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 103 deternmines whether the areas of all the pixels in
frame #n are 10 specified. If it is ;kggnpined that the areas of all the
pixels in frame #n are not yet specifi'ed, the process returns to step
S202, and the area specifying processing is repeated for the renmaining
pixels. If it is determned in step S214 that the areas of all 15 the
pixels in frafkE #h asedepecifned, inhetppoBe8s phatetls debesmépaB206. |In
step S215, the synthesizer 215 generates area information indicating the
m xed ar &&shadedosn thiee Pixedovdr daapgc gr oaad theepidetledim Airagef Hagland t he
cover ed- _background-area determ ning flag stored in the determ ning 20

f1 ag- st oo tRFams FBROBRMROROSEHd R 46 §ERELSPEEYar &8 PEPSERSEL i on .
indicating to which of the uncovered background area, the stationary area,
the novi RGCSEELS &P S&EPcS¢dred IHaéﬁ&Pb§%84aré&eeéEﬁapﬁﬁéﬁrHépéﬁgs, and
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processed belongs to the stationary area, in the stationary-
area determining flag associated with the pixel to be
processed. The area determining portion 203-2 supplies the
stationary-area determining flag to the determining-flag-

10 storing frame memory 204, and the process proceeds to step
5205.
If it 1s determined in step $202 that the determination
result for the pixel in frame #n-1 and the pixel in frame #n
located at the same position is moving, or if it is
15 determined in step S203 that the determination result for
the pixel in frame #n and the pixel in frame #n+l located at
the same position is moving, the pixel to be processed does
not belong to a stationary area. Accordingly, the
processing of step S204 is skipped, and the process proceeds
20 to step S205.
In step $S205, the stationary/moving determining portion
202-3 determines whether the determination result for the
pixel in frame #n-1 and the pixel in frame #n located at the
same position is moving. If it is determined that the

25 determination result is moving, the process proceeds to step



As di scussed above, the area specifying unit 103 is capable 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 5 pixels contained in a frane bel ongs. The area specifying unit 103
may 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 10 information correspondi ng
to the mixed area, and then may genergje area information consisting of
flags indicating to which of the noving area, the stationary area, or the
m xed area the individual pixels contained in the frane bel ong. Wen the
obj ect corresponding to the foreground has a 15 texture, the area
speci fyi §¢06niir Y3 obs this sted iopeehPoried fekargiaiey perdione@03sl y. The
area specgifying ynit 103 is able to output the area_information indicating
t he movi Mg mides, @whetder theo APSErBi retdiotatiaiy Lthé oForté§r 8dKe Lar ea,
and outpyts the 20 area information indicating.the statjonary area as the
o ea | PG 5N Hrnaren iy A 1o aCk SRt Hirda. LOPRS SohBodhenEoRge. beon
described, a sunigg that. the object corresponding to the background is

r

stationaP@?l MO¥H&%bove- descri bed area speci fyi ng processing can 25
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result for the pixel in frame #n and the pixel in frame #n+1
located at the same position is moving, the process proceeds
to step S207. In step S207, the area determining portion
203-2 sets "1", which indicates that the pixel to be

10 processed belongs to a moving area, in the moving-area
determining flag associated with the pixel to be processed.
The area determining area 203-2 supplies the moving-area
determining flag to the determining-flag-storing frame
memory 204, and the process proceeds to step S$208.

15 If it is determined in step S205 that the determination
result for the pixel in frame #n-1 and the pixel in frame #n
located at the same position is stationary, or if it is
determined in step S206 that the determination result for
the pixel in frame #n and the pixel in frame #n+l located at

20 the same position is stationary, the pixel in frame #n does
not belong to a moving area. Accordingly, the processing of
step S207 is skipped, and the process proceeds to step $208.

In step S208, the stationary/moving determining portion
202-4 determines whether the determination result for the

25 pixel in frame #n-2 and the pixel in frame #n-1 located at
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nding to the background area is uniformy noving, the area

ng unit 103 shifts the overall image in accordance with this

and perforns processing in a 5 manner simlar to the case in which

ct corresponding to the background is stationary. If the inmage

nding to the background area contains locally different notions,

specifying unit 103 selects the pixels corresponding to the

and executes the above 10 described processing. Fig. 31 is a block

illustrating the configuratiojgaf the area specifying unit 103.
specifying unit 103 shown in Fig. 31 does not use a notion

A background i nage generator 301 generates a 15 background i mge

nding to an input image, and supplies the generated background

A iSeaey POFidden ilfaddaditnddi-ng Ifordth 6% @@Z?rﬂﬁ@eﬁaé@@%ound

enerator 301 extracts, for exanple, an inage object corresponding
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located at the same position is moving.

If it is determined in step S$209 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. 1In step S210, the area determining portion
203-3 sets "1", which indicates that the pixel to be
processed belongs to a covered background area, in the
covered-background-area determining flag associated with the
pixel to be processed. The area determining portion 203-3
supplies the covered-background-area determining flag to the
determining-flag-storing frame memory 204, and the process
proceeds to step S211. The area determining portion 203-3
supplies the covered-background-area determining flag to the
determining~flag-storing frame memory 204, and the process
proceeds to step S211.

If it is determined in step S208 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 5209 that the pixel in frame #n-1 and the

pixel in frame #n located at the same position is stationary,



t he pi xel values of pixels disposed side-by-side on a single line in the
time domain. 5 1n Fig. 32, the line in frame #n is the sane as the line in
frame #n-1 and the line in frane #n+l. In franme #n, the foreground ‘
conponents corresponding to the object contained in the sixth through
seventeenth pixels fromthe left are contained in the second through
thirteenth 10 pixels fromthe left in franme #n-1 and are al so contained in
the tenth through twenty-first pixel fromthe left in frame #n+l. In frame
#n-1, the pixels belonging to the caveygd background area are the el eventh
through thirteenth pixels 15 fromthe left, and the pixels belonging to the
uncovered background area are the second through fourth pixels from the
left. In frame #n, the pixels belonging to the covered background area are
the fift &8/t PixBlodgh fsafenteeAeRSpheEl Helrpgntohe keveresnd t he pi xel s

bel onging to the uncovered 20 background area are the sixth throu%h ei ghth
pi xel s f PaMkEKOUNbeprea.n ALSRECARILY /t hBEpPXOICESEARgngitngted SK&Ccovered
background ‘area are the ghneteenth t hr ou wenty-first _pixels fromthe

left, andSt S&*PPRErsaBe SiHﬁOFSSFhBrOG%ES%eFQdSE&?kS?&&nd area are the
tenth through tmg fth ? pi xel s rgg1the Ief%. - 104 %n frane #n:1, the
pi xel s bel ongfiig %%ptﬂ% %acﬁﬁ?oﬁﬁﬁ QPRRY 4FQViRg %?F%f PRy ??5ﬂ+?%e left,
?Eg the HAUrLeqil i REQUARINER! ¥kl hak Rl 8L s bhoPeklg ! §hL LA frame #n,
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
10 determining portion 202-1 determines whether the
determination result for the pixel in frame #n+l and the
pixel in frame #n+2 located at the same position is
stationary.
If it is determined in step $212 that the determination
15 result for the pixel in frame #n+l and the pixel in frame
#n+2 located at the same position is statioﬁary, the process
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 the
20 uncovered-background-area determining flag associated with
the pixel to be processed. The area determining portion
203-1 supplies the uncovered-background-flag determining
flag to the determining-flag-storing frame memory 204, and
the process proceeds to step S5214.

25 If it is determined in step S211 that the determination



pi xel s belonging to the background area are the first 5 through fifth

pi xels fromthe left, and the eighteenth through twenty-first pixels from
the left. In frame #n+l, t he pi xels belonging to the background area are
the first through ninth pixels fromthe left. An exanple of the background
i mge corresponding to the 10 exanple shown in Fig. 32 generated by the
background i mage generator 301 is shown in Fig. 33. The background i nmage
consists of the pixels corresponding to the background object, and does
not contain i mage conponents correspoRgipng to the foreground object. 15
The bi nary-object-inmage extracting portion 302 generates a binary object

i mage based on the correlation between the background i mage and the input

i mge, and supplies_ the generated binary object inmage to a tine change
detectorr§6§lt2é°F|éh33313§lalﬁlé6@m& &@ré&d FPGSP#&F#ndntﬁéam@oﬁpﬁéuratlon
of the blnar§f c -i mage extracting .porti 302. A cqrrelation-val ue

cal cul at gP°F cﬁpﬁté thQOSGGFP@I&Fléﬁa%épﬁé§ﬁ t R& Bgc&ﬁréﬁnd i mge
liedf t.h back 301 dth
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uncovered background area. Accordingly, the processing of
step S213 is skipped, and the process proceeds to step S214.
In step S214, the area specifying unit 103 determines
whether the areas of all the pixels in frame #n are
10 specified. 1If it is determined that the areas of all the
pixels in frame #n are not yet specified, the process
returns to step S202, and the area specifying processing is
repeated for the remaining pixels.
If it is determined in step S$214 that the areas of all
15 the pixels in frame #n are specified, the process proceeds
to step S5215. 1In step S215, the synthesizer 215 generates
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-
20 flag-storing frame memory 204, and also generates area
information indicating to which of the uncovered background
area, the stationary area, the moving area, or the covered
background area each pixel belongs, and sets the generated
area information in the determining-flag-storing frame

25 memory 206. The processing is then completed.



5 3x3-background i mage bl ocks having Y4 at the center which corresponds to
t he background i mage bl ocks, as shown in Fig. 35B, thereby cal culating a

correlation value corresponding to Y4. Correlation value = e _ e ‘
(Xi-X)(Yi- _Y)i=i=(4) 8 _22/(Xi-X) ;(Yi-Y) 1=0i=81 Xi 10 X =1i0
(5 9eEY Y=i_9 The correlation-value cal culator 321 supplies the

(6) correlation value cal cul ated for each pixel as discussed above to the
t hreshol d-val ue processor 322. 15 Alternatively, the correl ation-val ue
cal culator 321 may apply equation (7)q40. for exanple, 3x3-background
I mge bl ocks having X4 at the center, as shown in Fig. 36A, and to,

As discussed above, the area specifying unit 103 is
capable of generating area information indicating to which
of the moving area, the stationary area, the uncovered
background area, or the covered background area each of the

5 pixels contained in a frame belongs.

The area specifying unit 103 may apply logical OR to
the area information corresponding to the uncovered
background area and the area information corresponding to
the covered background area so as to generate area

10 information corresponding to the mixed area, and then may
generate area information consisting of flags indicating to
which of the moving area, the stationary area, or the mixed
area the individual pixels contained in the frame belong.

When the object corresponding to the foreground has a

15 texture, the area specifying unit 103 is able to specify the
moving area more precisely.

The area specifying unit 103 is able to output the area
information indicating the moving area as the area
information indicating the foreground area, and outputs the

20 area information indicating the stationary area as the area
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

25 Dbe applied even if the image corresponding to the background



for exanpl e, 3x3-background image bl ocks having Y4 at the center which
corresponds to the background i mage bl ocks, as 20 shown in Fig. 36B,
t hereby cal culating the sum of absolute - 106 values of differences
corresponding to Y4. a Sum of absolute values of differences = Y I(X -
Yi)l (7) i=a The correlation-value cal culator 321 supplies the sum of the
absol ute values of the differences calculated as 5 descri bed above to the
t hreshol d-val ue processor 322 as the correlation value. The _
t hreshol d-val ue processor 322 conparesggbhe pixel value of the correlation
image with a threshold value thO If the correlation value is smaller than
or equal to the 10 threshold value thO 1 is set in the pixel value of the
bi nary object image. If the correlation value is greater than the threshold
val ue t h@reg iCONIEL NSy MOfd OFi -x elF AralF@m®r e it HE Bivaryradtsj ect i mage. The
t hreshol d- val ue processor 322 then outputs the binary qbject inage whose
pi xel valSP&TeSPPRddag g ¢her PRCkEFOURRY 808G d-Sv aIndd G3Mede 8SFA g2 may
store t t hreshol d val ye thO therein_i.n advance, or y. use the
t hr eshol alArE St RESC Pt " %lé:neié)gt é‘mgltss cé’."eli-“lagﬁaf}?‘aiglel dStrates the .
bi nary obj e%tr i_mage .%%rr spondi n%to tlgle rmgel of the input i.rrrla%e shown in
Fig. 20 550 R AR itHary oot PGS HPEOGEE B oLRS el
5 manner similar to the case in which the object corresponding
to the background is stationary. If the image corresponding
to the background area contains locally different motions,
the area specifying unit 103 selects the pixels
corresponding to the motions, and executes the above-
10 described processing.
Fig. 31 is a block diagram illustrating the
configuration of the area specifying unit 103. The area
specifying unit 103 shown in Fig. 31 does not use a motion
vector. A background image generator 301 generates a
15 Dbackground image corresponding to an input image, and
supplies the generated background image to a binary-object-
image extracting portion 302. The background image
generator 301 extracts, for example, an image object
corresponding to a background object contained in the input
20 image, and generates the background image.
An example of a model obtained by expanding in the time
direction the pixel values of pixels aligned side-by-side in
the moving direction of an image corresponding to a

foreground object is shown in Fig. 32. For example, if the

25 moving direction of the image corresponding to the



val ues of the pixels having a higher correlation wth the background
image. Fig. 38 is a block diagramillustrating the configuration of the
ti me change detector 303. Wien - 107 determining the area of a pixel in
frame #n, a franme nmenory 341 stores a binary object inage of frame #n-1,
frame #n, and franme #n+l supplied fromthe binary-object-inmge extracting
portion 302. 5 An area determ ning portion 342 determ nes the area of each
pi xel of frame #n based on the binary object inmage of frame #n-1, franme
#n, and frame #n+l so as to generate apga_ information, and outputs the
generated area information. Fig. 39 illustrates the determ nati ons nade by
the area 10 determ ning portion 342. Wen the designated pixel of the
binary object image in frame #n is 0, the area deterninin% portion 342
det er m né®TEREC Y Re ORI §ICEn 4B BOFILEOR R Fidke BRSPESE $RgEheo SEEESPackgr ound
area. \Wen the designated pixel %f the binary object inmage in 15 frame #n
is 1, andhfn&R9E eSgGWPeéﬁoﬁ&Qng 3i%élaoﬂogﬁé opitedredobye CXPRREGET n frane
#n-1 is and en the carresponding pixel qf the binary object image in
frame snthe’ Bdntl Paitgs S biar TR rRoeE: o dsaDyasiernPhes Shae Fng
designatﬁdnpix%lt'n Enaned#n bel ongs to the foreground area. 20 Wen the
designate& Si%el tﬁ@eblﬁgﬁ§n0bject image in franme #n is 1, and when the

cor regpondi ng;pi ¥l 045t ey by DALY QPEEChe! FRIES Prb! 8liFe s che 0. the
area determ ning
line in frame #n-1 and the line in frame #n+1.

In frame #n, the foreground components corresponding to
the object contained in the sixth through seventeenth pixels
from the left are contained in the second through thirteenth

10 pixels from the left in frame #n-1 and are also contained in
the tenth through twenty-first pixel from the left in frame
#n+l.

In frame #n-1, the pixels belonging to the covered

background area are the eleventh through thirteenth pixels

15 from the left, and the pixels belonging to the uncovered
background area are the second through fourth pixels from
the left. 1In frame #n, the pixels belonging to the covered
background area are the fifteenth through seventeenth pixels
from the left, and the pixels belonging to the uncovered

20 background area are the sixth through eighth pixels from the
left. 1In frame #n+l, the pixels belonging to the covered
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

25 pixels from the left.



portion 342 determ nes that the designated pixel in frame #n belongs to a
covered background area. 25 Wien the designated pixel of the binary object
image in - 108 frame #n is 1, and when the correspondi ng pi xel of the '
bi nary object image in frame #n+l is 0O, the area determning portion 342
determ nes that the designated pixel in frane #n belongs to an uncovered
background area. 5 Fig. 40 illustrates an exanple of the determ nations
made by the time change detector 303 on the binary object inmge
corresponding to the nodel of the inpyhy Bge shown in Fig. 32. The tine
change detector 303 determines that the first through fifth pixels from
the left in frame #n belong 10 to the background area since the
correspondi ng_pi xels of the binary object image in frane #n are 0. The
ti me change débPeftdre3tn—det ERRi Ré¥eLRabPeLABISNGt ho ERPoRgRkEFAEADDI xel s
fromthe left belong to the uncqovered background area since the pixels of
t he bi naPfe8pP&et thRadd r85 Pi*Srlarf® 9h thee 1L tan@nchéhCofresEesaithy pi xel s
in frame #n+l are 0. The time ,change detec¢tor 303 determ nes that the
tenth tﬁ$68&ﬁhtﬁVFP@@ﬁEHrﬁFXQ¥§ PoﬁFPWbt%@fgeﬁéron&ntérFW@ #or &Gfound
area since _the pixels.of the binary. object, inmage 20 in frane #n are 1, the
correspoﬁ&ﬁﬁgspgfgpggﬁﬁgfanggﬁn%kagFéufg an& ﬁgec5$Fe§gSR&ing pi xel s in
frameg #n 1., e_Li c e t r term nes that the '
e B e R A R

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

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

10 example shown in Fig. 32 generated by the background image
generator 301 is shown in Fig. 33. The background image
consists of the pixels corresponding to the background
object, and does not contain image components corresponding
to the foreground object.

15 The binary-object-image extracting portion 302
generates a binary object image based on the correlation
between the background image and the input image, and
supplies the generated binary object image to a time change
detector 303.

20 Fig. 34 is a block diagram illustrating the
configuration of the binary-object-image extracting portion
302. A correlation-value calculator 321 calculates the
correlation between the background image supplied from the
background image generator 301 and the input image so as to

25 generate a correlation value, and supplies the generated



to the covered background area since the pixels of the 25 binary object
image in frame #n are 1, and the corresponding - 109 pixels in frane #n-1
are 0. The time change detector 303 determ nes that the eighteenth through
twenty-first pixels fromthe left belong to the background area since the
correspondi ng pixels of the 5 binary object image in franme #n are 0. The
area specifying processing perforned by the area specifying unit 103 is
described below with reference to the flowhart of Fig. 41. In step S301,
t he background i mage generator 301_ofgkhe area specifying unit 103
extracts, for 10 exanple, an inmge object corresponding to a background
obj ect contained in an input inmge based on the input inage so as to
generate a background inage, -and supplies the generated background inage

to the biGPHRAIGHIO% VitrtdiFe Tt MAGGNP LT loe BFRCePS oty 3¢dep S302, the
bi nary- obj ect - nrage ex r%ctin Borti n 302 Cﬁé | ates,a correlation val ue
between the | BBt COFRAYECARR- PASIBaCROFBIAGOFNEGE SHBRLFEISHPGH PR

back [ t 301 di to, f I I ti

i scassed M (51 Gl GHEBELS 7S P3akdradnsourags Biagresvig the

bi nary-ohj.ect - extracting portiqn 3 conput es a . binar bj ect inmage
fromt hegé:or%trhgl g’%?%r?r\lalaﬁ’e Szlfr?gmt %él Fﬁﬁ’r'e%%o d N4 Eé) t ﬁarbff{a%gﬁ‘eléxarrpl e,

conpasin@x%h%acﬁg&gﬁhat&&ag¥g%ﬂ§6§ktﬂawqﬁg@Q;ﬁgbokﬂevegﬂgeih&hiéﬂ step

S304, the tine change dete execut
corresponds to the background image blocks, as shown in Fig.

35B, thereby calculating a correlation value corresponding

to Y,:
8 8
D Xi- XD (¥i - Y)

Correlation value = 1=0 L=0 (4)

8 _2 8 _2
YXi-X e ) (Yi-Y)
i=0 1=0

10 X = 5 (5)
8
X
= %—- (6)
The correlation-value calculator 321 supplies the
correlétion value calculated for each pixel as discussed
above to the threshold-value processor 322.
15 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. 36A, and to,
for example, 3x3-background image blocks having Y, at the
center which corresponds to the background image blocks, as

20 shown in Fig. 36B, thereby calculating the sum of absolute



25 area determ ning processing, and the processing is conpleted. - 110
Details of the area determ ning processing in step S304 are described
below with reference to the flowhart of Fig. 42. In step S321, the area
determ ning portion 342 of the tine change detector 303 determ nes whet her
the designated 5 pixel in frame #n stored in the franme nenory 341 is 0. |If
it is determned that the designated pixel in franme #n is 0, the process
proceeds to step S322. In step S322, it is determ ned that the designated
pixel in frame #n belongs to the backgound area, and the processing is
completed. 10 If it is determined in step S321 that the designated pixe
in frame #n is 1, the process proceeds to step S323. 1In step S323, the
area determ ning portion 342 of the tinme change detector 303 determ nes
whet her M@i%ﬁ%Kﬁﬁéﬁé@%ﬁ%ﬂﬂesiQ$HﬁQ§ﬂ9mﬂi@adKédd¢1the frame menory 341 is
1, and whether 15 the corresponding pixel in framg #n-1is 0. If it is

deternn f; i i . d I #n . ang.ythe
correspo%ﬂ'}nil&aft)iaxe lﬂﬁ% %ﬁfe%n@f(?islf&é{ehn?%r Jngl(ﬁprog:eL)Lds to ézép S324.

In step S324, it is determned that the designated pixel in frame #n
T T107s det oFAPnBA-FHIEr LR S93 Pnar PHG4a8: dRdt BUPBULRE TR FPEme #n fs
C oononte, UESUESTAT Y0 1 0 VB, [ hoinparess
the 15me LRANGS A ARACHY 323 I8ReHT1EY MR BELING Jesghaled Rl xel in
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
10 threshold value th0, 1 is set in the pixel value of the
binary object image. TIf the correlation value is greater
than the threshold value th0O, 0 is set in the pixel value of
the binary object image. The threshold-value processor 322
then outputs the binary object image whose pixel value is
15 set to 0 or 1. The threshold-value processor 322 may store
the threshold value th0 therein in advance, or may use the
threshold value thO input from an external source.
Fig. 37 illustrates the binary object image
corresponding to the model of the input image shown in Fig.
20 32. In the binary object image, 0 is set in the pixel
values of the pixels having a higher correlation with the
background image.
Fig. 38 is a block diagram illustrating the

configuration of the time change detector 303. When



- 111 franme On stored in the frame nenory 341 is 1, and whether the
corresponding pixel in frame #n+l is 0. If it is determned that the
designated pixel in frane On is 1 and the corresponding pixel in frane
#n+l is 0, the process 5 proceeds to step S326. In step S326, it is
determ ned that the designated pixel in frame On bel ongs to the uncovered
background area, and the processing is conpleted. If it is determned in
step S325 that the designated pixel in frane On is 0, or that the
correspondi ng pixel in 10 frame #n+l hg§71,. the process proceeds to step
S327. In step S327, the area determ ning portion 342 of the tinme change
detector 303 determ nes that the designated pixel in frame On belongs to
the foreground area, and the processing is conpleted. 15 As di scussed
above, tRE&teradndpgcithgi ageanrt f0Bixe éBIérﬁﬁesﬁéciﬁyfr8&§e@eﬁﬁrﬂhe
correlati val ue between the_ .input inmage and the correspondi backgr ound
i mage, t 3 MR et a1 RePRGYeGPIRE 4FEqe Che TBaBRgH#BINd AraRe #He cover ed

background .area, or,_the uncovered background area,each pixel 20 of the
Cous | g BERBRGdn" Ina RERGRa: S5O0 c4e HROPRPBH ScEaRPEdondi ng o the
specifieg E%%%Eth Fig. 43ni 03 bl ock diagramillustrating another
configuration S PPhBAFE] s eCi'fying unit 103. The area specifying unit

fl‘r)gm be oo {T}’%}ﬁogg%gg%g’rée%gr_l?ﬁai££99§$n2§4£“&QEE'BMRQstPﬁéGQEeéugP' ed
each pixel of frame #n based on the binary object image of
frame #n-1, frame #n, and frame #n+l so as to generate area
information, and outputs the generated area information.
Fig. 39 illustrates the determinations made by the area

10 determining portion 342. When the designated pixel of the
binary object image in frame #n is 0, the area determining
portion 342 determines that the designated pixel in frame #n
belongs to the background area.

When the designated pixel of the binary object image in

15 frame #n is 1, and when the correspopding pixel of the
binary object image in frame #n-1 is 1, and when the
corresponding pixel of the binary object image in frame #n+1
is 1, the area determining portion 342 determines that the
designated pixel in frame #n belongs to the foreground area.

20 When the designated pixel of the binary object image in
frame #n is 1, and when the corresponding pixel of the
binary object 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.

25 When the designated pixel of the binary object image in



- 112 The sane el enents as those shown in Fig. 31 are designated wth

| i ke reference nunerals, and an explanation thereof is thus omtted. A
robust - processing portion 361 generates a robust 5 binary object inmage
based on binary object images of N franmes supplied fromthe

bi nary-obj ect-i mage extracting portion 302, and outputs the robust binary
object image to the tine change detector 303. Fig. 44 is a bl ock diagram
illustrating the 10 configuration of the robust-processing portion 361. A
nmotion conpensator 381 conpensates fofgpghe notion of the binary object

i mages of N franmes based on the notion vector and the positional
informati on thereof supplied fromthe notion detector 102, and outputs a
mot i on- conpensat ed binary 15 object inmage to a switch 382. The notion
conpensafirafepdrf éendd BPdt HBeRpthEN COEERFORTELDE Bdxeilsodi §88ssed bel ow
with reference to, exanples shown in Figs.,45 and 46. It is now, assuned,

for exaRpPeryt RRi ethei8rE8 R £rame #RTis1foObe thrPoBESSHELRRBAR2BDI nary
obj ect imges of frame #n-1, frape #n, and franme #n+l hown _in Fig. 45 are
Input, {RETRBPRORBoBEREAEBF 38 bot SHFORERIEEF6 PRETOLof B AR bi nary.
obj ect i e of .frame #n-1 an he, bi nary qbject imge of franme #n+l, as
indicateg%gﬁnpﬁetgxﬁﬁpPSCQNSWﬁgi%aﬁkaFoﬂgﬁ Sgégd on the 25 notion vector

supplged fro”%i&? Eptiffug€£ggégra&033aﬂ£9e_ogléhe determinations

made by the time change detector 303 on the binary object
image corfesponding to the model of the input image shown in
Fig. 32. The time change detector 303 determines that the
first through fifth pixels from the left in frame #n belong

10 to the background area since the corresponding pixels of the
binary object image in frame #n are 0.

The time change detector 303 determines that the sixth
through ninth pixels from the left belong to the uncovered
background area since the pixels of the binary object image

15 in frame #n are 1, and the corresponding pixels in frame
#n+l are 0.

The time change detector 303 determines that the tenth
through thirteenth pixels from the left belong to the
foreground area since the pixels of the binary object image

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

The time change detector 303 determines that the
fourteenth through seventeenth pixels from the left belong
to the covered background area since the pixels of the

25 Dbinary object image in frame #n are 1, and the corresponding



supplies the notion-conpensated binary object inmages to the swtch 382.
The switch 382 outputs the notion-conpensated binary object inage of the
first frame to a frame nenory 383-1, and 5 outputs the nption-conpensated
bi nary object image of the second frame to a frame nenory 383-2. Simlarly,
the switch 382 outputs the notion-conpensated binary object inmges of the
third through (N1)-th frane to frane nenories 383-3 through 383-(N-1),
and outputs the notion-conpensated binary 10 object image of the N-th frame
to a frame nenory 383-N. The frame_nggary 383-1 stores the

not i on- conpensated binary object inage of the first franme, and outputs the
stored binary object inmage to a weighting portion 384-1. The frane nenory
383-2 stores the notion-conpensated binary 15 object image of the second
frame, ald*Sutspdfs firp@estigrdd ang Mary object image to a wei ghting portion
384-2. Simlarly, the frame menories 383-3 through 383-%N—1) stores the
not i on- conpen3Beel8iBenghyngsj deterfagedV8r derermiRppdthAEotBR (N-1)-th
frames, and _ outputs the stored binary 20 object inages to weighting

DOLt | Ons SHEES ST FHF OBER. (NEDEY FE St RSl TryTadaeN 18ts: deLong |
i - d. bi bj t, i f the N-th .f , d tputs th
o orou CBER R bRt it 628" § e e s asPon s, Rixele ol oRE ng

portion -1 mult.iplies_the.pixel value _ _25.0of the notion-conpensated
bi nary o%}%atryi G St R “Se

mflfn rame ‘supplied fromthe frame
menory 383-1 ?Meaarea specifying processing performed by the area

specifying unit 103 is described below with reference to the
flowchart of Fig. 41. 1In step S301, the background image
generator 301 of the area specifying unit 103 extracts, for

10 example, an image object corresponding to a background
object contained in an input image based on the input image
so as to generate a background image, and supplies the
generated background image to the binary-object-image
extracting portion 302.

15 In step S302, the binary-object-image extracting
portion 302 calculates a correlation value between the input
image and the background image supplied from the background
image generator 301 according to, for example, calculation
discussed with reference to Figs. 35A and 35B. In step S303,

20 the binary-object-image extracting portion 302 computes a
binary object image from the correlation value and the
threshold value th0 by, for example, comparing the
correlation value with the threshold value thO.

In step S304, the time change detector 303 executes the

25 area determining processing, and the processing is completed.



predeterm ned weight w, and supplies a weighted binary object imge to an
accunul ator 385. The weighting portion 384-2 nultiplies the pixel value of
the notion-conpensated 5 binary object image of the second frame supplied:
fromthe frame nmenory 383-2 by a predeterm ned weight w2, and supplies
the wei ghted binary object inage to the accunul ator 385. Likew se, the

wei ghting portions 384-3 through 384-(N- 10 1) multiply the pixel values of
t he notion-conpensated binary object images of the third through (N-1)-th
franmes supplied fromthe franme nengr?gﬁ 383-3 through 383-(N-1) by
predet erm ned wei ghts w3 through W(N-1), and supplies the weighted binary
obj ect images to the accunul ator 385. The 15 wei ghting portion 384-N

mul tiplies the pixel value of the notion-conpensated binary object inmage
of the N-th fPawmeailsupfl the Rrem crEerminbngenppygessdny by atppe8dPér ni ned
wei ght wN, and supplies the weighted binary object inmage to the accunul ator
385, 20 TiRE ACCFRIPAIPIBY HICUMAIEESIOR thl S VdlwehasTt Ofe Fig.

not i on- conpensat ed bi nary object images nultiplied by the weights w

through K -of hé& ey S524khr diigh 3RSEh SerETEY M 18d POCspar 642 RE &€unul at ed
Pl valye ih (e predeter e, thusshal ¢ vl L9 dhorely generating
robusy - Prasessiing AU 9 I0broIPIS S Ak Wl 9 gt gRge from
it is determined that the designated pixel in frame #n is 0,
the process proceeds to step S322. 1In step S322, it is
determined that the designated pixel in frame #n belongs to
the background area, and the processing is completed.
10 If it is determined in step S321 that the designated
pixel in frame #n is 1, the process proceeds to step $323.
In step S323, 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-1 is 0. If it is
determined that the designated pixel in frame #n is 1 and
the corresponding pixel in frame #n-1 is 0, the process
proceeds to step S$324. 1In step S324, it is determined that
the designated pixel in frame #n belongs to the covered
20 background area, and the processing is completed.
If it is determined in step S323 that the designated
pixel in frame #n is 0, or that the corresponding pixel in
frame #n-1 is 1, the process proceeds to step S325. 1In step
$325, the area determining portion 342 of the time change

25 detector 303 determines whether the designated pixel in



i mges, and supplies it to the time change detector 303. Accordingly, the
area specifying unit 103 configured as 5 shown in Fig. 43 is able to
specify the area nore precisely than that shown in Fig. 31 even if noise-
is contained in the input inmge. The area specifying processing perforned
by the area specifying unit 103 configured as shown in Fig. 43 is 10
descri bed below with reference to the flowhart of Fig. 47. The
processi ngs of step S341 through step S343 are simlar to those of step
S301 through step S303 di scussed w thyjheterence to the flowhart of Fig.
41, and an explanation thereof is thus omtted. 15 In step S344, the

r obust - processing portion 361 perforns the robust processing. In step
S345, the tine change detector 303 perforns the area determ ning

processi AFamEnd ™t BEOgeecdsisithg ifradenpieBosy. 34Betlsi Ils 8P WESHhE&essi ng of
step S345 are simlar to the 20 processing discussed with reference to the
f 1 owchar tth&r CPrgesraRdingy Pifedx gRaf&@™en *fér d6f Oi-s tifudtodiStted. Detail s

of the ropust processin orresponding tqQ the, processing . of step S344 in
Fig. 47 SRESGTUERChEPAk heh deSaABRNToe Aend™ (ERERAfE OF  §7%48. I n

step S36 t he 25 noti.on conpensator. 381 perfor.ns .t he, noti on _conpensati on
of 7 716 then CORSRPPRNAaRY SoReh TmEGaTEag8d lon % Re TBE B SvEstor and  the

201400 oCHRTR QR i enel Sl (oW, 1G9 LR AT el 1T
the designated pixel in frame #n belongs to the uncovered
background area, and the processing is completed.

If it is determined in step S$325 that the designated
pixel in frame #n is 0, or that the corresponding pixel in

10 frame #n+l is 1, the process proceeds to step S327. In step
S327, the area determining portion 342 of the time change
detector 303 determines that the designated pixel in frame
#n belongs to the foreground area, and the processing is
completed.

15 As discussed above, the area specifying unit 103 is
able to specify, based on the correlation value between the
input image and the corresponding background image, to which
of the foreground area, the background area, the covered
background area, or the uncovered background area each pixel

20 of the input image belongs, and generates area information
corresponding to the specified result.

Fig. 43 is a block diagram illustrating another
configuration of the area specifying unit 103. The area
specifying unit 103 uses a motion vector and positional

25 information thereof supplied from the motion detector 102.



t hrough 383-N stores the correspondi ng noti on-conpensated 5 binary object

i mge supplied via the switch 382. In step S363, the robust-processing
portion 361 deterni nes whether N binary object inages are stored. If it

is determned that N binary object inmges are not stored, the process
returns to step S361, and the processing for 10 conpensating for the notion
of the binary object inmage and the processing for storing the binary
object imuge are repeated. If it is determned in step S363 that N binary
object inmmges are stored, the procesgjpraoceeds to step S364 in 15 which
weighting is performed. In step S364, the weighting portions 384-1 through
384-N nmul tiply the corresponding N binary object inmages by the weights w
through wN. I n step S365, the accunul ator 385 accunul ates the N weighted
bi nary ogpécﬁamﬁa§é§m32éslﬁSsFBBSSBGGOWPhénagéGﬁuﬁét6F93§9565ﬁéF89es a
binary object .image fromthe accunul ated i mages_by, for exanple
conparlnﬂlﬁﬁeléé@uﬁﬁﬁ&FéﬁcﬁaPH@eﬁﬁﬂﬁ'aaﬁgeaét FﬁﬂﬁéétﬂﬁPe§H8F8°§aFﬁe thi,

and the @Roce35|n% i.s conpleted. As discussed above, the area speC|fy|ng
unit 103°P¥8 EBAE§dred as shown in Fig. 43 is able to generate area - 117
information b sed?on t he robust bina is seen fromthe

foregoi ng dester T PYBh; PTRESAF AT %%5%¥?9| gfu%%?egﬁge?s abPRYY generat e
area 4 nf gt aatiofy,Ladi ¢aLing,te whiah,ehatheHRLiag ateds Lheystationary

ar ea,
frames supplied from the binary-object-image extracting

portion 302, and outputs the robust binary object image to
the time change detector 303.
Fig. 44 is a block diagram illustrating the
10 configuration of the robust-processing portion 361. A
- motion compensator 381 compensates for the motion of the
binary object images of N frames based on the motion vector
and the positional information thereof supplied from the
motion detector 102, and outputs a motion-compensated binary
15 object image to a switch 382.

The motion compensation performed by the motion
compensator 381l is discussed below with reference to
examples shown in Figs. 45 and 46. It is now assumed, for
example, that the area in frame #n is to be processed. When

20 binary object images of frame #n-1, frame #n, and frame #n+l
shown in Fig. 45 are input, the motion compensator 381
compensates for the motion of the binary object image of
frame #n-1 and the binary object image of frame #n+l, as
indicated by the example shown in Fig. 46, based on the

25 motion vector supplied from the motion detector 102, and



5 the uncovered background area, or the covered background area each pixel
contained in a frane belongs. Fig. 49 is a block diagramillustrating the
configuration of the m xture-ratio cal culator 104. An

estimated-m xture-rati o processor 401 cal cul ates an 10 estimated m xture
ratio for each pixel by calculating a nodel of a covered background area
based on the input imge, and supplies the calculated estimted m xture
ratio to a mxture-ratio determ ning portion 403. An

estimated-m xture-ratio processor 402 ¢glculates an 15 estimated mi xture
ratio for each pixel by calculating a nodel of an uncovered background
area based on the input inmage, and supplies the cal cul ated estinmated

m xture ratio to the mxture-ratio determning portion 403. Since it can
be assumS#PPHaEst kBCoBPELPNCEPPRSPGRTERY P1PO fiYo OPHE o BFHEEENH i $PRoVi ng
wth constant v Igclty within the shutter time, the mxture ratio a of the
pi xel s BELER to a m xed area exhibits the followng characteristics.
That is, the pmixture rat a |ljnearl chapges accordin o _the positional
change i n t he ?xﬁ‘f’étc§55€? PHEPROS] ERBrP L eRanGE P RITRESD) QLTS Y s

one- dinen i.on

. ch h d
U near [y SRR 1ndg Bt shEl BaRg s, A b, B rEal Rl koY e Rty cRERON
Changg | 5,061 XL RkaEho - gR 06 HEBIGSEY! oflion. 2 RLgRe Siace ¢ he

period o ort can ect

CorreSpO@%E%gdtgrgﬂg Egrggkgﬁ&g h%m%ry 383-2. Similarly, the switch
382 outputs the motion-compensated binary object images of
the third through (N-1)-th frame to frame memories 383-3
through 383-(N-1), and outputs the motion-compensated binary
10 object image of the N-th frame to a frame memory 383-N.

The frame memory 383-1 stores the motion-compensated
binary object image of the first frame, and outputs the
stored binary object image to a weighting portion 384-1.

The frame memory 383-2 stores the motion-compensated binary
15 object image of the second frame, and outputs the stored
binary object image to a weighting portion 384-2.

Similarly, the frame memories 383-3 through 383-(N-1)
stores the motion-compensated binary object images of the
third through (N-1)-th frames, and outputs the stored binary

20 object images to weighting portions 384-3 through 384-(N-1).
The frame memory 383-N stores the motion-compensated binary
object image of the N-th frame, and outputs the stored
binary object image to a weighting portion 384-N.

The weighting portion 384-1 multiplies the pixel wvalue

25 of the motion-compensated binary object image of the first




rigid body noving with constant velocity. The gradient of the m xture ratio
(x is inversely proportional to the anmount of novenent v within the
shutter time of the foreground. 10 An exanple of the ideal m xture ratio a
is shown in Fig. 50. The gradient 1 of the ideal mxture ratio a in the

m xed area can be represented by the reciprocal of the anount of novenent
v. As shown in Fig. 50, the ideal mxture ratio a has the 15 value of 1 in
t he background area, the value of 0 in the foreground area, and the val ue
of greater than O and smaller than_1;4p the mxed area. In the exanple
shown in Fig. 51, the pixel value C06 of the seventh pixel fromthe |eft
in frame #n can be indicated 20 by equation (8) by using the pixel value
PO6 of the seventh pixel fromthe left in frame #n-1. CO6 = BO6 v + BO6 v
+ FO1 V frroe pupppdedy fropoghe £frape ywemopy23@3-d)by 2/ v - P06 + | Fi /
v i=1 - 119 1In equation (8), the pixel value CO06 is_indicated by a pixel
val ue M ®redsdegsmised Welgdthivled 28Fe SUPRRILES h¥eiginterd PAPa&yPo6 is

i ndicated_hy a pixel value B of the pix%l in _the background area. That is,
the pi xePPI&CHe 1RRGE tRe 3B FICCEMUlA tO%e 38k ed TR HSARG HLRE BPXELO%al ue B of .

the plX€584—2 multiplies the pixel value of the motion-compensated

5 Dbinary object image of the second frame supplied from the
frame memory 383-2 by a predetermined weight w2, and
supplies the weighted binary cobject image to the accumulator
385.

Likewise, the weighting portions 384-3 through 384- (N-

10 1) multiply the pixel values of the motion-compensated
binary object images of the third through (N-1)-th frames
supplied from the frame memories 383-3 through 383-(N-1l) by
predetermined weights w3 through w(N-1), and supplies the
welghted binary object images to the accumulator 385. The

15 weighting portion 384-N multiplies the pixel value of the
motion-compensated binary object image of the N~th frame
supplied from the frame memory 383-N by a predetermined
weight wN, and supplies the weighted binary object image to
the accumulator 385.

20 The accumulator 385 accumulates the pixel values of the
motion-compensated binary object images multiplied by the
weights wl through wN of the first through N-th frames, and
compares the accumulated pixel value with the predetermined
threshold value th0, thereby generating the binary ocbject

25 image.



in the background area can be represented by equations (9) and (10),
respectively. M= C06 (9) B = P06 (10) 10 In equation (8), 2/v corresponds
to the mxture ratio a. Since the anount of novenent v is 4, the mxture’
ratio a of the seventh pixel fromthe left in frame #n is 0.5. As

di scussed above, the pixel value Cin the designated frane #n is
considered as the pixel value in the m xed area, 15 while the pixel value
P of frame #n-1 prior to frame #n is considered as the pixel value in the
background area. Accordingly, equatigfs(3) indicating the m xture ratio a
can be represented by equation (11): C=a P+ (11) 20 where f in
equation (11) indicates the sumof the foreground conponents EiFi/v
contained in the designated i xel . The _variables contained, in eqguation

(11) are two PacPoFSUSFed aboyRe PRt HPBUPLTPHCGSSANEROELAPE 8Pt he

foreground conponents, 2 iomlarly, a mdel ohtained. hy expanding in the
o, O 3GneGATRR! Bor CPHE DR Ty ChIE St MiREen HERE Sbale s chacetent 1

£ 20 e ol WLk G50 8 LGRS S B ARlsoNSLeO
covered RSN She, %o spIB SOIMELEYDIDUOERBRLRR o0 PLIOL
5 shown in Fig. 43 is able to specify the area more precisely
than that shown in Fig. 31 even if noise is contained in the
input image.

The area specifying processing performed by the area
specifying unit 103 configured as shown in Fig. 43 is

10 described below with reference to the flowchart of Fig. 47.
The processings of step S341 through step 5343 are similar
to those of step S301 through step S303 discussed with
reference to the flowchart of Fig. 41, and an explanation
thereof is thus omitted.

15 In step S344, the robust-processing portion 361
performs the robust processing.

In step S345, the time change detéctor 303 performs the
area determining processing, and the processing is completed.
Details of the processing of step S345 are similar to the

20 précessing discussed with reference to the flowchart of Fig.
42, and an explanation thereof is thus omitted.

Details of the robust processing corresponding to the
processing of step S344 in Fig. 47 are given below with

reference to the flowchart of Fig. 48. 1In step S$361, the

25 motion compensator 381 performs the motion compensation of



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 m xture ratio a can 10 be represented by equation (12). C=a N+ (12)
The enbodi nent has been descri bed, assum ng that the background object is
stationary. However, equations (8) through (12) can be applied to the case
in which the 15 background object is noving by using the pixel value of a
pi xel | ocated corresponding to the anount of novenent v of the background.
It is now assunmed, for exanple, in Eigsg51 that the amount of novenent v
of the object corresponding to the background is 2, and the nunber of
virtual divided 20 portions is 2. In this case, when the object
corresponding to the background is noving to the right in Fig. 49, the

pi xel vaP@ie1BPEL bh@aﬁyx@bjﬁﬁttH@agﬁcbéﬁégnenaﬁéﬁ metigguyersrr(aoy is
represented by a pixel value P04. Since equations (11) and (12) each
contai n thE PSs¢&riraplednfoppafiopuitberapiio SHPPARk6t fTEeMd&NEr BPREA Wi t hout

L a3 a Y15 Coyat Lons, The Mlure el 9.2l early shapges I
COTY eSO AU OSbUE ! SHEYLOUN! SSTRYL ALY COuLATL Buslagily. BY
S?Eeé foﬁﬁgg%yo%bﬁg%tfREQ%EOEGBp188&p993“Eﬁea%%i%BRrQébﬁated In the spatial
In step S363, the robust-processing portion 361
determines whether N binary object images are stored. If it
is determined that N binary object images are not stored,
the process returns to step S361, and the processing for
10 compensating for the motion of the binary object image and
the processing for storing the binary object image are
repeated.
If it is determined in step S363 that N binary object
images are stored, the process proceeds to step S$364 in
15 which weighting is performed. 1In step S364, the weighting
portions 384-1 through 384-N multiply the corresponding N
binary object images by the weights wl through wN.
In step S365, the accumulator 385 accumulates the N
weighted binary object images.
20 In step S366, the accumulator 385 generates a binary
object image from the accumulated images by, for example,
comparing the accumulated value with a predetermined
threshold value thl, and the processing is completed.

As discussed above, the area specifying unit 103

25 configured as shown in Fig. 43 is able to generate area



.hold true. By utilizing a plurality of sets of the pixel values of the
pi xel s belonging to the m xed area and the 10 pi xel values of the pixels
bel ongi ng to the background area, the equations in which the m xture ratio
a and the sumf of the foreground conponents are approxi mated are sol ved
by assuming that the mxture ratio a linearly changes and that the sum of
the foreground conponents |inearly changes, as 15 shown in Fig. 53. As
shown in Fig. 53, the data that can be utilized for calculating the
m xture ratio a of the pixels belongifg7tg t he covered background area
i ncl udes the pixel values MOL t hrough MD5, which contain the pixel value
of a designated 20 pixel of the designated frane #n, and the pixel val ues
PO1 through P05 of frame #n-1. The m xture ratio a differs according to
t he spatiiaforpasienohasaddonstheprebsAtelibpri0ebiRFbugnages. The sum of
the foreground conponents differs according. 25 to the spatial position,
and is represkhtdd $5eR Fremroughforageing gdesgmeptiere, ntke Lree?atio a is
approxi mated in the plane the m xture ratio a can be represented by
equat i onSPES}EBFNICBRSEJEPBnd St RBLROGENERRST2EEr RESPORBEAGTEE1PRe two 5
directions, ,i.e e hotiéon al _direction_and thﬁﬁvgrtical direction of

d

t he inagé?dé§a§iPﬂ;Ea+ﬁh&E ) °FntBEUBPYORI( 2852 x “PRAPEAFESTBRYE BF 81
throqgh ggé Lgcovered background area, or the covered background
area each pixel contained in a frame belongs.

Fig. 49 is a block diagram illustrating the
configuration of the mixture-ratio calculator 104. An
estimated-mixture-ratio processor 401 calculates an

10 estimated mixture ratio for each pixel by calculating a
model of a covered background area based on the input image,
and supplies the calculated estimated mixture ratio to a
mixture-ratio determining portion 403.
An estimated-mixture-ratio processor 402 calculates an
15 estimated mixture ratio for each pixel by calculating a
model of an uncovered background area based on the input
image, and supplies the calculated estimated mixture ratio
to the mixture-ratio determining portion 403.
Since it can be assumed that the object corresponding
20 to the foreground is moving with constant velocity within
the shutter time, the mixture ratio a of the pixels
belonging to a mixed area exhibits the following
characteristics. That is, the mixture ratio o linearly
changes according to the positional change in the pixels.

25 If the positional change in the pixels is one-dimensional, a



equation (13), j is the index in the horizontal direction, 10 and k is the
index in the vertical direction when the position of the designated pixel
is 0. In equation (13), m designates the horizontal gradient of the

m xture ratio a in the plane, and q indicates the vertical gradient of the
m xture ratio a in the plane. In equation (13), p indicates 15 the
intercept of the mxture ratio a in the plane. The sum of the foreground
conponents can be expressed by equation (14). fx = js+kt+u (14) In
equation (14), x indicates one of 01 §hgough 05. In 20 equation (14), j is
the index in the horizontal direction, and k is the index in the vertical
direction when the position of the designated pixel is 0. In equation
(14), s designates the horizontal gradient of the sumof the foreground
conponenc§ange: A8 phgnBixizHget rpfdPc & €87t Re rSPresendsr JirgrEAt -of t he
sum of the foreground conponents in - 123 the plane. In equation (14), u

i ndi cat e ft kb€ Residpradf CheRgeshm &St RéXPoPedroiNd EemsaReATE LI nat he

pl ane. For exampl e, by appl yi ng 5x5-pi xel yalues that are spatial
Pocat ed FRGEESEBS] MY Pt A2EABN CoFRar Peo TERE 5 <B4t PBné BSAPAI ni ng

the oix vari aprace BheleePuedoobha™ bt hrneataqtiet bns iu CA" (FB met hod of
Lg?fg%pgngghgipoE?§§S.éFgg%g%%ﬁe?g%§QSB%ng§hgrQ%n%ge %@?Qg&gﬁnabhgcg
rigid body moving with constant velocity.

The gradient of the mixture ratio a is inversely
proportional to the amount of movement v within the shutter
time of the foreground.

10 An example of the ideal mixture ratio a is shown in Fig.
50. The gradient 1 of the ideal mixture ratio a in the
mixed area can be represented by the reciprocal of the
amount of movement v.

As shown in Fig. 50, the ideal mixture ratio a has the

15 wvalue of 1 in the background area, the value of 0 in the
foreground area, and the value of greater than 0 and smaller
than 1 in the mixed area.

In the example shown in Fig. 51, the pixel value C06 of
the seventh pixel from the left in frame #n can be indicated

20 Dby equation (8) by using the pixel value P06 of the seventh

pixel from the left in frame #n-1.

co6 BO6 /v +B06 /v +F01/v +F02/ v

P06 /v +P06 /v +F0Ll /v +F02/ v (8)

2
2/v P06+ ) Fi/v

i=1



10 noving fast in the shutter tinme, the mxture ratio a of the pixels that
are spatially located in close proximty with each other is uniform and
the sum of the foreground conponents of the pixels that are spatially '
| ocated in close proximty with each other is uniformdue to the spati al
15 correlation of the foreground object. By utilizing this assunption,
equations in which the mxture ratio a and the sumf of the foreground
conponents are approximated in the spatial direction can hold true. Mre
specifically, concerning the first teiyyof the 20 right side of equation
(3), the mxture ratio approximtes to be uniform as indicated by
equation (15), which is described below, and al so, concerning the second
termof the right side of equation_(S}, the sum of the_ foreground
conponents app? oxAvREE" t bBhe HhE fRERTL a2t iRl €Of et pindECRkfAt o (21),
which is described below. - 124 B

/ y . uti]i zing a Iuralih of sets of the
pi xel vaPa¥8lovaliReMpPkefFBepBLERi A £BSt Reé ﬁ?xgﬁeéreﬁ gﬁﬂ Fﬁ@ pi xel
| f t i xel | i to the back d t ti i
Whi on ¢ nBLAPS: RGP aEP R aS ot netetnby B DLRE T BRLUF olinbE BECoRpBRENt s ar e
i t i d. i ing t ] Xt fi i t hat
the’ i xehr ShpapRaryE hndlaBR; ol IRk IR oPBe Bkl I p Tk o BaRHE, 0% ity

Wi th 5eaCB€'_%?eEnilgh§”@£%{eH‘ 2kl Th4tYRE pAkL? Ba€A0 BEoEXPHESHEHRY

equat 1 on
in the background area can be represented by equations (9)

and (10), respectively.

M = CO06 (9)
B = P06 (10)
10 In equation (8), 2/v corresponds to the mixture ratio a.

Since the amount of movement v is 4, the mixture ratio a of
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,

15 while the pixel value P of frame #n-1 prior to frame #n is
considered as the pixel value in the background area.
Accordingly, equation (3) indicating the mixture ratio a can
be represented by equation (11):

C=o0a e P+f (11)

20 where f in equation (11l) indicates the sum of the foreground
components Z;Fi/v contained in the designated pixel. The
variables contained in equation (11) are two factors, i.e.,
the mixture ratio a and the sum f of the foreground
components.

25 Similarly, a model obtained by expanding in the time



(15) As shown in Fig. 54, i indicates the spatial index when the position
of the designated pixel is set to 0. In Fig. 54, the white dot indicates
t he designated pixel, and the black dots indicate the pixels |located in
close proximty 15 with the designated pixel. In equation (15), nis the
approxi mated value of the mxture ratio a and is also the mxture ratio a
of the designated pixel corresponding to the 1index, which is 0. Although
the index i is known, n is unknown. 20 By approximating the m xture ratio
a, as indicated by equation (15), a pbyrality of different m xture ratios
a for a plurality of pixels can be expressed by one variable. In the
rexanpl e shown in Fig. 54, the five mxture ratios a for the five pixels
can be expressed by.one varlable i By ap rOX|%at|n the m xture

ratio a pﬁrﬁﬁélﬁpa &5 R - VféﬁeslﬁnFV&lc§5t 5{ovENERtanded

into the pI an t he nlxt e ex ressed by equation (16).

a=n (16) * 8 t%@ nFmPﬁﬁl %H qh%ﬁ alP A dEX SwHén tﬁg £ position

of the deS| nate et to Q, ani i.ndicates . the vertical index
 Betpaot Ao HBOEGR 3%

when t he posyﬁﬁﬁ S|gﬁ§té5 pi X In Fig. 55, the

e ot Ve tpgand ool o SR L Rt

t hat can be |ze culating ure ta € pi xels
be'OWQ'“Qn ®he uncovered background area, the pixel wvalue C of the

designated frame #n is considered as the pixel value in the

mixed area, while the pixel value N of frame #n+l subsequent

to frame #n 1s considered as the background area.

Accordingly, equation (3) indicating the mixture ratio a can
10 Dbe represented by equation (12).

C = o e N+f (12)

The embodiment has been described, assuming that the
background object is stationary. However, equations (8)
through (12) can be applied to the case in which the

15 Dbackground object is moving by using the pixel value of a
pixel located corresponding to the amount of movement v of
the background. It is now assumed, for example, in Fig. 51
that the amount of movement v of the object corresponding to
the background is 2, and the number of virtual divided

20 portions is 2. In this case, when the object corresponding
to the background is moving to the right in Fig. 49, the
pixel value B of the pixel in the background area in
equation (10) 1is represented by a pixel value P04.

Since equations (11) and (12) each contain two

25 variables, the mixture ratio o cannot be determined without



the covered background area includes the pixel values M1 through M5,

whi ch contain the pixel value of the designated pixel of the designated
frame #n, and the pixel values P01 through P05 of frame #n-1. 15 Since the
m xture ratio a approxi mates to be uniform regardl ess of the spati al
position, it is represented by the mxture ratio a. Since the sumof the

f oreground conponents approxi nates to be uniformregardl ess of the spati al
position, it is 20 represented by f. For exanple, in frame #n shown in Fig.
51, equations (17) through (19) can fwjd true for CO5 through CO07. Q05 =
a05B0b/ v+f 05 C06 = a06B06/v+f06 25 CO7 = a07BO7/v+f07 (17) (18) (19) -
126 Assuming that the foreground conponents of the pixels positioned in

close proximty with each other are equal, 1i.e., that FOL through FO3 are
equal , eﬂeﬁ%fbHHQZDyeh%gﬂétl?ﬂﬁe by repIaC|ng FOL through FO3 by fc. 5 fx =
Fc (20) I n equation , X indicates the position in the atial

di rection. |mJt’fﬁ1‘ AL I B Wbl St al CHARESS  Lh RFC ARG g6l th

a change in the position of the pixels because the object
corresponding to the foreground is moving with constant

5 wvelocity. By utilizing this characteristic, an equation in
which the mixture ratio o and the sum f of the foreground
components are approximated in the spatial direction can
hold true. By utilizing a plurality of sets of the pixel
values of the pixels belonging to the mixed area and the

10 pixel values of the pixels belonging to the background area,
the equations in which the mixture ratio a and the sum f of
the foreground components are approximated are solved by
assuming that the mixture ratio a linearly changes and that
the sum of the foreground components linearly changes, as

15 shown in Fig. 53.

As shown in Fig. 53, the data that can be utilized for
calculating the mixture ratio a of the pixels belonging to
the covered background area includes the pixel values MOl
through M05, which contain the pixel value of a designated

20 pixel of the designated frame #n, and the pixel values POl
through P05 of frame #n-1.

The mixture ratio a differs according to the spatial
position, and is represented by a0l through a05.

The sum of the foreground components differs according

25 to the spatial position, and is represented by f£01 through



the vertical index, equation (20) can be expressed by 10 equation (21). fi,
j] =u (21) In equation (21), u is indicated by Fc, as expressed by
equation (22) u = Fc 15 That is, the approximation in which the sumof the
foreground conponents of the pixels located in close proximty with each
other is uniformcan be expressed by equation (21). Assum ng that the

m xture ratio a of the pixels located 20 in close proximty with each

ot her approximates to be wuniform and that the sum of the foreground
conmponents of the pixels located in f%@se proximty with each other
approximates to be uniform equations (15) and (21) are substituted into
equation (3), thereby obtaining equation 25 (23). - 127 . M= nB+u (23)
Equat i on éZS) contains two variables, i.e., n and u. For determning the

m xture £86i-0 a, the nunmber of equations is increased by setting t he pi xel
values of the 5 pixels spatially located in the close, proxim} mnth each
other in equaf®eh YQ%)m%%ﬁ?%en%?%%%J%lhﬁ FPRTPHHNIES bﬁé%he e
specifically, ,according to the pixels in close r oxi é &5 tg

desi gnat E8°pitEFUTEhE2piRel 93PuEeNF8PreFﬁ8tSPXB ﬁgPGEl i 418t ®¥n the

nor mal equati
ons18er1ng the movement v corresponding to the two

5 directions, i.e., the horizontal direction and the vertical
direction of the image.
ox = jm+kg+p (13)
In equation (13), x indicates one of 01 through 05. 1In
equation (13), j is the index in the horizontal direction,
10 and k is the index in the vertical direction when the
position of the designated pixel is 0. 1In equation (13), m
designates the horizontal gradient of the mixture ratio a in
the plane, and g indicates the vertical gradient of the
mixture ratio a in the plane. In equation (13), p indicates
15 the intercept of the mixture ratio a in the plane.
The sum of the foreground components can be expressed
by equation (14).
fx = js+kt+u (14)
In equation (14), x indicates one of 01 through 05. 1In
20 equation (14), j is the index in the horizontal direction,
and k is the index in the vertical direction when the
position of the designated pixel is 0. In equation (14), s
designates the horizontal gradient of the sum of the
foreground components in the plane, and t indicates the

25 wvertical gradient of the sum of the foreground components in



10 corresponding to equation (23). Then, a plurality of normal equations
in which the pixel value Mor the pixel value Bis set are solved by the
met hod of | east squares, thereby calculating the mxture ratio a. For
exanpl e, the horizontal index i of the designated 15 pixel is set to O,
and the vertical index j is set to 0. Then, the pixel value Mor the pixel
value Bis set in equation (23) for 3x3 pixels located close to the
desi gnat ed pi xel, thereby obtaining equations (24) through (32). M1, -1=
B-1 -1n+u(24) 20MD, 1= Bo, -1n+u(25)-Mtd3-1= B+1,-1n+u(26) M1,0= B-1
On+u(27) MJ),0 = Bo On+u(28) Mtl,o = B+1,0' n+u(29) 25M 1, +1 = B-1, +1n+u(30)
- 128 - M), +i = Bo, +I n+u(31) M+ ,+i - B+i,+in+u(32) N ne equations (24)
t hr ough 32) re obtained for th wo vari.ables u _and.n, and are_sol ved by
the mot nGRSoPLPBESt SMoGOUPEAOT &Py dParRPRFAG “iRe EXELURPEabfes u and
n. In this case t% m.xture rat.i f t ? S| na% i xel corresponds
to the v& FagHd ﬁfi ESqﬁnggﬁofﬁg)8°§B§8F8?§g §,£g8e &ggg'the t wo
determ ned vagiable nqﬁg %Q VAL T abd j t t m xt ure
. 1 & ’ £ 1 S PU PR thee
ratio a. 10 A d%sécr%n I oh % g%“gtﬁven \%{t%]eref erence to
spatially located in close proximity with each other to the
5 equations containing the six variables, m, gq, p, s, t, and u,
25 equations can be obtained for the six variables. By
solving the obtained equations with the method of least
squares, the six variables can be determined.
When the object corresponding to the foreground is
10 moving fast in the shutter time, the mixture ratio a of the
pixels that are spatially located in close proximity with
each other is uniform, and the sum of the foreground
components of the pixels that are spatially located in close
proximity with each other is uniform due to the spatial
15 correlation of the foreground object. By utilizing this
assumption, equations in which the mixture ratio o and the
sum £ of the foreground components are approximated in the
spatial direction can hold true.
More specifically, concerning the first term of the
20 right side of equation (3), the mixture ratio approximates
to be uniform, as indicated by equation (15), which is
described below, and also, concerning the second term of the
right side of equation (3), the sum of the foreground
components approximates to be uniform, as indicated by

25 equation (21), which is described below.



equations (24) through (32), by assuming that the pixel value of the pixel
contained in the mxed area is M and the pixel value of the pixel
contained in the background area is B. In this case, it is necessary to
set normal equations 15 for each of the cases where the designated pixel is
contained in the covered background area, or the designated pixel is
contained in the uncovered background area. For exanple, when the m xture
ratio a of the pixel contained in the covered background area in frame #n
shown 20 in Fig. 51 is determ ned, _(P44thbrough C08 of the pixels in frane
#n and the pi xel values P04 through PO8 of the pixels in framne #n-1 are
set in the normal equations. For determning the mxture ratio a of the
pi xel contained in the uncovered background area in frame #n shown_ 25 in
Fig. 52, the BYxetslipbng i ceghrabPtnfof rafes /il aHee thexel 1v9lues x@f val ues
N28 through N32 of the pixels in frame #n+l are set_ in the_nornal
equat i on§PevRéKet RePROABILIREr FRsHBRITAGSHo2TRE 2BFeFBA Ba¥RYrBahdSSarea is
used, it is, set t =.C and B, = i n_equation 5 (24). through.(32). In
Cont fast OEwibR PhECKBABRLEBABIpEAAERG POCRAECURR0RER B %askaﬂagﬂagarea is .
used, it, is = uatlon 4 rLou Mor e
iRl tBR ndr e Tp P EaP ol BPPng Pna M Xt bFetPR For SOBPORH:

speC|f|caPIy 'ng h&"Mi xtore rati o e pixel

contqgnegoh?§§€gF%?%ggegEégyggﬁggégugglIsﬁgaahomm in Fig. 57, the fol |l owi ng

equation ar e est The pi xel value of the
By approximating the mixture ratio a assuming that the

mixture ratio a in the pixels which are spatially in close
proximity with each other is uniform, the mixture ratio a
can be expressed by equation (15).
10 o =n (15)
As shown in Fig. 54, i indicates the spatial index when
the position of the designated pixel is set to 0. In Fig.
54, the white dot indicates the designated pixel, and the
black dots indicate the pixels located in close proximity
15 with the designated pixel. In equation (15), n is the
approximated value of the mixture ratib o and is also the
mixture ratio o of the designated pixel corresponding to the
index, which is 0.
Although the index i is known, n is unknown.
20 By approximating the mixture ratio «, as indicated by
equation (15), a plurality of different mixture ratios o for
a plurality of pixels can be expressed by one variable. In
the example shown in Fig. 54, the five mixture ratios a for
the five pixels can be expressed by one variable, i.e., n.

25 By approximating the mixture ratio a in the plane shown



pi xel whose m xture ratio a is to be calculated is M5. In Fig. 57, the
white dots indicate pixels to be considered as the background, and the
bl ack dots indicate pixels to be 15 considered as the m xed area. Mci =

Bcl ntu (33) M2 = Bc2n+u (34) M3 = Bc3n+u (35) M4 = Bc4dn+u (36)
20 M5 = BcS5n+u (37) M6 = Bc6bn+u (38) M7 = Bc7n+u (39) M8 =

Bc8n+u (40) M9 = Bc9n+u (41) 25 When calculating the m xture ratio a of
the pixel - 130 contained in the covered background area in frame #n, the

pi xel values Bcl through Bc9 of the_pixgls in the background area in frame
#n-1 corresponding to the pixels in frame #n are used in equations (33)
through (41). Since nine 5 equations (33) through (41) are established for
the two variables u and n, they can be sol ved by the nethod of [ east

squar es. iMhEAgdcabul 8AVA§iPRe (APt dBeekREREed dntehéhgi RARNCcoARE ned in

t he uncovered background area shown in Fig. 57, 10 the follow ng equations
(42) thr &h§hMEBEPrEakakdPd % C3B. PPhEXPILREF efaPie cGHa{AE DI X&) -whose ni xture
ratio ais toabg ncalculated is Mi5. (16)

In Fig. 55, i indicates the horizontal index when the
5 position of the designated pixel is set to 0, and j
indicates the vertical index when the position of the
designated pixel is set to 0. 1In Fig. 55, the white dot
indicates the designated pixel.
As shown in Fig. 56, the data that can be utilized for

10 calculating the mixture ratio a of the pixels belonging to
the covered background area includes the pixel values MOl
through M05, which contain the pixel value of the designated
pixel of the designated frame #n, and the pixel values POl
through P05 of frame #n-1.

15 Since the mixture ratio a approximates to be uniform
regardless of the spatial position, it is represented by the
mixture ratio a.

Since the sum of the foreground components approximates
to be uniform regardless of the spatial position, it 1is

20 represented by f.

For example, in frame #n shown in Fig. 51, equations

(17) through (19) can hold true for CO05 through C07.

C05 = «a05eB05/v+£05 (17)
C06 = o06eB06/v+f06 (18)
25 C07 = a07eB07/v+£07 (19)



Mul

Bul n+tu (42) Mi2 = Bu2n+u (43) 15 Mu3 = Bu3n+u (44) M4 = Bu4n
(45) M5

= BuSn+u Mu6 = Bubn+u M7 = Bu7n+u 20 Mu8 = Bu8n+u M9 =

+u
Bu9n+u

(46) (47) (48) (49) (50) When calculating the mxture ratio a of the pixel
contained in the uncovered background area in frame #n, the pixel val ues
But through Bug of the pixels of the background 25 area in frame #n+l
corresponding to the pixels of frame #n - 131 are used in equations

t hrough (50). Since nine equations (42) through (50) are established

the two
squares.

variables u and n, they can pggsol ved by the nethod of | east
5 A specific process for calculating the mxture ratio a by

(42)
for

applying the nethod of |east squares is described below. For the sake of

simplicity, in equation (23), n_is indicated by w0, and u is i|ndjicated by
Sinilarly%sﬁﬁmlng that the foreground compdnents of the pixels

W .

10

15

20

25

positioned in close proximity with each other are equal,

i.e., that F01l through F03 are equal, equation (20) holds
true by replacing FO0l through F03 by fc.

fx = Fc (20)

In equation (20), x indicates the position in the spatial
direction.

When 1 indicates the horizontal index, and j indicates
the vertical index, equation (20) can be expressed by
equation (21).

fi, j = u (21)

In equation (21), u is indicated by Fc, as expressed by
equation (22).

u = Fc

That is, the approximation in which the sum of the
foreground components of the pixels located in close
proximity with each other is uniform can be expressed by
equation (21).

Assuming that the mixture ratio a of the pixels located
in close proximity with each other approximates to be
uniform, and that the sum of the foreground components of
the pixels located in close proximity with each other
approximates to be uniform, eguations (15) and (21) are
substituted into equation (3), thereby obtaining equation

(23) .



equation (23), the value Brelating to nis indicated by a0, 10 and the

value 1 relating to uis indicated by al. Al so, a conbination of the
horizontal index i and the vertical index j in equations (24) through (32)
is indicated by a single index k. Wen the index i and the index j are
indicated by a 15 single index k, the relationship anong the index i, the

i ndex j,
(51) In

is any one of the integers fromO to

and the index k is expressed by equation (51). k = (i+1)3+(j+l)
, consideration of the error ek, equations (24) through (32) can be
nodi fied into equation (52). t M=Lahyphsek (52) 20 h=0 In equation (52),

equation (52). | ek = Mk - > ah wh (53) h=0 - 132 Since the nethod
| east squares is applied, the square sumE of the error is defined

foll ows,

10

15

20

25

as dpre’YE by equation (54). E = Z e k (&Y (54)
Equation (23) contains two variables, i.e., n and u.

For determining the mixture ratio «, the number of
equations is increased by setting the pixel values of the
pixels spatially located in the close proximity with each
other in equation (23) while maintaining the two variables.
More specifically, according to the pixels in close
proximity with the designated pixel, the pixel value M or
the pixel value B is set in the normal equation
corresponding to equation (23). Then, a plurality of normal
equations in which the pixel value M or the pixel value B is
set are solved by the method of least squares, thereby
calculating the mixture ratio a.

For example, the horizontal index i of the designated
pixel is set to 0, and the vertical index j is set to 0.
Then, the pixel'value M or the pixel value B is set in
equation (23) for 3x3 pixels located close to the designated

pixel, thereby obtaining equations (24) through (32).

M_;, .1 = By, _entu (24)
Mp -1 = Bp, _yen+u (25)
My; -3 = Byp,1ontu (26)
M_; o = B_; gen+u (27)
My, o = Bg gen+u (28)
Mi1,9 = By gen+u (29)

M_i,41 = By sontu (30)

of
as

Equation (53) can be found from

k



51n order to mnimze the error, the partial differential value of the
variable W with respect to the square sumE of the error should be 0. v
is an integer either 0 or 1. Thus, w is determ ned so that equation (55)
is satisfied. 10 aE 8 aek aw - 2 ek w 8 =2Zekav=0 x=0 (55) By
substituting equation (53) into equation (55), equation (56) is obtained.
8 1 8 >(av>2ah wh)=>avM (56) k=0 h=0 k=0 15 From the two equati ons

obtai ned by substituting one of the integers O and 1 into v in equation
(56), wh (h=0,1) is determ ned. As_djsgussed above, the determ ned result
wo, i.e., n, is set inthe mxture ratio a corresponding to the 20
designated pixel. In this manner, the m xture-ratio calculator 104 is - 133
able to determine the mxture ratio a with a relatively sinple

cal cul atMorr: DyPassUiithg that the nixture ratio a of

Mi1,+41 = Byp, 410ntu (32)
Nine equations (24) through (32) are obtained for the

two variables u and n, and are solved by the method of least
5 équares, thereby determining the two variables u and n. In

this case, the mixture ratio a of the designated pixel

corresponds to the variable n in equation (23). Accordingly,

between the two determined wvariables u and n, the variable n

is output as the mixture ratio .

10 A description has been given with reference to
equations (24) through (32), by assuming that the pixel
value of the pixel contained in the mixed area is M, and the
pixel value of the pixel contained in the background area is
B. In this case, it is necessary to set normal equations

15 for each of the cases where the designated pixel is
contained in the covered background area, or the designated
pixel is contained in the uncovered background area.

For example, when the mixture ratio a of the pixel
contained in the covered background area in frame #n shown

20 in Fig. 51 is determined, C04 through C08 of the pixels in
frame #n and the pixel values P04 through P08 of the pixels
in frame #n-1 are set in the normal equations.

For determining the mixture ratio a of the pixel
contained in the uncovered background area in frame #n shown

25 in Fig. 52, the pixels C28 through C32 of frame #n and the




the pixels in close proximty with each other approximtes to be uniform
and that the sum of the foreground conponents 5 of the pixels in close
proximty with each other approximtes to be uniform Wen the foreground
object is noving fast in the shutter time, it can be assuned that the
m xture ratio a of the pixels spatially located in close proximty with
each 10 other is uniform and that the sum of the foreground conponents of
the pixels spatially located in close proximty with each other linearly
changes due to the spatial correlatippgof the foreground object. Based on
t hese assunptions, equations in which the mxture ratio a 15 and the sum f
of the foreground conponents are approxi mated can be established. As shown
in Fig. 58, the data that can be utilized for,k calculating t?e m xt ure

a

rati o a BiXehevpiRessNBe| bRgPRght N32t A€ EBGePidebackDr ShAGSarBELi AERudes
t he pixel values MOL 20_through M)5, which contain the pixel value of the
desi gnat 88t beEFeo?OFW@ldEQP@ﬂAfEE'frane #n, and the pixel values PO1
Fegar dl ess ofMiFe SO hosr T TP oY 11 RS TP A e S B e
accor di nBeED tReu8Rde i A bR EroRnabnl roCt RS Popr obht saiahySrli ' through
f05'5 (24) through (32). 1In contrast, when the model

corresponding to the uncovered background area is used, it

is set that M = C and B = N in equations (24) through (32).

More specifically, for example, for calculating the
mixture ratio o of the pixel contained in the covered
10 background area shown in Fig. 57, the following equations

(33) through (41) are established. The pixel value of the

pixel whose mixture ratio a is to be calculated is Mc5. In

Fig. 57, the white dots indicate pixels to be considered as

the background, and the black dots indicate pixels to be

15 considered as the mixed area.

Mcl = Bclen+u (33)
Mc2 = Bc2en+u (34)
Mc3 = Bc3en+u (35)
Mc4 = Bcéden+u (36)
20 Mc5 = BcSen+tu (37)
Mc6é = Bcéen+u (38)
Mc7 = Bc7en+u (39)
Mc8 = Bc8en+u (40)
Mc9 = BcSen+u (41)

25 When calculating the mixture ratio a of the pixel



The m xture ratio a in which a approximates to be 5 uniformis expressed
by equation (57). a = p (57) fA through f05 approxinmating to be linear is
expressed by equation (58). fx = js+kt+u (58) 10 In equation (58), x is’
one of 01 through 05. Wth this arrangenent, for exanple, by applying the
pi xel val ues of 5x5 pixels spatially located in close proximty with each
other to the equations containing the four variables, i.e., p, s, t, and
u, 25 equations can be 15 obtained for the four variables. The obtained

equations are solved by the nmethod-oiszheast squares, thereby determ ning
the four variables. For exanple, it is now assuned that the m xture ratio
of the 5x5 pixels spatially located in close proximty with 20 each other

(o un form. 204 thatl Lhe suml {he, Loroqrgund. corponents of theopixel s
Then. Uhe Yol vakugsshat aLly clacatedyin clove Brokh LY MAbgRn
{he aracPeRt ShactAes; frerespreeoRrb8ithe chabl: Baksrn W Ko e~ O
val e 28gaheR SRR gL I TEHRNGR! cheret sghgesRLaIP S 1
5 equations (33) through (41) are established for the two
variables u and n, they can be solved by the method of least
squares.
When calculating the mixture ratio a of the pixel
contained in the uncovered background area shown in Fig. 57,
10 the following equations (42) through (50) can hold true.

The pixel value of the pixel whose mixture ratio a is to be

calculated is Mub.

Mul = Bulen+u (42)
Mu2 = Bulen+u (43)
15 Mu3 = Bu3en+u (44)
Mu4 = Buéden+u (45)
Mu5 = BuSen+u (46)
Mué = Bu6en+u (47)
Mu7 = Bu7en+u . (48)
20 Mu8 = BuBen+u (49)
Mu9 = Bu9en+u (50)

When calculating the mixture ratio a of the pixel
contained in the uncovered background area in frame #n, the
pixel values Bul through Bu9 of the pixels of the background

25 area in frame #n+l1 corresponding to the pixels of frame #n



5 3x3 pixels in close proximty with the designated pixel are processed.
When the horizontal index and the vertical index for the designated pixel
are indicated by i and j (the designated pixel is 0), nine equations are
establ i shed for 10 3x3 pixels as expressed by equations (59) through (67).
M1,-1 =B-1,-1In+ (-1) s+ (-1) t+u (59) Mo, -1 = Bo,-1n+0.s+ (-1) t+u (60)
M1, -1 = B+1,-1"'n+(-1)s+(-1)t+u (61) M1,0 = B-1,0n+(-1)s+0t+u (62) 15
M), 0 = Bo, on+0s+0t+u (63) Mt1l,0 = B+1,on+ (+1) s+Ot+u M1,+1 = B-1, +1n+
(-1) s+ (+1) t+u M, +1 = Bo, +1' n+0s+[31)++u M1, +i = B+i, +1n+ (+1) s+
(+1) t+u (64) (65) (66) (67) 20 N ne equations (59) through (67) are

obtained for the four variables u, s, t, and n, and are solved by the

met hod u r d [ he variables u, s, t,
and n 1 eeniash 8 8hEg s blg FEY) aﬁﬁﬁgﬁbﬁf [ R e
CorrespoegéaEQOH '@4§9ueakeﬂgﬁ22%o>2§récggegbm95xedaﬁeBgtheetaeur
determ ned vari a out put as m xture ratio a.

variables u and n, they can be solved by the method of least
squares.
5 A specific process for calculating the mixture ratio a
by applying the method of least squares is described below.
For the sake of simplicity, in equation (23), n is
indicated by w0, and u is indicated by wl. Similarly, iﬁ
equation (23), the value B relating to n is indicated by a0,
10 and the value 1 relating to u is indicated by al.
Also, a combination of the horizontal index i and the
vertical index j in equations (24) through (32) is indicated
by a single index k.
When the index i and the index j are indicated by a
15 single index k, the relationship among the index i, the
index j, and the index k is expressed by equation (51).
k = (i+1)e3+(j+1) (51)
In consideration of the error ek, equations (24)

through (32) can be modified into equation (52).

1
Mk =) ah-wh + ey, (52)
20 h=0
In equation (52), k is any one of the integers from 0 to 8.

Equation (53) can be found from equation (52).

=Mk - > ah +wh (53)
h=0



A description has been given with reference to equations (59) through
(67), by assuming that the pixel value of the pixel contained in the m xed
area is M and the 5 pixel value of the pixel contained in the background"
areais B. In this case, it is necessary to set normal equations for each
of the cases where the designated pixel is contained in the covered
background area, or the designated pixel is contained in the uncovered
background area. 10 For exanple, when the mi xture ratio a of the pixel
contained in the covered background-arga in frame #n shown in Fig. 51 is
determ ned, C04 through CO08 of the pixels in frame #n and the pixel val ues
P04 t hrough P08 of the pixels in frame #n-1 are set in the normm

ti . 15_F t t ai ned
1 the uncove? b BatkerBURCr Bh HCT FafEUHEC S hbarsPRh sib, L83 Cho. pi wel s

C28 throy gPngé of % §?Etﬁee§9902h§e 85%?' agge oygg Ehrg gh N32 of the

pi xel s in inTt nGrar equat’ron en the nodel

correspo t b round area i s used, |t is set that M= C
and B = ggpggsgggtﬁgn 8¥§§§€ tﬁggggh (67). In contrast, when the nodel

correspondi ngs }he uncover ed background area is used, it is set that M=
Cand B ENi eguatlons (59) through (67). 25 More spec(54bally for
exanpl e, fork=alculating the - 137 mxture ratio a of the pixel contained
in the covered background area shown in Fig. 57, the foll ow ng equations

5 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 an integer |
either 0 or 1. Thus, wv is determined so that equation (55)

is satisfied.

10
dE _ i dex
awv xX=0 awv
8
Z cav=90 (55)
By substituting equation (53) into equation (55),
equation (56) 1s obtained.
8 1 8
Y(@av->Y ah -wh)=Y,av-Mk (56)
k=0 h=0 k=0
15 From the two equations obtained by substituting one of

the integers 0 and 1 into v in equation (56), wh (h=0,1) is
determined.
As discussed above, the determined result w0, i.e., n,
is set in the mixture ratio o corresponding to the
20 designated pixel.

In this manner, the mixture-ratio calculator 104 is



(68) through (76) are established. The pixel value of the pixel whose
mxture ratioais to 5 Ml = Bcln+ (-1) +s+ (-1) t+u M2 =
Bc2n+0+s+(-1)t+u M3 = Bc3n+(+1)+s+(-1)t+u M4 = Bcdn+ (-1) +s+0t +u

M5 = Bcbn+0+s+0t +u 10 Mc6 = Bc6bn+(+1) +s+0t+u M7 = Bc7n+ (-1) +s+ (+1)
t+u M8 = Bc8n+0+s+(+1)t+u M9 = BcI9n+ (+1) +s+ (+l) t+u Wen
calculating the mxture be calculated is M5. (68) (69) (70) (71) (72)
(73) (74) (75 (76) ratio a of the pixel 15 contained in the covered
background area in frame #n, the p+xeg3values Bcl through Bc9 of the

pi xel s in the background area in frame #n-1 corresponding to the pixels in
frame #n are used in equations (68) through (76). Since nine

able to determine the mixture ratio a with a relatively
simple calculation, by assuming that the mixture ratio « of
the pixels in close proximity with each other approximates
to be uniform and that the sum of the foreground components

5 of the pixels in close proximity with each other
approximates to be uniform.

When the foreground object is moving fast in the
shutter time, it can be assumed that the mixture ratio a of
the pixels spatially located in close proximity with each

10 other is uniform, and that the sum of the foreground
components of the pixels spatially located in close
proximity with each other linearly changes due to the
spatial correlation of the foreground object; Based on
these assumptions, equations in which the mixture ratio a

15 and the sum f of the foreground components are approximated
can be established.

As shown in Fig. 58, the data that can be utilized for
calculating the mixture ratio a of the pixels belonging to
the covered background area includes the pixel values MOl

20 through M05, which contain the pixel value of the designated
pixel of the designated frame #n, and the pixel values POl
through P05 of frame #n-1.

The mixture ratio o approximates to be uniform
regardless of the spatial position, and is thus represented

25 Dby the mixture ratio a.



equations (68) through (76) are established for the four 20 variables, they
can be solved by the nethod of |east squares Wen calculating the m xture
ratio a of the pixel contained in the uncovered background area shown in
Fig. 57, the follow ng equations (77) through (85) can hold true. The

pi xel value of the pixel whose mxture ratio a is to be 25 calculated is
Mu5 . - 138 Ml = Buln+(-1)s+(-1)t+u M2 = Bu2n+Os+(-1)t+u M3 =
Bu3n+(+1)s+(-1)t+u M4 = Bud4n+ (-1) s+Ot+u 5 Mu5 = Bu5n+0s+0Ot+u M6 =
Bu6n+ (+1) s+0t+u Mu7 = Bu7n+ (-4)134 {+1) t+u M8 = Bu8n+0s+(+1)t+u
MI9 = Bu9n+(+1)s+(+1)t+u (77) (78) (79) (80) (81) (82) (83) (84) (85 10
When calculating the mxture ratio a of the pixel

The sum of the foreground components is different
according to the spatial position, and is thus represented
by £01 through £f05.

The mixture ratio o in which o approximates to be

5 uniform is expressed by equation (57).

a=p (37)

f01l through f05 approximating to be linear is expressed
by equation (58).

fx = js+kt+u : (58)

10 In equation (58), x is one of 01 through 05.

With this arrangement, for example, by applying the
pixel values of 5x5 pixels spatially located in close
proximity with each other to the equations containing the
four variables, i.e., p, s, t, and u, 25 equations can be

15 obtained for the four variables. The obtained equations are
solved by the method of least squares, thereby determining
the four variables.

For example, it is now assumed that the mixture ratio
of the 5x5 pixels spatially located in close proximity with

20 each other is uniform, and that the sﬁm of the foreground
components of the pixels spatially located in close
proximity with each other linearly changes. Then, the pixel
values spatially located in close proximity with each other
are set in the equations by applying four variables, that is,

25 one variable indicating the mixture ratio and three




contained in the uncovered background area in frame #n, the pixel values
But through Bu9 of the pixels of the background area in frane #n+l
corresponding to the pixels of frane #n are used in equations (77) through
(85). Since nine 15 equations (77) through (85) are established for the
four variables, they can be solved by the nethod of |east squares. A
specific process for calculating the mxture ratio a by applying the nethod
of | east squares is described below. For the sake of sinplicity, the four
variables, n, s, t, 20 and u are iwndigated by w0, W, w2, and w3, :
respectively. The values B, i, j, and 1 relating to the four variables, n,
s, t, and u are indicated by a0, al, a2, and a3, respectively. Al so, a

mbi natj on, of . the, har | dex _i | .ind
equat ?ﬁﬁég?ég#l%ﬁ?aaéhé%ﬁwg shECr e A a&égtﬁsylefcts'r%%‘%'sﬁ‘nﬁéx . "When

the Inde%ﬂ|pggHD£ Indgﬁ %%gke b bggggvaXugs %%thgt gggx 1V He

rel ations ng i'S expressed

o SOty hocheh aChablsiathihd. (591 Sonr rat o of e error
Mk=>2ahwh+ek Tﬁlg is described below by taking an example in which
5 3x3 pixels in close proximity with the designated pixel are
processed.
When the horizontal index and the vertical index for
the designated pixel are indicated by i and j (the

designated pixel is 0), nine equations are established for

10 3x3 pixels as expressed by equations (59) through (67).

M_; _; = B_; _jen+(-1)es+(-1)et+u (59)
My -1 = Bol_lon+OoS+(—1)ot+u (60)
My; -1 = By _jen+ (-1)es+(-1)et+u (61)
My,0= B_Loon+(—l)os+00t+u (62)
15 Mg, o = Bg,oont0es+0et+u (63)
My1,0 = By gont (+1)es+0et+u (64)
M_;, 41 = B_y ypent(-1)es+(+1)et+u (65)
My 41 = Bg,.1ont0es+ (+1)et+u (66)
My1,41 = Byp jpont (+1)es+(+1)et+u (67)
20 Nine equations (59) through (67) are obtained for the

four variables u, s, t, and n, and are solved by the method
of least squares, thereby determining the four wvariables u,
s, t, and n. In this case, the mixture ratio a of the
designated pixel corresponds to n in equation (23).

25 Accordingly, among the four determined variables, n is



(87) In equation (87), k is any one of the integers fromO 10 to 8.
Equation (88) can be found fromequation (87). 3 ek = M - | ah wh (88)
h=0 Since the nmethod of |east squares is applied, the square sumE of the
error is defined as follows, as 15 expressed by equation (89). 8 2 E= Zek
k=O (89) In order to mnimze the error, the partial differential value of
the variable W wth respect to the square sumE of the error should be O.
v is any one of the 20 integers fromO to 4. Thus, w is determ ned so that
equation (90) is satisfied. - 140 aEi136t8. f ek awW 2 k=oek aw 8
=2>ekav=0 k=0 (90) By substituting equation (88) into equation (90),
output as the mixture ratio «.
A description has been given with reference to
equations (59) through (67), by assuming that the pixel
value of the pixel contained in the mixed area is M, and the
5 pixel value of the pixel contained in the background area is
B. 1In this case, it 1s necessary to set normal equations
for each of the cases where the designated pixel is
contained in the covered background area, or the designated
pixel is contained in the uncovered background area.
10 For example, when the mixture ratio a of the pixel
contained in the covered background area in frame #n shown
in Fig. 51 is determined, C04 through CO08 of the pixels in
frame #n and the pixel values P04 through P08 of the pixels
in frame #n-1 are set in the normal egquations.
15 For determining the mixture ratio o of the pixel
contained in the uncovered background area in frame #n shown
in Fig. 52, the pixels C28 through C32 of frame #n and the
pixel values N28 through N32 of the pixels in frame #n+l are
set in the normal equations.
20 When the model corresponding to the covered background
area is used, it is set that M = € and B = P in equations
(59) through (67). 1In contrast, when the model
corresponding to the uncovered background area is used, it

is set that M = C and B = N in equations (59) through (67).

25 More specifically, for example, for calculating the



equation (91) is obtained. 8 3 8L (av 2; ah wh) _ >2 av M k=0 h=0 k=0
(91) 5 Fromthe four equations obtained by substituting one of the
integers 0 through 4 into v in equation (91), wh (h=0, 1, 2, 3) is

determ ned. As discussed above, the determined result w0, i.e., n, is set
in the mxture ratio a corresponding to the 10 designated pixel. In this
manner, the mxture-ratio calculator 104 is able to determne the m xture
ratio a with a relatively sinple calculation and a relatively high
precision, by assuming that the m xtuge ratio a of the pixels in close 15
proximty with each other approximates to be uniformand that the sum of

t he foreground conponents of the pixels in close proximty with each other

approxi mates to change linearly. Wien the m xture ratio a of. the pixels in
ol ose  pPOXEHEEy TRELH Gabli oPRePL¥Bir GRPTELESY P& En P8rRE%and 20 when

th f the f d t, th i | in | imt ith
(e, sum gl e, SKear ound comonent s oL the, Bl 48hs L3, L g3g prai m 1y v

f bj_ect he.-., 141 1 xt - rat.i | cul. at 4 | t
R T L R R
mxture pakhe Andket RExRLXE! $2kToCHOSE REOKLM.LY W1 LR GAGH Mces.

5 Mcl = Bclen+(-1)+s+(~1)et+u (68)
Mc2 = Bc2en+0+s+(-1)et+u (69)
Mc3 = Bc3en+ (+1)+s+(-1)et+u (70)
Mc4 = Bcden+ (—-1)+s+0et+u (71)
Mc5 = Bchen+0+s+0et+u (72)
10 Mc6 = Bcben+ (+1)+s+0et+u (73)
Mc7 = Bc7en+t (-1)+s+(+1)et+u (74)
Mc8 = Bc80n+0+s+(+l)ft+u (75)
Mc9 = Bc9en+ (+1)+s+ (+1)et+u (76)

When calculating the mixture ratio o of the pixel
15 contained in the covered background area in frame #n, the
pixel values Bcl through Bc9 of the pixels in the background
area in frame #n-1 corresponding to the pixels in frame #n
are used in equations (68) through (76). Since nine
equations (68) through (76) are established for the four
20 wvariables, they can be solved by the method of least squares.
When calculating the mixture ratio o of the pixel
contained in the uncovered background area shown in Fig. 57,
the following equations (77) through (85) can hold true.
The pixel value of the pixel whose mixture ratio a is to be

25 calculated is Mub.



other is uniformand when the sum of the foreground 5 conponents is
uniform Fig. 59 is a block diagramillustrating the configuration of the
estimated-m xture-rati o processor 401. An image input into the '
estimated-m xture-ratio processor 401 is supplied to a delay circuit 421
and an adder 422. 10 The delay circuit 421 delays the input imge for one
frame, and supplies the image to the adder 422. \Wen frane #n is supplied
as the input inage to the adder 422, the delay circuit 421 supplies frane
#n-1 to the adder 422. The adder 422 sggs-the pixel value of the pixel 15
adj acent to the pixel for which the mxture ratio a is calculated, and the
pi xel value of frame #n-1 in the normal equation. For exanple, the adder

422 sets_the pixel valpes t hrough Mc9 and the pjxel values Bcl through
Bc9 in tH‘@tf ﬁoPHirntﬁnﬁlr%hEPLaﬁéalon equations (33 %Mrough (41), 20
respectiyely. Thg adder 4: lies the normal equaijons in which the

pi xel va&ﬂés"aggs§%?9?%k%gﬁgﬁéﬁfator 423. The calcuﬁgior 423 determ nes the

estimate i xtyr | 0. by, sol ving the normal equagipns supplied fromthe
adder 42 Fg;ﬁdﬂ Sf%ﬁ?&ifﬁEXHng?ﬂ?%ed esti mat ed nix{tﬁe 25 ratio. - 142

In this ner st fmted-m xture-rati o process 401 is able to
calculatgﬁghe gg%?ﬁ%fe%’ﬁ?%ﬁhfg}ratio based on theaﬁwput i mage, and

suppld esyi,b LoghBenPhed i@t 0 determ ning porti oy y403.

Mu6 = Buben+ (+1)es+0et+u (82)
Mu7 = Bu7en+ (-1)es+ (+1)et+u (83)
Mu8 = BuBSen+Qes+ (+1)et+u (84)
Mu9 = Bu9en+ (+1)es+ (+1)et+u (85)
10 When calculating the mixture ratio o of the pixel

contained in the uncovered background area in frame #n, the
pixel values Bul through Bu9 of the pixels of the background
area in frame #n+l corresponding to the pixels of frame #n
are used in equations (77) through (85). Since nine
15 equations (77) through (85) are established for the four
variables, they can be solved by the method of least squares.
A specific process for calculating the mixture ratio a
by applying the method of least squares is described below.
For the sake of simplicity, the four variables, n, s, t,
20 and u are indicated by w0, wl, w2, and w3, respectively.
The values B, 1, j, and 1 relating to the four variables, n,
s, t, and u are indicated by a0, al, a2, and a3,
respectively.
Also, a combination of the horizontal index 1 and the

25 vertical index j in equations (59) through (67) is indicated



5 The estimated-m xture-ratio processor 402 is configured simlar to the
estimated-m xture-rati o processor 401, and an explanation thereof is thus
omtted. Fig. 60 is a block diagramillustrating another configuration of
the m xture-ratio calculator 104. The sane 10 portions as those shown in
Fig. 49 are indicated by |like reference nunerals, and an expl anation
thereof is thus omtted. A selector 441 supplies a pixel belonging to the
covered background area and the correspondi ng pixel in the 15 previous
frame to an estimated-m xture-rati o-pr®gessor 401 based on the area
information supplied fromthe area specifying unit 103. The sel ector 441
supplies a pixel belonging to the uncovered background area and the
correspondi ng pixel in.the subsequent frane to an estinmated 20

m xt ur e- %t?osg?ggﬁsﬁﬁ?eﬁob'based on the area information supplied from

th i.f Vi i t,103. . i nf.or. i lied f

the area —opdtifh the' Thiadn oy HRE oI IdE: o S SLRITRIQR pinel | O, OF o

to 0 whep, desj d,. pj . f 5 , d t
he i xt orhdfs ERERTKC] B LR PELARAALLOARS! SREOLANEE £D PRE To the
backgroupgdyarea. Vhgn.fhe; dgskonal edexplXekeiehPnggulrithe goyer ed

background area, the selector 442 selects the estimated m xture ratio
supplg ed from the i estd3amptyadym xture-ratio processorgg0l and sets it as the
5 mxture ratio a. Wien the &esignated pi xel belongs to the

In consideration of the error ek, equations (59)

through (67) can be modified into equation (87).
3

Mk=) ah-wh+ ey, (87)
h=0

In equation (87), k is any one of the integers from 0
10 to 8.

Equation (88) can be found from equation (87).

3
exr=Mkr - ah-wh (88)
h=0 |

Since the method of least squares 1s applied, the
square sum E of the error is defined as follows, as

15 expressed by equation (89).
2 2
E= ) e (89)
k=0

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

20 integers from 0 to 4. Thus, wv 1s determined so that

equation (90) is satisfied.




uncover ed background area, the selector 442 selects the estimted m xture
rati o supplied fromthe estimted-m xture- ratio processor 402 and sets it
as the mxture ratio a. The selector 442 then outputs the m xture ratio a’
whi ch has 10 been sel ected and set based on the area information. As

di scussed above, the m xture-ratio cal culator 104 configured as shown in
Fig. 60 is able to calculate the mxture ratio a for each pixel contained
in the image, and outputs the calculated m xture ratio a. 15 The

cal cul ation processing for the m xturegpatio a perforned by the

m xture-ratio cal culator 104 configured as shown in Fig. 49 is discussed
below with reference to the flowhart of Fig. 61. In step $S401, the

m xture-r @Ko czl %l at or d@g obtains area information supplied fromthe 20
area spe T anfi QE)3._Wstep S402, the estimated- mixture-ratio
processo 01 exediit’es tﬁz processing for estimating the m xture ratio by
using a nodel correg&ponding to a covered background are and supplies the
estimated mi xPU2eXRko@¥ Tk nixture-ratio determ ni n@’ ortion 403. 25
Details of the prdcdssing for estimating the mixture ratio - 144 are

di scussed beg@%g¥ﬁﬁ§%£fﬁ€iﬁ@cggﬁ§%$§§ L%gycﬂ@{g é%%§% n6@9ojn step $403,

the estinmate xture-rati o processor execut e processing for

estimatipgubReoAl Xby§eskabheabyea.using a nodel corresponding to an
uncover ed "background area, and supplies the estimated m xture ratio to the

m xture- @ 3 8
d(av - ah-wh)=> av-Mk (91)
k=0 h=0 k=0
5 From the four equations obtained by substituting one of

the integers 0 through 4 into v in equation (91), wh (h=0, 1,
2, 3) is determined.

As discussed above, the determined result w0, i.e., n,

is set in the mixture ratio a corresponding to the
10 designated pixel.

In this manner, the mixture-ratio calculator 104 is
able to determine the mixture ratio a with a relatively
simple calculation and a relatively high precision, by
assuming that the mixture ratio o of the pixels in close

15 proximity with each other approximates to be uniform and
that the sum of the foreground components of the pixels in
close proximity with each other approximates to change
linearly. When the mixture ratio o of the pixels in close
proximity with each other approximates to be uniform, and

20 when the sum of the foreground components of the pixels in
close proximity with each other approximates to change

linearly, with a gradation of the foreground object, the



ratio determning portion 403. In step S404, the m xture-ratio cal cul ator
104 determ nes whether the m xture ratios have been estimated 10 for the
whole franme. If it is determined that the m xture ratios have not yet been
estimated for the whole frame, the process returns to step S402, and the
processing for estimating the mxture ratio for the subsequent pixel is
executed. 15 If it is determned in step S404 that the mxture ratios have
been estinated for the whole frame, the process proceeds to step S405. In
step S405, the mixture-ratio determping-portion 403 sets the m xture
rati o based on the area information supplied fromthe area specifying unit
103 20 and indicating to which of the foreground area, the background
area, the, covered backgrﬁunf area r.the uncovgred background area the

pi xel foPIRhFER™FAELR XRhFeIaFaFi 604 18 eBlBeteafthP AP LhehERBngs. The
nixture-&g%éo dgg {ginin?t§o$tignr40§ seLs %hg Hixtgre ga&ho a. 19 0 when
25 the cort %5%nd| 0 p?x% e 6%9% tB*tha %Sreg ouRd gr 3, "and ~745 sets
the m xt i 1o 1 t resp LDO.. P . . he S t he
backor o 5P B, Eafit pratcEheBEsaar S aIaR R Bb R B L ok ERR 2B, O

backar ougghgt ehs Ll LK UG- wheh! od°LGRTbR! RACPEEELORoARS sets Lhe

: ng ‘81? .
estimted m xture rati o supplied fromthe estimted-=m xture-ratio

prOCQ§SO£om§Q&e§§stb§ M XEyrg. ratio a. Wen the correspondi ng pixel
bel ongs to the uncovered background area, the m xture-ratio

Fig. 59 is a block diagram illustrating the
configuration of the estimated-mixture-ratio processor 401.
An image input into the estimated-mixture-ratio processof
401 is supplied to a delay circuit 421 and an adder 422.
10 The delay circuit 421 delays the input image for one
frame, and supplies the image to the adder 422. When frame
#n is supplied as the input image to the adder 422, the
delay circuit 421 supplies frame #n-1 to the adder 422.
The adder 422 sets the pixel value of the pixel
15 adjacent to the pixel for which the mixture ratio a is
calculated, and the pixel value of frame #n-1 in the normal
equation. For example, the adder 422 sets the pixel wvalues
Mcl through Mc9 and the pixel values Bcl through Bc9 in the
normal equations based on equations (33) through (41),
20 respectively. The adder 422 supplies the normal equations
in which the pixel values are set to a calculator 423.
The calculator 423 determines the estimated mixture
ratio by solving the normal equations supplied from the
adder 422, and outputs the determined estimated mixture

25 ratio.



determ ning portion 403 sets the estimated m xture ratio supplied fromthe
estimated-m xture-rati o processor 402 as 10 the mxture ratio a. The
processing is then conpleted. As discussed above, the m xture-ratio
calculator 104 is able to calculate the m xture ratio a, which indicates a
feature quantity corresponding to each pixel, based on the area
information supplied fromthe area specifying unit 103, 15 and the input

i mge. The processing for calculating the mxture ratio a perfornmed by the
m xture-ratio calculator 104 configurpgas shown in Fig. 60 is simlar to
t hat discussed with reference to the flowhart of Fig. 61, and an

expl anation thereof is 20 thus omtted. A description is now given, with
reference to fhe  flowhart of Fbg the mxture-ratio estimting

.. B2
D ocessi g byl reh s MRS ort S5 P T E LS B Rt e
fi ' h in Fig. 59 b [ del 25 of th d
koot PechBYE bR EhfuTRsRLsbg' B0y anTRaS ni2sRLe! DEER BRRR v ue
contal ”99?'Eh&h§nb§9uims geaﬁ‘ﬁdié}?{:?l%éektv%Uﬁhsoﬁigkﬂgg-régiéhe | mage
supplied fromthe del ay Cifcul Im-a normal —équation corresponding to

ng?ggle§§E%§§ﬁ§g¥§;§?ggg§§ggggg? 481arggielgizggpwﬁgfﬁértPﬁe setting of
the tsarget pinl SedSimdddbh-Shebeutd-idtis SI&EdUPeddNals tden S&5LiDY of the
similar to the estimated-mixture-ratio processor 401, and an
explanation thereof is thus omitted.
Fig. 60 is a block diagram illustrating another
configuration of the mixture-ratio calculator 104. The same
10 portions as those shown in Fig. 49 are indicated by like
reference numerals, and an explanation thereof is thus
omitted.
A selector 441 supplies a pixel belonging to the
covered background area and the corresponding pixel in the
15 previous frame to an estimated-mixture-ratio processor 401
based on the area information supplied from the area
specifying unit 103. The selector 441 supplies a pixel
belonging to the uncovered background area and the
corresponding pixel in the subsequent frame to an estimated-
20 mixture-ratio processor 402 based on the area information
supplied from the area specifying unit 103.
Based on the area information supplied from the area
specifying unit 103, the selector 442 sets the mixture ratio
a to 0 when the designated pixel belongs toc the foreground

25 area, and sets the mixture ratio a to 1 when the designated



target pixels is not finished, the process returns to step 10 S421, and the
processing for setting the pixel values in the normal equation is
repeated. If it is determned in step S422 that the setting for the target
pi xels is finished, the process proceeds to step $S423. In step $S423, a
cal cul ator 423 calculates the 15 estimated m xture rati o based on the
normal equations in which the pixels values are set, and outputs the
calculated mxture ratio. As discussed above, the estimted-m xture-ratio
processor 401 having the configurationghawn in Fig. 59 is 20 able to
calculate the estimated m xture rati o based on the input image. The

m xture-ratio estimating processing by using a nodel corresponding to the
uncover ed background area is mlar to the processing indicated by the

f1 owchar tpld‘feng‘be W%?%}Q&lwl‘%‘-ﬁ@m r?aqeaequewl'}%hstl'}ﬁ)rq‘eéslﬁﬂﬁﬁ% to a
nodel of -, 147 the uncovered backgroynd area, and an e anation thereof
'S thus RS} RELoRGES dewﬂed-%sdoﬂoeae% i BRES SHAE ¢ he

above: dookid B SR 58 (T8 1SR ALt T B T b oaiR: aeh B d ed even
Ie;atrgfel, ejt Ca ! rCFSrII’Ingcer{quCr(r)]e?-rreagcplOo;hlernogcacsg rrgg&glacakgcflougcm Z:’ 22. m;l:tl’lunl f Oll’:(:r‘:1r Yy
movi ng, tn'ﬂ&ﬁﬁté Biad g Xt Yhksd Al HLGHRNUG AAkSNIdHddE to the
uncovered background area, the selector 442 selects the
estimated mixture ratio supplied from the estimated-mixture-
ratio processor 402 and sets it as the mixture ratio a.
The selector 442 then outputs the mixture ratio a which has

10 been selected and set based on the area information.

As discussed above, the mixture-ratio calculator 104
configured as shown in Fig. 60 is able to calculate the
mixture ratio a for each pixel contained in the image, and
outputs the calculated mixture ratio a.

15 The calculation processing for the mixture ratio o
performed by the mixture-ratio calculator 104 configured as
shown in Fig. 49 is discussed below with reference to the
flowchart of Fig. 61. In step 5401, the mixture-ratio
calculator 104 obtains area information supplied from the

20 area specifying unit 103. In step S402, the estimated-
mixture-ratio processor 401 executes the processing for
estimating the mixture ratio by using a model corresponding
to a covered background area, and supplies the estimated
mixture ratio to the mixture-ratio determining portion 403.

25 Details of the processing for estimating the mixture ratio



10 overall image in accordance with this notion, and perfornms processing
in a mnner simlar to the case in which the object corresponding to the
background is stationary. If the image corresponding to the background
area contains locally different notions, the estimted-m xture-ratio 15
processor 401 selects the pixels corresponding to the notions as the

pi xel s belonging to the m xed area, and executes the above-described
processi ng. As described above, the m xture-ratio calculator 102 is able
to calculate the mxture ratio a, whiqlha4 s a feature 20 quantity
corresponding to each pixel, based on the input imge and the area
information supplied to the area specifying unit 101. By utilizing the

m Xxture ratio. .a, it i ssible.,to eparate t f or.egr qund co nents and
T brek ot St dased sRITEL WS Fetiil s IR Pl By
mai nt ai ni - 148 the information of notion blur contained in the inmge

correspondi'ng to the noving object. By conbining the i mages based on the

m Xt ure rationg t.o_create an.i.mage which c Eains 5

it .i,S . al passi. bl 0 N
correct moti oATbPiEP RAD3coThE! oL TR T *EREET T8 1] PROTEREOBbAE: and

i oh TS f81d §6ls. dN8 doalo Ml LG B3 I A HOGK diagiam

il lustrating anot her nfigurati on of the mxture-ratio ca ator.”104. An

esti nmpt eqrd¥ing W %fdd&{)%o%%%‘iﬁﬁﬁir@ojtocaérplﬂr%&%% 1 SRRLL S fhXt Ur e
ratio for each pixel by calculating a
and supplies the estimated mixture ratio to the mixture-
ratio determining portion 403.
In step S404, the mixture-ratio calculator 104
determines whether the mixture ratios have been estimated

10 for the whole frame. If it is determined that the mixture
ratios have not yet been estimated for the whole frame, the
process returns to step S402, and the processing for
estimating the mixture ratio for the subsequent pixel is
executed.

15 If it is determined in step S404 that the mixture
ratios have been estimated for the whole frame, the process
proceeds to step S405. In step S405, the mixture-ratio
determining portion 403 sets the mixture ratio based on the
area information supplied from the area specifying unit 103

20 and indicating to which of the foreground area, the
background area, the covered background area, or the
uncovered background area the pixel for which the mixture
ratio o is to be calculated belongs. The mixture-ratio
determining portion 403 sets the mixture ratio a to 0 when

25 the corresponding pixel belongs to the foreground area, and



nodel of a covered background area based on the input inage and the notion
vector and the positional information thereof supplied fromthe notion
detector 102, and supplies the calculated estimted mxture ratio to a

m xture-ratio 15 determining portion 503. An estimated-m xture-ratio
processor 502.calculates an estimated m xture ratio for each pixel by
calculating a nodel of an uncovered background area based on the notion
vector and the positional information thereof supplied from20 the notion
detector 102 and the input imge, andisupplies the calcul ated estimated

m xture ratio to the mxture-ratio determning portion 503. The m xture
ratio a linearly changes in accordance with a change in the position of

t he pixel s bec§yse the object, 25 corre ondl to the EE{e round i S noving
with consisit BPe A9 x o &aYe By SUHHRABHE RExSh

h f of the d
componentE L% SRR S al %ﬁnr i}%mocnorﬁra#p BT ue. Al so,
an equatigndin i sh2 aetadl I rpéd*eﬂaéigvzgo&%ed of p'ei} Hglgnaing to the

m xed ar a and val ue o on |ng to ground area-

Is  est al}!(ilt%]%e‘?ielhe AAGAIANE- M z{dbe saé’a%“@ ehaw el 4 he

f or egroun m xture-rati o cal cul ator the coﬁ%lguratlon

shownsi n HiGo @ﬁ éﬁg Y o I8k R At gﬁi‘dé&n@l J:‘?.fres—%taﬁ:l%f gl dias! val ues

of the pixels b Ing to the mxed area and the pixel values of the
pi xel s bal@NGHNGHO mixture ratio a. When the corresponding pixel

belongs to the uncovered background area, the mixture-ratio

determining portion 403 sets the estimated mixture ratio

supplied from the estimated-mixture-ratio processor 402 as
10 the mixture ratio a. The processing is then completed.

As discussed above, the mixture-ratio calculator 104 is
able to calculate the mixture ratio «, which indicates a
feature quantity corresponding to each pixel, based on the
area information supplied from the area specifying unit 103,

15 and the input image.

The processing for calculating the.mixture ratio a
performed by the mixture-ratio calculator 104 configured as
shown in Fig. 60 is similar to that discussed with reference
to the flowchart of Fig. 61, and an explanation thereof is

20 thus omitted.

A description is now given, with reference to the
flowchart of Fig. 62, of the mixture-ratio estimating
processing by the estimated-mixture-ratio processor 401
having the configuration shown in Fig. 59 by using a model

25 o0f the covered background area.



t he background area in accordance with the novenent of the foreground, the
equations in which the mxture ratio a and the sumf of the foreground
conponents are approximated are 15 solved. Wien a change in the m xture
ratio a is approxinmated as a straight line, the m xture ratio a can be
expressed by equation (92) a =il+p (92) 20 In equation (92), i indicates
the spatial index when the position of the designated pixel is set to 0, 1
designates the gradient of the straight line of the mxture ratio a, and
p designates the intercept of the straisgght line of the mxture ratio a and

al so indicates the mxture ratio a of 25 the designated pixel. In equation
(92), the index i is - 150 known, and the gradient 1 and the intercept p
are unknown. _The relationship anong the index i, the gradient 1, and the

intercept p i SPsHE®R SH2Ri g thes 2d8@TafgloRietst ithE PHESH Y€ ratio a as
equation (92),. 5 a pluyrality of differepnt mxture ratjos a for, a plurality
of pi xel‘émb%lmtﬁéj e]igr S HRF PRt e erf‘eflhevae]%%ﬁrpﬁoé“tas‘ﬁlﬁﬁﬁ in Fig.
64, the fjve mxture ratias for.fiv i xels are expressed by the t

vari abl est? IEHE LRede GUBH AT FRAR TS G 14 A2 P whi l e
dot indic the 10 designate i xel d t | ack dots .indi cat he

pi xel s I%ﬁéﬁ%ﬁ |ﬁ%%‘§%? %ﬁé%ﬂiﬁéax%Mqﬁéﬁ. é”2§§?3r%ﬁ%ﬁfﬁﬁiaﬁékiﬁﬁﬁ$4§he

m xtuge rgtdp a is approximated in the plane

In step 5422, the estimated-mixture-ratio processor 401
determines whether the setting of the target pixels is
finished. If it is determined that the setting of the
target pixels is not finished, the process returns to step

10 S421, and the processing for setting the pixel wvalues in the
normal equation is repeated.

If it is determined in step S422 that the setting for
the target pixels is finished, the process proceeds to step
S423. 1In step S423, a calculator 423 calculates the

15 estimated mixture ratio based on the normal equations in
which the pixels values are set, and outputs the calculated
mixture ratio.

As discussed above, the estimated-mixture-ratio
processor 401 having the configuration shown in Fig. 59 is

20 able to calculate the estimated mixture ratio based on the
input image.

The mixture-ratio estimating processing by using a
model corresponding to the uncovered background area is
similar to the processing indicated by the flowchart of Fig.

25 62 by using the normal equations corresponding to a model of



shown in Fig. 65, equation (92) is expanded into the plane by considering

t he novenent v corresponding to the two 15 directions, i.e., the horizontal
direction and the vertical direction of the imge, and the m xture ratio a
can be expressed by equation (93). a = jmtkg+p (93) In equation (93), j is

the index in the horizontal direction 20 and k is the index in the
vertical direction when the position of the designated pixel is 0. In
equation (93), m designates the horizontal gradient of the mxture ratio a
in the plane, and q indicates the ventgycal gradient of the mxture ratio
ainthe plane. In equation (93), p indicates 25 the. intercept of the

m xture ratio a in the pl ane. In Fig - 151 65, the white dot indicates

t he designated pixel. For exanple, in frane #n shown in Fi 51 equat i ons
(94) thr%&tﬁ‘{%" mmmq G5 At &Jbr?’@alﬁnafrlé%rb A%y 1% o5 =
a05B0b/ v+f Cb (94) = a06BC6/ v+f 6 (95) CO7 = aO?BCW/v+fCW (96)
Assunlnglﬁqﬂﬁ eground conponents positioned in close proximty with
each other are,equal t.0 eac h oth r t hat F t hr h, EQ3 are
cqual - equati GRe(S3PoHITEEY Pde Byore BiscrAg For SCRVOUEH 03 %y Fe. 1 (x) -

(1-a(x)) R 3 d )ed b Pitd 1Yy (1:907)thé< ARG e ATy D the spati al
5 However, the above-described mixture-ratio calculation
processing can be applied even if the image corresponding to
the background area contains motion. For example, if the
image corresponding to the background area is uniformly
moving, the estimated-mixture-ratio processor 401 shifts the
10 overall image in accordance with this motion, and performs
processing in a manner similar to the case in which the
object corresponding to the background is stationary. If
the image corresponding to the background area contains
locally different motions, the estimated-mixture-ratio
15 processor 401 selects the pixels corresponding to the
motions as the pixels belonging to the mixed area, and
executes the above-described processing.
As described above, the mixture-ratio calculator 102 is
able to calculate the mixture ratio a, which is a feature
20 quantity corresponding to each pixel, based on the input
image and the area information supplied to the area
specifying unit 101.
By utilizing the mixture ratio a, it is possible to
separate the foreground components and the background

25 components contained in the pixel values while maintaining



direction. 15 Wen a(x) is replaced by equation (93), equation (97) can be
expressed by equation (98). f (x) = (1- (jmtkg+p) ) Fc =] (-nFc) +k
(-gFc) + ((1-p) Fc) = js+kt+u (98) 20 In equation (98) , (-nFc) , (-qFc) -
and (1-p) Fc are replaced, as expressed by equations (99) through (101),
respectively. s = -nFc (99) t = -qFc (100) 25 u = (1-p)Fc (101) - 152

In equation (98), j is the index in the horizontal direction and k is the
index in the vertical direction when the position of the designated pixel
is 0. As discussed above, since it cangge-assuned that the 5 object
corresponding to the foreground is noving with constant velocity within
the shutter period, and that the foreground conponents positioned in close
proximty with each other_are unifaorm the sum of the foreground
conponentd® & P& RT0A Ididd- By Rt OHFFgHd b Wren™Mae ni xture ratio
a is approximated py a straight line, the sumof the foreground conponents
can be eXFEEERPIIN % Fatiieh FMHT FPISHt = i s+u (102) By replacing the

m xture ratloB% %Q%bEQEn%”%h%fiRQ%es based on the mixture ratio «,

it is also possible to create an image which contains
5 correct motion blur that coincides with the speed of a
moving object and which faithfully reflects the real world.

Fig. 63 is a block diagram illustrating another
configuration of the mixture-ratio calculator 104. An
estimated-mixture-ratio processor 501 calculates an

10 estimated mixture ratio for each pixel by calculating a
model of a covered background area based on the input image
and the motion vector and the positional information thereof
supplied from the motion detector 102, and supplies the
calculated estimated mixture ratio to a mixture-ratio

15 determining portion 503.

An estimated-mixture-ratio processor 502 calculates an
estimated mixture ratio for each pixel by calculating a
model of an uncovered background area based on the motion
vector and the positional information thereof supplied from

20 the motion detector 102 and the input image, and supplies
the calculated estimated mixture ratio to the mixture-ratio
determining portion 503.

The mixture ratio o linearly changes in accordance with
a change in the position of the pixels because the object

25 corresponding to the foreground is moving with constant



15 foreground conponents in equation (92) by using equations (93) and
(98), the pixel value Mcan be expressed by equation (103). M= (] nwkq+p)
B+ s+kt+u = | BmtkBq+Bp+j .s+kt+u (103) 20 In equation (103), unknown
variables are six factors, such as the horizontal gradient mof the

m xture ratio a in the plane, the vertical gradient q of the mxture ratio
ain the plane, and the intercepts of the mxture ratio a in the plane,

p, s, t, and u. 25 It is now assuned for a plurality of frames that an -
153 object corresponding to the foreggound is noving with constant

vel ocity, and that the foreground conponents are uniform Then, the
approxi mation in one frame shown in Fig. 65 can be expanded into the

approxi mati_on over plurality 5 of frames. In Fig. 66, A indicates planes
of the nWﬁﬂGFétYratPa &ﬁ&lﬂﬁénﬂbF@dﬁo&ﬁ&réﬁﬁﬁ6ﬁéﬁﬂ§ PH EAY2t48™ £Re Dbl ock
dots desi i xel,s to belong to tgt g?xed area. assuned in Fig. 66
that the" 3 sméﬁtPﬁé LBtdRe & 2R i |ﬁHFVFdG£I aﬁ€§e9F@uPﬁe sane,

and the plxel can be exp esse 103). by the

o ot et Lo ey seRRe RnE Ry PB%%@P& Q4 ToCE o8N SAPs.
A di | 103 di.fi 4) .wh h
ccor di ngly,y gquati og,(103) can, e ;mpditi ¢ % S0 B9UR 0B (141 unen the

index int e “di fecti'on +q+B D+ +u (104)
5 wvalue of a pixel belonging to the mixed area and the pixel

value of a pixel belonging to the background area is
established in accordance with the amount of movement v of
the foreground. In the mixture-ratio calculator 104 having
the configuration shown in Fig. 63, by utilizing a plurality

10 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 in accordance with the movement of the
foreground, the equations in which the mixture ratio o and
thé sum f of the foreground components are approximated are

15 solved.

When a change in the mixture ratio o is approximated as
a straight line, the mixture ratio o can be expressed by
equation (92).

o = il+p (92)

20 In equation (92), i indicates the spatial index when the
position of the designated pixel is set to 0, 1 designates
the gradient of the straight line of the mixture ratio «,
and p designates the intercept of the straight line of the
mixture ratio o and also indicates the mixture ratio o of

25 the designated pixel. In equation (92), the index i 1is



The pi xel value B and the pixel value Mare set in equation (104) in
accordance with the anount of novenent of the object, which is the

desi gnat ed pixel, and the pixels close to the designated pixel in each
franme, and then, a 20 plurality of equations in which the pixel value M and
the pixel value B are set are solved by the nethod of |east squares,
thereby calculating the mxture ratio a. It is now assuned, for exanple,
that the horizontal index j of the designated pixel is set to 0, the
vertical 25 index k of the designatedisgioxel is set to 0, and the index T -
154 in the tine directionis set to 0. In this case, when the pixel value
M or the pixel val ue B is set in the equation indicating the m xed pi xel

W th't he KRGy AED 515 SEaT &t UL RO ES '°Catp?%f'@fu§5% a ned
(165)' 7,0, 1 Jf%e( 6)%1%%18119%? pitby Sp5hE lf%féo o, Thg: Seofiibnt ) 2hg,
L0 (Topaeeraest B sty lp (o o 11 Ca00 T *il ?6> RE
ﬁ/tl)?f)l, O'Vg ‘()Jg ngfﬁgl{{{aegmg( heB :Lgag %@%@ 0&%@&%&%& 59, 15 (109)
5 a plurality of dlfferent mixture ratios a for a plurality of
pixels can be expressed by two variables. In the example
shown in Fig. 64, the five mixture ratios for five pixels
are expressed by the two variables, i.e., the gradient 1 and
the intercept p. In Fig. 64, the while dot indicates the
10 designated pixel, and the black dots indicate the pixels
located in close proximity with the designated pixel.
When the mixture ratio a is approximated in the plane
shown in Fig. 65, equation (92) is expanded into the plane
by considering the movement v corresponding to the two
15 directions, i.e.} the horizontal direction and the vertical
direction of the image, and the mixture ratio a can be
expressed by equation (93).
o = jm+kg+p (93)
In equation (93), j is the index in the horizontal direction
20 and k is the index in the vertical direction when the
position of the designated pixel is 0. In equation (93), m
designates the horizontal gradient of the mixture ratio a in
the plane, and g indicates the vertical gradient of the

mixture ratio a in the plane. In equation (93), p indicates

25 the intercept of the mixture ratio o in the plane. In Fig.



(110) MD,-1,+41 = (-1) BO,-1,+1m (+1) Bo,-1,+1' g+Bo, -1, +1p+ (-1) s+ (+1)
t+u (111) 20 Mo,o0,+1 = (0) BO,O, +1m+ (+1) Bo, O, +1g+Bo, o, +1p+ (0) s+ (+1)
t+u (112) Mo, +1,+1 = (+1) BO, +1, +1m+ (+1) BO, +1, +1g+Bo, +1, +1' p+ (+1) s+
(+1) t+u (113) Since the horizontal index j of the designated pixel is 25
0, and the vertical index k of the designated pixel is 0, - 155 the

m xture ratio a of the designated pixel is equal to the value when | is O
and k is O in equation (93), i.e., the mxture ratio a is equal to the
intercept p in equation (93). Accordingly- based on 27 equations (9x3),
i.e., 5 equations (105) through (113) con5|der|ng when T is -1, 0, and 1,
the hori zont al gradlent m the vertical gradlent g, and the |ntercepts p,

s, t, an e C ul d.b hod, of, ares, and the
i nt ercep%% afgl L"?‘d&[ ?soec tlﬁéd %ﬁf‘rﬁgﬁ atqeo“ag a1 dAFgﬁ%%ll'fl c process for
calculating t nlxtur ratio_.a y p ng . th agt squares IS
as follows. FHSmP Jex T, ffﬁ |ﬁ§ gkg? ?ﬁg gex% ugﬁe% expressed

by a S|nql %$ 1%%% &ﬁh %a Hﬁl |é} gﬂgy Hr &ﬁe |ndeX| t he

i ndex Kk, X X ‘can expresse equa on (114). x (T+1)
3 (j+1) %%éﬂ%%%hv@%%ﬂ) It is nOM/assuned that the horizontal gradient m
the

5 C05 = a05eB05/v+£05 (94)
C06 = a06eB06/v+£06 (95)
C07 = a07eB07/v+£07 (96)

Assuming that the foreground components positioned in
close proximity with each other are equal to each other,
10 i.e., that FOl through F03 are equal, equation (97) holds
true by replacing FO01 through F03 by fc.
f(x) = (l-a(x))eFc (97)
In equation (97), x indicates the position in the spatial
direction.
15 When a(x) is replaced by equation (93), equation (97)
can be expressed by equation (98).

f(x) = (1-(jmtkg+p))eFc

je (—meFc) +ke (—geFc) + ( (1-p) oFc)
= js+kt+u (98)
20 In equation (98), (-meFc), (—geFc), and (l-p)eFc are

replaced, as expressed by equations (99) through (101},

respectively.
s = -meFcC (99)
t = -geFc (100)
25 u = (l-p)eFc (101)



vertical gradient g, and the intercepts p, s, t, and u are expressed by
variables w0, W, w2, w3, w4, and wos, 20 respectively, and jB, kB, B, j, k
and 1 are expressed by a0, al, a2, a3, a4, and a5, respectively. In "
consideration of the error ex, equations (105) through (113) can be

nodified into equation (115). 5 Mk =1 ay w + ex (115) Y=O- 156 1In
equation (115), x is any one of the integers fromO to 27. Equation (116)
can be found fromequation (115). 5 ex = Mk - | ay w y=o0 (116) Since the

met hod of | east squares is applied, thes2 5 square sumE of the error is
defined as follows, as expressed by equation (117). 8 E = E ex' (117) x=0
In order to mnimze the error, the partial differential value of the

variable W with respect t She. %O square sgn&% Let e errar houl d be O.
Vis any one OF EHESEAPBGAPE)prdmts £HCs T Rls Hruy s HECEPRIA%D so t hat
equationd&%g%kfd% %%Hfﬁifgithe index in the vertical direction when
the position of the designated pixel is 0.
AS discussed above, since it can be assumed that the
5 object corresponding to the foreground is moving with
constant velocity within the shutter period, and that the
foreground components positioned in close proximity with
each other are uniform, the sum of the foreground components
can be approximated by equation (98).
10 When the mixture ratio a is approximated by a straight
line, the sum of the foreground components can be expressed
by equation (102).
f(x) = is+u (102)
By replacing the mixture ratio o and the sum of the
15 foreground components in equation (92) by using equations
(93) and (98), the pixel value M can be expressed by

equation (103).

M = (jm+kg+p)eB+js+kt+tu
= jBem+kBeg+Beptjestket+u (103)
20 In equation (103), unknown variables are six factors,

such as ﬁhe horizontal gradient m of the mixture ratio a in

the plane, the vertical gradient g of the mixture ratio a in
the plane, and the intercepts of the mixture ratio « in the

plane, p, s, t, and u.

25 It is now assumed for a plurality of frames that an



aE a aex =2 lex N x=0 aWw 8 1lex - av =0 x=0 (118) By substituting
equation (116) into equation (118), 15 equation (119) is obtained. 8 5 8 1
(av lay W) Eav M x=0 y=o0 x=0 (119) For exanple, the sweep-out

met hod (Gauss-Jordan elimnation) is applied to the normal equations
consisting of six equations obtained by substituting one of the 20
integers fromO to 5 into v in equation (119), thereby - 157 obtaining wy.
As stated above, wO is the horizontal gradient m wl is the vertica
gradient q, W2 is the intercept p, W3si3s_s, W4 is t, and ws is u. As

di scussed above, by applying the nmethod of |east 5 squares to the equations
i n which the pixel value Mand the pixel value B are set, the hori zont al

gradient m, the vertical_ gradient g, and the intercepts p,, t, and u can
be det er ANEFT FRFGSRRAERNY 9 Lhend IRSERAEYG &S énoylmam%exes i

constant velocity, and that the foreground components are
uniform. Then, the approximation in one frame shown in Fig.
65 can be expanded into the approximation over a plurality

5 of frames. 1In Fig. 66, A indicates planes of the mixture
ratio and the foreground components. In Fig. 66, the block
dots designate pixels to belong to the mixed area.

It is assumed in Fig. 66 that the gradients of the
planes in the individual frames are the same, and the pixel

10 wvalue can be expressed by equation (103) by the
approximation of the mixture ratio and the foreground
components.

Accordingly, equation (103) can be modified into
equation (104) when the index in the time direction.is T.

15 Mp = jBrem+kBo+qt+Boeptjes+ket+u (104)

The pixel value B and the pixel value M are set in
equation (104) in accordance with the amount of movement of
the object, which is the designated pixel, and the pixels
close to the designated pixel in each frame, and then, a

20 plurality of equations in which the pixel value M and the
pixel value B are set are solved by the method of least
squares, thereby calculating the mixture ratio a.

It is now assumed, for example, that the horizontal

index j of the designated pixel is set to 0, the vertical

25 index k of the designated pixel is set to 0, and the index T



10 and k are 0, i.e., the intercept pis |located at the center position.
Thus, the intercept P is output. A description has been given with
reference to equations (105) through (113), by assum ng that the pixel
val ue of the pixel contained in the m xed area is M and the 15 pi xel val ue
of the pixel contained in the background area is B. In this case, it is
necessary to set normal equations for each of the cases where the
designated pixel is contained in the covered background area, or the
designated pixel is contained in thejggcovered background area. 20 For
exanple, if the mxture ratio a of the pixel contained in the covered
background area in frame #n shown in Fig. 51 is determ ned, C04 through
CO08 of the pixels in _frame #n and the pixel val yes P04 thrggghéﬁ08 of the
h

pi xel s iR HEE1PS- gizeetion s K& K6 fal &quitiionsasss W ffi xture
ratio a of the pixels contained in the - 158 uncover background area in
frame #nPf V?&uﬁi§.°§2t' &&ﬁ@ﬁnWﬁg&? 85t fifough €35 6f _ﬁéoﬁixels in
fram n sl s Bt e aues Moo inuat N2 o, Ve gl e el
(512 2 D5 PRSP0 L A, BOUSiad ks und o slon 1 1o
oL W, TSR, T BB
backgrougd, andtheiyen; , _jem+(-1)eBy _; _,eq+B,,_; _;ep+(-1)es+(-1)et+u
(105)
My o1 = (0)eBy o _yem+ (~1)eBy o _;8q+Bg o _,8p+(0) es+ (~1) et+u
(106)
10 Mg,41,-1 = (+1)®Bg 4, 1omt (~1)eBg oy 10q+Bg 41, 10P+ (+1) es+(-1)et+u
(107)
My 1 o= (-1)By _; gom+(0)eBy _; eq+By _; gep+(-1)es+ (0)et+u
(108)
Mg, 9,0 = (0)eBg o oom+ (0)eBy o o®d+Bj o, o®P+ (0)es+ (0)et+u
15 (109)
Mg 41,0 = (+1)#Bg 1 gom+(0) By 41 o8Qq+Bqg 4y o8P+ (+1) es+(0) et+u
(110)
Mg 1,41 = (~1) By _ yem+ (+1) 8By _; ,,eq+By _; 100+ (-1) es+ (+1) et+u
(111)
20 Mgy, g,+1 = (0)eBy o ,qom+ (+1)eBy o 18q+Bg o 419+ (0)es+ (+1)et+u
(112)
Mg,+1,41 = (+1) ®Bg 41, 41om+ (+1) @By oy 10q+By ,q 4100+ (+1) es+ (+1) et+u
(113)
Since the horizontal index j of the designated pixel is

25 0, and the vertical index k of the designated pixel is 0,



bl ack dots indicate pixels to belong to the m xed area. MT1

(-1)Bcl m(-1)Bcl g+Bcl . p+(-1)s+(-1)t+u(120) MT2

(0).Bc2m+(-1) Bc2gq+Bc2p+(0) s+(-1)t+u(121) MT3 ’
(+1) Bc3m+(-1) Bc3g+Bc3p+(+1)s+(-1)t+u(122) 15McT4 (-1) Bcdm+ (0) Bc4dq+Bcdp+
(-1) s+ (0) t+u(123) MTS (0) BcSm+ (0) Bc5g+Bc5p+ (0) s+ (0) t+u(124) MT
6(+1) Bc6m+(0) Bc6qg+Bc6p+(+1) s+(0)t+u(125) MCT7

(-1)Bc7m+(+1) Bc7q+Bc7p+(-1) s+(+1)t +u(126) MTS8

(0) Bc8mt( +1) Bc8g+Bc8p+(0) s+(+1)t +u( 1271)520MCT9

(+1) Bc9. mt(+1) Bc9g+Bc9. p+(+1) s+(+1)t+u(128) For cal culating the m xture
ratio a of the pixel contained in the covered background area in frane #n,

the pixel values Bcl throu t.he pi xel s, of. t.he backgrou area in
frame #n-thS MigdedS &R 1(01?8) ‘Jtaﬁ?’t?ué#s(lﬂﬁfgj dgé’ﬁ"e%]pé& IS t@o&g‘eespondi ng
to the pixels |n rame #n are 159 , used mh \hen, r. exanpl e,
the mi xt Jife Y%ty |h§n Jof% &e aﬁ’i@(é‘l lsccg)ntléll fed otr’he 3ac'overed bg‘éakground

area ShoWﬂﬂﬂ“ d aé¥7 d tﬁ@elﬁ é eaHa 89§1&&2?b shrOUQh
| xel™ a P P ﬂ %g

(137) 5aré’se pi Xe m xture ratlo a
2 ool et %%V“T%ﬁé é)z E‘ébé’“ eﬁz%h%q*‘%@? ot 1505 “wra
E+B gﬁi% Buﬁ%&??’ ( @F&ﬁll(hlzl%gz) TS (0) hg, uhen (o1 %Bu5d+Busp+ (0)
st (0) tHH4133) the horlzontal gradient m, the vertical gradient q,
and the intercepts p, s, t, and u are calculated by the
method of least squares, and the intercept p is output as
the mixture ratio «.
10 A specific process for calculating the mixture ratio o
by applying the method of least squares is as follows.

When the index T, the index i, and the index k are
expressed by a single index x, the relationship among the
index T, the index i, the index k, and the index x can be

15 expressed by equation (1149.

X = (T+1)e3e(j+1)e3+ (k+1) (114)

It is now assumed that the horizontal gradient m, the
vertical gradient q, and the intercepts p, s, t, and u are
expressed by variables w0, wl, w2, w3, w4, and w5,

20 respectively, and jB, kB, B, j, k and 1 are expressed by a0,
al, a2, a3, a4, and a5, respectively. In consideration of

the error ex, equations (105) through (113) can be modified

into equation (115).

5

Mx = ) ay - wy + ex (115)

y=0



MuT6 (+1) Bubm+(0) Bu6g+Bu6bp+(+1)s+(0)t+u(134) MJIT

7(-1)Bu7mt(+1) Bu7gq+Bu7p+(-1)s+(+1)t+u(135) MJT 8 (0) Bu8mt+ (+1) Bu8q+Bu8p+
(0) s+ (+1) t+u(136) 15MJT9 (+1)Bu9m+(+1) Bu9q+Bu9p+(+l)s+(+1)t+u(137) For -
calculating the mxture ratio a of the pixel contained in the uncovered
background area in frame #n, the pixel values But through Bu9 of the

pi xel s of the background area in franme #n+l in equations (129) through
(137), 20 respectively, corresponding to the pixels in frame #n are used
when Tis 0. Fig. 68 is a block diagramg Ilustrating the configuration of
the estimated-m xture-ratio processor 501 for calculating the estinmated
m xture ratio by using the 25 anmpbunt of novenent v based on a nodel
corresponding to the - 160 covered background area. A franme nmenmory 521

stores a R GRFHPTOf (FlAmesk ofS HPY i putCf nblye ARESIBPHI £ESMt Hetgt éred
frames to a mxture- ratiq calculatqr 522. The franme ne 521 stores, for
5 exanpl e, si XIPPLARE, (Pﬁ%&nFﬁg g gpgﬁé erWdegﬁﬁﬁFPBsqgﬁé) ‘stored six
frames to the mxture-ratio cal culator 522. The m xture-ratio cal cul ator
522 stores a& m;ggmaE a8quakd on for calculating the mxturgrrg@tio a and the
sumf of the foregfund conponents in advance. 10 The m xture-ratio

cal cul ator 522 sets in the normal equation a pixel value belonging to the

mixed area ang;hhe +farLESAGAILRY1BLXE! sYahyesPeLonghAgeho the background

area
5 square sum E of the error is defined as follows, as

expressed by equation (117).
8 .
= D ex (117)

In order to minimize the error, the partial
differential value of the variable Wv with respect to the
10 square sum E of the error should be 0. v is any one of the
integers from 0 to 5. Thus, wy is determined so that

equation (118) is satisfied.

OE & dex
v "2 2
(118)

8
= 2. z:ex cav =0
By substituting equation (116) into equation (118),

15 equation (119) is obtained.
8 5 8
dlav - Y ay - Wy) =2, av - Mx (119)
x=0 y=0 x=0

For example, the sweep-ocut method (Gauss-Jordan
elimination) is applied to the normal equations consisting
of six equations obtained by substituting one of the

20 integers from 0 to 5 into v in equation (119), thereby



contained in the frames supplied fromthe frane nenory 521. The

m xture-ratio cal culator 522 solves the normal equation 15 in which the

pi xel value belonging to the m xed area and the correspondi ng pi xel val ue
bel ongi ng to the background area are set according to a matrix solution
method so as to obtain the estimated m xture ratio, and outputs the
calcul ated estimated m xture ratio. 20 Fig. 69 is a block diagram
illustrating the configuration of the mxture-ratio cal culator 522. A

nor mal - equati on adder 541 stores a normgl —equation for calculating the
estimated m xture ratio in advance. The nornal -equati on adder 541 sets in
the normal 25 equation a corresponding val ue belonging to the m xed area -

161 and the .carres ondlng value b ngln to t ackagroynd area
cont ai ne® Qm&pe of* ﬁﬂ Ffbﬁ %1 %ﬂ%%ﬂﬁ* nmory 521. The

nor mal - equa on adder 541 nor atron | whi ch the pixe
val ue beﬁjorr?é# &t I‘i’e1 55 m%{%p Vaerr(sacalcaand Fivé ce§rtre pondr ng p| el val ue

bel ongi n ack area S r | - equation cal cul at or
542. Theqr{lf)t%r]r:a erbec %dt |w%r1q(l:é2%c’ul a ol?sr eatn# ves 't eJrﬁor mal equation in

which th dd
R

el im gatiLRa 3 3% tt@leotgq%rartfd?% S LHRILA HE Hilaa Rl M POWRItS the

calculated" m xture ratio
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 intercept p is the mixture ratio o when indexes i

10 and k are 0, i.e., the intercept p is located at the center
position. Thus, the intercept P is output.

A description has been given with reference to
equations (105) through (113), by assuming that the pixel
value of the pixel contained in the mixed area is M, and the

15 pixel value of the pixel contained in the background area is
B. In this case, it i1s necessary to set normal equations
for each of the cases where the designated pixel is
contained in the covered background area, or the designated
pixel is contained in the uncovered background area.

20 For example, if the mixture ratio a of the pixel
contained in the covered background area in frame #n shown
in Fig. 51 is determined, CO04 through C08 of the pixels in
frame #n and the pixel values P04 through P08 of the pixels
in frame #n-1 are set in the normal equations.

25 If the mixture ratio a of the pixels contained in the



As di scussed above, the estimated-m xture-ratio 15 processor 501 cal cul ates
the estinmated m xture ratio by using the anmount of novenent v based on a
nodel corresponding to the covered background area. The ‘
estimated-m xture-rati o processor 502 has a configuration simlar to the
estimated-m xture-rati o 20 processor 501, and an explanation thereof is
thus omtted. The mxture-ratio determ ning portion 503 sets the mxture
rati o based on the area information supplied from the area specifying unit
101 and indicating to which of the -faesgground area, the background area,

t he covered background 25 area, or the uncovered background area the pixel
for which - 162 the mxture ratio is to be cal cul ated bel ongs. The

m xture- ratio detg{nininglportion,SOS sets the mxtyre ratiqg tqg 0 when

the corr EOFEVETRG FRCSIIONGh GE %P0 1thd BT o FhP¥ar ¢2 Fighd 92edS t he

i xt tio t. th ' i xel .5 hel tq _the back d
roa nG SERE Bt o SRR O TR B nige R Re WWoddPlE BEcRGFound ar ca.
t he. m xt 351%- riﬁteilo v(l%tu%rsmN@iBng:hp%rt .hOlRB%O%fS q:rh% rJ].e erIithi r%rra?‘ntei .%nt+9. the
estimated M Xture ratio suppl i ed 1rom the “estimated- m xtur e= &t i'o

processo%rQO%etmq%nt%gpngggkgsg%@gkqgng[xel bel ongs 10 to the uncovered
' atio

background area, the mxture-r ( eterm ning portion 503 sets the
mxtuge ratiowbeebber, e3Fi, @B?de%?ﬁéyé? £ALT A1 2HRRLI @Qtiaogﬁ bRethe
estimat ed- m xture- rafio processor 502. The mXxture-ratio determ ning
portion L5G310¢LRES nldde il Xhe edhalle pakikghhas heed ebwAaIedray .
67 is calculated, the following equations (120) through
(128) are set. The pixel value of the pixel for which the
mixture ratio o is calculated is Mc5. In Fig. 67, the white

10 dots indicate pixels to belong to the background, and the

black dots indicate pixels to belong to the mixed area.

Mcpl = (-1)eBclem+ (—1)eBcleg+Bclep+ (—1)es+ (-1)et+u (120)
Mciz = (0)eBc2em+ (-1) eBc2eq+Bc2ep+ (0) s+ (~1)et+u (121)
Mce3 = (+1) eBc3em+ (~1) eBc3eg+Bc3ep+ (+1) es+ (~1) et+u (122)
15 Mcp4 = (-1)eBcdem+ (0)eBcdeg+Bclep+ (—1)es+ (0) et+u (123)
Mcy5 = (0)eBc5em+ (0) eBc5eg+BcS5ep+ (0) es+ (0) et+u (124)
Mcp6 = (+1)eBc6em+ (0) eBcbeg+Bcoep+ (+1) es+ (0) et+u : (125)
Mcp7 = (—1)eBc7em+ (+1)eBc7eg+Bc7ep+ (—1)es+(+1)et+u (126)
Mc.8 = (O)-Bc80m+(+l)0Bc80q+B080p+(O)Os+(+l);t+u (127)
20 Mce9 = (+1)eBcYem+ (+1)eBcIeg+BcIep+ (+1) es+ (+1) et+u (128)

For calculating the mixture ratio a of the pixel
contained in the covered background area in frame #n, the
pixel values Bcl through Bc9 of the pixels of the background
area in frame #n-1 in equations (120) through (128),

25 respectively, corresponding to the pixels in frame #n are



15 the area information. The m xture-ratio cal cul ati on processing perforned
by the mxture-ratio calculator 102 configured showmn in Fig. 63 is

di scussed below with reference to the flowhart of Fig. 70. In step S501,
the m xture-ratio cal culator 102 obtains 20 area information supplied from
the area specifying unit 101. In step S502, the estimated-m xture-ratio
processor 501 executes the processing for estimating the m xture ratio by
usi ng a nodel corresponding to a covered background area, and supplies the
estimated m xture ratio to the m xturgesa5-rati o determ ning portion 503.
Details of the processing - 163 for estimating the mxture ratio are

di scussed below with reference to the flowhart of Fig. 71. In step S503,
the estinmated-m xture-rati o processor 502 executes the processing for

esti mati MFEh&F*tlul® Yatio by 5 using a nodel corresponding to an

db , d | i, h ' ] . [ h
mxture rat| o BEber APA FGEBBLEY o B0R.SFH S: ERLSB0H, Of e REGPE raio

cal cul at or 02n det.er m, nes mheth%; EP%:”%%}UQﬁ Qgti% Ogav%nb%qn e%ginated

10 for t FERGPEF e PP VeE St LS HITET A & ST R dfe Tt 8¢ have

not yet e I.mat r e f i+ e I5QC retur t0 step

S502, an E‘st h%éﬁgﬁj&%gggngt%foﬁﬁé\g]@#a |e:1 t 15%% x(tl%rgg r%_zl'ﬁtiog%?lorﬂ? r?é

fnugtsﬁggefatreo@&%. | o ef%8Gaheda11R It ithd Sidehersdesidh theP madhddhat the
ratio o is calculated is Mub.

Mupl = (-1)eBulem+ (—1) eBuleg+Bulep+ (—1) es+ (—1) et+u (129)
Muy2 = (0)eBu2em+ (—~1)eBuZeqg+Bulep+ (0)es+(-1)et+u (130)
Mu;3 = (+1)eBu3em+t (—-1)eBu3eg+Bu3ep+ (+1)es+(-1)et+u (131)
10 Mup4 = (-1)eBudem+ (0)eBudeg+Budep+ (—1)es+(0)et+u (132)
Mup5 = (0)eBuSem+ (0)eBuSeg+BuSep+ (0)es+ (0) et+u (133)
Mup6 = (+1) eBubem+ (0) eBuGeg+Bubep+ (+1) es+ (0) et+u (134)
Mug7 = (-1)eBu7em+ (+1)eBu7eg+Bu/ep+ (-1)es+ (+1)et+u (135)
Mup8 = (0)eBu8em+ (+1)eBu8eqg+BuBep+ (0)es+ (+1)et+u (136)
15 Mug9 = (+1)eBulem+ (+1)eBuleg+Budep+ (+1)es+ (+1)et+u (137)

For calculating the mixture ratio a of the pixel
contained in the uncovered background area in frame #n, the
pixel values Bul through Bu9 of the pixels of the background
area in frame #n+l in equations (129) through (137),

20 respectively, corresponding to the pixels in frame #n are
used when T is O.

Fig. 68 is a block diagram illustrating the
configuration of the estimated-mixture-ratio processor 501
for calculating the estimated mixture ratio by using the

25 amount of movement v based on a model corresponding to the



rati os have been estimated for the whole frane, the process proceeds to
step S505. In step S505, the mxture-ratio determ ning portion 503 sets
the m xture ratio based on the area information supplied fromthe area
.specifying unit 101 20 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 mxture ratio is to be calcul ated bel ongs.
The m xture-ratio determ ning portion 503 sets the mxture ratio to 0 when
the 25 correspondi ng pixel belongs tojikglae—foreground area, and sets - 164
the mxture ratio to 1 when the correspondi ng pi xel belongs to the
background area. Wen the correspondi ng pi xel belongs to the covered
background area, the m xture-ratio determ ning portion 503 sets the
est i mat eFISEES PACKITORS FFF%-ed from the estimated-nixture-ratio
processor 501 az t he nixturg rat%o. When t he corres ogdingﬁpi el bel ongs
to the uncovBrE42BScREPEENA areSTOFRE /i RLHFBLILLYi 8L dEFaPRPnPAG  porti on
503 sets . the.estimated m xture ratio sypplied from . the .
esti mat ed" R HEIPA AN FHERESSS B2 Sg?p e "AAAST £916 MRS The
pr ocessi i,s t l.e . i e vetthe mxture-ratio
cal-cul at g}%tf%’z cﬁgg%ug%@e%rt tg%%a'l ?ﬁ]h%t ?it'éﬁie %e%%uye 5r2tz:alt %&Ozi%ésvm%(?ﬁ i ndi cates a
featuge %‘k%ﬂ\?l%y &9, gl ng .t @ 83ch 3 6l ased i3 &3
i nformation _upﬁ!iegr romtHe ar ea specifyiﬁgehdit f@%?5%?§ean§ the i nput
i mage. By ddiddd %89 fgdd Xuihd #Hilk@ ubelrati® RAITBLE N0 522 . '
The mixture-ratio calculator 522 stores a normal
equation for calculating the mixture ratioc o and the sum £
of the foreground components in advance.
10 The mixture-ratio calculator 522 sets in the normal
equation a pixel value belonging to the mixed area and the
corresponding pixel value belonging to the background area
contained in the frames supplied from the frame memory 521.
The mixture-ratio calculator 522 solves the normal equation
15 in which the pixel value belonging to the mixed area and the
corresponding pixel value belonging to the background area
are set according to a matrix solution method so as to
obtain the estimated mixture ratio, and outputs the
calculated estimated mixture ratio.
20 Fig. 69 is a block diagram illustrating the
configuration of the mixture-ratio calculator 522.
A normal-equation adder 541 stores a normal equation
for calculating the estimated mixture ratio in advance.
The normal-equation adder 541 sets in the normal

25 eqguation a corresponding value belonging to the mixed area



separate the foreground conponents and the background conponents contai ned
in the pixel values while maintaining the information of notion blur
contained in the inmage 20 corresponding to the noving object. A description
i's now given, with reference to the flowhart of Fig. 71, of the

m xture-ratio estimating processing by using a nodel of the covered
background area in step S502 of Fig. 70. 25 In step S521, the

nor mal - equat i on adder 541 sets the - 165 pixel value contained in the
input image in a normal equation carrggpanding to a nodel of the covered
background area. In step S522, the nornal-equation adder 541 determnes 5
whet her the setting of the target pixels is finished. If it is determ ned
that the setting of the target pixels is not finished, the process returns
to step S5¥ then@gomyespomekidssivitg Yo sanging thiee thiex daak@npadid passe
normal equation is repeated. 10 If it is determined in step S522 that the
setting fOMtaiRed digeP dimadss 9% M ifhadifst suRid 35 d&9 fhscded® & o step
S523. In step S523, the nornal -equation cal cul ator 542 cal cul ates the

oot i mat A RORIRE Ir-at 15 RSER A TGy St RO SHIIF ¢ he pi xel s

rat |

val ues are set, and_qutputs 15 the cal cul ated m xtur.e ratio. di scussed
above, tH& T REEFIR K Gy é&‘ﬁfh g:heprpolcxeegsérralé’(?ltqesloéﬁl@g[ Fo%atSul ate the

esti r’rgt eqniqée)&t 4Wr%a and the corresponding pixel value belonging to
the background area are set to a normal-equation calculator
542,
The normal-equation calculator 542 solves the normal
equation in which the pixel values afe set supplied from the
10 normal-equation adder 541 by applying, for example, a sweep-
out method (Géuss—Jordan elimination) so as to obtain the
estimated mixture ratio, and outputs the calculated mixture
ratio.
As discussed above, the estimated-mixture-ratio
15 processor 501 calculates the estimated mixture ratio by
using the amount of movement v based on a model
corresponding to the covered background area.
The estimated-mixture-ratio processor 502 has a
configuration similar to the estimated-mixture-ratio
20 processor 501, and an explanation thereof is thus omitted.
| The mixture-ratio determining portion 503 sets the
mixture ratio based on the area information supplied from
the area specifying unit 101 and indicating to which of the
foreground area, the background area, the covered background

25 area, or the uncovered background area the pixel for which



rati o based on the input inmage. The m xture-ratio estimating processing by
using a 20 nodel corresponding to the uncovered background area in step
S503 of Fig. 70 is simlar to the processing indicated by the flowhart of
Fig. 71 by using the normal equations corresponding to a nodel of the
uncover ed background area, and an explanation thereof is thus omtted. 25
The enbodi nent has been descri bed, assum ng that the - 166 object
corresponding to the background is stationary. However, the
above-described m xture-ratio cal culatikgn- processi ng can be applied even
if the image corresponding to the background area contains notion. For
exanple, if the 5 image corresponding to the background area is uniformy

novi ng, the estlnated Xt ure- ra rocessor, shifts the .overall imge
in accor &:S‘r?cg‘%ttuﬁet Pﬁ oS E’ﬁ"d %&FF‘@F%I? SESE 'q&‘r‘? PIFETE

simlar to.,t.he case i.n.which ect correspandi ng to the background is
st at i onary 4% QHW%W¥W§b@° é%%@hdlﬁ&st5hﬁh§‘ FGrd©, aﬁﬁh%bontalns

| ocal l'y dﬂjfe& nt notions, éﬁ_e est i % q nlxt i roce or 501

ol ooty PRETEN SORn P RDRSH At ST FE LR G XE (REBHRHE Befgngi ng ¢ o
t he m xe r a S .t abov ri d r 15.Th

m xt ur e- %a |§%§§I%%Iagég&%% ranﬁ@k%%h?e%ﬁ%% th%&f%?%'r tpggegtphafﬁng
proce§5|ggl P@IE t e Pipee I aB% u5|%g %eb %gng to the
covered back area, and outputs the calcu at ed est nate xture

ratio aspixel belongs to the covered background area, the mixture-
ratio determining portion 503 sets the mixture ratio to the
.estimated mixture ratio supplied from the estimated-mixture-
ratio processor 501. When the corresponding pixel belongs
10 to the uncovered background area, the mixture-ratio
determining portion 503 sets the mixture ratio to the
estimated mixture ratio supplied from the estimated-mixture-
ratio processor 502. The mixture-ratio determining portion
503 outputs the mixture ratio which has been set based on
15 the area information.
The mixture-ratio calculation processing performed by
the mixture-ratio calculator 102 configured shown in Fig. 63
is discussed below with reference to the flowchart of Fig.
70. In step S501, the mixture-ratio calculator 102 obtains
20 area information supplied from the area specifying unit 101.
In step S$502, the estimated-mixture-ratio processor 501
executes the processing for estimating the mixture ratio by
using a model corresponding to a covered background area,
and supplies the estimated mixture ratio to the mixture-

25 ratio determining portion 503. Details of the processing



the m xture ratio a. In this case, the mxture ratio a 20 indicates the
rati o of the background conponents for the pixels belonging to the covered
background area, and indicates the ratio of the foreground conponents for
the pixels belonging to the uncovered background area. Concerning the

pi xel s bel onging to the uncovered background 25 area, the absol ute val ue of
the difference between the - 167 calculated m xture ratio a and 1 is
determ ned, and the calculated absolute value is set as the mxture ratio
a. Then, the signal processor 12 is g%le_to determne the mxture ratio a
indicating the ratio of the backgroun g conponents for the pixels

bel onging to the uncovered background area. Simlarly, the mxture-ratio
processor 104 may execute the mixture-ratio estinmating processing on al

t he pixel®r GRBIMALING riden Modelr e gatedsp e 5B drderemed-h 0
background area, and outputs the calcul ated estimated m xture ratio as the

m xture reRfeFeRcerH® fidve frieuirdiardc idfr Uttt s¥parator 105 is di scussed
below. Fig. 72 is a blag ramillustrating an exa

k dia nple of the
confi gurati on8f SFRB §5§égr55%dﬁ5§&?@F88ﬁ@l§§ ZPaf8r1esPI85°SPRE PAAut :
g SURBIA S L0 e L SO e g SR AOS A SURP 1 10
for Rt O Rty 4G SR SRECLU G My A2 0L 10 e
and supplies the estimated mixture ratio to the mixture-
ratio determining portion 503.
In step S504, the mixture-ratio calculator 102
determines whether the mixture ratios have been estimated
10 for the whole frame. If it is determined that the mixture
ratios have not yet been estimated for the whole frame, the
process returns to step $502, and the processing for
estimating the mixture ratio for the subsequent pixel is
executed.
15 If it is determined in step S$504 that the mixture
ratios have been estimated for the whole frame, the process
proceeds to step $505. 1In stép S505, the mixture-ratio
determining portion 503 sets the mixture ratio based on the
area information supplied from the area specifying unit 101
20 and indicating to which of the foreground area, the
background area, the covered background area, or the
uncovered background area the pixel for which the mixture
ratio is to be calculated belongs. The mixture-ratio
determining portion 503 sets the mixture ratio to 0 when the

25 corresponding pixel belongs to the foreground area, and sets



20 background area is supplied to the separating portion 601. The area
information indicating the foreground area is supplied to the switch 602.
The area information indicating the background area supplied to the switch
604. The m xture ratio a supplied fromthe m xture-ratio 25 calculator 104
is supplied to the separating portion 601. - 168 The separating portion
601 separates the foreground conponents fromthe input inmage based on the
area information indicating the covered background area, the area
information indicating the uncovered hgakground area, and 5 the m xture
ratio a, and supplies the separated foreground conponents to a synthesizer
603. The separating portion 601 also separates the background conponents

fromthe in i mge, and supplies the separated back d S nponents to
a synt héd grlwe B3 5He St oz P %ﬁfss& BE B ondi ng
to the for 0 i nput__based area infor tlon. di cating the
f or egr ourt® % Lt sq}‘ﬁﬁjlaer adnl eﬁle eXeqosr o r]‘to t he

foregrou ai.ne n the i e synt eS| 15 The
switch 6 %lon ose}h\ﬁn coverel X€ aCk respon en%g t%)fl t 6 acek ro%und is input -
based on 40 nd supplies
only the c%)elhc%e s‘?le"“{(%r']lpesponcrl‘1 %éjjt (%(%t%atebh%gl%gﬂ%ﬂr% ont al ne ?ar‘il t%e i nput

i mges tq SRR Z8e QAT 1ned HIGSHUNET AST G WYNEFEeH 2

for egr ound “conponent
the mixture ratio. When the corresponding pixel belongs to

the uncovered background area, the mixture-ratio determining
portion 503 sets the estimated mixture ratio supplied from
the estimated-mixture-ratio processor 502 as the mixture

10 ratio. The processing is then completed. |

As discussed above, the mixture-ratio calculator 102 is
able to calculate the mixture ratio o, which indicates a
feature quantity corresponding to each pixel, based on the
area information supplied from the area specifying unit 101,

15 and the input image.

By utilizing the mixture ratio a, it is possible to
separate the foreground components and the background
components contained in the pixel values while maintaining
the information of motion blur contained in the image

20 corresponding to the moving object.

A description is now given, with reference to the
flowchart of Fig. 71, of the mixture-ratio estimating
processing by using a model of the covered background area
in step 8502 of Fig. 70.

25 In step S521, the normal-equation adder 541 sets the



i mge based on the foreground conponents supplied fromthe separating
portion 601 and the pixels corresponding to the foreground supplied from
the switch 602, and outputs the synthesized foreground conponent inage.
Since the 25 foreground area and the m xed area do not overlap, the - 169
synt hesi zer 603 applies, for exanple, logical ORto the foreground
conponents and the foreground pixels, thereby synthesizing the foreground
conponent image. In the initializing processing executed at the start of 5
t he synthesizing processing for the_fargground conponent inage, the

synt hesi zer 603 stores an i nage whose pixel values are all 0 in a built-in
frame nmenory. Then, in the synthesizing processing for the foreground
conponent jimage, . the synthesjzer 603 stores, the foreground conponent inage

10 (over Mit%s Y& HReR RIS dmge B CHPYordiTund Comomet | nage) .
rea i n ARG AHRTE SPASHHE S e SIS S PR S 603.

The synth%§izer 605 synt hesi zes a background conponent 15 inage based on
t he backé}éﬁﬁd conponents supplied fromthe separating portion 601 and the:

pi xel s CO”GSE%”git@ .E%gbhetﬁ@a%%g.%gg%ﬁ%%%h?Qd‘&%%"‘g}i*ied%‘é’i E%EBQQ:“’ and

out puts the sSynthesized bBackgroun onent i mage. nce tne ackground
‘;(ga nd v{l'neecl'{g arseeact‘hi%d“%tf P l&g:‘gé‘é;g;i%%lssy rltsh‘(”fﬂrﬁesrhg%qf’ applies, for
npl'e, T ogica to the ~ background "conponent's and 't he backgroun
pixels, thel®Permined that the setting of the target pixels is not
finished, the process returns to step S$521, and the
processing for setting the pixel values in the normal
equation is repeated.
10 If it is determined in step S$522 that the setting for
the target pixels is finished, the process proceeds to step
$523. In step S$523, the normal-equation calculator 542
calculates the estimated mixture ratio based on the normal
equations in which the pixels values are set, and outputs
15 the calculated mixture ratio.

As discussed above, the estimated-mixture-ratio
processor 501 is able to calculate the estimated mixture
ratio based on the input image.

The mixture-ratio estimating processing by using a

20 model corresponding to the uncovered background area in step
S503 of Fig. 70 is similar to the processing indicated by
the flowchart of Fig. 71 by using 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



synt hesi zi ng the background conponent image. In the initializing processing
executed at the start of the synthesizing processing for the background
conponent 25 inage, the synthesizer 605 stores an inage whose pixel - 170
values are all 0 in a built-in frame nmenory. Then, in the synthesizing
processing for the background conponent image, the synthesizer 605 stores
t he background conponent inage (overwites the previous inmage by the
background conmponent 5 image). Accordingly, O is stored in the pixels
corresponding to the foreground area iIgd he background conponent inmage
output fromthe synthesizer 605. Fig. 73A illustrates the input inmage input
into the foreground/ background separator 105 and the foreground 10

component B A, L1 bk EUBEpSaL e UL Ly o L
correSponia g9 0 LIBeLIBAC HION. L6 LEG 0r o i bgckar oun
Fa 7sanos dBds Mb e LA IOR GO0 DIREL SRR SRRIALY SO0
S?gerisgditggégsﬂéa}]%n% i nagi I nc él}g}sngagt)ﬁlew{ppgeﬂl% E)e ()I%]ﬂ-g]irar?'gdi!tf;q%ﬁé;aon the

f or egpounGh R a0 2L dd¥n Ping ! o REl O AWy At & Rackay QU pngs, and the
pi xel s belonging tothe mXxed area corresponding to Fig. 73A. "As shown in
Figs. 73Mmdnthg 3RBnd hes it Puid oot processor 501 shifts the
overall image in accordance with this motion, and performs
processing in a manner similar to the case in which the
object corresponding to the background is stationary. If

10 the image corresponding to the background area contains
locally different motions, the estimated-mixture-ratio
processor 501 selects the pixels corresponding to the
motions as the pixels belonging to the mixed area, and
executes the above-described processing.

15 The mixture-ratio calculator 104 may execute the
mixture-ratio estimating processing on all the pixels only
by using a model corresponding to the covered background
area, and outputs the calculated estimated mixture ratio as
-the mixture ratio a. In this case, the mixture ratio a

20 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

25 area, the absolute value of the difference between the



i mge output fromthe foreground/ background separator 105 consists of the
pi xel s bel onging to the background area and 25 the background conponents
contained in the pixels of the - 171 mnixed area. As shown in Figs. 73A and
73B, the foreground conponent image output fromthe foreground/ background
separator 105 consists of the pixel belonging to the foreground area and 5
the foreground conponents contained in the pixels of the mxed area. The
pi xel values of the pixels in the m xed area are separated into the
background conmponents and the foregroysg -conponents by the

f oregr ound/ background separator 105. The 10 separated background conponents
formthe background conponent inage together with the pixels belonging to

t he background area., The separ.ated foregroound conponents for t he
f or egr o Rtk cogdtngt 400 T G5 R AGent GHT A o ¢ he

foreground .area. 15 As di scussed above, in the foreground conponent i nmage,

t he pi xelcavléi"ﬁ?ste(?? aﬁ‘?@qﬁ%l"s‘a Fes FéTdidTy t?t? t“Hé‘gcuEa?c@ §-area are
set to 0,,and signif.i cant pixel val . are .set_in the pixels correspondi ng
to the foTrheegnr’oﬁcrl{% ar arlar??fq%eessﬁ)lrxe s ‘o elsep§r?diq$§etr e M%ed area.
Simlarly,. N back : qugge J 5 e .l es of the

pi xel s c)(gnrlrx(?atglﬁ%ngitanbcgot ?ﬁ{aﬁ%c}a?celg} oun zr}traédzi%g?):f st:aht tb(%%(%lroancfpsi gni fi cant
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and the pixéls
background area.

Similarly, the mixture-ratio processor 104 may execute
the mixture-ratio estimating processing on all the pixels
only by using a model corresponding to the uncovered

10 background area, and outputs the calculated estimated
mixture ratio as the mixture ratio «.

The foreground/background separator 105 is discussed
below. Fig. 72 is a block diagram illustrating an example
of the configuration of the foreground/background separator

15 105. The input image supplied to the foreground/background
separator 105 is supplied to a separating portion 601, a
switch 602, and a switch 604. The area information supplied
from the area specifying unit 103 and indicating the
information of the covered background area and the uncovered

20 Dbackground area is supplied to the separating portion 601.
The area information indicating the foreground area is
supplied to the switch 602. The area information indicating
the background area supplied to the switch 604,

The mixture ratio o supplied from the mixture-ratio

25 calculator 104 is supplied to the separating portion 601.



corresponding to the m xed area. 25 A description is given below of the
processing executed - 172 by the separating portion 601 for separating the
foreground conponents and the background conponents fromthe pixels

bel onging to the mxed area. Fig. 74 illustrates a nodel of an inage
indicating 5 foreground conponents and background conponents in two
frames including a foreground object noving fromthe left to the right in
Fig. 74. In the nodel of the image shown in Fig. 74, the anmount of
novenment v is 4, and the nunber of _vigigual divided portions is 4. 10 In
frame #n, the leftnost pixel and the fourteenth through eighteenth pixels
fromthe left consist of only the background conponents and belong to the
background area. In frame #n, the sgﬁ nd throu gurth i xel s fromthe

| ef t contalnTPﬁeSSBEE@FéﬂﬁdP86ﬁﬁ8ﬁe éﬁHaFHE POF §r 68R89E8 BEnponent s,

and bel on to the uncover hackgrqund ar ea. frame #n the el eventh
through & §%Fr e 1MAgR LEGH i1Q? R §r&ind conponents and

f or eground nents .bel to the vered backaground . are Ln frame
#n, the St dtlecr?t nﬁ 35‘1% FrSHEhEAEEEe cé%r?{;%srte%df g %rtehe 20
foregrou t el.o Qggﬂ r dan frgne #n+

the fi rsth}f%%o%%%ﬁ%?l ?mhdq%%}g'l tgﬁr%(()a C%Q’elr%tcf%;n ﬁgmgllag i eéntah pi xel from

hggkggghngggigg&ug% #éﬁ%%gﬁ ?@F spgﬁﬁQﬁﬁpQ&gh eﬁﬁﬁph pﬁ%ﬁgg frggfthe

left components to a synthesizer 603. The separating portion 601
also separates the background components from the input
image, and supplies the separated background components to a
synthesizer 605.

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 supplies only the pixels
corresponding to the foreground contained 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 supplies only the pixels
corresponding to the background contained in the input image
to the synthesizer 605.

20 The synthesizer 603 synthesizes a foreground component
image based on the foreground components supplied from the
separating portion 601 and the pixels corresponding to the
foreground supplied from the switch 602, and outputs the

synthesized foreground component image. Since the

25 foreground area and the mixed area do not overlap, the



25 contai n background conmponents and foreground conponents, and - 173

bel ong to the uncovered background area. In frame #n+l, the fifteenth

t hrough seventeenth pixels fromthe left contain background conponents and
foreground conponents, and belong to the covered background area. In frane
#n+l, the ninth 5 through fourteenth pixels fromthe left consist of only
the foreground conponents, and belong to the foreground area. Fig. 75
illustrates the processing for separating the foreground conmponents from
the pi xels belonging to the covered pggkground area. In Fig. 75, al

t hrough al8 10 indicate m xture ratios of the individual pixels of frane

#n. In Fig. 75, the fifteenth through seventeenth pixels fromthe |eft

bel ong to the covered background rea. The pixel valge g;g of the fifteenth
pi xel fr&¥PLRES1EEFt 6PF PPRAESEnm E8R Séa@?ﬁﬁesi8818§ e§BatPoi"f138): 15 C15
= B15/ v+EQO/ v+FCB/ v+FO7/ v = %Xhaﬁgl5%FC9/V+F /v+FCK/v =
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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 5ynthesizer 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 supplied from the
separating portion 601 and the pixels corresponding to the
background éupplied 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



- 174 Simlarly, the sumfl1l6 of the foreground conponents of the
sixteenth pixel fromthe left in frame #n can be expressed by equat
(140), and the sumfl1l7 of the foreground conponents of the seventee

pi xel fromthe left 5 in frame #n can be expressed by equation (141).

Cl6-al6P16 (140) f17 = C17-al7P17 (141) In this manner, the foregro
conponents fc contained in the pixel value C of the pixel belonging to the

covered

10 background area can be expressed by equation (142): fc = C aP

i on
nt h
f16
und

(142) where P designates the pixel —valne -of the corresponding pixel in

the previous frame. Fig. 76 illustrates the processing for separating the
15 foreground conponents fromthe pixels belonging to the uncovered
background area._In Fi.g., 76, ahi'qéqup i ndi cate mj.xture rati os of the

i ndi vi dual® lﬁ’[%@elasr ofa]Tlr S
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cates the m xture p|x -
(overwrites the previous image by the background component

image). Accordingly, 0 is stored in the pixels
corresponding to the foreground area in the background
component image output from the synthesizer 605.

Fig. 73A illustrates the input image input into the
foreground/background separator 105 and the foreground
component image and the background component image output
from the foreground/background separator 105. Fig. 73B
illustrates a model corresponding to the input image input
into the foreground/background separator 105 and the
foreground component image and the background component
image output from the foreground/background separator 105.

Fig. 73A is a schematic diagram illustrating the image
to be displayed, and Fig. 73B 1s a model obtained by |
expanding in the time direction the pixels disposed in one
line including the pixels belonging to the foreground area,
the pixels belonging to the background area, and the pixels
belonging to the mixed area corresponding to Fig. 73A.

As shown in Figs. 73A and 73B, the background component
image output from the foreground/background separator 105
consists of the pixels belonging to the background area and

the background components contained in the pixels of the

by
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fromthe left in frame #n, and NO2 designates the pixel value of the
second pixel fromthe left in frame #n+l. The sumf02 of the foreground
conponents of the second pixel fromthe left in frane #n can be expressed
by equation 5 (144) based on equation (143). f02 = FOl1/v = C02-a2N02 (144)
Simlarly, the sumfO03 of the foreground conponents of the third pixel
fromthe left in franme #n can be expressed 10 by equation (145), and the
sum f04 of the foreground conponents of the fourth pixel fromthe left in
frame #n can be expressed by equation7(146). f03 = C03-a3N03 (145) f04 =
CO4- a4N04 (146) 15 In this manner, the foreground conponents fu contained
in the pixel value C of the pixel belonging to the uncovered background
area can _he expressed by equation (147): fu = CaN (147) where N
deS|gnat€§xFﬁéaﬁ@§el val ue of the correspondlng 20 pi xel |n t he subsequent

frame. As dis uss d above_.the arat| 601 is le to separate
the foregroun 5cB 8ﬂeﬁPsF%98n1?§ 6P9e éﬁSnSPﬁngSUP CRFQSBGB ea and

the backqgrﬁga SEQRANENLs, (o Cagr%'es%@a%%' 90910 Lo, Lhg i gd ar ea

based on ornatlon in € covere roun area and the

- 176 oW TRYsOR £ RlCRliLAY Eﬁﬁo%@&%beE%dt Rk %ﬁ&%u%ﬁ?%rea and
5 the foreground components contained in the pixels of the
mixed area.

The pixel values of the pixels in the mixed area are
separated into the background components and the foreground
components by the foreground/background separator 105. The

10 separated background components form the background
component image together with the pixels belonging to the
background area. The separated foreground components form
the foreground component image together with the pixels
belonging to the foreground area.

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 wvalues 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 the processing executed



contained in the area information, and the mxture ratio a for each pixel.
Fig. 77 is a block diagramillustrating an exanple of 5 the conflguratlon
of the separating portion 601 for executing the above-described
processing. An inmage input into the separating portion 601 is supplied to
a frame nmenory 621, and the area information indicating the covered
background area and the uncovered background area supplied 10 fromthe
m xture-ratio calculator 104 and the mixture ratio a are supplied to a
separation processing block 622. The firanme nenory 621 stores the input
images in units of franes. Wien a franme to be processed is frame #n, the
frame nennry 621 stores frame #n-1, which is the frame one 15 frane before
frame #n me #n, and _frane #n+1, fra o%g frane after

i

1o byt T ke Ry 3l e§°fh§%@&F LS BreGCsth, {rame
#n-1 d to th t bl 622. 20
TRe separgﬁlon B%gc n@?ﬁ ﬁg@%g%fﬂn p aé%Fhen g%lcu% & ?e&?gcussed

wth ref%rﬁ %&E% %Ig%hf7%l§%g ;@e%o the pi xel values of the correspondi ng

pi xels in and frame #n+l supplied fromthe frane

menory 621 basgd eop %*ﬂquEEQtéQerHB Lonokend} cahh §8 S.Hﬁlgg‘!?f} d 25

background area and t he uncover ed background area and 't m xture
ratiosa sf@,r%rbqnae%f@tﬁem% fa%e%@u@qo%@og%@fo%en%@d ihheBackground

conmponents fromthe pixels belonging t
frames including a foreground object moving from the left to
the right in Fig. 74. In the model of the image shown in
Fig. 74, the amount of movement v is 4, and the number of
virtual divided portions is 4.

10 In frame #n, the leftmost pixel and the fourteenth
through eighteenth pixels from the left consist of only the
background components and belong to the background area. In
frame #n, the second through fourth pixels from the left
contain the background components and the foreground

15 components, and belong to the uncovered background area. 1In
frame #n, the eleventh through thirteenth pixels from the
left contain background components and foreground components,
and belong to the covered background area. In frame #n, the
fifth through tenth pixels from the left consist of only the

20 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.
In frame #n+l, the sixth through eighth pixels from the left

25 contain background components and foreground components, and



the m xed area in franme #n, and supplies themto a frame nenory 623. 5 The
separation processing block 622 is forned of an wuncovered area processor
631, a covered area processor 632, a synthesizer 633, and a synthesi zer
634. A nultiplier 641 of the uncovered area processor 631 multiplies the
pi xel value of the pixel in frame #n+1l 10 supplied fromthe franme nmenory
621 by the mxture ratio a, and outputs the resulting pixel value to a
switch 642. The switch 642 is closed when the pixel of frame #n .
(corresponding to the pixel in frame #n4l ) supplied fromthe franme nmenory
621 belongs to the uncovered background area, 15 and supplies the pixel
value multiplied by the mxture ratio a supplied fromthe nultiplier 641
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foreground components, and belong to the foreground area.

The

Fig. 75 illustrates the processing for separating the
foreground components from the pixels belonging to the |
covered background area. In Fig. 75, al through ol8

10 indicate mixture ratios of the individual pixels of frame #n.
In Fig. 75, the fifteenth through seventeenth pixels from
the left belong to the covered background area.

The pixel value Cl5 of the fifteenth pixel from the

left in frame #n can be expressed by equation (138):

15 Cl5

B15/v+F09/v+F08/v+F07/v

015eB15+F09/v+F08/v+F07/v

I

015eP15+F09/v+F08/v+F07/v (138)
where oal5 indicates the mixture ratio of the fifteenth pixel
from the left in frame #n, and P15 designates the pixel
20 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 (139) based on equation (138).

f15

FO9/v+F08/v+F07/v

25

I

Cl5-al5eP15 (139)



A multiplier 651 of the covered area processor 632 5 nultiplies the pixel
val ue of the pixel in frame #n-1 supplied fromthe frame nenory 621 by the
m xture ratio a, and outputs the resulting pixel value to a switch 652.
The switch 652 is closed when the pixel of frame #n (corresponding to the
pi xel in frame #n-1) supplied fromthe 10 franme nenory 621 belongs to the
covered background area, and supplies the pixel value nultiplied by the
mxture ratio a supplied fromthe nmultiplier 651 to a cal cul ator 653 and
the synthesizer 634. The val ue obtained; by nmultiplying the pixel value of
the pixel in frame #n-1 by the mxture ratio 15 a output fromthe switch
652 is equivalent to the background conponents of the pixel value of the

correspondi ng pi me #n.__The cal cul ator 653 subtracts the
background comp BﬁgﬁFé 'sﬁbﬁlsgﬁ i dmatth & hEW TR SN GRMPRESHt e PTval ue of

bt ai 1 t he ELX%EL%%% o %ﬁi’% P TR iy St b i%s the
backar ound S eh %herfbie iu o) B0 sl e suni’ién‘)ﬂﬁosfﬂ%ei%%2%8?%?232
ngkg?(r)ﬁnd area and pp m%gsorfo%g t%} ‘%rg%e;‘%%‘fl %IL%{ (L)i%g%\r/glrjﬁg
conpogent s, of rddie mix;eArﬁ el angi g 4P ﬁweecpﬁvtef&d Ppﬁ%ground area and
supplied fromthe cal cul ator 653, and sSupp
fl16 = Cl6-al6ePl6 (140)
f17 = Cl7-al7eP17 (141)
In this manner, the foreground components fc contained
in the pixel value C of the pixel belonging to the covered
10 background area can be expressed by equation (142):
fc = C-qeP (142)
where P designates the pixel value of the corresponding
pixel in the previous frame.
Fig. 76 illustrates the processing for separating the
15 foreground components from the pixels belonging to the
uncovered background area. In Fig. 76, al through al8
indicate mixture ratios of the individual pixels of frame #n.
In Fig. 76, the second through fourth pixels from the left
belong to the uncovered background area.
20 The pixel value C02 of the second pixel from the left
in frame #n can be expressed by equation (143):

co2 B02/v+B02/v+B02/v+F01l/v

a2eB02+F01/v

02eNO2+F01/v (143)

25 where a2 indicates the mixture ratio of the second pixel



5 synt hesi zed foreground conponents to the frame nmenory 623. The

synt hesi zer 634 conbi nes the background conponents of the pixels bel onging
to the uncovered background area and supplied fromthe switch 642 with the
background conmponents of the pixels belonging to the covered background
area and 10 supplied fromthe switch 652, and supplies the synthesized
background conponents to the frame nenory 623. The frame nenory 623 stores
t he foreground conponents and the background conponents of the pixels in
the m xed area of franme #n supplied firgn-t he separation processing 15

bl ock 622. The franme nenory 623 outputs the stored foreground conponents
of the pixels in the mxed area in frane #n and the stored background

ﬁ?%?:”f?@ﬁﬁ#?“’é?ﬁ%?rﬁﬁﬁﬁﬁﬁm%ﬂﬁﬁﬁm-
e " conpl Ay Logdla At Tha Sy HERTLar G0% o Aee e Foh egr ound

components 2, Jffie pxgles 4 L M KRAALERIN LLATE U LQULRHL fr om t he

- 180 separating portion w tht piXe onglng to thé Poreground

ty { 605 |
g)ﬁgi ﬁgsq?t%h}{aqbgfg%gﬁ %hﬁedﬁc%%pgﬁ%%qn& q{;ﬁce)(‘rgg?xeei s&&%&l b% % rea | n frame
#n  Ssout Quis)f IBdNQ S RAIALI I )i on 601 with the pixels

£02 FOl/v

C02-a2eNO2 (144)
Similarly, the sum £03 of the foreground components of
the third pixel from the left in frame #n can be expressed
10 by equation (145), and the sum £f04 of the foreground
components of the fourth pixel from the left in frame #n can

be expressed by equation (146).

£03 = C03-a3eNO3 (145)
£04 = C04-a4deN04 (146)
15 In this manner, the foreground components fu contained

in the pixel wvalue C of the pixel belonging to the uncovered
background area can be expressed by equation (147):

fu = C-aeN (147)

where N designates the pixel value of the corresponding
20 pixel in the subsequent frame.

As discussed above, the separating portion 601 is able
to separate the foreground components from the pixels
belonging to the mixed area and the background components
from the pixels belonging to the mixed area based on the

25 information indicating the covered background area and the



bel ongi ng to the background area so as to generate a background conponent
image. Fig. 78A illustrates an exanple of the foreground conponent inmage
corresponding to frame #n in Fig. 74. The 10 leftnost pixel and the
fourteenth pixel fromthe left consist of only the background conponents
before the foreground and the background are separated, and thus, the

pi xel values are set to 0. The second and fourth pixels fromthe |eft
belong to 15 the uncovered background area before the foreground and the
background are separated. Accordi nglyj7he background conponents are set
to 0, and the foreground conponents are naintained. The el eventh through
thirteenth pixels fromthe Ileft belong to the covered background area

before the 20 foregrqund and the background are separated. Accordingly,
t he backdPdd a%&ﬁ%oﬁ@ﬁﬁ§aéﬂggé§pet8 OVETEG RE CRIreYNSuRdeaconponent s are

mai ntai ned. . The fifth through tenth pixels fromthe |left consist of only
t he fore598§ﬁ&n€8n68n§hfsér% H@%nggtﬁﬁ&g ﬁ&pngéﬁn365t§§eFF6Fl?8g
illustra X | of the background - 181 conponent inage

correspon ?n%gfg gg%ﬁg'#n in Fig. 74. The leftnost pixel and the
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before the foreground and t are sep us, the 5

backgs ountleCOBREAGNLELALE BRI Rhal BedariRensepRRd ibhr g¥gh chourth pixels from
the left bel ong

executing the above-described processing. An image input
into the separating portion 601 is supplied to a frame
memory 621, and the area information indicating the covered
background area and the uncovered background area supplied

10 from the mixture-ratio calculator 104 and the mixture ratio
o are supplied to a separation processing block 622.

The frame memory 621 stores the input images in units
of frames. When a frame to be processed is frame #n, the
frame memory 621 stores frame #n-1, which is the frame one

15 frame before frame #n, frame #n, and frame #n+l, which is
the frame one frame after frame #n.

The frame memory 621 supplies the corresponding pixels
in frame #n-1, frame #n, and frame #n+l to the separation
processing block 622.

20 The separation processing block 622 applies the
calculations discussed with reference to Figs. 75 and 76 to
the pixel values of the corresponding pixels in frame #n-1,
frame #n, and frame #n+l supplied from the frame memory 621
based on the area information indicating the covered

25 Dbackground area and the uncovered background area and the



to the uncovered background area before the foreground and the background
are separated. Accordingly, the foreground conponents are set to 0, and

t he background conponents are 10 mai ntai ned. The el eventh through
thirteenth pixels fromthe |eft belong to the covered background area
before the foreground and the background are separated. Accordingly, the
f oreground conponents are set to 0, and the background conponents are

mai nt ai ned. The fifth through tenth pixels 15 fromthe |l eft consist of only
t he foreground conponents, and thus, 1yhe_pi xel values are set to 0. The
processing for separating the foreground and the background executed by

t he foreground/ background separator 105 is described below with reference
to the flowhart of 20 Fig. 79. In step S601, the frame nenDry 621 of the
separ at i Hljxd'd]rrﬁ Frtem Obb‘%oala\“?s t%h SERRRE erréé\é? EOTE FTBIES CAMRARETES f or

whi ch the foreground and t he background are eparated together with the
previ ous ‘E‘fnrdar’ﬁgl g’ oé‘an?é’@d’l}ént rfo,nhﬁ:@e# Refelsy qeﬁ%’tgéﬁ‘gsé:@z t he
separat i rqcessi bLoc - 18 rat i portion 601

obt ai ns %hfg 6fr?d'tgeiaor?‘% rlf r 6% ﬁélprﬂ%ﬂeugfgzhreéﬁ ch) G&ITti{i ™t or 104. In-

step S603,. .t & gSeparation proce55|ng bl ock 622 of the separating portion
601 obtai N’ t e mXture ratio a supplied fronlthe m xture- 5 ratio

cal cubator 104n| 0epLen9304prbhB-UNGEVEIELAEO PLOGEIRAN BFIaRX! 2Ot S
r &m e pi Xel v t he

t he backgroun conp nents a ues o
uncovered area processor 631, a covered area processor 632,

a synthesizer 633, and a synthesizer 634.
A multiplier 641 of the uncovered area processor 631
multiplies the pixel value of the pixel in frame #n+l
10 supplied from the frame memory 621 by the mixture ratio a,
and outputs the resulting pixel value to a switch 642. The
switch 642 is closed when the pixel of frame #n
(corresponding to the pixel in frame #n+l) supplied from the
frame memory 621 belongs to the uncovered background area,
15 and supplies the pixel value multiplied by the mixture ratio
o supplied from the multiplier 641 to a calculator 643 and
the synthesizer 634. The value obtained by multiplying the
pixel value of the pixel in frame #n+l by the mixture ratio
o output from the switch 642 is equivalent to-the background
20 components of the pixel value of the corresponding pixel in
frame #n.
The calculator 643 subtracts the background components
supplied from the switch 642 from the pixel value of the
pixel in frame #n supplied from the frame memory 621 so as

25 to obtain the foreground components. The calculator 643



pi xel s belonging to the uncovered background area supplied fromthe frane
menory 621 based on the area information and 10 the mxture ratio a. In
step S605, the uncovered area processor 631 extracts the foreground
conponents fromthe pixel values of the pixels belonging to the uncovered
background area supplied fromthe frane nenory 621 based on the area
information and 15 the m xture ratio a. In step S606, the covered area
processor 632 extracts the background conponents fromthe pixel val ues of
the pixels belonging to the covered hagkground area supplied fromthe
frame nmenory 621 based on the area information and 20 the m xture ratio a.
In step S607, the covered area processor 632 extracts the foreground

EZSESP@E%%@%%&H%%#%G rééwrﬁoi‘ﬂ%nﬂ%?%%ytr%i'f" S DR G
f t d_2 t 1 S608, th
Isgnﬂlg‘:l Izg% %g%nc%%q rrll}%cu&%eeoﬁr’e% o“}{“}pdzn%%%as%b? Qc[}he pi xel g bel ongi ng

to the (3§¥%%¥ug§gound area extracted in the processing of step S605
wi th the toreground coriponents of the pixels 5 belonging to the covered

?gf‘égm“”d ar @a Xt ?&E%‘ii 631t e ¢ @r 0CRTRIrAg Qe Eo%@%égrﬁik%zsy”t hesi zed
ground conponents are supplied to the synthes zer
synt hesi zg0 603 fdy ther Lo W%Sl&é‘eoﬂo'ﬁi—?é SRe oG -4 e 1
supplied from the frame memory 621 by the mixture ratio o,
and ocutputs the resulting pixel value to a switch 652. The
switch 652 is closed when the pixel of frame #n
(corresponding to the pixel in frame #n-1) supplied from the
10 frame memory 621 belongs to the covered background area, and
supplies the pixel value multiplied by the mixture ratio a
supplied from the multiplier 651 to a calculator 653 and the
synthesizer 634. The value obtained by multiplying the
pixel value of the pixel in frame #n-1 by the mixture ratio
15 o output from the switch 652 is equivalent to the background
components of the pixel value of the corresponding pixel in
frame #n.
The calculator 653 sﬁbtracts the background components
supplied from the switch 652 from the pixel value of the
20 pixel in frame #n supplied from the frame memory 621 so as
to obtain the foreground components. The calculator 653
supplies the foreground components of the pixel in frame #n
belonging to the covered background area to the synthesizer
633.

25 The synthesizer 633 combines the foreground components



foreground area supplied via the switch 602 with the 10 foreground
conponents supplied fromthe separating portion 601 so as to generate a
foreground conponent image. In step S609, -the synthesizer 634 conbines the
background conmponents of the pixels belonging to the uncovered background
area extracted in the processing of 15 step S604 with the background
components of the pixels belonging to the covered background area
extracted in the processing of step S606. The synt hesi zed. background
conponents are supplied to the synthesizger 605. The synthesizer 605
further conbines the pixels belonging to the 20 background area supplied
via the switch 604 wwth the background conponents supplied fromthe

separating portigon 601 so as to generate a background conmponent image. In
step S616F the §9ﬁ@H§stéPn@G§gbﬁgp HRECVESS %@Sﬁ@r88g%0ﬁéﬁ9 Pfge. In

step S611, the synthesizer 5 605 outputs .the background c onent i nmage.
The procé§§Fﬁde§y ERM LSS (78, CBgﬁgPétégg R&t%i§gﬁs§g§e§5838%hPhe °
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conponent “image consrsting of only the Toreground’ conponehts and the
backgs ound ¢ERREn R iSRG et s QY ¥rihe AaekHepRd egnRonents.

Adj ust nent's of the anount” of notion blur froma
The synthesizer 634 combines the background components

of the pixels belonging to the uncovered background area and
supplied from the switch 642 with the background components
of the pixels belonging to the covered background area and

10 supplied from the switch 652, and supplies the synthesized
background components to the frame memory 623.

The frame memory 623 stores the foreground components
and the background components of the pixels in the mixed
area of frame #n supplied from the separation processing

15 Dblock 622.

The frame memory 623 outputs the stored foreground
components of the pixels in the mixed area in frame #n and
the stored background components of the pixels in the mixed
area in frame #n.

20 By utilizing the mixture ratio a, which indicates the
feature quantity, the foreground components and the
background components contained in the pixel values can be
completely separated.

The synthesizer 603 combines the foreground components

25 of the pixels in the mixed area in frame #n output from the



10 foreground conponent image are described below. Fig. 80 is a block
diagramillustrating an exanple of the configuration of the notion-blur
adjusting unit 106. The notion vector and the positional infornmation
thereof supplied fromthe notion detector 102 and the area 15 information
supplied fromthe area specifying unit 103 are supplied to a
unit-of - processing determ ning portion 801 and a nodel-form ng portion
802. The area information supplied fromthe foreground/ background
separator 105 is supplied to the addgrggBQ4. 20 The unit-of - processing
determ ning portion 801 supplies, together with the notion vector, the
unit of processing that is generated based on the notion vector and the
positional infaormation thereof and t area i nformation to the nodel -

f or m ng p%erﬁa}r(?ﬁlé’t?z Poftd qhigLhb qbtg?s%j‘ﬁe’s( ATHMHPLFDIMS on 801

suppl i es enerated unit of ocessi he - 185 adder 804. As
i ndi cate Qoifg% i S8 %t fg%( r%] rtegd:founpﬁjr SR Gener at ed

by the unit_-of - pr.ocessi det erm rtlo dlcate consecutive
pi xel s ch%ﬂ? Sed i %tﬁ¥4¥ﬁﬁ) %ﬁf reg¥? q%1 % pi xel

cor respondina.fave f & Gouerad. backgr %dn@lxed Ledhe o agJOL#“d component

i mage un e p|xe corr éspondi ng to the uncovered ground area, or

RS corr esponﬁﬁﬂoﬁw‘iﬁ)fﬂor{ 2 mc?f}ﬁb&9 tq{er Sﬁdéél% S

fromthe pi er e uncovered background area until the
pi xel belonging to the background area so as to generate a

background component image.
Fig. 78A illustrates an example of the foreground
component image corresponding to frame #n in Fig. 74. The
10 leftmost pixel and the fourteenth pixel from the left
consist of only the background components before the
foreground and the background are separated, and thus, the
pixel values afe set to 0.
The second and fourth pixels from the left belong to
15 the uncovered background area before the foreground and the
background are separated. Accordingly, the background
components are set to 0, and the foreground components are
maintained. The eleventh through thirteenth pixels from the
left belong to the covered background area before the
20 foreground and the background are separated. Accordingly,
the background components are set to 0, and the foreground
cdmponents are maintained. The fifth through tenth pixels
from the left consist of only the foreground components,
which are thus maintained.

25 Fig. 78B illustrates an example of the background



corresponding to the covered background area. The unit of processing is
formed of two pieces of data which indicate, for exanple, the upper |eft
point (which is the position of the leftnost or the topnost pixel in the

i mge designated by 15 the unit of processing) and the | ower right point.
The nodel -form ng portion 802 forns a nodel based on the notion vector and
the input unit of processing. More specifically, for exanple, the

nodel -form ng portion 802 nay store in advance a plurality of nodels in
accordance with 20 the nunber of pixeligicontained in the unit of

processing, the nunmber of virtual divided portions of the pixel value in
the tinme direction, and the nunber of foreground conponents for each

SN RN I e e
and the frE b iyier g ot A St dne SRR AR VbR the time
cor sspord g 15 The i 1t o5 BT Rt SIS ol of

305 set's THadinid e e Bar Rt e T 1R £ 2 E U PR rmae
formeg ofpa@igiudd R ndiy £ H QR GPQNeNt s so that the leftnost 10

pi xel contains one foreground conponent, the second pixel fromthe |eft
contains two fraeegeRdnd &DIRRABBNEDUrtRE plikiel® from the left belong
to the uncovered background area before the foreground and
the background are separated. Accordingly, the foreground
components are set to 0, and the background components are
10 maintained. The eleventh through thirteenth pixels from the
left belong to the covered background area before the
foreground and the background are separated. Accordingly,
the foreground components are set to 0, and the background
components are maintained. The fifth through tenth pixels
15 from the left consist of only the foreground components, and
thus, the pixel values are set to 0.
The processing for separating the foreground and the
background executed by the foreground/background separator
105 is described below with reference to the flowchart of
20 Fig. 79. 1In step S601, the frame memory 621 of the
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+1.

25 In step S602, the separation processing block 622 of




pi xel fromthe left contains three foreground conponents, the fourth pixel
fromthe left contains four pixel conmponents, the fifth pixel fromthe

| eft contains five 15 foreground conponents, the sixth pixel fromthe left
contains five foreground conponents, the seventh pixel from the left
contains five foreground conponents, the eighth pixel fromthe |eft
contains five foreground conponents, the ninth pixel fromthe left
contains four foreground 20 conponents, the tenth pixel fromthe |eft
contains three foreground conponents,jgiohe el eventh pixel fromthe |eft
contains two foreground conponents, and the twelfth pixel fromthe |left
contai ns one foreground conponent. Instead of selecting a nodel fromthe

prestored nDdeIs 25 the nodel -form ng portion 802 nm generate a npdel
rsed on Lhe GFBA T st (A Wit A0 arip aﬁélmﬁeaofllbﬁ%és

o NSy s BLOESSELRS, 316 oL o gﬁﬁi)eﬂ‘é? "285m 5"
Th t tor 803 .

cuppht o0 10 T & g it 7 éﬁ%a&e ik DRI Thyen bel ow,
Wth ref eécﬁ”%%éaq_z{sf‘ech&%‘%lttuoﬁf Jbectlaoro‘?giuggﬂdi Cd"ﬂod?r?”é g}g:%&vn\#leo"‘“ I n

Fig. 82, equat’i ons generate e equdati on generator en the

nunbeg cﬁrgﬁgkegﬁgﬁgyiéqgﬂpq, ts is 8, the nunber of pixels correspondlng
to the unit of processing is 12, and the anount of novenent v is 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 supplied
from the frame memory 621 based on the area information and

10 the mixture ratio «.

In step S605, the uncovered area processor 631 extracts
the foreground components from the pixel values of the
pixels belonging to the uncovered background area supplied
from the frame memory 621 based on the area information and

15 the mixture ratio a.

In step S606, the covered area processor 632 extracts
the background components from the pixel values of the
pixels belonging to the covered background area supplied
from the frame memory 621 based on the area information and

20 the mixture ratio a.

In step S607, the covered area processor 632 extracts
the foreground components from the pixel values of the
pixels belonging to the covered background area supplied
from the frame memory 621 based on the area information and

25 the mixture ratio a.



When the foreground conponents contained in the foreground conponent inmage

corresponding to the shutter 15 tine/v are FOl/v through F08/v, the

rel ati onshi ps between FO01/v through FO08/v and the pixel values COl1 through
Cl2 can be expressed by equations .(148) through (159). COL = FO1/v(148)
02 = F02/v+F01/v(149) 20003 = F03/v+F02/v+Fd v(150) C04 =

FO04/ v+F03/ v+F02/ v+FA v(151) Q05 = FO5/v+F04/v+F03/v+F02/ v+FQ y(152) C06 =
FO6/ v+F05/ v+F04/ v+F03/ v+F02/ v(153) Q07 = FO7/v+F06/ v+F05/ v+F04/ v+F03/ v(154)
25C08 = FO08/v+F07/ v+FO6/ v+FCB/ v+FOA/ v (115H)- - 188 (09 =

FO8/ v+F07/ v+F06/ v+F05/v (156) Cl10 = F08/v+F07/v+FC6/v (157) di =

FO8/ v+F07/v (158) Cl12 = FO8/v (159) 5 The equati on generator 803 generatgs
an equation by di fyi the generated e u%%%fns. The equations generate
by the equati of* g&iidt &% 803 Are ™ CEEELy écﬁ%%%ogg{e}Goszgg?uggFOB/
171). = 01/ v+OF02/ v+OF03/[ v+09F04/ v+OROS5/v 10 + v+ v+ Y%
Eleog go%oﬁe‘irl‘gb’i‘ﬁ v%‘i%%‘?%%%o%‘é VRS RSB NILREGET VRS o7/ v+OF QB! v

(161) CDSuﬁEoJégggjﬂgéﬁgg dgéf§¥%§4é§%¥g¥€g§0§AVthe processing of

step S605 with the foreground components of the pixels

5 Dbelonging to the covered background area extracted in the
processing of step S607. The synthesized foreground
components are supplied to the synthesizer 603. The
synthesizer 603 further combines the pixels belonging to the
foreground area supplied via the switch 602 with the

10 foreground components supplied from the separating portion
601 so as to generate a foreground component image.

In step S609, the synthesizer 634 combines the
background components of the pixels belonging to the
uncovered background area extracted in the proceésing of

15 step S604 with the background components of the pixels
belonging to the covered background area extracted in the
processing of step 5606. The synthesized background
components are supplied to the synthesizer 605. The
synthesizer 605 further combines the pixels belonging to the

20 background area supplied via the switch 604 with the
background components supplied 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

25 605 outputs the background component image. The processing



+0OF06/ v+OF07/ v+OF08/ v (162) 15 C04 = 1F01/v+1F02/v+1F03/v+19F04/ v+0OF05/ v
+0OF06/ v+OF07/ v+OF08/ v (163) CO05 1F01/ v+1F02/ v+1F03/ v+l FO4/ v+19F05/ v

+0. FO6/ v+OF07/ v+OF08/ v (164) C06 = O FO1/v+1F02/v+1F03/v+1F04/v+1F05/v 20 -
+i . FO6/ v+OFO7/ v+OFO8/ v (165) CO7 = OF01/v+OF02/v+19F03/ v+19F04/ v+1FQ6/ v
+1F06/ v+1FOr7/ v+OFG8/ v (166) CO08 = 0 FO1/v+OF02/v+OF03/ v+1F04/ v+1F05/ v
+1F06/ v+1FO7/ v+19FO8/ v (167) 25 C09 = O09FOL/ v+OF02/ v+OF03/ v+0OF04/ v+1F05/ v
- 189 5 +1F06/v+1F07/v+1F08/v Cl0 =

00F01/ v+0F02/ v+0F03/ v+09F04/ v+0F05/ v 1id4Q6/ v+19FO7/ v+1F08/v Cl1 = 0

FO1/ v+0F02/ v+0F03/ v+0F04/ v+0F05/ v +0F06/ v+1F07/ v+1F08/v Cl2 =

09F01/ v+0F02/ v+0F03/ v+0F04/ v+09F05/ v +0F06/ v+0F07/ v+1F08/ v (168) (169)

d by equation
211(7))2)(171;@ tl_:hqéunatéoorglpsle(%efi(?.) t hrough (171) can be expresse y €eq

As discussed above, the foreground/background separator
105 is able to separate the foreground components and the
background components from the input image based on the area

5 information and the mixture ratio o, and outputs the

foreground component image consisting of only the foreground
components and the background component image consisting of
only the background components.

Adjustments of the amount of motion blur from a

10 foreground component image are described below.

Fig. 80 is a block diagram illustrating an example of
the configuration of the motion-blur adjusting unit 106.
The motion vector and the positional information thereof
supplied from the motion detector 102 and the area

15 information supplied from the area specifying unit 103 are
supplied to a unit-of-processing determining portion 801 and
a model-forming portion 802. The area information supplied
from the foreground/background separator 105 is supplied to
the adder 804.

20 The unit-of-processing determining portion 801 supplies,
together with the motion vector, the unit of processing that
is generated based on the motion vector and the positional
information thereof and the area information to the model-
forming portion 802. The unit-of-processing determining

25 portion 801 supplies the generated unit of processing to the



oe 10Qg =Yaij F [/ vi=01 (172) In equation (172), j designates the

position of the pixel: 1In this exanple, j has one of the values from1l to
12. In equation (172), i designates the position of the foreground val ue.
In this exanple, i has one of the values from1 to 8 15 In equation (172),
aij has the value 0 or 1 according to the values of i and j. Equation

(172) can be expressed by equation (173) in consideration of the error. os
g =2Zaj F [/ v+e 1=01(173) 20 In equation (173), e designates the
error contained in the designated pixgk G . Equation (173) can be nodified
into equation (174). - 190 08 e =G - Eaij F [/ v i=01 (174) In order

to apply the nethod of |east squares, the square sumE of the error is
defined as equation (175). 12
adder 804.

As indicated by A in Fig. 81, for example, 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 is formed of two pieces of data which indicate,
for example, the upper left point (which is the position of
the leftmost or the topmost pixel in the image designated by
15 the unit of processing) and the lower right point.

The model-forming portion 802 forms a @odel based on
the motion vector and the input unit of processing. More
specifically, for example, the model-forming portion 802 may
store in advance a plurality of models in accordance with

20 the number of pixels contained in the unit of processing,
the number of virtual divided portions of the pixel value in
the time direction, and the number of foreground components
for each pixel. The model-forming portion 902 then may
select the model in which the correlation between the pixel

25 wvalues and the foreground components is designated, such as



E_I| e2 (175 =01 51n order to mnimze the error, the parti al
differential value using the variable Fk with respect to the square sumE
of the error should be 0. Fk is determ ned so that equation (176) is '

satisfied. a E12j =2 le} -Fk J=01 Xk 12 08 =2 | ZaijFi/v)(-akj/v) =
0 j=01i=01 (176) 10 In equation (176), since the ampunt of novement v is
a fixed value, equation (177) can be deduced. 12 08 lakj(Qg - laijFi/v) =0

j=01 i=01 (177) To expand equation (177) and transpose the terns, equation
(178) can be obtained. 12 08 12 15 2(g@kkZaijFi)=vl:aVv.g J=01 1=01 J=01
(178) Equation (178) is expanded into eight equations by substituting the
I ndi vidual integers froml1l to 8 into k in

that in Fig. 82, based on the unit of processing and the
number of virtual divided portions of the pixel value in the
time direction.
It is now assumed, for example, that the number of
5 pixels corresponding to the unit of processing is 12, and
that the amount of movement v within the shutter time is 5.
Then, the model-forming portion 802 sets the number of
virtual divided portions to 5, and selects a model formed of
eight types of foreground components so that the leftmost
10 pixel contains one foreground component, the second pixel
from the left contains two foreground components, the third
pixel from the left contains three foreground components,
the fourth pixel from the left contains four pixel
components, the fifth pixel from the left contains five
15 foreground components, the sixth pixel from the left
contains five foreground components, the seventh pixel from
the left contains five foreground components, the eighth
pixel from the left contains five foreground components, the
ninth pixel from the left contains four foreground
20 components, the tenth pixel from the left contains three
foreground components, the eleventh pixel from the left
contains two foreground components, and the twelfth pixel
from the left contains one foreground component.
Instead of selecting a model from the prestored models,

25 the model-forming portion 802 may generate a model based on



equation (178). The obtai ned ei ght equations can be expressed by one
matrix equation. This equation is referred - 191 to as a "nornal
equation”. An exanple of the normal equation generated by the equation
generator 803 based on the nethod of |east squares is indicated by
equation(179). 5 F 12 1 G 1=08 11 G 54321000F01li =07 10 45432100F022] C
i =06 34543210F0309 23454321F04C =vi =05 (179) 08 12345432F05C
01234543F06i =04 07 00123454F07C

- 187 -

the motion vector and the unit of processing when the motion
vector and the unit of processing are supplied.

The model-forming portion 802 supplies the selected
model to an equation generator 803.

5 The equation generator 803 generates an equation based
on the model supplied from the model-forming portion 802.

A description is given below, with reference to the
model of the foreground component image shown in Fig. 82, of
equations generated by the equation generator 803 when the

10 number of foreground components is 8, the number of pixels
corresponding to the unit of processing is 12, and the
amount of movement v is 5.

When the foreground components contained in the

foreground component image corresponding to the shutter
15 time/v are F0l/v through F08/v, the relationships between
FO0l/v through F08/v and the pixel values C0l1 through Cl2 can

be expressed by equations (148) through (159).

C01 = FOl/v (148)
C02 = FO02/v+F01/v (149)
20 C03 = F03/v+F02/v+F0lv (150)
C04 = F04/v+F03/v+F02/v+FOlv (151)
C05 = FO05/v+F04/v+F03/v+F02/v+FO0lv (152)
C06 = F06/v+F05/v+F04/v+F03/v+F02/v (153)
C07 = FO7/v+F06/v+F05/v+F04/v+F03/v (154)

25 C08 = FO08/v+F07/v+F06/v+F05/v+F04/v (155)



00012345F08i =03 06 G 1=02 05 When equation (179) is expressed by AF=vC,
C, A and v are known, and F is unknown. A and v are known when the 10
nodel is formed, while C becones known when the pixel value 1is input in
the addition processing. By cal culating the foreground conponents according
to the normal equation based on the nethod of |east squares, the error
contained in the pixel C can be distributed. 15 The equati on generator 803
supplies the nornmal equation - 192 generated as di scussed above to the
adder 804. The adder 804 sets, based- argg he unit of processing supplied
fromthe unit-of-processing determning portion 801, the pixel value C
contained in the foreground conponent 5 inmage in the matrix equation

?r?;lf?! :xef'nf whi éfe@e R R vs+F§>d Mo 5 cal ou 2? ot TRBE. i;rﬁe;he
80 F [ [
b ur i5 ol i m RACT BTV GeeRoEy 10 based on a sol UETBAL Such as a

sweep- out net L n elimnation), so as to ob
correspondingQﬁb |G%lﬂ)§3SV g one of the integers fron1i?$€)8 which is

the Cl2 = FO8/v (159)

3 The equation generator 803 generates an equation by
modifying the generated equations. The equations generated
by the equation generator 803 are indicated by equations
(160) though (171).

COL = 1eF0l/v+0eF02/v+0eF03/v+0eF04/v+0eF05/v
10 +0eF06/v+0eF07/v+0eF08/v (160)

C02 = 1leF(01/v+1eF02/v+0eF03/v+0eF04/v+0eF05/v
+0eF06/v+0eF07/v+0eF08/v (161)

CO03 = 1eF01l/v+1eF02/v+1eF03/v+0eF04/v+0eF05/v
+0eF06/v+0eF07/v+0eF08/v (162)

15 C04 = leF0l/v+1eF02/v+1eF03/v+1eF04/v+0eF05/v
+0eF06/v+0eF07/v+0eF08/v | (163)

C05 = 1eF01/v+1eF02/v+1eF03/v+1eF04/v+1eF05/v
+0eF06/v+0eF07/v+0eF08/v (164)

C06 = QeF01l/v+1eF02/v+1eF03/v+1eF04/v+1eF05/v
20 +1eF06/v+0eF07/v+0eF08/v (165)

C07 = 0eF01l/v+0eF02/v+1eF03/v+1eF04/v+1eF05/v
+1eF06/v+1eF07/v+0eF08/v (166)

C08 = 0eF01/v+0eF02/v+0eF03/v+1eF04/v+1eF05/v
+1eF06/v+1eF07/v+1eF08/v (167)

25 C09 = QeF01/v+0eF02/v+0eF03/v+0eF04/v+1eF05/v



pi xel value fromwhich notion blur is elimnated. The cal culator 805 then
out puts the foreground conponent inmage 15 consisting of the pixel values F
wi t hout notion blur, such as that in Fig. 83, to a notion-blur adder 806
and a selector 807. In the foreground conponent imge w thout notion blur
shown in Fig. 83, the reason for setting FO1 through FO8 in 20 CO3 through
Cl10, respectively, is not to change the position of the foreground
conponent image with respect to the screen. However, FOL t hrough FO8 may
be set in any desired positions. Themsti-on-blur adder 806 is able to

adj ust the anount of notion blur by adding the anount v' by which notion
blur 25 is adjusted, which is different fromthe anount of novenent - 193
v, for exanple, the anount V'

one_halthhe vélue_of tge aﬁﬂdﬁ¥62?+&ﬁ562tlo¥ %AélY theaghgﬁanV”mg;cahgih
R R I A e
f oreground plxel val ue Fi +Hh?5%/ ?.987?%y{?§5%/the amount Qy whi ch

notion bl ur |s adj usted so as oreground conponent Fi/lv'.

The ot orviblurg.rBdg6t o396, DED £0b £yl dU AR a4E/QT Lhe foreground 10

conponents |/v , ereby generating t I'xel value in which the anopunt
of mogion blur is adjusted. +ﬁqgogzg¢@L§@7/y¢@wpd@ anount Vv' Ry gwhi ch

notion blur is adjusted is-3 e pi xel val ue 2 is set to (FO1)/v', the
pi xel valdi® G 0eF01/v+0eF02/v+0eF03/v+0eF04/v+0eF05/v
+0eF06/v+0eF07/v+1eF08/v (171)
Equations (160) through (171) can be expressed by

equation (172).

[k}
10 Cj= ) aij -Fi/wv (172)

i=01

In equation (172), j designates the position of the pixel.
In this example, j has one of the values from 1 to 12. 1In
equation (172), i designates the position of the foreground
value. In this example, i has one of the values from 1 to 8.
15 In equation (172), aij has the value 0 or 1 according to the
values of i and j.
Equation (172) can be expressed by equation (173) in

consideration of the error.

08
> aij -Fi /v + e] (173)
1=01

20 In equation (173), ej designates the error contained in the

designated pixel Cj.

Equation (173) can be modified into equation (174).




is set to (FO1+F02)/v', the pixel value C04 is set to 15 (FO1+F02+F03)/vVv',
and the pixel value CO5 is set to (FO2+FO03+F04)/v'. The notion-bl ur adder
806 supplies the foreground conponent image in which the amount of notion
blur is adjusted to a selector 807. 20 The sel ector 807 sel ects one of the
foreground conponent inmage w thout notion blur supplied fromthe

cal cul ator 805 and the foreground conponent image in which the anount of
notion blur is adjusted supplied fromthe notion-blur adder 806 based on a
sel ection signal reflecting 25 a user'iggsel ection, and outputs the sel ected
foreground - 194 conponent inmage. As di scussed above, the notion-blur
adjusting unit 106 is able to adjust the anmount of notion blur based on
the selection sigpal and the anmount v' by which motion blur is 5

adj usted. =se._j02;%§3qugv,@hen the nunber of pixels corregpgpding to
the unit prace§=lng is 8, and the ambunt of novenent v is 4, as shown
in Fig. 85, the notion-blur adjusting unit 106 generates a matri x equati on

expressed by 110 equat | on_(180), FO8 1114043210505, Sefle3 2 1 FO2

square sum E of the error i1s defined as equation (175).

12
E= ) ef (175)

=01

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 (176) is satisfied.

OE 2 dej
Fx =2 2w

j=01

12 08 (176)
=2-2(Cj- D aij-Fi/v)-(akj/v) =0
3=01 1=01
10 In equation (176), since the amount of movement v is a
fixed value, equation (177) can be deduced.
12 08
D akj-(Cj- D aij-Fi/v) =0 (177)

3=01 t=01

To expand equation (177) and transpose the terms,

equation (178) can be obtained.

12 08 12
15 D (akj-D.aij-Fiy=v) akji-Cj (178)
J=01 1=01 Jj=01

Equation (178) is expanded into eight equations by
substituting the individual integers from 1 to 8 into k in
equation (178). The obtained eight equations can be

expressed by one matrix equation. This equation is referred



23432F03 12343F04 01234F055i=05 070G =vi=04 06 G
(180) i=03 05 G =02 041 G] i =01 In this manner, the notion-blur
adjusting unit 106 calculates Fi, which is the pixel value in which the
anount 15 of notion blur is adjusted, by setting up the equation in
accordance with the length of the unit of processing. Simlarly, for _
exanpl e, when the nunber of pixels contained in the unit of processing is
100, the equation corresponding to 100 pixels is generated so as to
calculate Fi. - 195 Fig. 86 illustrattes an exanpl e of another
configuration

to as a "normal equation".
An example of the normal equation generated by the
equation generator 803 based on the method of least squares

is indicated by equation (179).

5 43210 0 0]FO1] 1=07
454321 0 0[F02 > ci
3 45432 1 0|F03 N
2 345 43 2 1|Fo04 ;05‘31 '
123454321;05=V'§:Ci (179)
0123 45 4 3[F06 )
00123 45 4|F07 iCi
0001 23 4 5|F08] £=03

When equation (179) is expressed by AeF=veC, C, A, and v
are known, and F is unknown. A and v are known when the
10 model is formed, while C becomes known when the pixel value
is input in the addition processing.
By calculating the foreground components according to
the normal equation based on the method of least squares,
the error contained in the pixel C can be distributed. |

15 The equation generator 803 supplies the normal equation



of the notion-blur adjusting unit 106. The sane elenents as those shown in
Fig. 80 are designated with |like reference nunerals, and an expl anation
thereof is thus onmtted. 5 Based on a selection signal, a selector 821
directly supplies an input notion vector and a positional signal thereof
to the unit-of-processing determning portion 801 and the nodel-form ng
portion 802. Alternatively, the selector 821 nay substitute the magnitude
of the notion 10 vector by the anobunt v' by which notion blur is adjusted,
and then supplies the notion vector-apgpthe positional signal thereof to
the unit-of-processing determ ning portion 801 and the nodel -form ng unit
802. Wth this arrangenent, the unit-of-processing 15 determ ning portion

801 t hrough the cal cul ator e Lon- | ur justing unit 106 shown
in Fig. 96n&ratsgl ast Glsﬁafﬁgg ?ESVSHBBHEB FFoﬂaglur ingaccordance with

h
;dfgsﬁggun%o?%gggﬁgif ﬁggﬁ%hgﬁggﬁgq%?vﬁgbgﬁgp Ch W§£6§% an the anount
V' ti dj i
det e?/m n%ﬁﬁpgnﬁlfl?gﬁog‘g%hteﬁrug’dj %tfe—gnjo S gforel%&gmgilﬁg t| on- %q ur
adlust'“Qh%“h%x%96v§m§£“ﬁ ﬁnEggne§6lﬁX%ﬁut@ogegpahﬁaieemﬁengne f or eground

conponent anount of novenent v IS own in Fig. 25 82

S el 8, SRRt g g Mttt
motion blhuhhaybpgghRe amRUNhdder 804 supplies the matrix in which
the pixel value C is set to a calculator 805.
The calculator 805 calculates the foreground component
Fi/v from which motion blur is eliminated by the processing
10 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
pixel value from which motion blur is eliminated. The
calculator 805 then outputs the foreground component image
15 consisting of the pixel values Fi without motion blur, such
as that in Fig. 83, to a motion-blur adder 806 and a
selector 807.
In the foreground component image without motion blur
shown in Fig. 83, the reason for setting FOl through F08 in
20 CO03 through C10, respectively, is not to change the position
of the foreground component image with respect to the screen.
However, F0l1l through F08 may be set in any desired positions.
The motion-blur adder 806 is able to adjust the amount
of motion blur by adding the amount v' by which motion blur

25 is adjusted, which is different from the amount of movement




of novenment v of (anmount of novenent v)/(amount v' by which notion
adjusted) = 5/3, i.e., about 1.7 is obtained. 5 In this case, the

ed i mage does not contain notion blur corresponding to the anount
of novenment v of 3. Accordingly, it should be noted that the relationship

cal cul at

bet ween

t he amount of novement v and the anount v' by which notion

bl ur

bl ur

is

is

adjusted is different fromthe result of the 10 notion-blur adder 806. As

di scussed above,

in accordance with the amobunt of noveggnt v and the unit of process
and sets the pixel values of the foreground conmponent image in the
generated 15 equation, thereby cal culating the foreground conponent
in which the amount of motion blur is ggju ted. The Erggesstng for

cOHt 4

adj usti ny -t GeraRBaRPLEF HBE BRBRGT Vv

ned PRMR

i mage execyt ed t he .mption-blur _adjusti unit 106 i s descri bed b
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divides the foreground pixel value Fi without motion blur by
the amount v' by which motion blur is adjﬁsted 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 motion blur is adjusted is-3,
the pixel value C02 is set to (F0l)/v', the pixel value C3
is set to (FO01+F02)/v', the pixel value C04 is set to
(FO1+F02+F03) /v', and the pixel value CO05 is set to
(FO2+F03+F04) /v'.

The motion-blur adder 806 supplies the foreground
component image in which the amount of motion blur is
adjusted to a selector 807.

The selector 807 selects one of the foreground
component image without motion blur supplied from the
calculator 805 and the foreground component image in which
the amount of motion blur is adjusted supplied from the
motion-blur adder 806 based on a selection signal reflecting

a user's selection, and outputs the selected foreground

i ng,

i mage

el ow

r and

orm ng
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the notion-blur adjusting unit 106 generates the equation

P&Egr-8und conponent




unit of processing. In step S803, the equation generator 5 803 generates
the normal equation based on the selected nodel. In step S804, the adder
804 sets the pixel values of the foreground conponent inage in the
generated norrmal equation. In step S805, the adder 804 determ nes whet her
10 the pixel values of all the pixels corresponding to the unit of
processing are set. If it is determned that the pixel values of all the
pi xel s corresponding to the unit of processing are not yet set, the
process returns to step S804, and Lhegprocessing for setting the pixel
values in the 15 nornmal equation is repeated. If it is determned in step
S805 that the pixel values of all the pixels corresponding to the unit of
processing are set, the process proceeds to step S806. In step S806, the
cal cul at 6PMBOBERA| ¢WREEes t he pixel values of the 20 foreground in which

the anmount of_ notion blur is adjusted based on the normal equatj in
whi ch the pix®$ IhaFcISed APLER: sUppITRH 95 ¢ ‘E%eacngﬁ%i?l%i?rglﬁ’leﬂgé]ocessi ng

is then ,co eted. As djiscussed above, the.notjon-b]ur adjusti unit 106
25 is abf@ ¢ SdFBs?dPHﬁkaﬁgﬁn?m8PnﬁnPFoﬂogﬁﬁP %?ufh a§e§9§g %%?gground

i rage contai ning notion. bl ur sed_aon_the, iop. ye n e;area
infgrnatF82?c#ﬁ§P pionpt ngpgg iBPeuP% Xd?ﬁ%twﬁhgxaﬁ%ga?ﬁoglﬁgt%%n bl ur
contqgnegdgﬂsagg_pixel val ues, that is, contained in

Also, for example, when the number of pixels
corresponding to the unit of processing is 8, and the amqunt
of movement v is 4, as shown in Fig. 85, the motion-blur
adjusting unit 106 generates a matri# equation expressed by

10 equation (180).
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In this manner, the motion-blur adjusting unit 106
calculates Fi, which is the pixel value in which the amount
15 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 contained
in the unit of processing is 100, the equation corresponding

to 100 pixels is generated so as to calculate Fi.



5 sanpled data. As is seen fromthe foregoing description, the signal
processor 12 shown in Fig. 4 is able to adjust the anount of notion blur
contained in the input imge. The signal processor 12 configured as shown
.in Fig. 4 is able to 10 calculate the mxture ratio a, which is enbedded
information, and outputs the calculated mxture ratio a. Fig. 88 is a

bl ock diagramillustrating another exanple of the configuration of the
notion-blur adjusting unit 106. The notion vector and the positional
information thereof 15 supplied from tileg ooti on detector 102 are supplied
to a unit-of-processing determning portion 901 and an adjusting portion
905. The area information supplied fromthe area specifying unit 103 is

supplied to the unit-of-processin determ ning portion 901. The foreground
coﬁgonent inagégzoséu&ﬁﬂgé&rﬁFﬁﬁlgﬁeeFGW@éFoGﬁdPBSERéFoGHBfégﬁﬁﬁéﬂep 105 i s

201" supplTied e P WA RS TS G Medior- O RS GLIOEebeing
gener ot LR, 1 Y RSO GRS Ay ettt o) |
e oA 0 AP SR IR R ) e R vect o e e
baseds 5 on thgspRdgh supBhEed:ibRoM:LAS1M™deLa) QERLRISRYN b 8297

supplies an input motion vector and a positional signal

thereof to the unit-of-processing determining portion 801

and the model-forming portion 802. Alternatively, the

selector 821 may substitute the magnitude of the motion

10 vector by the amount v' by which motion blur is adjusted,
and then supplies the motion vector 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

15 determining portion 801 through the calculator 805 of the
motion-blur adjusting unit 106 shown in Fig. 86 are able to
adjust the amount of motion blur in accordance with the
amount of movement v and the amount v' by which motion blur
is adjusted. For example, when the amount of movement is 5,

20 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 106 shown
in Fig. 86 execute computation on the foreground component

image in which the amount of movement v is 5 shown in Fig.

25 82 according to the model shown in Fig. 84 in which the



A description is now given, wth reference to the nodels of foreground
conponent inmages shown in Figs. 89 through 91, of an exanple of the
equation generated by the equation generator 903 when the nunber of
foreground 10 conponents is 8, the nunber of pixels corresponding to the
unit of processing is 12, and the amobunt of novenment v is 5. \Wen the

f oreground conponents contained in the foreground conponent inmage
corresponding to the shutter tine/v are FOl/v through FO08/v, the

rel ati onshi ps between 15 FO1l/v throughgFO8/ v and pi xel values COL through
Cl2 can be expressed by equations (148) through (159), as stated above. By
considering the pixel values Cl2 and C 1, the pixel value Cl2 contains

ly the f d t FO08/ 181 d
the pi xipn\%é% o By R ehe Mordons DNE . iPcaBitstes oF ﬁq“a%%?%gﬁouné "
conmponen d the f d di h
fo?‘égrouﬁ& SEbpolBAt LEOIRY c%é%%%%gﬁn%%ﬁe%aa gﬁvem R Ehafot 15

(181)  EQ7Ly, 2 Cl- C12(382), 28 Sihlarheby) 59054861 QU Ll fgceroun:

conponen? the |xe value rou h

o cor oo Rt 3 FORC AU SOLT B8 Beghgontotys vl (109
(184)5 %94& is gg§e§o%hglgghculated image does not contain motion
blur corresponding to the amount of movement v of 3.
Accordingly, it should be noted that the relationship
between the amount of movement v and the amount v' by which
motion blur is adjusted is different from the result of the
10 motion-blur adder 806.

As discussed above, the motion-blur adjusting unit 106
generates the equation in accordance with the amount of
movement v and the unit of processing, and sets the pixel
values of the foreground component image in the generated

15 equation, thereby calculating the foreground component image
in which the amount of motion blur is adjusted.

The processing for adjusting the amount of motion blur
contained in the foreground component image executed by the
motion-blur adjusting unit 106 is described below with

20 reference to the flowchart of Fig. 87.

In step S801, the unit-of-processing determining
portion 801 of the motion-blur adjusting unit 106 generates
the unit of processing based on the motion vector and the
area information, and supplies the generated unit of

25 processing to the model-forming portion 802.



FO3/v = CO7- C08+Cl2 (186) FO2/v = C06-C07+C | -C 2 (187) FOl/v =
C05- C06+C10-C11 (188) 10 The equati on generator 903 generates the equations
for calculating the foreground conponents by the difference between the
pi xel val ues, as indicated by the exanples of equations (181) through
(188). The equation generator 903 supplies the generated equations to the
cal cul ator 904. 15 The cal cul ator 904 sets the pixel values of the
foreground conponent image in the equations supplied from the equation
generator 903 so as to obtain the foreground conponents based on the
equations in which the pixel values are set. For exanple, when equations
(181) through (188) 20 are supplied fromthe equation generator 903, the
cal culator 904 sets the pixel values CO5 through, Cl2 ipn equations (181)
t hrough (188) InTREeRafBlP at BReoBadesr EQFALRY PﬂgtFBPeébguﬂg g%ﬁponents
based on the equations . in which the pixel values are set. 25 For. exanple,
t he calc@P&ﬁGP—géﬂrc&Péﬁpéﬁgg Pﬁétfégggﬁgﬁﬁ&tﬁ 261 9°05mp ﬁénFEeF01/v
t hrough FO , .as _sho in Fig..9 based_.on the_cal cul ati.ons, of equations
(185 e nPBag laar Phaantes nlto theeanountugs By ePRRS.oh Rl Beedor . The
cal cul at or..90 | i .the fare n np n EQ1/ FO8/v to
218085 BRBICLER 10° 1 9t day N SIS LY gie%aggtegq

t he adj usting portion ‘"Thé a I'ng portion I't'es the

foreggounds ¢RARYAGRLS +SUPRlHd 1f EAMatASnC BacWlikar +8Q4 sRY cLReqamunt  of
model.
In step S804, the adder 804 sets the pixel values of
the foreground component image in the generated normal
equation. In step S805, the adder 804 determines whether
10 the pixel values of all the pixels corresponding to the unit
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
15 normal equation is repeated.
If it is determined in step S805 that the pixel values
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
20 foreground in which the amount of motion blur is adjusted
based on the normal equation in which the pixel values are
set supplied from the adder 804. The processing is then
completed.
As discussed above, the motion-blur adjusting unit 106

25 is able to adjust the amount of motion blur of the



novenent v contained in the notion vector supplied fromthe

unit-of -processing determning portion 901 so as to obtain 10 the
foreground pixel values fromwhich nmotion blur is elimnated. For exanple,
when the foreground conponents FO1/v through FO8/v are supplied fromthe
cal cul ator 904, the adjusting portion 905 nultiples each of the foreground
conponents FO1l/v through FO8/v by the anmount of novenent v, 15 i.e., 5, so
as to obtain the foreground pixel values FO1 through FO8 from which notion
blur is elimnated, as showmm in Fig.194.-The adjusting portion 905
supplies the foreground conponent inage consisting of the foreground pixel
values 20 wi thout notion blur calcul ated as descri bed above to a

noti on-bl.ur adder 906 and a selector 907. The notion-bl ur, adder,_ 906 is able
to adj ustOFRETANBANIMEGE ﬁB?F%han%rmB§lﬁ§iﬂgufhga fRuRE Eﬁebwoﬁh?%h not i on

blur 1is adLusted, mﬂich is di&%eregt fromthe amount of novenent 25 v,
for exanBFETOThRRAnbift 2Fe2 by MRFRAHB i on blur is - 202 adjusted, which

is one half the val ue of the anp of Ve v, e t v' b

whi ch noti on ﬂfa(ﬁ 1% Ja%jltﬁst%%s,smechtol sanél%rl%ge]{fegl%entar?%urﬁgeogrrrmlgéu%r}tonof y :
novenent.y. I S i j 8 he_not.lon: der 906 5

di vi des ?%%rfggéaggﬁn %?xgﬁevggﬁglF?amfgﬁbu?hﬁ%t?%h %?ﬁ?agégat e anount V'

by whj choopbi @8 QLyy is adjusted so as to obtain the foreground conponent
Fi/lv'. Tﬁe %Dt?on-géur adder 906 then cal cul ates the sum of the foreground

As is seen from the foregoing description, the signal
processor 12 shown in Fig. 4 is able to adjust the amount of
motion blur contained in the input image. The signal
processor 12 configured as shown in Fig. 4 is able to

10 calculate the mixture ratio a, which is embedded information,
and outputs the calculated mixture ratio «a.

Fig. 88 is a block diagram illustrating another example
of the configuration of the motion-blur adjusting unit 106.
The motion vector and the positional information thereof

15 supplied from the motion detector 102 are supplied to a
unit-of-processing detérmining portion 901 and an adjusting
portion 905. The area information supplied from the area
specifying unit 103 is supplied to the unit-of-processing
determining portion 901. The foreground component image

20 supplied from the foreground/backgrbund separator 105 is
supplied to a calculator 904.

The unit-of-processing determining portion 901 supplies,
together with the motion vector, the unit of processing
generated based on the motion vector and the positional

25 information thereof and the area information to a model-



conponents Fi/v', thereby generating the pixel value in 10 which the
anmount of notion blur is adjusted. For exanple, when the anount v' by

whi ch notion blur is adjusted is 3, the pixel value C02 is set to
(FO1)/v', the pixel value C3 is set to (FO1+F02)/v', the pixel value C04
is set to (FO1+F02+F03)/v', and the pixel value C05 is set to 15
(FO2+F03+F04)/v'. The notion-blur adder 906 supplies the foreground
conponent image in which the anount of notion blur is adjusted to the

sel ector 907. The selector 907 sel ectggei ther the foreground 20 conponent
i mge W thout notion blur supplied fromthe adjusting portion 905 or the
foreground conponent image in which the anmount of notion blur is adjusted
supplied from the mytio Blur adder 906 based on a sel ection signal
reflecti §EE¥E§bP°§t§€Pe§plon and outputs the selected 25 foreground

t As di d _abgye, _.th ti t t
106 15 abl o P8eaBpasi- Fﬂ’é‘“éﬂ%ﬁﬁ?’g f-oﬁn%ﬁnfarﬁﬁ”%aéﬁﬁ brbengd 88l ecti on

signal and t Aamunt ‘b h not i n bI i adj ust.ed. 5 The
proce55|%%efor nungnﬁrt%e ann&nﬁng §S€F C%FSlﬁg ‘foreground

R Rl Pt e T

88 is describe oW W't erence t In step

S901, 5t hg R floaR10cEDp118ddeL B MRl Giode 1 - forming portion 902.

A description is now given, wiﬁh reference to the
models of foreground component images shown in Figs. 89
through 91, of an example of the equation generated by the
equation generator 903 when the number of foreground
10 components is 8, the number of pixels corresponding to the
unit of processing is 12, and the amount of movement v is 5.
When the foreground components contained in the
foreground component image corresponding to the shutter
time/v are F0l1/v through F08/v, the relationships between
15 FOl/v through F08/v and pixel values CO0l through Cl2 can be
expressed by equations (148) through (159), as stated above.
By considering the pixel values Cl2 and Cl1l, the pixel
value Cl2 contains only the foreground component F08/v, as
expressed by equation (181), and the pixel value Cl1
20 consists of the product sum of the foreground component
F08/v and the foreground component F07/v. Accordingly, the
foreground component FO07/v can be found by equation (182).
F08/v = Cl2 (181)

FO7/v

Cll-Cc1lz2 (182)

25 . Similarly, by considering the foreground components



10 portion 901 of the notion-blur adjusting unit 106 generates the unit of
processi ng based on the notion vector and the area information, and
supplies the generated unit of processing to the nodel-form ng portion 902
and the adjusting portion 905. 15 In step S902, the nodel -form ng portion
902 of the notion-blur adjusting unit 106 selects or generates the nodel
according to the anount of novenent v and the unit of processing. In step
S903, the equation generator 903 generates, based on the selected or
generated nodel, the 20 equations fopggalcul ating the foreground
conponents by the difference between the pixel values of the foreground
conponent inmage. In step S904, the cal cul ator 904 sets the pixel values of
t he foreground conponent inage in_the %Fnerated equations, 25 and extracts
t he fore%PBEﬁ&négnﬁBnéﬁﬁspﬁﬁe&sWﬁéu@ﬁe 102¢hrogohf EPdncéhiset wveen t he pi xe
val ues based on t in which the pixel values are set. In step

e equations
S905, th °r8§F8HP§t8P QG&eBEFeFHﬁﬁgstﬁﬁéPH@r%QPVVtﬁénfgﬁeéPBGﬁdeconponents
corresponding.to t nit . of ocC ing have been 5 extracted. If it is
detern?n%&uF%éPnglﬂﬁéﬁé %BfgﬁgéuﬁgigéonﬁSﬁBﬁF§188}Vesponding to the unit of
processi ng h?ﬂ@eﬁ9t= g?ggcfftracted, t he process returnﬁlhg)step S904, and

the processing for extracting the foreground conponents repeated. 10
If itsis detepgiped.ify§lepyS905 that all the (184)
F04/v = C08-C09 (185)
F03/v = C07-C08+C12 (186)
FO02/v = C06-C07+Cl1l-C12 (187)
FO0l/v = C05-C06+C10-Cl1 (188)
10 The equation generator 903 generates the equations for

- calculating the foreground components by the difference
between the pixel values, as indicated by the examples of
equations (181) through (188). The equation generator 903
supplies the generated equations to the calculator 904.

15 The calculator 904 sets the pixel values of the
foreground component image in the equations supplied from
the 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 (181) through (188)

20 are supplied from the equation generator 903, the calculator
904 sets the pixel values C05 through Cl12 in equations (181)
through (188).

The calculator 904 calculates the foreground components
based on the equations in which the pixel values are set.

25 For example, the calculator 904 calculates the foreground



f oreground conponents corresponding to the unit of processing have been
extracted, the process proceeds to step S906. In step S906, the adjusting
portion 905 adjusts each of the foreground conmponents FO1l/v through FO8/v
supplied 15 fromthe cal cul ator 904 based on the anpunt of nobvenment vso
as to obtain the foreground pixel values FOl1/v through FO8/v from which
notion blur is elimnated. In step S907, the notion-blur adder 906
calcul ates the foreground pixel values in which the anount of notion blur
20 is adjusted, and the selector 907 sghects the inmage w thout notion blur
or the image in which the anount of notion blur is adjusted, and outputs
the selected i nage. The processing is then conpleted. As described above,
the nmotion-blur adju & ni t 5 confi ured as_shown in Flg 88 is
§ Vzé d;

abl e to FOPECEEBES: F rogd u§98 vi 88 B BWnantﬁégfopggrBéﬁ i mage
echni quts SR SRLeaLE 515%7# aﬁﬁﬁagﬁ%bg‘éﬁéﬂﬁ"%%ﬁ%ﬁogi8§>vﬁﬁﬁﬁ? filter,
o o1 ccpygnas Belas visdLnchie B dhabantstgr b L qpaol sl 1l on
S e A et et e O

contq;nlggrgggﬁe 8bpvlgo PockggﬁﬁgghﬁgtPPlglghl gheate notion blur with high

precision. Fi agramiflustrating anot her
The adjusting portion 905 multiplies the foreground

components supplied from the calculator 904 by the amount of
movement v contained in the motion vector supplied from the
unit-of-processing determining portion 901 so as to obtain
10 the foreground pixel values from which motion blur is
eliminated. For example, when the foreground components
FO0l/v through F08/v are supplied from the calculator 904,
the adjusting portion 905 multiples each of the foreground
components F0l/v through F08/v by the amount of movement v,
15 i.e., 5, so as to obtain the foreground pixel values FO01
through F08 from which motion blur is eliminated, as shown
in Fig. 91.
The adjusting portion 905 supplies the foreground
component image consisting of the foreground pixel values
20 without motion blur calculated as described above to a
motion-blur adder 906 and a selector 907.
The motion-blur adder 906 is able to adjust the amount
of motion blur by using the amount v' by which motion blur
is adjusted, which is different from the amount of movement

25 v, for example, the amount v' by which motion blur is



configuration of the function of the signal processor 12 when the

m xture-ratio cal culator 104 has the configuration shown in Fig. 63. 15

- The elenents simlar to those shown in Fig. 4 are designated with |ike
reference nunerals, and an explanation thereof is thus omtted. The area
speci fying unit 103 supplies area information to the mxture-ratio
cal cul ator 104 and a synthesizer 1001. 20 The m xture-ratio cal culator 104
supplies the mxture ratio a to the foreground/ background separator 105 and
the synthesizer 1001. The foregroundppackground separator 105 supplies the
foreground conponent image to the synthesizer 1001. 25 The synt hesizer 1001
conbi nes a certain background - 206 imge with the foreground conponent

i mge supplied fromthe foreground/background separator 105 hased on the
m xture addmisged suppiched st Pom DRe Initheurelng: od taec MUt 284 and the

area information supplied fromthe area specifying unit 5 103, and outputs
t he syntW@?F?@HtiNag@riﬁ%ﬁhﬁpﬁupﬁevbe ?aﬁﬁlcba§ﬁ538ﬁnbﬁﬁﬁhd§ and the

o or QU ERTIANSRE LIRS 90 SRR, SRl RIS o,
1021 10 9E0°RaRR3, A0 U souamnent BB RseH o e ion Wi rati o
inageStOdquhé%diﬁ%e%b&@%Q%und pixel value Fi without motion blur by
the amount v' by which motion blur is adjusted so as to
obtain the foreground component Fi/v'. The motion-blur
adder 906 then calculates the sum of the foreground
components Fi/v', thereby generating the pixel value in
10 which the amount of motion blur 1s adjusted. For example,
when the amount v' by which motion blur is adjusted is 3,
the pixel value C02 is set to (FOl)/v', the pixel value C3
is set to (FO1l+F02)/v', the pixel value C04 is set to
(FO1+F02+F03)/v', and the pixel value C05 is set to
15 (FO2+F03+F04) /v"'.

The motion-blur adder 906 supplies the foreground
component image in which the amount of motion blur is
adjusted to the selector 907.

The selector 907 selects either the foreground

20 component image without motion blur supplied from the
adjusting portion 905 or the foreground component image in
which the amount of motion blur is adjusted supplied from
the motion-blur adder 906 based on a selection signal

reflecting a user's selection, and outputs the selected

25 foreground component image.



synthesi zing portion 1022. The m xed-area-image synthesizing portion 1022
conbi nes 15 the background conponent inmage supplied fromthe background
conponent generator 1021 with the foreground conponent inage so as to
generate a m xed-area synthesized i mage, and supplies the generated

m xture-area synthesized image to an inmage synthesizing portion 1023. 20
The image synthesizer 1023 conbines the foreground conponent image, the

m xed-area synthesized i mage supplied fromthe nixed-area-inmge

synthesi zing portion 1022, and the -cgo8atn background image based on the
area information so as to generate a synthesized inage, and outputs it. 25
As di scussed above, the synthesizer 1001 is able to - 207 conbine t he

f
obt ai'ned by cORDTET TR S BB DNt S OONERTEL e i F P al 879
backar ouqd Lmge: 82580, 00 L1E, ThELHECO FBhigaen u01 6008 bhiecheat ure
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conflgura ion O Gncflon of the signal processor
m xt ure- gaﬁhg tggl culator 104 has the configuration 10 shomn |n Flg.'49.
The el enents sinilar to those shown in Fig. 4 are designated with |ike

refergnce nunpral sro@84s Ay CKPE a8@4 1 OPing her€Ooimbent hois Metidedolur
of the foreground executed by the motion-blur adjusting unit
106 configured as shown in Fig. 88 is described below with
reference to the flowchart of Fig. 92.
In step S901; the unit-of-processing determining

10 portion 901 of the motion-blur adjusting unit 106 generates
the unit of processing based on the motion vector and the
area information, and supplies the generated unit of
processing to the model-forming portion 902 and the
adjusting portion 905.

15 In step S902, the model-forming portion 902 of the
motion-blur adjusting unit 106 selects or generates the
model according to the amount of movement v and the unit of
processing. In step S903, the equation generator 903
generates, based on the selected or generated model, the

20 equations for calculating the foreground components by the
difference between the pixel values of the foreground
component image.

In step S904, the calculator 904 sets the pixel values
of the foreground component image in the generated equations,

25 and extracts the foreground components by using the



The area specifying unit 103 supplies area information 15 to the

m xture-ratio cal culator 104 and a synthesizer 1001. The m xture-ratio

cal cul ator 104 supplies the m xture ratio a to the foreground/ background
separator 105 and the synthesizer 1001. The foreground/ background
separator 105 supplies the 20 foreground conmponent inmage to the

synt hesi zer 1001. The synt hesi zer 1001 conbi nes a certain background i mge
with the foreground conponent imge supplied fromthe

f or egr ound/ backgr ound separator 105_baged-on the m xture ratio a supplied
fromthe mxture-ratio cal culator 104 and 25 the area information supplied
fromthe area specifying unit - 208 103, and outputs the synthesized i nage

e comt AR RRFHEETE TG AGraH AT ahg i (1 e Rer 5
amount of hOPYGI R PR SgmAT frsetior Lo S F e 4 o
sequent i al | perSor iy 4 he ArSAaReqi g aneratd an, and s he, cal cul ation
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cal cul at KRB e Ty o e R ma G B e
tnngr;reg : " eua{ﬁr aénét‘.ié.x fﬁ@&r@fﬂs‘)f%eﬁ!&n}i%e%f echrféeéiagﬁatﬁge WdiLdAdind ef erence
) pl anation thereof I1s thus omtted.
components corresponding to the unit of processing have not
been extracted, the process returns to step S$904, and the
processing for extracting the foreground components is
repeated.
10 If it is determined in step $905 that all the
foreground components corresponding to the unit of
processing have been extracted, the process proceeds to step
8906. In step $906, the adjusting portion 905 adjusts each
of the foreground components F0l/v through F08/v supplied
15 from the calculator 904 based on the amount of movement v so
as to obtain the foreground pixel values F0l/v through F08/v
from which motion blur is eliminated.
In step 8907, the motion-blur adder 906 calculates the
foreground pixel values in which the amount of motion blur
20 1s adjusted, and the selector 907 selects the image without
motion blur or the image in which the amount of motion blur
is adjusted, and outputs the selected image. The processing
is then completed.

As described above, the motion-blur adjusting unit 106

25 configured as shown in Fig. 88 is able to more speedily



15 An input inmage is supplied to a m xture-ratio calculator 1101, a

f or egr ound/ background separator 1102, the area specifying unit 103, and
the object extracting unit 101. The m xture-ratio cal culator 1101

cal cul ates, based on the input inmage, the estinmated m xture ratio when it
is 20 assuned that each pixel contained in the input inmage belongs to the
covered background area, and the estinmated m xture ratio when it is
assunmed that each pixel contained in the input inmage belongs to the
uncover ed background area, and suppl2es the estinmated m xture ratios

cal cul ated as 25 descri bed above to the foreground/ background separator
1102. - 209 Fig. 97 is a block diagramillustrating an exanple of the

figurat f Lcul atqr 1101 sh Fig, 96. A
ot mat cAAERE uat f»afl”%fggéﬁgéﬁb‘s"g%%eé‘ﬁaﬁﬁgramﬁpa 205¥gnidor EtLaRe as

the esti d-m xtuyre-r cessor 5 .shown in Fig. 63. An
estinategYﬁg 5?%r§a§?o@%r§%§ gor §G%P s omﬁth Flg 97 |s the sanme as the

esti mat ed- nT%tHHEWﬁa£é8hnE QECFRQI é%%l%ﬁq il ofi n%& bote ! %on bl

estimated-m xture-rati o pr cessor alc | gtes iTated ™ xture -
ratio fOEu@HCQspéXﬁie9¥rt?ﬁltSQ”pHEa&f@QcEQGéeﬁﬂgﬂdegn Ouéeavﬁﬁltﬂé the

covered background area based on the I nput I mage, ut puts the

cal c at edegst sonted Bkt usenbat sarrihechst EFRt 86- Qb%ﬁ&[elﬁ§?é° processor
502 calculates 15 the estimated nixture ratio for each pixef by the

quantized and containing noise. In contrast, it is proved
that the motion-blur adjusting unit 106 configured as shown
in Fig. 88 is sufficiently effective for an actual image.
quantized and containing noise. It is thus possible to

10 eliminate motion blur with high precision.

Fig. 93 is a block diagram illustrating another
configuration of the function of the signal processor 12
when the mixture-ratio calculator 104 has the configuration
shown in Fig. 63.

15 The elements similar to those shown in Fig. 4 are
designated with like reference numerals, and an explanation
thereof is thus omitted.

The area specifying unit 103 supplies area information
to the mixture-ratio calculator 104 and a synthesizer 1001.

20 The mixture-ratio calculator 104 supplies the mixture
ratio a to the foreground/background separator 105 and the
synthesizer 1001.

The foreground/background separator 105 supplies the
foreground component image to the synthesizer 1001.

25 The synthesizer 1001 combines a certain background



conput ati on corresponding to a nodel of the uncovered background area
based on the input imge, and outputs the <calculated estinmated m-xture
rati o. The foreground/ background separator 1102 generates the 20
foreground conponent image fromthe input inage based on the estinated

m xture ratio calculated when it is assuned that the pixel belongs to the
covered background area supplied fromthe m xture-ratio cal cul ator 1101,
the estimated m xture ratio calculated when it is assunmed that the pixe
25 bel ongs to the uncovered backgrounthgyea supplied fromthe - 210

m xture-ratio calculator 1101, and the area information supplied fromthe
area specifying unit 103, and supplies the generated foreground conponent

08 s o BYEREE OISt AHS | FUSEER MY SRR LTI {RERLLG U [ UHF of ¢ he
For egr ounks BaCkT SR SEREr 101 A iR 1 B 797 afhe FOLFHR Sat od by
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background image and the foregfound component image are
combined.
Fig. 94 illustrates the configuration of the
synthesizer 1001. A background component generator 1021

10 generates a background component image based on the mixture
ratio « apd a certain background image, and supplies the
background component image to a mixed-area-image
synthesizing portion 1022.

The mixed-area-image synthesizing portion 1022 combines

15 the background component image supplied from the background
component generator 1021 with the foreground component image
so as to generate a mixed-area synthesized image, and
supplies the generated mixture-area synthesized image to an
image synthesizing portion 1023.

20 The image synthesizer 1023 combines the foreground
component image, the mixed-area synthesized image supplied
from the mixed-area-image synthesizing portion 1022, and the
certain background image based on the area information so as
to generate a synthesized image, and outputs it.

25 As discussed above, the synthesizer 1001 is able to



m xture ratio calculated when it is assuned that the pixel belongs to the
uncover ed background area supplied fromthe mxture-ratio cal culator 1101,
and supplies the selected 20 estimated mixture ratio to the separating
portion 601 as the mxture ratio a. The separating portion 601 extracts
the foreground conponents and the background conponents fromthe pixel

val ues of the pixels belonging to the m xed area based on 25 the m xture
ratio a supplied fromthe selector 1121 and the - 211 area information,
and supplies the extracted foregroungoxenponents to the synthesizer 603
and al so supplies the foreground conponents to the synthesizer 605. The

- separating portion 601 can be configured simlarly 5 to the counterpart

shown in Fig, 77. The synthesizer 603 synthesizes .the foreground conponent
i mage arfPERABULES ¢ .oﬁ‘%/%r% h‘é@?&%’fe%%Slm%%t%%}f AL Yhckgr ound

conponent_image and, outputs it. The notion-blur adjusting unit 106 shown in
Fig. 961§ﬁ¥gé§FQé:%Qﬁﬁ$gured simlarly to the counterpart shown in Fig. 4.

The notion- bl#{?eadélré%; iro(r};)g__ﬁg_rrlli J4 %376 Adiishs.d e f%%‘&ltgu?{do r%qﬁ?’éﬁrénttl ur

contained in conpdnent 1nag suppl1e
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notion v , and out puts oreground conponent i1image in which the
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compared to an image obtained by simply combining pixels.

Fig. 95 is a block diagram illustrating another
configuration of the function of the signal processor 12
when the mixture-ratio calculator 104 has the configuration

10 shown in Fig. 49.

The elements similar to those shown in Fig. 4 are
designated with like reference numerals, and an explanation
thereof is thus omitted.

The area specifying unit 103 supplies area information

15 +to the mixture-ratio calculator 104 and a synthesizer 1001.

The mixture-ratio calculator 104 supplies the mixture
ratio o to the foreground/background separator 105 and the
synthesizer 1001.

The foreground/background separator 105 supplies the

20 foreground component image to the synthesizer 1001.

The synthesizer 1001 combines a certain background
image with the foreground component image supplied from the
foreground/background separator 105 based on the mixture

ratio o supplied from the mixture-ratio calculator 104 and

25 the area information supplied from the area specifying unit



f oreground conponent image supplied fromthe foreground/ background
separator 1102 or the foreground 20 conponent inmage in which the anmount of
notion blur is adjusted supplied fromthe notion-blur adjusting unit 106"
based on, for exanple, a selection signal reflecting a user's selection,
and outputs the selected foreground conponent image. 25 As di scussed
above, the signal processor 12 shown in - 212 Fig. 96 is able to adjust

t he amount of notion blur contained in an imge corresponding to a
foreground object of the input imgegoand outputs the resulting foreground
obj ect imge. The signal processor 12 having the 5 configuration shown in
Fig. 96 is able to calculate the mxture ratio a, which is enbedded

i nformation, and, outputs he cal cul ated. mi xture ratio.a. Fig. 99.is a

bl ook di Aghhmand GUUERS e (T RS O gt JhGH $h% ST | on of

t he signal_ processor, 12 for adj usting the anmount .of, notion blur. The

i gnal RIS e e AR P EARENY G o e AT
area-spe%§ﬁ¢$£%%d operation and the calculation for the m xture ratio a. In
contrast ,“The si'gnal processor 12 shown in Fig. 99 simnultaneously perforns:

the ar ea'sloec%gﬁgngsoﬁﬁrgt E?Bcﬁr‘ﬁiiérgmeﬁﬁi‘h%.‘&gtt:%ﬂab%g%%&hgnm:mawe ratio

(x. The functi | "el enents simlar~“to those in the Iagram of Fig.
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is thus omtted.
adjusting the amount of motion blur. The signal processor
12 shown in Fig. 4 sequentially performs the area-specifying
operation and the calculation for the mixture ratio a. In
contrast, the signal processor 12 shown in Fig. 96

10 simultaneously performs the area-specifying operation and
the calculation for the mixture ratio «.

The functional elements similar to those in the block
diagram of Fig. 4 are designated with like reference
numerals, and an explanation thereof is thus omitted.

15 An input image is supplied to a mixture-~ratio
calculator 1101, a foreground/background separator 1102, the
area specifying unit 103, and the object extracting unit 101.

The mixture-ratio calculator 1101 calculates, based on
the input image, the estimated mixture ratio when it is

20 assumed that each pixel contained in the input image belongs
to the covered background area, and the estimated mixture
ratio when it is assumed that each pixel contained in the
input image belongs to the uncovered background area, and
supplies the estimated mixture ratios calculated as

25 described above to the foreground/background separator 1102.



An input image is supplied to a mxture-ratio 20 cal cul ator 1101, a

f or egr ound/ background separator 1102, the area specifying unit 103, and
the object extracting unit 101. The m xture-ratio calculator 1101

cal cul ates, based on the input inage, the estimated m xture ratio when it
is assuned that each pixel contained in the input inmage belongs 25 to the
covered background area, and the estimated m xture - 213 ratio when it is
assunmed that each pixel contained in the input inmage belongs to the
uncover ed background area, and suppl ipg® the estinmated m xture ratios

cal cul ated as descri bed above to the foreground/ background separator 1102.
5 Fig. 100 is a block diagramillustrating an exanple of the configuration

f th i xt ~rati | t 101 shov in Fig. 99. A
ct i mat ol mi xEdPo- DAL £ fr BUBCEOP AT BnaMhIPR=REIRS S00SFAPAE Sme as the

estimated-m xture-ratiq pro aor 40 10 shawn in Fi.g. 49.
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estinategkp%ﬁ%ﬁr%%ratio processor 402 shown in Fig. 49. The

esti mat ed- m xXturé-rati o processor 401 calculates the estinmated m xture
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shown in Fig. 63. An estimated-mixture-ratio processor 502
shown in Fig. 97 is the same as the estimated-mixture-ratio
processor 402 shown in Fig. 63.
The estimated-mixture-ratio processor 501 calculates
10 the estimated mixture ratio for each pixel by the
computation corresponding to a model of the covered
background area based on the input image, and outputs the
calculated estimated mixture ratio.
The estimated-mixture-ratio processor 502 calculates
15 the estimated mixture ratio for each pixel by the
computation corresponding to a model of the uncovered
background area based on the input image, and outputs the
calculated estimated mixture ratio.
The foreground/background separator 1102 generates the
20 foreground component image from the input image based on the
estimated mixture ratio calculated when it is assumed that
the pixel belongs to the covered background area supplied
from the mixture-ratio calculator 1101, the estimated
mixture ratio calculated when it is assumed that the pixel

25 Dbelongs to the uncovered background area supplied from the



20 conputation corresponding to a nodel of the uncovered background area
based on the input imge, and outputs the <calculated estinmated m xture
rati o. The foreground/ background separator 1102 generates the foreground
conponent image fromthe input inmge based on the 25 estinmated m xture
rati o cal cul ated when it is assuned that - 214 the pixel belongs to the
covered background area supplied fromthe mixture-ratio cal culator 1101,
the estimated m xture ratio calculated when it is assunmed that the pixe
bel ongs to the uncovered background grem supplied fromthe 5 mxture-ratio
cal cul ator 1101, and the area information supplied fromthe area
specifying unit 103, and supplies the generated foreground conponent i mage

to th bl
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The sel eC fiown 1h ects the foreground conponent inmage
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the configuration of the foreground/background separator
1102.

The elements similar to those of the
foreground/background separator 105 shown in Fig. 72 are

10 indicated by like reference numerals, and an explanation
thereof is thus omitted.

A selector 1121 selects, based on the area information
supplied from the area specifying unit 103, either the
estimated mixture ratio calculated when it is assumed that

15 the pixel belongs to the covered background area supplied
from the mixture-ratio calculator 1101 or the estimated
mixture ratio calculated when it is assumed that the pixel
belongs to the uncovered background area supplied from the
mixture-ratio calculator 1101, and supplies the selected

20 estimated mixture ratio to the separating portion 601 as the
mixture ratio a.

The separating portion 601 extracts the foreground
components and the background components from the pixel

values of the pixels belonging to the mixed area based on

25 the mixture ratio o supplied from the selector 1121 and the



adj usted supplied fromthe notion-blur adjusting unit 106 based on, for
exanpl e, a selection signal reflecting a wuser's selection, and outputs the
sel ected foreground conponent inage. 25 As di scussed above, the signal '
processor 12 shown in - 215 Fig. 99 is able to adjust the anobunt of notion
blur contained in an imge corresponding to a foreground object of the

i nput inmage, and outputs the resulting foreground object imge. The signal
processor 12 having the 5 configuration shown in Fig. 99 is able to
calculate the mxture ratio a, whichgig enbedded information, and outputs
the calculated m xture ratio a. Fig. 101 is a block diagramillustrating
anot her configuration of the function of the signal processor 12 for 10

conbi nin a f oreground. conmponent i e th a certai ack rou i mge. The
si gnal pr %“ nfrfo%r Cgi PP %W%I?V?ecitf%{lrg - speci fyi ng
operatlon and th cul ati for. the tur ratlo a. J1n co trast, the

si gnal proc sosnoernetlsz %OR/LI% r&lbesﬁ%ﬁr pét;Br atlh asr"géﬂl%essp Gffyl ng
operatio ﬂqg f t (x in a parallel

manner . [IEn Jlﬁ onéﬁﬂcﬁ} s@élgn% ‘{(&&{{los Iaé | cated by the bI ock of -
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The synthesizer 603 synthesizes the foreground
component image and outputs it. The synthesizer 605
synthesizes the background component image and outputs it.

The motion-blur adjusting unit 106 shown in Fig. 96 can

10 be configured similarly to the counterpart shown in Fig. 4.
The motion-blur adjusting unit 106 adjusts the amount of
motion blur contained in the foreground component image
supplied from the foreground/background separator 1102 based
on the area information and the motion vector, and outputs

15 the foreground component image in which the amount of motion
blur is adjusted.

The selector 107 shown in Fig. 96 selects the
foreground component image supplied from the
foreground/background separator 1102 or the foreground

20 compbnent image in which the amount of motion blur is
adjusted supplied from the motion-blur adjusting unit 106
based on, for example, a selection signal reflecting a
user's selection, and outputs the selected foreground
component image.

25 As discussed above, the signal processor 12 shown in



ratio when it is assuned that each pixel contained in the input inmage

bel ongs to the covered background area, and the estimted mxture ratio
when it is assuned that each pixel 25 contained in the input imge bel ongs
to the uncovered - 216 background area, and supplies the estimted m xture
ratios calculated as descri bed above to the foreground/ background
separator 1102 and a synthesizer 1201. The m xture-ratio cal culator 1101
shown in Fig. 101 can 5 be configured as shown in Fig. 97. The

f oreground/ background separator 1102 ghewm in Fig. 101 generates the
foreground conponent image fromthe input inmage based on the estinmated

m xture ratio calculated when it is assuned that the pixel belongs to the

covered 10 background area supplied fromthe m xture-ratio cal cul ator
1101, thd &t iGhridd AR08 (e FHUT: A ARREH WHerPati9s PES uned that ¢ he

pi xel bel ongs to {he uncavered bac%g{oqu area s%ﬁg%ied fromthe
mi xture-rat1 ¢ cal cutatBt RIS G ST Greh $hbr ?%o"glfgpcﬁjeecf§ romthe
area speq/fying Yhite 15405 A0 supplies the deneraledd.aredrgund

conmponent™’i nage _ nt hest z e syn [ combines a -
cort a1 HAGALE U TR M JAISHLIAU SR e suom e o
oL oo oA hdsh SRR, g chilongs g e, pover e
esti mat echied ¥ &4+@ld &, which is embedded information, and outputs
the calculated mixture ratio a.
Fig. 99 is a block diagram illustrating still another
configuration of the function of the signal processor 12 for
10 adjusting the amount of motion blur. The signal processor
12 shown in Fig. 4 sequentially performs the area-specifying
operation and the calculation for the mixture ratio a. In
contrast, the signal processor 12 shown in Fig. 99
simultaneously performs the area-specifying operation and
15 the calculation for the mixture ratio «.
The functional elements similar to those in the block
diagram of Flg. 4 are designated with like reference
numerals, and an explanation thereof is thus_omitted.
An input image is supplied to a mixture-ratio
20 calculator 1101, a foreground/background separator 1102, the
area specifying unit 103, and the object extracting unit 101.
The mixture-ratio calculator 1101 calculates, based on
the input image, the estimated mixture ratio when it is
assumed that each pixel contained in the input image belongs

25 to the covered background area, and the estimated mixture



calcul ated when it is assuned that the pixel belongs to the uncovered
background area supplied fromthe m xture-ratio 25 calculator 1101, and the
area information supplied fromthe - 217 area specifying unit 103, and

out puts the synthesized inage in which the background inage and the

f oreground conponent inmage are conbined. Fig. 102 illustrates the
configuration of the 5 synthesizer 1201. The functional elenents simlar to
those of the block diagramof Fig. 94 are designated with |ike reference
nuneral s, and expl anation thereof is phgs-omtted. A selector 1221 selects,
based on the area information supplied fromthe area specifying unit 103,
either the 10 estimated m xture ratio cal culated when it is assunmed that

t he pi xel belongs to the covereg bﬁckgrou d area sugglled fromthe
mi xt ur e- FALE ¥ FBullét df 2PEPMSA éte§tai° pédelniceptrd g t8 CAFcul at ed

when it I.s a%]uned %ﬁgthe s t.0 uncover ed background area

supplied “FPPEm th&9%s PgFe%Pa h& 83F §F8rbff8?rogﬁg ?566V|8§ he
sel ect ed ., B3hi T8t e egkg&stg$hgqgg gh%angégagﬁgﬂlg%gaog%nt gener at or

1021 as urera roun onent generator 1021 shown

in Fig. 4132, 98a8" %ﬁ & pa%mr BE‘@ BHHBOE%%EE: dbééga‘irgltlo&h?clo§o

m xture ratio a su ron1t ector rtain background
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synt hesi zi ng portion

the conflguratlon of the mixture-ratio calculator 1101 shown
in Fig. 99.
An estimated-mixture-ratio processor 401 shown in Fig.
100 is the same as the estimated-mixture-ratio processor 401
10 shown in Fig. 49. An estimated-mixture-ratio processor 402
shown in Fig. 100 is the same as the estimated-mixture-ratio
processor 402 shown in Fig. 49.
The estimated-mixture-ratio processor 401 calculates
the estimated mixture ratio for each pixel by the
15 computation corresponding to a model of the covered
background area based on the input image, and outputs the
calculated estimated mixture ratio.
The estimated-mixture-ratio processor 402 calculates
the estimated mixture ratio for each pixel by the
20 computation corresponding to a model of the uncovered
background area based on the input image, and outputs the
calculated estimated mixture ratio.
The foreground/background separator 1102 generates the
foreground component image from the input image based on the

25 estimated mixture ratio calculated when it is assumed that



The m xed- area-i mage synthesizing portion 1022 shown in 25 Fig. 102
conbi nes the background conponent inmage supplied - 218 fromthe bac
conponent generator 1021 with the foreground conponent inmage so as
generate a m xed-area synthesized inage, and supplies the generated

m xed-area synthesized image to the imge synthesizing portion 1023.

i mage synthesi zing portion 1023 conbines the foreground conponent i
the m xed-area synthesized inage supplied fromthe m xed-area-i mage
synt hesi zi ng portion 1022, and the- background i mage based on the ar
information so as to generate a synthesized inmage and outputs it. 1
this manner, the synthesizer 1201 is able to conbine the foreground
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supplied from the area spec1fy1ng unit 103, and supplies the

generated foreground component image to the moﬁion—blur
adjusting unit 106 and the selector 107.

The motion-blur adjusting unit 106 shown in Fig. 99 can
be configured similarly to the counterpart shown in Fig. 4.
The motion-blur adjusting unit 106 adjusts the amount of
motion blur contained in the foreground component image
supplied from the foreground/background separator 1102 based
on the area information and the motion vector, and outputs
the foreground component image in which the amount of motion
blur is adjusted.

The selector 107 shown in Fig. 99 selects the
foreground component image supplied from the
foreground/background separator 1102 or the foreground
component image in which the amount of motion blur is
adjusted supplied from the motion-blur adjusting unit 106
based on, for example, a selection signal reflecting a
user's selection, and outputs the selected foreground
component image.

As discussed above, the signal processor 12 shown in
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25 The m xture-ratio calculator 1101 shown in Fig. 103 - 219 cal cul ates,
based on the input imge, the estimated m xture ratio when it is assuned
that each pixel contained in the input inage belongs to the covered '
background area, and the estimated m xture ratio when it is assuned that
each pixel 5 contained in the input imge belongs to the uncovered
background area, and supplies the estimted m xture ratios calcul ated as
descri bed above to the foreground/ background separator 1102 and a

synt hesi zer 1201. The m xture-rati o-cahgulLator 1101 shown in Fig. 103 can
10 be configured as shown in Fig. 100. The foreground/ background separator
1102 shown in Fig. 103 generates the foreground conponent inage fromthe
i nput image based on the estjmted m xture ratjo calculated when it is
assumed thH& e i fALlHdH0RGY USF (e CHPaRdd Ofs Me4agy area suppl i ed
fromthe m xtyre-ratio calculator 1101, .the estinmated m xture ratio

cal cul at EPRHASRE 1 Ark SEARR TFRSERE R T TREETE THb EHEGTer ed

backgroun% tt%?a squLied fromithe. m tugﬁfratio alcu%ator 110%3 and the
matio

area infé ﬂ‘nﬂllppllim&?ef’r SR R EPES speecir yslunlg Ui t Oféagf(?él,n and
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separator 1 ased on the esti ed 25 mxture ratio cal culated when it
is assumgd Ahate % iR %! which is embedded information, and outputs

the calculated mixture ratio «.

Fig. 101 is a block diagram illustrating another
configuration of the function of the signal processor 12 for

10 combining a foreground component image with a certain
background image. The signal processor 12 shown in Fig. 93
serially performs the area-specifying operation and the
calculation for the mixture ratio a. In contrast, the
signal processor 12 shown in Fig. 101 performs the area-

15 specifying operation and the calculation for the mixture
ratio o in a parallel manner.

The functional elements similar to those indicated by
the block of Fig. 96 are indicated by like reference
numerals, and an explanation thereof is thus omitted.

20 The mixture-ratio calculator 1101 shown in Fig. 101
calculates, based on the input image, the estimated mixture
ratio when it is assumed that each pixel contained in the
input image belongs to the covered background area, and the
estimated mixture ratio when it is assumed that each pixel

25 contained in the input image belongs to the uncovered



- 220 belongs to the covered background area supplied fromthe

m xture-ratio calculator 1101, the estimated m xture ratio cal cul ated when
it is assunmed that the pixel belongs to the uncovered background area '
supplied fromthe m xture-ratio 5 calculator 1101, and the area information
supplied fromthe area specifying unit 103, and outputs the synthesized
image in which the background i mage and the foreground conponent i mage
are conbi ned. As descri bed above, according to the present invention, 10
the m xture ratio indicating the m xtung state of a plurality of objects,
such as a background object and a noving object imge, can be detected.
The enbodi nent has been di scussed above by setting the mxture ratio (x to
the rati 9 of the background components 15 cont.ained in the pixel, val ues.
However , FRORPGr GFAri 478 SPRP 136 S 408 SSHEARET §tUHce Jr ound
conponents . cqntained in the. pixel valyes. The enbodi nent has been

di scusse&‘-"?s}l‘fﬂ)\j(ﬁ‘tlﬁ"}‘i1 §é&t tdier?é:rtll?%d(ﬁ‘&ﬂvﬁg 8 %@ﬁe@frotuﬁlél/go(?rcz(&}é)ﬁwg obj ect
to the directiaqn fromthe left tqQ the.rjight. However, the noving
directioﬁegigéiﬁ? ﬁgggrﬁ€ﬁe§ fBgFﬁéﬁﬁﬁgVe}é%gﬁribed direction. In the above:

description, anLeglxepace hiRgeclauliged, §RbeesAblRNShopal spagecand time
projected onto a tinme space having a fwo-di nensi onal
space525b%n((1:otnifqi§u§>éids alsn TRt ii(p,n],-g)@.u%bn_g a video canera. However, - 221
The foreground/background separator 1102 shown in Fig.
101 generates the foreground component image from the input
image based on the estimated mixture ratio calculated when
it is assumed that the pixel belongs to the covered
10 background area supplied from the mixture-ratio calculator
1101, the estimated mixture ratio calculated when it is
assumed that the pixel belongs to the uncovered background
area supplied from the mixture-ratio calculator 1101, and
the area information supplied from the area specifying unit
15 103, and supplies the generated foreground component image
to the synthesizer 1201.
The synthesizer 1201 combines a certain background
image with the foreground component image supplied from the
foreground/background separator 1102 based on the estimated
20 mixture ratio calculated when it 1s assumed that the pixel
belongs to the covered background area supplied from the
mixture-ratio calculator 1101, the estimated mixture ratio
calculated when it is assumed that the pixel belongs to the
uncovered background area supplied from the mixture-ratio

25 calculator 1101, and the area information supplied from the



the present invention is not restricted to this exanple, and can be
applied to the follow ng case. Wien a greater anount of first information
i n one-di nensi onal space is projected onto a snaller amount of second
information in a two 5 di nensional space, distortion generated by the
projection can be corrected, significant information can be extracted, or
a nore natural inage can be synthesized. The sensor 11 is not restricted to
a CCD, and may be another type of sensor, such as a solid-state i mage 10
capturing device, for exanple, a BBD 4Bucket Brigade Device), a CD
(Charge Injection Device), or a CPD (Charge Primng Device), or a CMOS
(Compl enent ary N@tal Oxi de Sem conductor). Al so, the sensor does not have
to be a sensor +¥hlch det e @éon devices are_arran a mtrix, and

my be & E%aséﬂ% GHPRAC deYdct DR QRGPLEE EPRe 31’85%:%62??\ Hhadfine. A
di di f f th
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whi ch t he pr ogramis rec&rded, which is distributed for providing the

progr am t'0°29 %;%s%?mgtﬁ ately fromthe conputer, as shown in Fig. 3,
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reference numerals, and explanation thereof is thus omitted.
A selector 1221 selects, based on the area information
supplied from the area specifying unit 103, either the
10 estimated mixture ratio calculated when it is assumed that
the pixel belongs to the covered background area supplied
from the mixture-ratio calculator 1101 or the estimated
mixture ratio calculated when it is assumed that the pixel
belongs to the uncovered background area supplied from the
15 mixture-ratio calculator 1101, and supplies the selected
estimated mixture ratio to the background component
generator 1021 as the mixture ratio a.
The background component generator 1021 shown in Fig.
102 generates a background component image based on the
20 mixture ratio a supplied from the selector 1221 and a
certain background image, and supplies the background
component image to the mixed-area-image synthesizing portion
1022.
The mixed-area-image synthesizing portion 1022 shown in

25 Fig. 102 combines the background component image supplied



hard di sk contained in the storage unit 28 in which the programis
recorded, such recordi ng nmedium being provided to the user while being
prestored in the conputer. 5 The steps formng the programrecorded in a
recording medium nmay be executed chronologically according to the orders
described in the specification. However, they do not have to be executed
in a tine-series manner, and they may be executed concurrently or
individually. 10 Industrial Applicability According to the first invention,
the m xture ratio indicating the mxtuyrge -state of a plurality of objects,
such as a background i nage and a noving object inmage, can be 15 detected.
According to the second invention, the mxture ratio indicating the

m Xture s ate | urali of ob ects, such backgroynd i mrage and a
Tovi g ot Ht Sk PARITE de ol AR 2 vt Rbmage.

pr ocessi a arat s for cessi i mage . data_ whi.ch |s for d of a
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5 The image synthesizing portion 1023 combines the
foreground component image, the mixed-area synthesized image
supplied from the mixed-area-image synthesizing portion 1022,
and the background image based on the area information so as
to generaté a synthesized image and outputs it.

10 In this manner, the synthesizer 1201 is able to combine
the foreground component image with a certain background
image.

Fig. 103 is a block diagram illustrating another
configuration of the function of the signal processor 12 for

15 combining a foreground component image with a certain
background image. The signal processor 12 shown in Fig. 95
serially performs the area-specifying operation and the
calculation for the mixture ratio a. In contrast, the
signal processbr 12 shown in Fig. 103 performs the area-

20 specifying operation and the calculation for the mixture
ratio a in a parallel manner.

The functional elements similar to those indicated by
the block of Fig. 99 are indicated by like reference
numerals, and an explanation thereof is thus omitted.

25 The mixture-ratio calculator 1101 shown in Fig. 103



in correspondence with a designated pixel of a designated 10 franme of the
i mage data, m xed pixel data, which is the pixel data, in which a plurality
of objects contained in the imge data are m xed, fromthe designated '
frame and a peripheral frame around the designated franme in accordance
with a notion of a foreground object which forns a 15 foreground of the
plurality of objects, and also for extracting, in correspondence wth the
m xed pi xel data, background pixel data, which is the pixel data,
correspondi ng to a background object wghoch fornms a background of the
plurality of objects, the background pixel 20 data being associated with
the corresponding m xed pixel data, froma frane different fromthe franes

fromwhich th m xed pi xel data are extracted in accardance with a notion
of the b&é&&ﬂ@&ﬁf&%b'é@@ 8%3 0 GENdy dFE 98 pithFaSS Y A& S Kal
expressionzﬁjnd'cating.relationsh%ﬁ§tbet xed pi.xel _.data and

. the 25 m
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m xture-r.ati o detection neans for detecti i Xt ur ratio_indicating a
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of the foregroun ject contained in the m xed pi xel data change

background area, and supplies the estimated mixture ratios
calculated as described above to the foreground/background
separator 1102 and a synthesizer 1201.
The mixture-ratio calculator 1101 shown in Fig. 103 can
10 Dbe configured as shown in Fig. 100.
The foreground/background separator 1102 shown in Fig.
103 generates the foreground component image from the input
image based on the estimated mixture ratio calculated when
it is assumed that the pixel belongs to the covered
15 Dbackground area supplied from the mixture-ratio calculator
1101, the estimated mixture ratio calculated when it is
assumed that the pixel belongs to the uncovered background.
area supplied from the mixture-ratio calculator 1101, and
the area information supplied from the area specifying unit
20 103, and supplies the generated foreground component image
to the synthesizer 1201.
The synthesizer 1201 combines a certain background
image with the foreground component image supplied from the
foreground/background separator 1102 based on the estimated

25 mixture ratio calculated when it is assumed that the pixel




10 substantially linearly with respect to the positions of the

a second approximation in which the mxture ratio of the m xed pixel

extracted fromthe designated

respect to the positions of the pixels. 15 2. An inage processing

apparatus according to claim1,
separati on neans

i mge

foreground object in the image data- apglga 20 background object inmage

consi sting of only background object

pi xel s, and

dat a

frame changes substantially linearly with

further conprising foreground/ background
meatr for separating the inage data into a foreground object
consisting of only the foreground object conponents which formthe

components which formthe background

gbject in the image data based on the mxture ratio corresponding to the
esignated pixel. 3. An image processing apparatus accqrdin claim1l,
25 wher ePR1SAPE HPXFU?eg?ﬁFFﬁddEF€59F8HgﬂegE§adﬁPBB?éeghgro 2% © mxture

iob | vir h I | i f i i i
:qé‘i Lﬁdéwfﬁeééé‘gg%.aipngiﬁuiéﬁom@ﬁiﬁﬁ bBRoe st iR ER R REnEE BRELEY 1O e
at a ich i . det i f pi i
by an I asecipten RieBes B Lb RE R, tah, EhE! pPkeR KELoABLALCDHRY &) 1o

he bixols e _Uevi !
apSaP;?583c8§§%?$sgﬁékg§°uhﬁgggégtFQEQ%EQEthBm EﬁédeQEEEeDEQE§§S'n9

| are I ona ression generating step o

extracting, .,19+Lp ¢9piesprpdensepethiardeshonshedupbxebaok8mdeakgnat ed

10

15

20

25

area specifying unit 103, and outputs the synthesized image
in which the background image and the foreground component
image are combined.

As described above, according to the present invention,
the mixture ratio indicating the mixture state of a
plurality of objects, such as a background object and a
moving object image, can be detected.

The embodiment has been discussed above by setting the
mixture ratio a to the ratio of the background components
contained in the pixel values. However, the mixture ratio a
may be set to the ratio of the foreground components
contained in the 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.

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,




frame of the inmage data, m xed pixel data, which is the pixel data, in
which a plurality of objects contained in the inage data are m xed, from
t he designated frame and a peripheral frame around the designated frane in
accordance 15 with a notion of a foreground object which forns a
foreground of the plurality of objects, and also of extracting, in
correspondence with the m xed pixel data, background pixel data, which is
the pi xel data, corresponding to a background object which forns a 20
background of the plurality of objectgzithe background pixel data being
associated wth the corresponding m xed pixel data, froma franme different
fromthe frames fromwhich the m xed pixel data are extracted in

accordan with a notion aof the background oi%ect as to generate a

pluralit p§§sreé’itaﬁ“(¥ﬁé’itlé’>?prl€s§’i°5n S5 Chdlorézl béfken t he
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data change substantially linearly with respect to the p05|t|ons of the

can be corrected, significant information can be extracted,
or a more natural image can be synthesized.

The sensor 11 is not restricted to a CCD, and may be
another type of sensor, such as a solid-state image-

10 capturing device, for example, a BBD (Bucket Brigade Device),
a CID (Charge Injection Device), or a CPD (Charge Priming
Device), or a CMOS (Complementary Metal Oxide Semiconductor).
Also, the sensor does not have to be a sensor in which
detection devices are arranged in a matrix, and may be a

15 sensor in which detection devices are arranged in one line.

A recording medium in which a program for performing
the signal processing of the present'invention is recorded
may be formed of a package medium in which the program is
recorded, which is distributed for providing the program to

20 a user separately from the computer, as shown in Fig. 3,
such as the magnetic disk 51 (including a floppy (registered
trade name) disk), the optical disc 52 (CD-ROM (Compact
Disc-Read Only Memory) and a DVD (Digital Versatile Disc)),
the magneto-optical disk 53 {(including MD (Mini-Disc)

25 (registered trade name)), or the semiconductor memory 54.



pi xel s, and a second approximation in which the mxture ratio of the m xed
pi xel data extracted fromthe designated frame changes substantially
linear with respect to the 15 positions of the pixels. 5. An inmge
processi ng nmethod according to claim4, further conprising a

f oregr ound/ background separation step of separating the inmage data into a
foreground object image consisting of only the foreground object
conmponents which 20 formthe foreground object in the inmage data and a
background object inmage consisting ef 202 v background object conponents
whi ch formthe background object in the inage data based on the m xture
rati o corresponding to the designated pixel. 25 6. An inmage processing

met hod acgcording ta claim.4, wherein - .227. in sai 1 Xt -Jatio detection
Step. t hel TR ASHoF A Stk Uy A, &Xp, B Fopmind Gt the BT 47 & %l at i onal

expr essi ' t: et Q { r8s.. 1. ecqrdi ng nmedi um
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used foréy
of pixel “dat™a obtained by an 1 mage-capturin evice 1 NnC ing a

pr edet er Hifled, JusTHES; 10f VIR Srd iRk el® ViU dhddye i Nt egr at i ng

function, said program conprising: 10 a rel ational’-expression generating
step of extraghkNgiepks feefnriﬁap%@e@%g%hhr_@cél%aean%e@l Qleé%&d%ﬁa
e

n
designated franme of the imge data, mixed pixel data, which is t
medium may be executed chronologically according to the

orders described in the specification. However, they do not
have to be executed in a time-series manner, and they may be
executed concurrently or individually.
10
Industrial Applicability
According to the first invention, the mixture ratio
indicating the mixture state of a plurality of objects, such
as a background image and a moving object image, can be
15 detected.
According to the second invention, the mixture ratio
indicating the mixture state of a plurality of objects, such
as a background image and a moving object image, can be

detected.



pi xel data, in which a plurality of objects contained in the imge data
are mxed, fromthe designated frane and a 15 peripheral frame around the
designated frane in accordance wth a notion of a foreground object which
forms a foreground of the plurality of objects, and also of extracting,
in correspondence with the m xed pi xel data, background pixel data, which
is the pixel data, 20 corresponding to a background object which forns a
background of the plurality of objects, the background pixel data being
associated with the correspondi ng nm-xedspi.xel data, froma frame different
fromthe frames fromwhich the m xed pixel data are extracted in
accordance with a notion 25 of the background object, so as to generate a
plurality of - 228 relational expressiqns indicating relationships between
the m xed pixel data and the backgﬁaﬂﬂaﬁbixel data concerning the
designatﬁd pixel.; and _a m xture-ratio ete%Iion step of detectiggﬁa m xture

5 ratio indiCatingos RIREGEE SPaPBPEFAEHE Frdr EFPﬁ‘?%Sfmejlé‘éf?& 3the real
wor1 0, conseEhl 9 kerdaciong! adeRlXel. 09880 aR, e gliathongy jexpr essi ons.

wherein in sai el"ational - ressi on generating step, e plurality of
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whi ch conponent g ect containéd 1n“the m xed pixel data

changs  silabadihdhin huRBRE ¥eibiRen8ePeRl LA, kbh8 RAYihLOAStehe! N
pi xel s, and a second approxi mati on in which e mxture
integrating function, said image processing apparatus
comprising:
relational-expression generating means for extracting,
in correspondence with a designated pixel of a designated
10 frame of the image data, mixed pixel data, which is the
pixel data, in which a plurality of objects contained in the
image data are mixed, from the designated frame and a
peripheral frame around the designated frame in accordance
with a motion of a foreground object which forms a
15 foreground of the plurality of objects, and also for
extracting, in correspondence with the mixed pixel data,
background pixel data, which is the pixel data,
corresponding to a background object which forms a
background of the plurality of objects, the background pixel
20 data being associated with the corresponding mixed pixel
data, from a frame different from the frames from which the
mixed pixel data are extracted in accordance with a motion
of the background object so as to generate a plurality of
relational expressions indicating relationships between the

25 mixed pixel data and the background pixel data concerning



ratio of the m xed pixel data extracted fromthe designated 1S frane
changes substantially linear with respect to the positions of the pixels.
8. A recording nmedium according to claim7, wherein said programfurther
conprises a foreground/ background separation step of separating the inmage
data into a foreground object 20 inage consisting of only the foreground
obj ect conponents which formthe foreground object in the image data and a
background obj ect image consisting of only background object conponents
whi ch formthe background object in-thes4 rage data based on the m xture
ratio corresponding to the 25 designated pixel. - 229 9. A recording

medi um according to claim7, wherein in said mxture-ratio detection step,

th i Xt t d tected b | th | it f | ati |
expr 6561 G SRS K5 AF e @iE of || east squares. 5 10. A program for
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i ntegrating Ion relational-expressi on ge I ng

step of X racting, I pi

desi gnat ed t?lr anf%%&f %O%éwn%@ﬁqg{&%h\gegéﬁﬁ%%ﬂ]? g‘%nl |s the pi xel
data, 5i n oM 613 tRlow=al id: %?ﬂgggyyﬁgms contalned in the inmage data are

m xed, fromthe designated frame and a

wherein said relational-expression generating means
generates the plurality of relational expressions based on a
first approximation in which components of the foreground
object contained in the mixed pixel data change

10 substantially linearly with respect to the positions of the
pixels, and a second approximation in which the mixture
ratio of the mixed pixel data extracted from the designated
frame changes substantially linearly with respect to the
positions of the pixels.

15 2. An image processing apparatus according to claim 1,
further comprising foreground/background separation means
for separating the image data into a foreground object image
consisting of only the foreground object components which
form the foreground object in the image data and a

20 background object image consisting of only background object
components which form the background object in the image
data based on the mixture ratio corresponding to the
designated pixel.

3. An image processing apparatus according to claim 1,

25 wherein said mixture-ratio detection means detects the



15 peripheral frame around the designated frame in accordance wth a
notion of a foreground object which forns a foreground of the plurality of
obj ects, and also of extracting, in correspondence with the m xed pi xel
data, background pixel data, which is the pixel data, 20 corresponding to a
background obj ect which fornms a background of the plurality of objects,

t he background pi xel -data being associated with the correspondi ng m xed

pi xel data, froma frame different fromthe frames fromwhich the m xed
pi xel data are extracted in accordancgowith a notion 25 of the background
object so as to generate a plurality of - 230 relational expressions
indicating relationships between the m xed pixel data and the background

pi xel data goncernlng] t he esl g ed |er and a m xture-ratio detection
step of BEFEBEFngRLT ?YUFB Eip tF PEQ#FE@ 8fnreiatéoBRat e of the

pIuralltg of obj. ects n the r a wor | aﬂ %einln t he designated pixel
based on XPHSSFEPQF.SHSPrékBPe 8|8n§e PASSafgURERSti onal - expressi on
generatipg s{ep rallt of el.a |onaI ex ressions ar ener at ed
based 1 onkg maé ppr oxrmai O dmkoghp58ﬁﬁ ﬁéﬁgslﬂ?thg gareground
obj ect cgptajned Eaﬁnga %Xsdppgésk Qﬁiﬁ‘eﬁh%‘”%e SgpshanLiay '% linearly
with respect tot osi fions I'xel's, a secon Foxi mation in

whi it t hep gk Xh eb%:&holﬁg Lhe.pi éfgngafigl;lﬁét i‘neih&@ﬁ&eg from the

designated 15 chang S subst ant I near w respect to the
predetermined number of pixels, the pixels having a time

integrating function, said image processing apparatus
comprising:
a relational-expression generating step of extracting,

10 in correspondence with a designated pixel of a designated
frame of the image data, mixed pixel data, which is the
pixel data, in which a plurality of objects contained in the
image data are mixed, from the designated frame and a
peripheral frame around the designated frame in accordance

15 with a motion of a foreground object which forms a
foreground of the plurality of objects, and also of
extracting, in torrespondence with the mixed pixel data,
background pixel data, which is the pixel data,
corresponding to a background object which forms a

20 background of the plurality of objects, the background pixel
data being associated with the corresponding mixed pixel
data, from a frame different from the frames from which the
mixed pixel data are extracted in accordance with a motion
of the background object, so as to generate a plurality of

25 relational expressions indicating relationships between the



positions of the pixels. 11. A program according to claim 10, further
conprising a foreground/ background separation step of separating the

i mge data into a foreground object image consisting of only 20 the
foreground object conponents which formthe foreground object in the inmage
data and a background object imge consisting of only background object
conponents which form the background object in the image data based on the
m xture ratio corresponding to the designated pixel. 25 12. A program
according to claim 10, wherein in sal®26 231 mxture-ratio detection step
the mxture ratio is detected by solving the plurality of rel ational
expressions according to a nethod of |east squares. 13. An inmage-capturing

apparatus_conprising: .5 inmage-capturing neapns for. outputting a subject
i Prgge ca{?)ﬁ’h‘?r%cplb’fmgrgéf%gae‘?‘ia%ﬁ rlﬁ’%ﬂ(ﬁ’é‘?}i‘rb I?Jrf&?Juo‘if%Tga LORFLTA i ned
nunber(ﬁtﬂg>g%§3haviqg ati integrating function as inmage data

consisting of a pqneadteef erfmhed’ rtber  of pi xel data; 10
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contained in the inage data are m rom esi ghate and a 15

peri pher aln forae-cOWHk tdecdasd ate ot Hd s 1 ghAKPISBACE pMdd & motion
of a foreground object which forns a
the relational expressions,
wherein in said relational-expression generating step,

the plurality of relational expressions are generated based
on a first approximation in which components of the

10 foreground object contained in the mixed pixel data change
substantially linearly with respect to the positions of the
pixels, and a second approximation in which the mixture
ratio of the mixed pixel data extracted from the designated
frame changes substantially linear with respect to the

15 positions of the pixels.
5. An image processing method according to claim 4, further
comprising a' foreground/background separation step of
separating the image data into a foreground object image
consisting of only the foreground object components which

20 form the foreground object in the image data and a
background object image consisting of only background object
components which form the background object in the image
data based on the mixture ratio corresponding to the

designated pixel.

25 6. An image processing method according to claim 4, wherein



foreground of the plurality of objects, and also for extracting, in
correspondence with the m xed pixel data, background pixel data, which is
t he pi xel data, 20 corresponding to a background object which forns a "
background of the plurality of objects, the background pixel data being
associated wth the corresponding m xed pixel data, froma franme different
fromthe frames fromwhich the m xed pixel data are extracted in
accordance with a notion 25 of the background object so as to generate a
plurality of - 232 relational expresgpens indicating relationships between
the m xed pixel data and the background pi xel data concerning the
desi gnated pi xel; and m xture-ratio detection neans for detecting a m xture
m xture sta i,n the real
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i mage-capturing apparatus according to claim13,
data which is formed of a predetermined number of pixel data

obtained by an image-capturing device including a
predetermined number of pixels, the pixels having a time
integrating function, said program comprising:

10 a relational-expression generating step of extracting,
in correspondence with a designated pixel of a designated
frame of the image data, mixed pixel data, which is the
pixel data, in which a plurality of objects contained in the
image data are mixed, from the designated frame and a

15 peripheral frame around the designated frame in accordance
with a motion of a foreground object which forms a
foreground of the plurality of objects, and also of
extracting, in correspondence with the mixed pixel data,
background pixel data, which is the pixel data,

20 corresponding to a background object which forms a
background of the plurality of objects, the background pixel
data being associated with the corresponding mixed pixel
data, from a frame different from the frames from which the
mixed pixel data are extracted in accordance with a motion

25 of the background object, so as to generate a plurality of



further conprising foreground/ background separati on neans for separating
the inmage data into a foreground object inage 20 consisting of only the

f oreground object conmponents which formthe foreground object in the inmage
data and a background object image consisting of only background object
conponents which formthe background object in the imge data based on the
m xture ratio corresponding to the 25 designated pixel. - 233 15. An

i mge-capturing apparatus according to claim13, wherein said

m xture-ratio detection neans detectssphe— mixture ratio by solving the
plurality of relational expressions according to a nethod of |east

squares. 5 16. An image processing apparatus for processing i mage data

which is forned of a redeternlneg nher I]nglxel at a Sgtalned by an

i mage- capEuAtAGRaey £E “FReHGdFng" lcﬁFé&QtéF reanRaABEr L WﬁF?eFQe t he

i xel s having a,ti ctlon sai e processi,ng apparat us
R0 Compr P4iRS: Bt raid SEinrbeoPat RGERORL: PG hedRLar BPOCRERALE ng. i n
correspongenge mnthtadde5| nat ed plxel of a designated frame of the image
data, piXx F dafadorta pB% %érﬁp frame around t he designated frane as

backgr ound pi el dat a1 agﬁsrsgpggg%gg Legp backatound, gblegt ol -2

plurality of ]ec e I mage a, and al so trac

des'gﬁatﬁgtﬁbx d@é&%lﬁé Bhﬁlﬁ%ﬁEQ“%E%@epb¥eEh@“ﬂlﬁ&g&h%&t%f Bbﬁ%btgata of

a pi xel ocate proximty w
in the real world concerning the designated pixel based on

the relational expressions,
wherein in said relational-expression generating step,
the plurality of relational expressions are generated based
10 on a first approximation in which components of the
foreground object contained in the mixed pixel data change
substantially linearly with respect to the positions of the
pixels, and a second approximation in which the mixture
ratio of the mixed pixel data extracted from the designated
15 frame changes substantially linear with respect to the
positions of the pixels.
8. A recording medium according to claim 7, wherein said
program further comprises a foreground/background separation
step of separating the image data into a foreground object
20 iﬁage consisting of only the foreground object components
which form the foreground object in the image data and a
background object image consisting of only background object
components which form the background object in the image
data based on the mixture ratio corresponding to the

25 designated pixel.



designated pixel in the designated frane so as to generate a 20 plurality
of relational expressions indicating relationships of the designated pixel
data, the proximty pixel data, and the background pi xel data '
corresponding to the designated pixel data or the proximty pixel data
concerning the designated pixel; and 25 m xture-ratio detection neans for
detecting a mxture - 234 ratio indicating a mxture state of the
plurality of objects in the real world concerning the designated pixe
based on the relational expressions,ywherein said relational-expression
generating neans 5 generates the plurality of relational expressions based
on an approximation in which the mxture ratio corresponding to the

desi gnated pixel and the proximty pixel is uniform 17. An inage .
processi Ag app&r&PEdinacBeding BECOFSiLRILEC ChAdMe/n WAPYein in~said

rel ati onal - expressi on generating means 10 generates the pluralit f

rel ati onBf-*&XpFegaitonAsIBEEEE18R S&ﬁpapﬁPSX%ﬁﬁFPSﬁ Fﬁt&ﬁigﬁ QSFﬁSﬁﬁﬁts of a

f d obj ect th luralit f . ect tained in_th ' ted
i xel daPd 3RAVEHE BPExPHRER pEePtadekaatantn POPFESToo Anarnaga e o
processing ap argtﬁs %c;ording tgrggain1l6, 15 wherein said

rel ationd -8x§?5 §FoR g ﬁSFEtlﬁﬁ means generates the plurality of

rel atg ongl, expr §8gggatgé§e 198 199 QpBB@Fh%EEiQBri rwﬂgg?iﬁgggaggets of a

f or egr ound "obj e e plrurali of "ob[ects containe n si gnat ed

pixel daparangntif REO¥bnbY Biexg! pdakacehangeasHbabart bel b¥xel data

obtained by an image-capturing device including a
predetermined number of pixels, the pixels having a time
integrating function, to execute:

10 a relational-expression generating step of extracting,
in correspondence with a designated pixel of a designated
frame of the image data, mixed pixel data, which is the
pixel data, in which a plurality of objects contained in the
image data are mixed, from the designated frame and a

15 peripheral frame around the designated frame in accordance
with a motion of a foreground object which forms a
foreground of the plurality of objects, and also of
extracting, in correspondence with the mixed pixel data,
background pixel data, which is the pixel data,

20 corresponding to a background object which forms a
background of the plurality of objects, the background pixel
data being associated with the corresponding mixed pixel
data, from a frame different from the frames from which the
mixed pixel data are extracted in accordance with a motion

25 of the background object so as to generate a plurality of



20 linearly with respect to the positions of the pixels. 19. An inmage

processi ng apparatus according to claim 16, further conpri si

ng

f or egr ound/ background separation neans for separating the inage data into
a foreground object inmage consisting of only the foreground object
conponents which 25 formthe foreground object in the inmage data and a -
235 background conponents data based designated object image consisting
of only background object which formthe background object in the image on
the m xture ratio corresponding to the3pgpikxel. 5 20. An inage processing
apparatus according to claim 16, wherein mxture said mxture-ratio

rel ati onal

detection neans detects the ratio by solving the plurality of

21. An.i nage

expr essi ons a t t hqd aof | t

neggod | GPipto00ed R4nRasd SRR 4RO G AR HeL TSR g B

n er of | .d bt b t d I
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a mixture-ratio detection step of detecting a mixture

rocessi ng
i ned

ing a

i ng

5 ratio indicating a mixture state of the plurality of objects

in the real world concerning the designated pixel based on

the relational expressions,

wherein in said relational-expression generating step,

the plurality of relational expressions are generated based

10 on a first approximation in which components of the

foreground object contained in the mixed pixel data change

substantially linearly with respect to the positions of the

pixels, and a second approximation in which the mixture

ratio of the mixed pixel data extracted from the designated

15 frame changes substantially linear with respect to the

positions of the pixels.

11. A program according to claim 10, further comprising a

foreground/background separation step of separating the

image data into a foreground object image consisting of only

20 the foreground object components which form the foreground

object in the image data and a background object image

consisting of only background object components which form

the background object in the image data based on the mixture

ratio corresponding to the designated pixel.

25 12. A program according to claim 10, wherein in said



15 a rel ati onal -expressi on generating step of extracting, in
correspondence with a designated pixel of a designated frane of the inmage
data, pixel data of a peripheral frane around the designated frane as
background pi xel data corresponding to a background object of a plurality
of 20 objects of the inmage data, and al so of extracting designated pixel
data of the designated pixel and proximty pixel data of a pixel |ocated
in close proximty with the designated pixel in the designated frame so as
to generate a plurality of relationrak3g&xpressions indicating relationships
of the 25 designated pixel data, the proximty pixel data, and the - 236
background pi xel data corresponding to the designated pixel data or the

etact] ot BEEe;PakTpcaRreLnyBe. LRE CRhINAL Gty Rl XaricBle AcTLELURS, 181! O

detectio m Xt'u io1ndicating a mxture state of

t he p'urey'%xleﬁ bhﬁgtplu&alanleﬁakewgkhgnaqngﬁbgbeglbng desbgnahgd pi xel

based on tl onal eXxpressi ons wherein in said rel ati onal - expr essi on

generati pg gt RBehokh8ePhiaakl t¥uakeke! ational expressions are generated
based 10 on an approxi mation i'n which the mxture ratio corresponding to

the desi gnat eﬂnpmﬁgl;eaeaptcn%laE;Oépgtautmsx@bmps_rl@mht;orm 22. An image
processi ng net hod according to claim?21, wherein in said

rel atg onal - exprhegst Oapeenehgtmegnst £pr dhepuptingl at yubiecel anagaal
expressions are generated based on 15 an approxi mation in which conponents
of a foregpeuprddobjeah image-capturing device including a

predetermined number of pixels having a time integrating

function as image data consisting of a predetermined number

of pixel data;

10 relational-expression generating means for extracting,
in correspondence with a designated pixel of a designated
frame of the image data, mixed pixel data, which is the
pixel data, in which a plurality of objects contained in the
image data are mixed, from thendesignated frame and a

15 peripheral frame around the designated frame in accordance
with a motion of a foreground object which forms a
foreground of the plurality of objects, and also for
extracting, in correspondence with the mixed pixel data,
background pixel data, which is the pixel data,

20 corresponding to a background object which forms a
background of the plurality of objects, the background pixel
data being associated with the corresponding mixed pixel
data, from a frame different from the frames from which the

mixed pixel data are extracted in accordance with a motion

25 of the background object so as to generate a plurality of



of the plurality of objects contained in the designated pixel data and the
proximty pixel data are uniform 23. An inmage processing nethod according
to claim21l, wherein in said relational-expression generating step, the

20 plurality of relational expressions are generated based on an

approxi mation in which conponents of a foreground object of the plurality
of objects contained in the designated pixel data and the proximty pixel
data change substantially linearly with respect to the positions of the

pi xel s. 25 24. An inmage processi ng reRB@d-according to claim 21, - 237
further conprising a foreground/ background separation step of separating
the inmage data into a foreground object inage consisting of only the

foregro“@%l%%h%ﬁ 18 g@g%&%n@hhﬁﬁicE%Eﬁ'.Q%i%%&% %ggg% g%k%%%ning%he | mge

data and a backgr ou ject image consisting o ackgrou obj ect

conponents ki oA ,£9r Bhine JRACkaRouad KOREGH bl «Eehe da8deondataiRgsed on the
th el 5o

m xture ratio corresponding to e désignated pixe n I nma

processi peekRednacear fiRd1t0aelai m 21, 10 wherein in said mxture-ratio
detection step, the mxture ratio is detected by solving the plurality of

relational expresséonstf6CQEHERYIGA ReARENPIr Ofict 8881 nGUNANEREURE. A
recordi ng mediumin which a conputer-readable program i1s recorded, said

program kaitig usadchefinpr acessitigel Bhgeeldbfdaha whuehlisyf eFnedjetta
predet er mi ned nunber of pixel data obtained by an inmage-capturing device
i ncl udi ngdnathe real world concerning the designated pixel based on
the relational expressions,
wherein said relational-expression generating means
generates the plurality of relational expressions based on a
10 first approximation in which components of the foreground
object contained in the mixed pixel data change
substantially linearly with respect to the positions of the
pixels, and a second approximation in which the mixture
ratio of the mixed pixel data extracted from the designated
15 frame changes substantially linearly with respect to the
positions of the pixels.
14. An image-capturing apparatus according to claim 13,
further comprising foreground/background separation means
for separating the image data into a foreground object image
20 consisting of only the foreground object components which
form the foreground object in the image data and a
background object image consisting of only background object
components which form the background object in the image
data based on the mixture ratio corresponding to the

25 designated pixel.



predet erm ned nunber of pixels, the pixels having a time integrating
function, said program conprising: a relational-expression generating step
of extracting, 20 in correspondence with a designated pixel of a
designated franme of the imge data, pixel data of a peripheral frane
around the designated frane as background pi xel data corresponding to a
background object of a plurality of objects of the imge data, and al so of
extracting designated 25 pixel data of the designated pixel and proximty
pi xel data - 238 of a pixel |ocated RBR3cltose proximty with the designated
pi xel in the designated frane so as to generate a plurality of relationa
expressions indicating relationships of the designated pixel data, the

proxinitxaplxgk gﬁégFa@ggtEE§n§ gﬁggﬁgﬂgda@ éeh dat COﬁ%ﬁﬁg ?dlng to the

desi gnat éd pi xel y plxe t'aoconce

desi gnat gd o Rl ¥ek; 1a”ﬂl§tﬁkétE&%leahbge@%E% thggn§tﬁgt%EtgeE gting a
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mxture ratio indicating a mxture state of the plurality objects 10

in the rgaktwoel Qae%csg,msegv&ha desi gma&sqleyxslf h}@iscéleaalt he relational

expressions, wherein in“said relational -expreSsion generating step, the

pluralitgxpteksliahsoBako@dRhESEbORSMBEBHERE akadthagad re@n an
approxi mation in which the mxture ratio corresponding 15 to the designated

pi xels andet heanr exhget proceeking Hppheslus 26r Arbeeakdhnd ifBgdeuAragcording
to claim26, wherein in said relational -expression generating step, the
pluralityhoth is formed of a predetermined number of pixel data
obtained by an image-capturing device including a
predetermined number of pixels, the pixels having a time
integrating function, said image processing apparatus
10 comprising:
relational-expression generating means for extracting,
in correspondence with a designated pixel of a designated
frame of the imagé data, pixel data of a peripheral frame
around the designated frame as background pixel data
15 corresponding to a background object of a plurality of
objects of the image data, and also for extracting
designated pixel -data of the designated pixel and proximity
pixel data of a pixel located in close proximity with the
designated pixel in the designated frame so as to generate a
20 plurality of relational expressions indicating relationships
of the designated pixel data, the proximity pixel data, and
the background pixel data corresponding to the designated
pixel data or the proximity pixel data concerning the
designated pixel; and

25 mixture-ratio detection means for detecting a mixture

t



rel ati onal expressions are generated based on an approximation in which
conponents of a foreground object of 20 the plurality of objects contained
in the designated pixel data and the proximty pixel data are uniform 28.
A recording nmedium according to claim26, wherein in said

rel ati onal - expression generating step, the plurality of relational
expressions are generated based on an 25 approximation in which conponents
of a foreground object of - 239 the plurality of objects contained in the
desi gnat ed pi xel data and the proxingBy pi xel data change substantially
linearly with respect to the positions of the pixels. 29. A recording

medi um according to clain126 wherein said 5 program conprises a

foreground/back rQun arat.ion ste f ratln e.data into a
f or egr ouk@ 66} & ﬁg Eof¥i*tit Ty %ﬁgﬁhpie g@ﬁ dnggfgéfc S
conponent; i orm & fore r.Qund at a

backgroun% %%fegfal & oﬁ&%ﬁ% nlngft%ﬁlé%ﬁégﬁéﬁgﬁn &%ﬁeg fﬁaggnponents
whi ch forgth%ngQ%grgu%%g %ggdsn the image data based on the m xture

rati o corresponding t eS|gnated pi xel . 30. A recording nedium

according to Ghék€136sa%@ekélﬂthanaiabﬂpgbéEHBE 5@Bé9a9§hscﬁégﬂs5tep, the
m xture ratio is 15 detected by solving the plurality of relational

eXpressi gRaerdeear ¢hRd piard 1TRENCE Qfellae;%has_q & %ss%nsAbars@ar an for

al l owi ng a conputer for processSing inage data ich is fornmed of

pr edet er ginnegproxies tebnpivkewhd@ha the mixture ratio corresponding to
the designated pixel and the proximity pixel is uniform.
17. An image processing apparatus according to claim 16,
‘wherein said relational-expression generating means

10 generates the plurality of relational expressions based on
an approximation in which components of a foreground object
of the plurality of objects contained in the designated
pixel data and the proximity pixel data are uniform.

18. An image processing apparatus according to claim 16,

15 wherein said relational-expression generating means
generates the plurality of relational expressions based on
an approximation in which components of a foreground object
of the plurality of objects contained in the designated
pixel data and the proximity pixel data change substantially

20 linearly with respect to the positions of the pixels.

19. An image processing apparatus according to claim 16,
further comprising foreground/background separation means
for separating the image data into a foreground object image
consisting of only the foreground object components which

25 form the foreground object in the image data and a



obtai ned by an inmage-capturing device including a 20 predeterm ned nunber
of pixels, the pixels having a tine integrating function, to execute: a
rel ati onal - expressi on generating step of extracting, in correspondence

wi th a designated pixel of a designated frane of the inmage data, pixe
data of a peripheral frame 25 around the designated frane as background

pi xel data - 240 corresponding to a background object of a plurality of
objects of the inage data, and al so of extracting designated pixel data of
t he designated pixel and proximty pixgebs data of a pixel located in close
proximty with the designated 5 pixel in the designated frame so as to
generate a plurality of relational expressions indicating relationships of

Lihie: d:%%“%%?%ﬁééﬁ iRger amene Eéﬁ%ﬁt%éapé?i'ap FulesRaroLnE BRONIM ry
et cct | oRORPARERF S IRALRTREER BRE: BPexdPaBhA bRARES: Prg-Aontiebfe ctate of

the p'uragtéybgg gPbECERe hixEhEe! £aksyoLhd, can 8ﬁ§gh§gF§h@hges'9nated pi xel

based on at ronal “expr essions, ere

reIat|onagsgéggggalggxggneratlng step, the plurality of relational
expressions are generated based on an approximation in which the mxture

ratig CozoespgﬂdmggetﬁraeesQﬁﬁggagﬁsgaeuéehcaegdahe e&oagmylel xel is
uniform 32. A program according to claim31, wherein in said
wherein said mixture-ratio detection means detects the
mixture ratio by solving the plurality of relational
expressions according to a method of least squares.
21. An image processing method for processing image data

10 which is formed of a predetermined number of pixel data
obtained by an image-capturing device including a
predetermined number of pixels, the pixels having a time
integrating function, said image processing method
comprising:

15 a :elational—expression generating step of extracting,
in correspondence with a designated pixel of a designated
frame of the image data, pixel data of a peripheral frame
around the designated frame as background pixel data
corresponding to a background object of a plurality of

20 objects of the image data, and also of extracting designated
pixel data of the designated pixel and proximity pixel data
of a pixel located in close proximity with the designated
pixel in the designated frame so as to generate a plurality
of relational expressions indicating relationships of the

25 designated pixel data, the proximity pixel data, and the



20 rel ational -expression generating step, the plurality of relational
expressions are generated based on an approxinmation in which conponents of
a foreground object of the plurality of objects contained in the
designated pixel data and the proximty pixel data are uniform 25 33. A
program according to claim 31, wherein in said - 241 relational-expression
generating step, the plurality of relational expressions are generated
based on an approximation in which conponents of a foreground object of
the plurality of objects contained 4 m3de-designated pixel 5 data and the
proximty pixel data change substantially linearly with respect to the
positions of the pixels. 34. A programaccording to claim31, further
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conponeqé &orn1 t he background object in the imge data based on the
m xture o correspondlng to the designated pixel. 15 35. A program
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m xture ratlo i's by sol ving the plur

eXpr%SS'Pé‘élé‘Cﬁ?cﬁﬂﬁé‘Qm%oa an{Rthed ofateast @H&%P@raﬁ?‘c}{%‘f' FBPEs€apt uring
appar atus conprising: 20 image-capturing neans for outputting a subject

imge  in the real world concerning the designated pixel based on
the relational expressions,
wherein in said relational-expression generating step,
the plurality of relational expressions are generated based
10 on an approximation in which the mixture ratio corresponding
to the designated pixel and the proximity pixel is uniform.
22. An image processing method according to claim 21,
wherein in said relational-expression generating step, the
plurality of relational expressions are generated based on
15 an approximation in which components of a foreground object
of the plurality of objects contained in the designated
pixel data and the proximity pixel data are uniform.
23. An image processing method according to claim 21,
wherein in séid relational-expression generating step, the
20 plurality of relational expressions are generated based on
an approximatioﬁ in which components of a foreground object
of the plurality of objects contained in the designated
pixel data and the proximity pixel data change substantially
linearly with respect to the positions of the pixels.

25 24. An image processing method according to claim 21,



captured by an inmage-capturing device including a predeterm ned nunber of
pi xel s having a tinme integrating function as inmge data consisting of a
predet erm ned nunber of pixel data; 25 rel ational -expression generating
means for extracting, - 242 in correspondence with a designated pixel of a
designated franme of the image data, pixel data of a peripheral frane
around the designated franme as background pi xel data corresponding to a
background object of a plurality of 5 objects of the inmage data, and al so
for extracting designated pixel data3f +he designated pixel and proximty
pi xel data of a pixel located in close proximty with the designated pixel
in the designated frame so as to generate a pIuraIity of rel ati onal
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proximty pixel is uniform
components which form the background object in the image
data based on the mixture ratio corresponding to the
designated pixel.
25. An image processing method according to claim 21,

10 wherein in said mixture-ratio detection step, the mixture
ratio is detected by solving the plurality of relational
expressions according to a method of least squares.

26. A recording medium in which a computer-readable program
is recorded, said program being used for processing image

15 data which is formed of a predetermined number of pixel data
obtained by an image-capturing device including a
predetermined number of pixels, the pixels having a time
integrating function, said program comprising:

a relational-expression generating step of extracting,

20 in correspondence with a designated pixel of a designated
frame of the image data, pixel data of a peripheral frame
around the designated frame as background pixel data
corresponding to a background object of a plurality of
objects of the image data, and also of extracting designated

25 pixel data of the designated pixel and proximity pixel data



37. An image-capturing apparatus according to claim36, wherein said

rel ati onal - expressi on generating neans generates the plurality of

rel ati onal expressions based on 25 an approxi mati on i n whi ch conponents of
a foreground object - 243 of the plurality of objects contained in the
designated pixel data and the proximty pixel data are uniform 38. An

i mage-capturing apparatus according to claim36, wherein said

rel ati onal - expressi on generating neans 5 generates the plurality of

rel ati onal expressions based on an-appgoximtion in which conponents of a
foreground object of the plurality of objects contained in the designated
pi xel data and the proximty pixel data change substantially linearly with
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| east SO0H8t§Sor the proximity pixel data concerning the designated
pixel; and
a mixture-ratio detection step of detecting a mixture
ratio indicating a mixture state of the plurality of objects
10 in the real world concerning the designated pixel based on
the relational expressions,
wherein in said relational-expression generating step,
the plurality of relational expfessions are generated based
on an approximation in which the mixture ratio corresponding
15 to the designated pixel and the proximity pixel is uniform.
27. A recording medium according to claim 26, wherein in
said relational-expression generating step, the plurality of
relational expressions are generated based on an
approximation in which components of a foreground object of
20 the plurality of objects contained in the designated pixel
data and the proximity pixel data are uniform.
28. A recording medium according to claim 26, wherein in
said relational-expression generating step, the plurality of
relational expressions are generated based on an

25 approximation in which components of a foreground object of
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the plurality of objects contained in the designated pixel
data and the proximity pixel data change substantially
linearly with respect to the positions of the pixels.
29. A recording medium according to claim 26, wherein said
program comprises a foreground/background separation step of
separating the image data into a foreground object image
consisting of only the foreground object components which
form the foreground object in the image data and a
background object image consisting of only background object
components which form the background object in the image
data based on the mixture ratio corresponding to the
designated pixel.
30. A recording medium according to claim 26, wherein in
said mixture-ratio detection step, the mixture ratio is
detected by solving the plurality of relational expressions
according to a method of least squares.
31. A program for allowing a computer for processing image
data which is formed of a predetermined number of pixel data
obtained by an image-capturing device including a
predetermined number of pixels, the pixels having a time
integrating function, to execute:

a relational-expression generating step of extracting,
in correspondence with a designated pixel of a designated
frame of the image data, pixel data of a peripheral frame

around the designated frame as background pixel data
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corresponding to a background object of a plurality of
objects of the image data, and also of extracting designated
pixel data of the designated pixel and proximity pixel data
of a pixel located in close proximity with the designated
pixel in the designated frame so as to generate a plurality
of relational expressions indicating relationships of the
designated pixel data, the proximity pixel data, and the
background pixel data corresponding to the designated pi#el
data or the proximity pixel data concerning the designated
pixel; and

a mixture-ratio detection step of detecting a mixture
ratio indicating a mixture state of the plurality of objects
in the real world concerning the designated pixel based on
the relational expressions,

wherein in said relationaljexpression generating step,
the plurality of relational expressions are generated based
on an approximation in which the mixture ratio corresponding
to the designated pixel and the proximity pixel is uniform.
32. A program according to claim 31, wherein in said
relational-expression generating step, the plurality of
relational expressions are generated based on an
approximation in which components of a foreground object of
the plurality of objects contained in the designated pixel
data and the proximity pixel data are uniform.

33. A program according to claim 31, wherein in said
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relational-expression generating step, the plurality of
relational expressions are generated based on an
approximation in which components of a foreground object of
the plurality of objects contained in the designated pixel
data and the proximity pixel data change substantially
linearly with respect to the positions of the pixels.
34. A program according to claim 31, further comprising a
foreground/background separation step of separating the
image data into a foreground object image consisting of only
the foreground object components which form the foreground
object in the image data and a background object image
consisting of only background object components which form
the background object in the image.data based on the mixture
ratio corresponding to the designated pixel.
35. A program according to claim 31, wherein in said
mixture~ratio detection step, the mixture ratio is detected
by solving the plurality of relational expressions according
to a method of least squares.
36. An image-capturing apparatus comprising:
image-capturing means for outputting a subject image
captured by an image-capturing device including a
predetermined number of pixels having a time integrating
function as image data consisting of a predetermined number
of pixel data;

relational-expression generating means for extracting,
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in correspondence with a designated pixel of a designated
frame of the image data, pixel data of a peripheral frame
around the designated frame as background pixel data
corresponding to a background object of a plurality of
objects of the image data, and also for extracting
designated pixel data of the designated pixel and proximity
pixel data of a pixel located in close proximity with the
designated pixel in the designated frame so as to generate a
plurality of relational expressions indicating relationships
of the designated pixel data, the proximity pixel data, and
the background pixel data corresponding to the designated
pixel data or the proximity pixel data concerning the
designated pixel; and

mixture-ratio detection means for detecting a mixture
ratio indicating a mixture state of the plurality of objects
in the real world concerning the designated pixel based on
the relational expressions,

wherein said relational-expression generating means
generates the plurality of relational expressions based on
an approximation in which the mixture ratio corresponding to
the designated pixel and the proximity pixel is uniform.
37. An image-capturing apparatus according to claim 36,
wherein said relational-expression generating means
generates the plurality of relational expressions based on

an approximation in which components of a foreground object
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of the plurality of objects contained in the designated
pixel data and the proximity pixel data are uniform.

38. An image-capturing apparatus according to.claim 36,
wherein said relational-expression generating means
generates the plurality of relational expressions based on
an approximation in which components of a foreground object
of the plurality of objects contained in the designated
pixel data and the proximity pixel data change substantially
linearly with respect to the positions of the pixels.

39. BAn image-capturing apparatus according to claim 36,
further comprising foreground/background separation means
for separating the image data into a foreground object image
consisting of only the foreground object components which
form the foreground object in the image data and a
background object image consisting of only background object
components which form the background object in the image
data based on the mixture ratio corresponding to the
designated pixel.

40. An image-capturing apparatus according to claim 36,
wherein said mixture-ratio detection means detects the
mixture ratio by solving the plurality of relational

expressions according to a method of least squares.




