DESCRI PTI ON | MAGE PROCESSI NG APPARATUS AND METHOD, AND I PE?H@M@
APPARATUS 5 Technical Field T e vention relate§“to I
processing apparatuses and mwﬂ;r\mmmwmrnage capturing appar tuses
nore particularly, to an inmage procgssing apparatus and nethod, and an
i mage-capturing apparatus in which™a 10 difference between a signa
detected by a sensor and the real world is taken into conS|derat|on
Background Art A technique for detecting incidents occ

real world by a sensor and for processiing sanpl ed dataj@ﬁﬂﬂ@“ﬂ““ the
i mage sensor is widely used. For exanple, notion blur In an imge
obt ai ned by capturing an object noving in front of a prede¥§ ned

stationary background with a vide the noving 20 speed is
rel atively high. However, when an%g%%ggpﬁFsthV|ng in front of a
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i mage ang g4 ng obj ect inage 25 occurs H|therto t he processing for
dealing wth the m xture state of the background i mage and the novi ng
obj ect

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 moving object image

25 occurs. Hitherto, the processing for dealing with the




has not been considered. Disclosure of Invention 5 The present invention
has been made in view of the above-described background. Accordingly, it
is an object of the present invention to nake it possible to specify a
background i mage area, a noving object area, and an inage area in which
the m xture of the background i mage area and 10 the noving object area
occurs. An inmage processing apparatus of the present invention includes:
rel ati onal - expressi on generating neans for extracting, in correspondence
with a designated pixel of a designated_frane of inmge data, pixel data of
a peripheral 15 franme around the designated franme as background pi xel data
corresponding to a background object which forms a background anpng a

plurality of o ects of th ge data,.  .and al so, fqQr extracting designated
i xel dat x 551&1 03@ TR ATREF A7 B GR @PIFEe S0 as
to 20 generate a Iurallt | at i onal expressions concerning the

desi gnat 6@ SHincd H&FH S % Telationship bet ween the designated pixe

data and the background pi xel data; mxture-ratio detection nmeans for
detecting a mxture ratio indicating the mxture state of the plurality of

obj ects 'qlégi&g¥%éwﬁ¥ MR/ &nggpcernlng t he designated pi xel based on the
rel ation expressions; predictive-error calculation neans for calculating

a pregictive %géo rBYeAtPShi byt BY hA b@bﬁtﬁééeréh'91@%1%%t%ﬂeby the

m Xture-ratio ction neans IntO the relational exXpressi ons; covered
backgroungove-described background. Accordingly, it is an object of

the present invention to make it possible to specify a

background image area, a moving object area, and an image

area in which the mixture of the background image area and
10 the moving object area occurs.

An 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, pixel data of a peripheral

15 frame around the designated frame as background pixel data
corresponding to a background object which forms a
background among a plurality of objects of the image data,
and also for extracting designated pixel data of the
designated pixel contained in the designated frame so as to

20 generate a plurality of relational expressions concerning
the designated pixel indicating the relationship between the
designated pixel data and the background pixel data;
mixture-ratio detection means for detecting a mixture ratio
indicating the mixture state of the plurality of objects in

25 the real world concerning the designated pixel based on the



5 areal/uncovered background area specifying nmeans for specifying, based on
the predictive error, whether an area to which the designated pixe

belongs is a mxed area in which the plurality of objects are m xed and i's
al so a covered background area formed at a | eading end in the 10 noving
direction of a foreground object which fornms a foreground anong the
plurality of objects, or is the mxed area and is also an uncovered
background area fornmed at a trailing end in the noving direction of the
foreground object; and foreground areahkbackground area specifying nmeans 15
for specifying whether the area to which the designated pixel belongs is a
foreground area consisting of only foreground object conponents which form

the foregrqund ohject or g background grea consisting of only background
obj ect ¢ ﬁﬂéﬁ%#ﬂ%?RM%WH?qgﬂ%ﬂ“@ﬁe%ﬁéﬁkiﬁﬁhﬁﬁiQHﬁ9£nqa%§§Lﬁﬁ%QHA¥F@P§-ratio
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to which the designated pixel belongs is a mixed area in
which the plurality of objects are mixed and is also a
covered background area formed at a leading end in the
10 moving direction of a foreground object which forms a
foreground among the plurality of objects, or is the mixed
area and is also an uncovered background area formed at a
trailing end in ﬁhe moving direction of the foreground
object; and foreground area/background area specifying means
15 for specifying whether the area to which the designated
pixel belongs is a foreground area consisting of only
foreground object components which form the foreground
object or a background area consisting of only background
object components which form the background object.
20 The mixture-ratio detection means may detect the
foreground object components contained in the designated
pixel in correspondence with the designated pixel based on
the relational expressions, and may also detect the mixture
ratio; and the predictive-error calculation means may

25 calculate the predictive error by substituting the mixture



to the background object, and nmay al so extract the designated pixel data of
the designated pixel and vicinity pixel data of a vicinity pixel
positioned in the vicinity of 10 the designated pixel in the designated
frame, and may generate the plurality of relational expressions concerning
t he designated pixel indicating the relationship anong the designated

pi xel data, the vicinity pixel data, and the background pixel data
corresponding to the designated pixel 15 data or the vicinity pixel data.
The rel ational -expressi on generati ng_ngans may generate the plurality of
rel ati onal expressions based on a first approximtion in which the
foreground object conponents contained in the designated pixel data and
the vicinity 20 pi xel data are equal, and a second approximation in which
the nixt dFdgica@dng ithea HOTagray sl epJjacte AP ORI fFe LAt ngbdfedth® o t he
position of the pixel, of the m xed area. The rel ational - expressi on
gener at i §SHRAL SThP IgETedatec gtk B J&’zﬁ A G &t D e si ons
based on a first 25 roximation in which the foreground object conponents
cont ai nedS3'% Hé’td’est?%gﬁeét?r%i%q FEL AT YWe vicinity pixel data are
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to the background object, and may also extract the
designated pixel data of the designated pixel and vicinity
pixel data of a vicinity pixel positioned in the vicinity of

10 the designated pixel in the designated frame, and may
generate the plurality of relational expressions concerning
the designated pixel indicating the relationship among the
designated pixel data, the vicinity pixel data, and the
background pixel data corresponding to the designated pixel

15 data or the vicinity pixel data.

The relational-expression generating means may generate
the plurality of relational expressions based on a first
approximation in which the foreground object components
contained in the designated pixel data and the vicinity

20 pixel data are equal, and a second approximation in which
the mixture ratio in the mixed area linearly changes with
respect to the position of the pixel of the mixed area.

The relational-expression generating means may generate
the plurality of relational expressions based on a first

25 approximation in which the foreground object components



the plurality of relational expressions by extracting the 10 pi xel data of
the frame prior to the designated franme as the background pi xel data when
t he desi gnated pi xel belongs to the covered background area and by '
extracting the pixel data of the frame subsequent to the designated frane
as the background pixel data when the designated pixel belongs to 15 the
uncover ed background area. The rel ational -expressi on generating neans nay
generate the plurality of relational expressions by extracting, in
correspondence with the designated pixegl . m xed pixel data indicating the
m xture state in which the plurality of 20 objects are m xed fromthe
designated frane and the peripheral frane based on the notion of the
foreground object and by also extracting, in correspondence with each
item of wetHLES ﬁirkéqh%aeé,lqwe@awgsegumt@ ¥did ddiea Viomidsponding to
t he backgr.ound object froma frang 25 different fromthe frame from which
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The rel ati onal - expressi on generating nmeans nay generate the plurality of
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expressions according to the method of least squares.

The relational-expression generating means may generate
the plurality of relational expressions by ektracting the

10 pixel data of the frame prior to the designated frame as the
background pixel data when the designated pixel belongs to
the covered background area and by extracting the pixel data
of the frame subsequent to the designated frame as the
background pixel data when the designated pixel belongs to

15 the uncovered background area.

The relational—expressibn generating means may generate
the plurality of relational expressions by extracting, in
correspondence with the designated pixel, mixed pixel data
indicating the mixture state in which the plurality of

20 objects are mixed from the designated frame and the
peripheral frame based on the motion of the foreground
object and by also extracting, in correspondence with each
item of the mixed pixel data, the background pixel data
corresponding to the background object from a frame

25 different from the frame from which the mixed pixel data is



data indicating the mxture state in which the plurality of objects are
m xed fromthe designated franme and the peripheral franme based on the
notion of the foreground object and by al so extracting, in correspondence
with each 15 item of the m xed pixel data, the background pi xel data
correspondi ng to the background object fromthe frame prior to the frame
fromwhich the mxed pixel data is extracted based on the notion of the
background object. The covered background area/uncovered background area
speci fying means 20 may specify an areg i-h which the predictive error is
greater than or equal to a predeterm ned threshold as the uncovered
background area. The rel ational -expressi on generating nmeans nmay generate

he pl | i f | at i I [ ing, | ;
Corr bspORIATAS KA P GO TRrG Yo’ T TG BINIPRIAEE 1 i cat i ng
the mxture sgﬁ%e ig $hich the %Iuralit§ of 3p'ects are mxed fromthe
desi gnated fraf€ &fd® R Y EPSIOFr AL pESE N ERE MBI Hr16F e
orear ouithe QLS AP S SR LSS RO TLAIOUIEIE G YD cach S

i tem of _ p1xe corresponding to
e DA SRR (PTG ST AR U L IR om o
obj ect. The rLovREdPackaning A Laluncovered hackanaindaf e shesid ving
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the designated frame and the peripheral frame are uniform.
The relational-expression generating means may generate
the plurality of relational expressions by extracting, in
10 correspondence with the designated pixel, the mixed pixel
data indicating the mixture state in which the plurality of
objects are mixed from the designated frame and the
peripheral frame based on the motion of the foreground
object and by also extracting, in correspondence with each
15 item of the mixed pixel data, the background pixel data
corresponding to the background object from the frame prior
to the frame from which the mixed pixel data is extracted
based on the motion of the background object. The covered
background area/uncovered background area specifying means
20 may specify an area in which the predictive error is greater
than or equal to a predetermined threshold as the uncovered
background area.
The relational-expression generating means may generate
the plurality of relational expressions by extracting, in

25 correspondence with the designated pixel, the mixed pixel



An i mage processing nethod includes: a relational- expression generating
step of extracting, in correspondence 15 with a designated pixel of a
designated frane of inage data, pixel data of a peripheral frame around the
designated frane as background pi xel data corresponding to a background
obj ect which forns a background anong a plurality of objects of the inmage
data, and al so of extracting designated pixel 20 data of the designated

pi xel contained in the designated frane so as to generate a plurality of
rel ational expressions concerning the-designated pixel indicating the

rel ati onshi p between the designated pi xel data and the background pi xel
data; a mxture-ratio detection step of 25 detecting a mxture ratio
indicating the mxture state of the plurality of objects in the real world
concer ni §§ tehd nddEsitgmar ddepimdaitusrgs &tadie tife whelcaht ittmalP leagiledsi ofs; a
predictive-error calculation step of cal cul atj % a predictive error by
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m xture-ratio detection step into the relational expressions; a covered
backgr ouR$ T ihedadn dFdde PAFEk GFrodl® H19dE-Th&s %ﬂ%gg%‘ieé%f"di‘ndspeci fyi ng,
based on %ge redictive error, whether an area to m@ich t he _.desi gnat ed
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background are orned at a trailing end
subsequent to the frame from which the mixed pixel data is
extracted based on the motion of the background object. The
covered background area/uncovered background area specifying
10 means may specify an area in which the predictive error is
greater than or equal to a predetermined threshold as the
covered background area.
An image processing method includes: a relational-
expression generating step of extracting, in correspondence
15 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 which forms a background among a plurality of objects
of the image data, and also of extracting designated pixel
20 data of the designated pixel contained in the designated
frame so as to generate a plurality of relational
expressions concerning the designated pixel indicating the
relationship between the designated pixel data and the

background pixel data; a mixture-ratio detection step of

25 detecting a mixture ratio indicating the mixture state of



15 in the noving direction of the foreground object; and a foreground

ar ea/ background area specifying step of specifying whether the area to

whi ch the designated pixel belongs is a foreground area consisting of only
foreground object conponents which formthe foreground object or a 20
background area consisting of only background object conponents which form
t he background object. In the mxture-ratio detection step, the foreground
obj ect components contained in the designated pixel may be detected in
correspondence with the designated pixgl _based 25 on the rel ational
expressions, and the mxture ratio may al so be detected. In the

predi ctive-error calculation step, the predictive error may be cal cul ated
by substituting the mxture ratio and the foreground object conponents
cont ai nedhs RS 1dddi Gfatodd 8558l nddthec i by AHE SR itha he 5

m xture-ratio detectioon step into the rel ational expressions. 1In the
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area/uncovered background area specifying step of specifying,
based on the predictive error, whether an area to which the
designated pixel belongs is a mixed area in which the

10 plurality of objects are mixed and is also a covered
background area formed at a leading end in a moving
direction of a foreground object which forms a foreground
among the plurality of objects, or is the mixed area and 1is
also an uncovered background area formed at a trailing end

15 in the moving direction of the foreground object; and a
foreground area/background area specifying step of
specifying whether the area to which the designated pixel
belongs is a foreground area consisting of only foreground
object components which form the foreground object or a

20 background area consisting of only background object
components which form the background object.

In the mixture-ratio detection step, the foreground

object components contained in the designated pixel may be
detected in correspondence with the designated pixel based

25 on the relational expressions, and the mixture ratio may



designated pixel data or the vicinity pixel data. In the

rel ati onal - expressi on generating step, the plurality of relational
expressi ons nay be generated based 20 on a first approximtion in which

t he foreground object conponents contained in the designated pi xel data and
the wvicinity pixel data are equal, and a second approximation in which
the mxture ratio in the mxed area linearly changes wth respect to the
position of the pixel of the mxed area. 25 In the rel ational - expression
generating step, the - 10 plurality_ofy relational expressions may be
generated based on a first approximation in which the foreground object
conponents contained in the designated pixel data and the wvicinity pixel
data are equal, and a second approximation in 5 which the mxture ratio in
t he nmi xe@l@e®pldatadtethadgeshanintedicige@ arathedstidteProfsieRe pi xel
of the mxed area. |In the mxture-ratio detection step, the mxture ratio
may be déthéctE@BF LIV iFIhdY RealGalFigrted fY GRS Eteag dfe
according to the nethod of | east squares 10 In the rel ati onal - expressi on
gener at | FEHSRGS, TS ST AN yf e PR RIS e (BRI Srefp T e at od

R
B B Gt SRS R L R ER R S
designated pixgl (Bel 0295+48nLReURCAKEHBA BARKILQYAY 248D, the pixel
data of the peripheral frame eorresponding to the designated
pixel may be extracted as the background pixel data
corresponding to the background object, and the deSignated
10 pixel data of the designated pixel and vicinity pixel data
of a vicinity pixel positioned in the vicinity of the
designated pixel in the designated frame may also be
extracted, and the plurality of relational expressions
concerning the designated pixel indicating the relationship
15 among the designated pixel data, the vicinity pixel data,
and the background pixel data corresponding to the
designated pixel data or the vicinity pixel data.
In the relational-expression generating step, the
plurality of relational expressions may be generated based
20 on a first approximation in which the foreground object
components contained in the designated pixel data and the
vicinity pixel data are equal, and a second approximation in
which the mixture ratio in the mixed area linearly changes
with respect to the position of the pixel of the mixed area.

25 In the relational-expression generating step, the



In the rel ati onal -expressi on generating step, the plurality of relational
expressions may be generated by 20 extracting, in correspondence wth the
desi gnat ed pi xel, m xed pixel data indicating the m xture state in which
the plurality of objects are mxed fromthe designated frane and the
peri pheral frane based on the notion of the foreground object and by al so
extracting, in correspondence with each 25 item of the m xed pixel data,

t he background pixel data - 11 corresponding to the background object from
a frame different fromthe frame fromehich the m xed pixel data is
extracted based on the notion of the background object. In the

rel ati onal - expressi on generating step, the 5 plurality of relational

expr essi ner.at.ed based on a first approxinmation. i.n whjch the
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which the 15 plurality of objects are m xed fromthe designated franme and

the peripheldl dHamR 8asRd Qi {6 A OMmied e dOneanound, abireds and by
al so extracting, in correspondence with each itemof the m xed pixel data,
the backgriaind-gipedlt G &he position of the pixel of the mixed area.
In the mixture-ratio detection step, the mixture ratio
may be detected by solving the plurality of relational |
expressions according to the method of least squares.

10 In the relational-expression generating step, the
plurality of relational expressions may be generated by
extracting the pixel data of the frame prior to the
designated frame as the background pixel data when the
designated pixel belongs to the covered background area and

15 Dby extracting the pixel data of the frame subsequent to the
designated frame as the background pixel data when the
designated pixel belongs to the uncovered background area.

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

20 extracting, in correspondence with the designated pixel,
mixed pixel data indicating the mixture state in which the
plurality of objects are mixed from the designated frame and
the peripheral frame based on the motion of the foreground
object and by also extracting, in correspondence with each

25 item of the mixed pixel data, the background pixel data



correspondi ng to the background. object fromthe frane prior 20 to the
frame fromwhich the m xed pixel data is extracted based on the notion of
t he background object. In the covered background area/uncovered background
area specifying step, an area in which the predictive error is greater
than or equal to a predetermned threshold is specified as the 25
uncover ed background area. - 12 1In the relational -expression generating
step, the plurality of relational expressions nay be generated by
extracting, in correspondence with the;designated pixel, the m xed pixel
data indicating the mxture state in which the 5 plurality of objects are
m xed fromthe designated franme and the peripheral franme based on the
notion of the foreground object and al so b extractlng i n correspondence

Wi th eaclfCLLSSH ltrwehﬂ hachorpand ¢ dhf §8&1 dat a
correspondi to th ckground ob ect fro frane 10, subsequent to the
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data, pixgl datiaHf ébﬁ%ﬁﬂﬂﬂg¥fgn in whlch the foreground object

components corresponding to the mixed pixel data are equal

and a second approximation in which the mixed pixel data

extracted from the designated frame and the peripheral frame
10 are uniform.

In the relational-expression generating step, the
plurality of relational expressions may be generated by
extracting, in correspondence with the designated pixel, the
mixed pixel data indicating the mixture state in which the

15 plurality of objects are mixed from the designated frame and
the peripheral frame based on the motion of the foreground
object and by also extracting, in correspondence with each
item of the mixed pixel data, the background pixel déta
corresponding to the background object from the frame prior

20 to the frame from which the mixed pixel data is extracted
based on the motion of the background object. In the
covered background area/uncovered background area specifying
step, an area in which the predictive error is greater than
or equal to a predetermined threshold is specified as the

25 uncovered background area.



20 frame around the designated franme as background pi xel data

correspondi ng to a background object which forms a background anong a
plurality of objects of the inage data, and also of extracting designated
pi xel data of the designated pixel contained in the designated frame so as
to 25 generate a plurality of relational expressions concerning - 13 the
desi gnated pi xel indicating the relationship between the designated pi xel
data and the background pixel data; a mxture-ratio detection step of
detecting a mxture ratio indicating ihe-m xture state of the plurality of
objects in 5 the real world concerning the designated pi xel based on the
rel ati onal expressions; a predictive-error calculation step of calculating
a predictive m xture ratio _detected by the
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whi ch the designat ed
object and also by extracting, in correspondence with each
item of the mixed pixel data, the background pixel data
corresponding to the background object from the frame
10 subsequent to the frame from which the mixed pixel data is
extracted based on the motion of the background object. In
the covered background area/uncovered background area
specifying step, an area in which the predictive error is
greater than or equal to a predetermined threshold may be
15 specified as the covered background area.

A program of a 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, pixel data of a peripheral

20 frame around the designated frame as background pixel data
corresponding to a background object which forms a
background among a plurality of objects of the image data,
and also of extracting designated pixel data of the

designated pixel contained in the designated frame so as to

25 generate a plurality of relational expressions concerning




pi xel belongs is a foreground area consisting of only foreground object
conponents which formthe foreground object or a background area

consi sting of only background object conponents which formthe background
object. 25 In the mxture-ratio detection step, the foreground - 14 object
conponents contained in the designated pixel may be detected in
correspondence with the designated pi xel based on the relational
expressions, and the m xture ratio may also be detected. In the
predictive-error calculation step, 5 ti®e predictive error nmay be cal cul ated
by substituting the mxture ratio and the foreground object conponents
cont ai ned in the designated pixel detected by the processing in the

m xture-r detec n_step i.nt.Q the reI t| I r i
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backgroun&gggggq Ege&o?ﬁggpon %ggtggthgl oun ﬁ%ﬁt and the

desi gnat ﬁqxt%éelca@%ad%ft %Q%oﬁegtt%%%d d%'té%'tl%%d aV'nﬁ.'}H:'utr)é Riztgl, data of

a vicinity pixel positione he vicinity of the 15 designate plxel in
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rel ati onal expressSions concerning the designated pixel indicating the
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and t he background pi xel data corresponding to the 20 desi gnated pi xel data
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Hne of calculating a predictive error by substituting the
mixture ratio detected by the processing in the mixture-
ratio detection step into the relational expressions; a
10 covered background area/uncovered background area specifying
step of specifying, based on the predictive error, whether
an area to which the designated pixel belongs is a mixed
area in which the plurality of objects are mixed and is also
a covered background area formed at a leading end in a
15 moving direction of a foreground object which forms a
foreground among the plurality of objects, or is the mixed
area and is also an uncovered background area formed at a
trailing end in the moving direction of the foreground
object; and a foreground area/background area specifying
20 step of specifying whether the area to which the designated
pixel belongs is a foreground area consisting of only
foreground object components which form the foreground
object or a background area consisting of only background

object components which form the background object.

25 In the mixture-ratio detection step, the foreground



plurality of relational expressions may be generated based on a first
approxi mation in which the foreground object conponents contained in the
desi gnat ed pi xel data and the 25 vicinity pixel data are equal, and a
second approximation in - 15 which the mxture ratio in the nlxed area
linearly changes wth respect to the position of the pixel of the m xed
area. In the relational -expression generating step, the plurality of

rel ati onal expressions may be generated based 5 on a first approximtion
in which the foreground obj ect conponemnt s-contained in the designated pixel
data and the vicinity pixel data are equal, and a second approximation in
which the mxture ratio in the m xed area planarly changes wth respect to
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the pixel data of the frame subseqlent to the designated frame as the
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background area. In the relational-expression generating step, the
pl uralitwiefturel atatdnalaeX phes Soksyroandeogeityy alextbdidents contained
in the designated pixel detected by the processing in the
mixture—-ratio detection step into the relational expressions.

In the relational-expression generating step, the pixel

10 data of the peripheral frame corresponding to the designated
pixel may be extracted as the background pixel data
corresponding to the background object, and the designated
pixel data of the designated pixel and vicinity pixel data
of a vicinity pixel positioned in the vicinity of the

15 designated pixel in the designated frame may also be
extracted, and the plurality of relational expressions
concerning the designated pixel indicating the relationship
among the designated pixel data, the vicinity pixel data,
and the background pixel data corresponding to the

20 designated pixel data or the vicinity pixel data.

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

25 vicinity pixel data are equal, and a second approximation in



extracting, in correspondence with the designated pixel, mxed pixel data
indicating a m xture state in which the 25 plurality of objects are m xed
fromthe designated franme and - 16 the peripheral frane based on the '
notion of the foreground object and by al so extracting, in correspondence
with each itemof the m xed pixel data, the background pixel data
correspondi ng to the background object froma frane 5 different fromthe
frame fromwhich the m xed pixel data is extracted based on the notion of
t he background object. In the rel ationg$-expression generating step, the
plurality of relational expressions may be generated based on a first
approxi mation in which the foreground object 10 conponents corresponding to

the m xed_pi xel _.data are equal, and second, approxi.mation in which the
m xed pi Y& Farde &&ﬁqﬁ’cﬁeeg:af Wi ithe e g &t § ;Jr?élea% % hcglaﬁ]egreispher al
frame are uyniform .Int rel at.i.anal - r.essi.Qn generating step,..the 15
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the m xture state in I'ch urali bjects arerfi xed fromthe
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m xed pi x@mpehtss @HTaAGIR in the designated pixel data and the

vicinity pixel data are equal, and a second approximation in
which the mixture ratio in the mixed area planarly changes
with respect to the position of the pixel of the mixed area.

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

In the relational—-expression generating step, the

plurality of relational expressions may be generated by

15 extracting the pixel data of the frame prior to the
designated frame as the background pixel data when the
designated pixel belongs to the covered background area and
by extracting the pixel data of the frame subsequent to the
designated frame as the background pixel data when the

20 designated pixel belongs to the uncovered background area.

In the relational-expression generating step, the

plurality of relational expressions may be generated by
extracting, in correspondence with the designated pixel,
mixed pixel data indicating a mixture state in which the

25 plurality of objects are mixed from the designated frame and



based on the notion of the background object. In the 25 covered background
area/ uncovered background area specifying - 17 step, an area in which the
predictive error is greater than or equal to a predeterm ned threshold may
be specified as the uncovered background area. In the

rel ati onal - expression generating step, the 5 plurality of relational
expressions may be generated by extracting, in correspondence wth the
designated pixel, the mxed pixel data indicating the m xture state in
which the plurality of objects are v ke&d-fromthe designated frane and

t he peripheral frame based on the notion of the foreground 10 object and

al so by extracting, in correspondence with each itemof the mxed pixel

dat t; t
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threshold may be specified as the covered background ‘area. A program of
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a peripheral frame around the designated frame as background pi xel data
cor r esponrditrg dted Heaad) raaurtheo bjoacitonvis £ it Heoriesclaground object.

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

10 components corresponding to the mixed pixel data are equal
and a second approximation in which the mixed pixel data
extracted from the designated frame and the peripheral frame
are uniform.

In the relational-expression generating step, the

15 plurality of relational expressions may be generated by
extracting, in correspondence with the designated pixel, the-
mixed pixel data indicating the mixture state in which the
plurality of objects are mixed from the designated frame and
the peripheral frame based on the motion of the foreground

20 object and by also extracting, in correspondence with each
item of the mixed pixel data, the background pixel data
corresponding to the background object from the frame prior
to the frame from which the mixed pixel data is extracted
based on the motion of the background object. In the

25 covered background area/uncovered background area specifying



25 background anong a plurality of objects of the inage data, - 18 and

al so of extracting designated pixel data of the designated pixel contained
in the designated frame so as to generate a plurality of relational '
expressions concerning the designated pixel indicating the relationship
between the 5 designated pi xel data and the background pixel data; a

m xture-ratio detection step of detecting a mxture ratio indicating the
m xture state of the plurality of objects in the real world concerning the
desi gnat ed pi xel based on the relat+onal-expressions; a predictive-error
cal cul ation step 10 of calculating a predictive error by substituting the
m xture ratio detected by the processing in the mxture- ratio detection

step intq e rsl atianal, QRSSO s LA L backay qund. Areahyeover ed

backgr oun ea specifying step 0 yi'ng, based on e predictive

error, WoelNefa113 Al Hhad il W AR HAN il e D ANg%d S a M xed

area in whi e plurality o J ects are m xed "and a covered

backgr oung, Aarga FRIYRA ek dRAd igsNd in a nmoving direction of a
foreground object which fornms a foreground anong the plurality of objects,

or is the mxed 2Heak-e3agfdnhi-akpeedB 1BACLRLRM thagkgrewd takea formed at
a trailing end in the noving direction of the foreground object; and a
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mixed pixel data indicating the mixture state in which the
plurality of objects are mixed from the designated frame.and
the peripheral frame based on the motion of the foreground
10 object and also by extracting, in correspondence with each
item of the mixed pixel data, the background pixel data
corresponding to the background object from the frame
subsequent to the frame from which the mixed pixel data is
extracted based on the motion of the background object. 1In
15 the covered background area/uncovered background area
specifying step, an area in which the predictive error is
greater than or equal to a predetermined threshold may be
specified as the covered background area.
A program of the present invention allows a computer to
20 execute: 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 object which forms a

25 background among a plurality of objects of the image data,



- 19 object or a background area consisting of only background object
conponents which formthe background object. In the mxture-ratio detection
step, the foreground object components contained in the designated pixel
may be 5 detected in correspondence with the designated pixel based on the
rel ati onal expressions, and the mxture ratio may also be detected. In the
predictive-error calculation step, the predictive error may be cal cul ated
by substituting the mxture ratio and the foreground object conponents
contained 10 in the designated pixel-degeeted by the processing in the

m xture-ratio detection step into the rel ational expressions. 1In the

rel ati onal - expressi on generating step, the pixel data of the peripheral

frame corr%s%qgﬁ%i 3’% ;e%ttgge tﬁf“i%ﬁ%ﬁ%%@%@‘nﬁy (]Eaecaexc;tflraC ted as the
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background pi xel data corresponding to the designated pixel data or the

Vi ci nsty deigi@naddd@ pildd 1t Ry veladid A tRdNERSSIMRD Wenear aldig; ¢ ep, the 25
plurality of relational expressions nmay be generated based - 20

mixture-ratio detection step of detecting a mixture ratio
indicating the mixture state of the plurality of objects in
the real world concerning the designated pixel based on the
relational expressions; a predictive—error calculation step

10 of calculating a predictive error by substituting the
mixture ratio detected by the processing in the mixture-
ratio detection step into the relational expressions; a
covered background area/uncovered background area specifying
step of specifying, based on the predictive error; whether

15 an area to which the designated pixel belongs is a mixed
area in which the plurality of objects are mixed and is also
a covered background area formed at a leading end in a
moving direction of a foreground object which forms a
foreground among the plurality of objects, or is the mixed

20 area and is also an uncovered background area formed at a
trailing end in the moving direction of the foreground
object; and a foreground area/background area specifying
step of specifying whether the area to which the designated
pixel belongs is a foreground area.consisting of only

25 foreground object components which form the foreground



on a first approximation in which the foreground object conponents
contained in the designated pixel data and the vicinity pixel data are
equal, and a second approxinmation in which the mxture ratio in the m xed
area linearly changes 5 with respect to the position of the pixel of the
m xed area. In the relational-expression generating step, the plurality
of relational expressions may be generated based on a first approxinmation
in which the foreground object conponents contained in the designated
pi xel data and the 10 vicinity pixel-da¢aare equal, and a second
approximation in which the mxture ratio in the m xed area planarly
changes wth respect to the position of the pixel of the mxed area. In
the mxture-ratiq detection step, the mxtyre ratio_.may be detectfed by
solving RS %y ogP o Grae S hsiead ot 2idb iy T8 the et hod
of | east e I rel.ati - r ' raf. step, the
o%gf%%rt %Ompo@leltnr{% Wi R E‘ey&%b%sasdk‘r’ge}rcg.ﬁgg cgéyq d4 Step
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generating step, the 25 plurality of relational expressions my be
gener at edrbythe &kl a@4lomQt idkdrdds Gy esprndanc eniwitlrd heywiesingniat ed pi xel ,
also be detected. 1In the predictive-error calculation step,
the predictive error may be calculated by substituting the
mixture ratio and the foreground object components contained
10 in the designated pixel detected by the processing in the
mixture-ratio detection step into the relational expressions.
In the relational-expression generating step, the pixel
data of the peripheral frame corresponding to the designated
pixel may be extracted as the background pixel daﬁa
15 corresponding to the background object, and the designated
pixel data of the designated pixel and vicinity pixel data
of a vicinity pixel positioned in the vicinity of the
designated pixel in the designated frame may also be
extracted, and the plurality of relational expressions
20 concerning the designated pixel indicating the relationship
among the designated pixel data, the vicinity pixel data,
and the background pixel data corresponding to the
designated pixel data or the vicinity pixel data.
In the relational-expression generating step, the

25 plurality of relational expressions may be generated based



m xed pixel data indicating a mxture state in which the plurality of
objects are m xed fromthe designated frane and the peripheral franme based
on the notion of the foreground 5 object and by also extracting, in ‘
correspondence with each itemof the m xed pixel data, the background

pi xel data corresponding to the background object froma frane different
fromthe frame fromwhich the m xed pixel data is extracted based on the
notion of the background object. 10 In the relational -expression generating
step, the plurality of relational exp@ssions nay be generated based on a
first approximtion in which the foreground object conponents
corresponding to the m xed pixel data are equal and a second approxi mation

in which the rd.xed pixel data.l5 extracted fromthe Si ted frame and
t he peri &?eraalrFJTrrsgcrréappgroeXlt?r?‘l St r‘i”%tlhcgi g ea?’—aloo]:hneagfrfjoglxnpérg e%gkgieocﬁc generating
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with each itemof the m xed pixel data, the background pixel data 25

cor r es poRdithg e gt RRC k1o Wi idkicRClo ff 18 ik d T A Hd alixeddrdD, the
frame fromwhich the m xed pixel data is extracted based on the notion of
t he backgroundnobhectelkitibR@l-expression generating step, the
plurality of relational expressions may be generated based
on a first approximation in which the foreground object |
components contained in the designated pixel data and the
10 wvicinity pixel data are equal, and a second approximation in
which the mixture ratio in the mixed area planarly changes
with respect to the position of the pixel of the mixed area.

In the mixture-ratio detection step, the mixture ratio

may be detected by solving the plurality of relational
15 expressions according to the method of least squares.

In the relational—-expression generating step, the
plurality of relational expressions may be generated by
extracting the pixel data of the frame prior to the
designated frame as the background pixel data when the

20 designated pixel belongs to the covered background area and
by extracting the pixel data of the frame subsequent to the
designated frame as the background pixel data when the
designated pixel belongs to the uncovered background area.

In the relational-expression generating step, the

25 plurality of relational expressions may be generated by



covered background area/uncovered background area specifying step, an area
in which the predictive error is greater than 5 or equal to a predeterm ned
threshold nay be specified as the uncovered background area. In the '
rel ati onal - expression generating step, the plurality of relational
expressions may be generated by extracting, in correspondence with the
desi gnated pixel, the 10 m xed pixel data indicating the m xture state in
which the plurality of objects are m xed fromthe designated frame and

t he peripheral frame based on the notion of the foreground object and al so
by extracting, in correspondence with each itemof the m xed pixel data,

t he background pi xel data 15 corresponding to the background object from

the 172 3URSQent, £ Qe JLaR Jdom i dhd he. Jiged g il data (s
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i mage- capturing device including a 25 predeterm ned nunber of” pixels, the
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predet ermi ned nunber of pixel data; relational-expression generating nmeans
for extradddm@f idheC@iir@sPPIdIICiand h the background pixel data
corresponding to the background object from a frame
different from the frame from which the mixed pixel data.is
extracted based on the motion of the background object.

10 In the relational-expression generating step, the
plurality of relational expressions may be generated based
on a first approximation in which the foreground object
components corresponding to the mixed pixel data are equal
and a second approximation in which the mixed pixel data

15 extracted from the designated frame and the peripheral frame
are uniform.

In the relational-expression generating step, the
plurality of relational expressions may be generated by
extracting, in correspondence with the designated pixel, the

20 mixed pixel data indicating the mixture state in which the
plurality of objects are mixed from the designated frame and
the peripheral frame based on the motion of the foreground
object and by also extracting, in correspondence with each
item of the mixed pixel data, the background pixel data

25 corresponding to the background object from the frame prior



desi gnat ed pi xel of a designated frane of the inage data, 5 the pixel data
of a peripheral frame around the designated franme as background pixel data
correspondi ng to a background object which forns a background anong a '
plurality of objects of the inage data, and al so for extracting designated
pi xel data of the designated pixel contained in the designated 10 frame so
as to generate a plurality of relational expressions concerning the
designated pixel indicating a relationship between the designated pi xel
data and the background pixel data;-n2Xxtdre-ratio detection neans for
detecting a mxture ratio indicating the mxture state of 15 the plurality
of objects in the real world concerning the designated pixel based on the

rel ati onal pressi ons; redi ¢ctive-er.ror, cal cul ati.on .mean ar, cal cul ating
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In the relational—expression generating step, the
plurality of relational expressions may be generated by
extracting, in correspondence with the designated pixel, the
10 mixed pixel data indicating the mixture state in which the
plurality of objects are mixed from the designated frame and
the peripheral frame based on the motion of the foreground
object and also by extracting, in correspondence with each
item of the mixed pixel data, the background pixel data
15 corresponding to the background object from the frame
subsequent to the frame from which the mixed pixel data is
extracted based on the motion of the background object. 1In
the covered background area/uncovered background area
specifying step, an area in which the predictive error is
20 greater than or equal to a predetermined threshold may be
specified as the covered background area.
An image—-capturing apparatus of the present invention
includes: image-capturing means for outputting a subject
image captured by an image-capturing device including a

25 predetermined number of pixels, the pixels having a time



5 areal/ background area specifying neans for specifying whether the area to
whi ch the designated pixel belongs is a foreground area consisting of onIy
foreground object conponents which formthe foreground object or a
background area consisting of only background object conponents which 10
formthe background object. The m xture-ratio detection neans nay detect
the foreground object conponents contained in the designated pixel in
correspondence with the designated pixel based on the relational
expressions, and may al so detect the-mdXtwure 15 ratio. The predictive-error
cal cul ati on neans may calculate the predictive error by substituting the
m xture ratio and the foreground object conponents contained in the

desi gnat ?L?x gl)éeclln%etf%%t %O% a@el ¥ onéa%g atig Qfdetection means into the
[

rel ati ona ressi-ons ere expreSS|on generatlng neans may
extract i ipheral Gar, o]
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desi gnat pI xe vicinity 25 pixel’'data of a vicinity pixel positioned

in the Vigesnight 1@ pl%%l tol}ead%@sqwa%dolﬁ%lmé i e designpated £ rame, and
may generateé the plurality of relational expressions concerning the

desi gnat ethePipi®lell AiteAlIMG Hee iMea10rshine Aithd e dRS iGRLRE pi xel
data, the vicinity pixel data, and the 5 background pi xel data
correspofdiafig @ Hhekdgdupmidkdll XRlta corresponding to a background
object which forms a background among a plurality of objects
of the image data, and also for extracting designated pixel
data of the designated pixel contained in the designated
10 frame so as to generate a plurality of relational
expressions concerning the designated pixel indicating a
relationship between the designated pixel data and the
background pixel data; mixture-ratio detection means for
detecting a mixture ratio indicating the mixture state of
15 the plurality of objects in the real world concerning the
designated pixel based on the relational expressions;
predictive-error calculaﬁion means for calculating a
predictive error by substituting the mixture ratio detected
by the mixture-ratio detection means into the relational
20 expressions; covered background area/uncovered background
area specifying means for specifying, based on the
predictive error, whether an area to which the designated
pixel belongs is a mixed area in which the plurality of
objects are mixed and is also a covered background area

25 formed at a leading end in a moving direction of a



data or the vicinity pixel data. The rel ational -expression generating nmeans
may generate the plurality of relational expressions based on a first
approxi mation in which the foreground object conponents 10 contained in the
desi gnated pi xel data and the vicinity pixel data are equal, and a second
approximation in which the mxture ratio in the mxed area linearly
changes with respect to the position of the pixel of the m xed area. The
rel ati onal - expressi on generating neans nmay generate 15 the plurality of

rel ati onal expressions based on a fi+s24 -approximation in which the

f oreground object conponents contained in the designated pixel data and

t he vicinity pi xel data are equal, and a second approxination in which

the m xt lfr ou%d Qﬂbﬂ‘f vgei,leidchartearnpé aanagcj%egclfrlﬁq_!(}gﬁre ragF 40, respect to t he

position O e pIXE nixe area 10 detection neans

may det eg); utzl”éell f”o% m@%}%? VHTHL]g e d! el 'aiﬁ’drcﬁfs r&l &g iapal

exXpr essi S acco ding t east squares

relati On"ﬂnc@%@r%%ﬁ'k%rb}&%rlﬁﬁﬁi 'él%é%é@%@%%@éﬁu? de plunad ity of
rel ati onal expressions extracting the - 26 pixel data of the frame

prior tOniol%qrfﬂgesi:&%iﬁ%ri RIS fd¥egRARIDIIYEE D! Xald dad e d he

desi gnat ed pi Xel belongs to the covered background area and by extracting

the péxelardat/dacdgiditnd ranm Sfsagianiy medhe desi giad ety fd@rmheasdhe 5
background pi xel é%ta when the designated pi xel belongs to the uncovered
backgr ountheals@®a to which the designated pixel belongs is a
foreground area consisting of only foreground object
components which form the foreground object or a backgroond
area consisting of only background object components which
10 form the background object.
The mixture-ratio detection means may detect the
foreground object components contained in the designated
pixel in correspondence with the designated pixel based on
the relational expressions, and may also detect the mixture
15 ratio. The predictive-error calculation means may calculate
the predictive error by substituting the mixture ratio and
the foreground object components contained in the designated
pixel detected by the mixture-ratio detection means into the
relational expressions.
20 The relational-expression generating means may extract
the pixel data of the peripheral frame corresponding to the
designated pixel as the background pixel data corresponding
to the background object, and may also extract the

designated pixel data of the designated pixel and vicinity

25 pixel data of a vicinity pixel positioned in the vicinity of



The rel ati onal - expressi on generating neans nmay generate the plurality of
rel ati onal expressions by extracting, in correspondence with the

desi gnat ed pi xel, m xed pixel data 10 indicating a m xture state in which
the plurality of objects are mxed fromthe designated frane and the

peri pheral franme based on the notion of the foreground object and by al so
extracting, in correspondence with each itemof the m xed pixel data, the
background pi xel data corresponding to the 15 background object froma
frame different fromthe frane from-wvidch the m xed pixel data is
extracted based on the notion of the background object. The

rel ational - expression generating neans may generate the plurality of

el att ongl exaasalan hased q) 3,0 Lol 20 A GUUAL! Ahd mAthi ch the

foregroun objec compone cortespondi nlxe pi X data are

equal g %eﬁs%cc%”dch L4 TRL) QfF 'r’él"é@d eré] eef’{Barre RIelc Jatea iy act ed

from SI gnate rame and the perl are unitorm e

relati 0” heeﬁ@s%%ﬂa%cg?l‘?{eélt 'ﬁgiﬁ%ac’ﬁdmc)hegeﬁéqraaél%ns%ﬁﬁ Nendirdld ty of

rel ati onal expressions by extracting, In - correspondence wWith the

desi gnat e@sa@ﬁelted he 81X Gt X&he dAIA il %gerng dd@ Mardingestate in

which the pldrality of objects are mxed fromthe deS|gnated frame and the

peri pher dadkgainr$a%kean date Ml indibey ity egleowns igraljertpiand by al so

extracting, in correspondence with each itemof the m xed pixel data, the
backgroumd tRi xel tha aidderirgspandingsua .t he background obj ect from t he

frame prior
The relational-expression generating means may generate
the plurality of relational expressions based on a first
approximation in which the foreground object components
10 contained in the designated pixel data and the vicinity
pixel data are equal, and a second approximation in which
the mixture ratio in the mixed area linearly changes with
respect to the position of the pixel of the mixed area.
The relational-expression generating means may generate
15 the plurality of relational expressions based on a first
approximation in which the foreground object components
contained in the designated pixel data and the vicinity
pixel data are equal, and a second approximation in which
the mixture ratio in the mixed area planarly changes with
20 respect to the position of the pixel of the mixed area.
The mixture-ratio detection means may detect the
mixture ratio by solving the plurality of relational
expressions according to the method of least squares.

The relational-expression generating means may generate

25 the plurality of relational expressions by extracting the



to the frame fromwhich the m xed pixel data is extracted based on the
noti on of the background object. The covered 10 background area/uncovered
background area specifying neans nmay specify an area in which the '
predictive error is greater than or equal to a predeterm ned threshold as
t he uncovered background area. The rel ational - expressi on generating neans
may generate 15 the plurality of relational expressions by extracting, in
correspondence with the designated pixel, the m xed pixel data indicating
the m xture state in which the pluraliz2yg of objects are m xed fromthe
designated frane and the peripheral frame based on the notion of the
foreground 20 object and al so by extracting, in correspondence with each

tem of Uhe i xed pigel gt (g, bagkground: pielogady sorieshondlng to

t he back&?ound object” from ubsequen e frane from

by et T S o B e D hr ) WKCOVEr L bt ount e Sheci Ty

obj ect. covere groun ound area specifyin

- 28 ne SREEI j i Wor Of s d 1S ater
t han or ?aiea{&%@o a prgeaécekf:bte}rd'?nl'rr{rel&gd‘Sl x{bh%srﬁ(;lgc?h Zes}p(ir]%ejd &cr%)d\// ;rgéd I5b)'Laxcéklg rdoaggnag area

I n correspoRdRNGE-aMd b digplanated M &leHigrin edesianatad dfHame of image
data, pixel data of a peripheral franme around the designated frane is

extragt ethaakPRAKH Pkl kel Hadm 1 RSNt 1Wh 19 3 Daskgpnd Hbj ect
whi ch forns a background anong a plurality of objects of the 1 mage data,
the uncovered background area.

The relational-expression generating means may generate
the plurality of relational expressions by extracting, iﬁ
correspondence with the designated pixel, mixed pixel data

10 indicating a mixture state in which the plurality of objects
are mixed from the designated frame and the peripheral frame
based on the motion of the foreground object and by also
extracting, in correspondence with each item of the mixed
pixel data, the background pixel data corresponding to the

15 Dbackground object from a frame different from the frame from
which the mixed pixel data is extracted based on the motion
of the background object.

The relational-expression generating means may generate
the plurality of relational expressions based on a first

20 approximation in which the foreground object components
corresponding to the mixed pixel data are equal and a second
approximation in which the mixed pixel data extracted from
the designated frame and the peripheral frame are uniform.

Thé relational-expression generating means may generate

25 the plurality of relational expressions by extracting, in

g



and al so, designated pixel data of the designated pixel 10 contained in the
designated frane is extracted so as to generate a plurality of relationa
expressions concerning the designated pixel indicating the relationship
bet ween the designated pixel data and the background pi xel data. The

m xture ratio indicating the mxture state of the plurality 15 of objects
in the real world concerning the designated pixel 1is detected based on the
rel ati onal expressions. The predictive error is calculated by substituting
the detected mxture ratio into the-refational expressions. Based on the
predictive error, it is specified whether an area to which 20 the

desi gnated pi xel belongs is a mxed area in mhich the plurality of objects

the %éf%a%q%sk%aﬁ Be o ¢ geﬂ%""w%ao“ S o ey e qaalé%ﬂoﬂﬁdezﬁo'ﬁ
t he pl ur% of ob elt el n{lxt e o gtd ar e%vhai%q} ISe ﬁ_uraslo try uncover ed
e

backgroun area Gt T4 I'ng ¢tion of

the foreg (r?%"ér?:qsogree(:tmnéetd 5 orREE e 2d et ciere L 2R 4 Whi ch Che

desi gnat ed “pi xel ~bel on is a foregrou rea conS|st|ng of only

foregroungd - ;08jeGh %%@%&ts%mnchcﬁeomém fr aground- LR RRfq or a 5

background area consisting of only background object conponents which form
the backgiBwrd ARiEHy aWdd dxdtirh A RNI8RMHorddsdohRassd RlieH @axieci fy a

background’i mage area, a noving object inage area, and an inage area in
whi ch t he tanxtoff enef ntibedaskanowtd Mg PRkground pixel data
corresponding to the background object from the frame prior
to the frame from which the mixed pixel data is extracted
based on the motion of the background object. The covered
10 Dbackground area/uncovered background area specifying means
may specify an area in which the predictive error is greater
than or equal to a predetermined threshold as the uncovered
background area.
The relational-expression generating means may generate
15 the plurality of relational expressions by extracting, in
correspondence with the designated pixel, the mixed pixel
data indicating the mixture state in which the plurality of
objects are mixed from the designated frame and the
peripheral frame based on the motion of the foreground
20 object and also by extracting, in correspondence with each
item of the mixed pixel data, the background pixel data
corresponding to the background object from the frame
subsequent to the frame from which the mixed pixel data is
extracted based on the motion of the background object. The

25 covered background area/uncovered background area specifying



10 and the noving object inmage area occurs. Brief Description of the
Drawings Fig. 1 illustrates an enbodi nent of an imge processing apparatus
according to the present invention. 15 Fig. 2 is a block diagram
illustrating the inage processing apparatus. Fig. 3 illustrates the inmage
capturing performed by a sensor. Fig. 4 illustrates the arrangenent of

pi xels. 20 Fig. 5 illustrates the operation of a detection device. Fig. 6A
illustrates an i nage obtained by imge- capturing an object corresponding
to a noving foreground and an object z®rresponding to a stationary
background. Fig. 6B illustrates a nodel of an inmge obtained by 25

i mage-capturing an object corresponding to a noving - 30 foreground and an

obj ect corressp?nréq,i nsgj taa st ationary rq,luend.r Fcligc't 7 illustrates a
0

ac
an ecl an, are rn wt?q Cl?'lg e ive e or 1S
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al i gned %FQ%L@H Y| AdhAD a{]y%ge obt ai ned by i mage-capturing an obj ect
corresponding to acgﬁﬁfﬁhnary oreground and an the object 10 correspondi ng

to a stationany backgspuRtdientielwi2n bl dekhahatea PAYRN ioF which pixel
val ues are

5 designated frame of image data, pixel data of a peripheral
frame around the designated frame is extracted as background
pixel data corresponding to a background object which forms
a background among a plurality of objects of the image data,
and also, designated pixel data of the designated pixel

10 contained in the designated frame is extracted so as to
generate a plurality of relational expressions concerning
the designated pixel indicating the relationship between the
designated pixel data and the background pixel data. The
mixture ratio indicating the mixture state of the plurality

15 of objects in the real world concerning the designated pixel
is detected based on the relational expressions. - The
predictive error is calculated by substituting the detected
mixture ratio into the relational expressions. Based on the
predictive error, it is specified whether an area to which

20 the designated pixel belongs is a mixed area in which the
plurality of objects are mixed and is also a covered
background area formed at a leading end in the moving
direction of a foreground object which forms a foreground
among the plurality of objects, or is the mixed area and is

25 also an uncovered background area formed at a trailing end



expanded in the time direction and the period corresponding to the shutter
time is divided. Fig. 10 illustrates a nodel in which pixel values are 15
expanded in the tinme direction and the period corresponding to the shutter
time is divided. Fig. 11 illustrates a nodel in which pixel values are
expanded in the time direction and the period corresponding to the shutter
tinme is divided. 20 Fig. 12 illustrates an exanple in which pixels in a
foreground area, a background area, and a m xed area are extracted. Fig.
13 illustrates the rel ati onshi ps between pi xel s and a nodel obtained by
expanding the pixel values in the 25 time direction. - 31 Fig. 14
illustrates a nodel in which pixel val ues are expanded in the tine

direction angtthe erio correspo i,n s .di vi ded.

Fig. 15 i 4o 408 smg HESHRICHAY, fot At e e ginddd i n -+ he

ti di t t {;
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5 background area consisting of only background object
components which form the background object.
With this arrangement, it is possible to specify a
background image area, a moving object image area, and an
image area in which the mixture of the background image area

10 and the moving object image area occurs.

Brief Description of the Drawings
Fig. 1 illustrates an embodiment of an image processing
apparatus according to the present invention.
15 Fig. 2 is a block diagram illustrating the image
processing apparatus.
Fig. 3 illustrates the image capturing performed by a
sensor.
Fig. 4 illustrates the arrangement of pixels.
20 Fig. 5 1llustrates the operation of a detection device.
Fig. 6A i1llustrates an image obtained by image-
capturing an object corresponding to a moving foreground and
an object corresponding to a stationary background.
Fig. 6B i1llustrates a model of an image obtained by

25 image—-capturing an object corresponding to a moving



Fig. 18 illustrates a nodel in which pixel values are expanded in the tine
direction and the period corresponding 15 to the shutter tinme is divided.
Fig. 19 is a flowhart illustrating the processing for adjusting the '
amount of notion blur. Fig. 20 is a block diagramillustrating the
configuration of a mxture-ratio calculator 103. 20 Fig. 21 illustrates an
exanple of the ideal mxture ratio (X Fig. 22 illustrates a nodel in

whi ch pi xel values are expanded in the tine direction and the period
corresponding to the shutter tine is 3pvided. 25 Fig. 23 illustrates a
mpbdel in which pixel values are - 32 expanded in the tine direction and
the period corresponding to the shutter tinme is divided. Fig. 24

illustrates the se{ect on of 5 |IIustr t es. the sel ecti on of
pi xel s. rI—elgg. i% aatﬂ 6)89 agcrozf eﬁq%us TR Sac ec cont &'ur ation of an

estlnate% %gﬁgemfatlo processor 201. Fig. 27 is a flomchart illustrating
t he procéssi for " calculating the estimated m xture ratio. Fig. 28 is a

flowchart "wgtr%t 119 e RIQC S0 péunéoaf@tcutatggggtbﬁaat gtupe ratio

estimati on by dsin accor covered ba ound area. 'Fig.

29 is a f %&&H agram id 'clb'ite&aetd ARG £LUY | %@tarpnn&foae%d

m xture-ratio cal cul at or
5 Dbackground area.

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

10 corresponding to a stationary background.

Fig. 9 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.

Fig. 10 illustrates a model in which pixel values are

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

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

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

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

25 time direction.



Fig. 30 illustrates a straight line for approximating 15 the mxture ratio
a. Fig. 31 illustrates a plane for approximting the mxture ratio cc.

Fig. 32 illustrates the relationships of the pixels in a plurality of
frames when the mxture ratio a is calculated. 20 Fig. 33 is a flowhart
illustrating the m xture-ratio- estimting processing by using a nodel
corresponding to a covered background area. Fig. 34 is a block diagram

illustrating still another configuration of the m xture-ratio cal cul ator
103. 25 Fig. 35 is a block diagramillystrating the - 33 configuration of
an area specifying unit 104. Fig. 36 illustrates the determ ning processing

performed by an uncovered-background-area deternining portion 303. 5 Fig.

37 illustrates, th f.0 th
uncover ad bacRoFound. A1eHAEESPm gfega' of il 15 3plfs.é SRR BEFrates an

exanpl e of an Jn t Fi St tes
d)ét gIer ni né) %d?gsultt@egecﬁmée IO%Tf ﬁ% lrJa dégt an pgexralr(r)p ]?res dlé’tger m ni ng
results. A g:.he“sﬂdéﬁ"é @g&s ;ah Oe of an input imge. Fi g 42

il ustrates an exa area eterm ni ng
Fig. 15 illustrates a model in which pixel values are

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

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

10 Fig. 17 illustrates a model in which pixel values are
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

15 to the shutter time is divided.

Fig. 19 is a flowchart illustrating the processing for
adjusting the amount of motion blur.

Fig. 20 is a block diagram illustrating the
configuration of a mixture-ratio calculator 103.

20 Fig. 21 illustrates an example of the ideal mixture
ratio a.

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

25 Fig. 23 illustrates a model in which pixel values are



15 results. Fig. 43 illustrates an exanple of area determning results.
Fig. 44 is a block diagramillustrating another configuration of the area
speci fying unit 104. 20 Fig. 45 is a block diagramillustrating still ‘
another configuration of the area specifying unit 104. Fig. 46 is a bl ock
diagramillustrating a further configuration of the area specifying unit
104. Fig. 47 is a flowhart illustrating the area specifying 25
processing. - 34 Fig. 48 is a flowhart illustrating the processing for
speci fying a covered background area- #g- 49 is a flowhart illustrating
the processing for specifying an uncovered background area. 5 Fig. 50 is a
bl ock diagramillustrating an exanple of the configuration of a

f or eground/ backar qund.separat or, 105.. Fi g. A illustrates an input inmge,
L oFegr BARA TS aRorr S gl i EIST b CSaa ey "BlE
illustrates i i a foyr.eaqr d 10 conponent imge, and a
backgrouht gg%pgﬁgﬁtttﬁr%g‘&e Iﬂ'lsg%’lg'g'd% ‘ustrates a nodel in which pixel

val ues are e§§§p?ggd%3%éggthgg-gb%e?Fpggtggg ggepgggg%q corresponding to

the shutter ti ( _ ITustrates a™no in which pixel
values are 1p;gxpggded;|{,8tiheek! PRedsbeeLk9Bn2BE LAKeRE! I 0d corresponding

5 Fig. 26 is a block diagram illustrating the
configuration of an estimated-mixture-ratio processor 201.
Fig. 27 is a flowchart illustrating the processing for
calculating the estimated mixture ratio. |
Fig. 28 is a flowchart illustrating the processing for
10 calculating the mixture ratio estimation by using a model
according to a covered background area.
Fig. 29 is a block diagram illustrating another
configuration of the mixture-ratio calculator 103.
Fig. 30 illustrates a straight line for approximating
15 the mixture ratio a.
Fig. 31 illustrates a plane for approximating the
mixture ratio .
Fig. 32 illustrates the relationships of the pixels in
a plurality of frames when the mixture ratio o is calculated.
20 Fig. 33 is a flowchart illustrating the mixture-ratio- .
estimating processing by using a model corresponding to a
covered background area.
Fig. 34 is a block diagram illustrating still another
configuration of the mixture-ratio calculator 103.

25 Fig. 35 is a block diagram illustrating the



to the shutter tine is divided. Fig. 54 illustrates a nodel
val ues are

in which pixel

expanded in the tine direction and the period correspondi ng

to

the shutter tinme is divided. 20 Fig. 55 is a block diagramillustrating an

exanpl e of
illustrates an exanple of a separated foreground conponent

illustrates an exanple of a separated 25 background conpone
Fig. 57 is a flowhart illustrating the processing for

i mage.
nt

i mge. -
separating a

the configuration of a separating portion 601. Fig. 56A

Fig. 56B
35

foreground and a background. Fig. 58-i%3a block diagramillustrating an

exanpl e of the configuration of a notion-blur adjusting uni

t 106.

59 illustrates the unit of processing. Fig. 60 illustrates a nodel

t he pi xel_ val.ues tpf a foreground co ent_ i nmage 4

di recti of SAdTREFER 8F EOF PRSFoRNg 108 Phé enutA- ti me

Fig. 61 illusgigt e§6aiﬁ9§k LReehi Gl hQ%eB@i‘ﬁhn%ﬁ?‘g%%e 9%1 g
conponent i mage~areé expan §d°iR the trm. directi on and th

corr esPORUg bl iy S0y d IR

in which"the pixe lues 15 of a ground conponent 1 nmag

5 Fig.
in which

e expanded in the tinme
i s divided.

10

f or eground

peri od

B afd 0 0% il isly at es a nodel

are expanded
in the tigR+idn 8¢l on and the period corresponding to the shutter time

5 Fig. 37 illustrates the determining processing
performed by the uncovered-background-area determining
portion 303.

Fig. 38 illustrates an example of an input image.
Fig. 39 illustrates an example of area determining
10 results.
Fig. 40 illustrates an example of area determining
results.
Fig. 41 illustrates an example of an input image.
Fig. 42 illustrates an example of area determining
15 results.
Fig. 43 illustrates an example of area determining
results.
Fig. 44 is a block diagram illustrating another
configuration of the area specifying unit 104.
20 Fig. 45 is a block diagram illustrating still another
configuration of the area specifying unit 104.
Fig. 46 is a block diagram illustrating a further
configuration of the area specifying unit 104.
Fig. 47 is a flowchart illustrating the area specifying
25 processing.



is divided. Fig. 63 illustrates a nodel in which the pixel values of a
foreground conponent image are expanded in the time 20 direction and the
period corresponding to the shutter tine is divided. Fig. 64 illustrates
an exanpl e of another configuration of the notion-blur adjusting unit 106.
Fig. 65 is a flowhart illustrating the processing for 25 adjusting the
anount of notion blur contained in a - 36 foreground conponent i mge
performed by the notion-blur adjusting unit 106. Fig. 66 is a bl ock
diagramillustrating an exanple of .anpiher configuration of the
notion-blur adjusting unit 106. 5 Fig. 67 illustrates an exanple of a
nodel in which the rel ationshi ps between pi xel values and foreground

conponents are indicated. 68 il strat s the cal cul ati on of
Forground  cBiBondft o5 $0fRPUCRERY: FHHISEFAPES PNENEAPEIPAEFRIOEO:

f or eground onent s s.a flowhart illustrating the processing
for ellﬁpﬁg?%gpnﬁbglgﬁWﬁ%%P é&ﬁﬁ%ﬁ%&? ﬁ aaforeground 15 Best Mode for

Carrying Qut gggrlgyegglgnfgbgahggk'%Eihé%&S%%ﬁB %ﬁgogkgsgk @Ega@gégage

processing apparatids accor resent rnvent ntra

Processi ng e Wlig) gl oX QYRR A6 Ak RER Yrea.

5 Fig. 50 is a block diagram illustrating an example of
the configuration of a foreground/background separator 105.

Fig. 51A illustrates an input image, a foreground
component image, and a background component image.

Fig. 51B illustrates an input image, a foreground

10 component image, and a background component image.

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

Fig. 53 illustrates a model in which pixel wvalues are

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

Fig. 54 illustrates a model in which pixel values are
expanded in the time direction and the period corresponding
to the shutter time is divided.

20 Fig. 55 is a block diagram illustrating an example of
the configuration of a separating portion 601.

Fig. 56A illustrates an example of a separated
foreground component image.

Fig. 56B iliustrates an example of a separated

25 background component image.



processi ng according to prograns stored in a ROM (Read Only 20 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 other by a bus 24. An

i nput/output interface 25 is also connected to the 25 CPU 21 via the bus
24. An input unit 26, which is forned of - 37 a keyboard, a nouse, a

m crophone, and so on, and an output unit 27, which is forned of a

di spl ay, a speaker, and so on, are €omheeted to the input/output interface
25. The CPU 21 executes various types of processing in response to a 5
command i nput fromthe input unit 26. The CPU 21 then outputs an inmage or

sound obtaineg.gs a1 eauLl (L Lhe .PLoGessig Lo Lhe QULAUL L 27 The

storage unit connected to i nput/output ™ nterf 8% or’ed of ,

for exanpd é"‘sr%(#ﬁ‘rgd adifségff&%qlrgco_aq{aorae%ﬂklc%gﬁroggp%execut ed by the CPU 21 and

various ty dat a. communi cati on un omuni cates with an

external  deviee Visy heal BIBCRCL AL AROUNGLSACLNANY o chllipiexagpl e,  the

communi cation uni't 29 serves as an oObtaining unit for o ng an out put

of a sens9fe cbnAIGEINAIGY Y a SndRNQH-BNUEY: PRu LR Nadh vi@pd he
communi cation unit” 29 and stored in the storage unit  28. A drive 30

connested to Fhg.i BRULAQUERY: teRt @hkage 125 ofr preTed sTRgnet i ¢ di sk 51, an
optical disc 52, a magneto- optical disk 53, a sem conductor nenory 54, or
the |ike, Fig. 60 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. 61 illustrates a model in which the pixel values
of a foreground component image are expanded in the time
direction and the period corresponding to the shutter time
is divided.

Fig. 62 illustrates a model in which the pixel values

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

Fig. 63 illustrates a model in which the pixel wvalues
of a foreground component image are expanded in the time

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

Fig. 64 illustrates an example of another configuration
of the motion-blur adjusting unit 106.
Fig. 65 1s a flowchart illustrating the processing for

25 adjusting the amount of motion blur contained in a



20 when such a recording nediumis attached to the drive 30, and obtains a
program or data stored in the corresponding nedium The obtained program
or data is transferred to the storage unit 28 and stored therein if ‘
necessary. Fig. 2 is a block diagramillustrating the image 25 processing
apparatus. - 38 It does not matter whether the individual functions of
the i mage processing apparatus are inplenented by hardware or software.
That is, the block diagrans of this specification my be hardware bl ock

di agranms or software 5 functional btogk diagrans. In this specification,
an imge to be captured corresponding to an object in the real world is
referred to as an inmage object. An input imge supplied to the inmage

pr ocessi 10 a atus is supplied to an object extracting.unit 101, a
M Xt ur e 1355 OUTRL SRR, e BF SRR iy T (LR B
foregroug&ﬁQ&&ﬁﬁﬁfqﬂgj§qRﬁgator 105. The object extracting unit 101

8 .

extracts a-rou nmage "obj'ect corresponding to a foreground object

contained | n &he. &8 LADU! LiBRACH; 2B RUBRTLES LRE X LEAGL S, REE OD) ect

to a notion det e object extracting un Cts,  for

exanpl e, 3 dd idds ffgue Ry eEr QA JBYm - B taa RN BIP&M i tde | nput
image so as to extract a rough i mage object corresponding to the
foregsound obpegt . 620iThasebheel axteaahble ¥H b *BhetXihaGhich kAWgh i mage
relationships between pixel values and foreground components
are indicated.
Fig. 68 illustrates the calculation of foreground
components.
10 Fig. 69 illustrates the calculation of foreground
components.

Fig. 70 is a flowchart illustrating the processing for

eliminating motion blur contained in a foreground.

15 Best Mode for Carrying Out the Invention
Fig. 1 illustrates an embodiment of an image processing
apparatus according to the present invention. A CPU
(Central Processing Unit) 21 executes various types of
processing according to programs stored in a ROM (Read Only
20 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 bus 24,
An input/output interface 25 is also connected to the

25 CPU 21 via the bus 24. An input unit 26, which is formed of



obj ect corresponding to a background object contained in the input inmage,
and supplies the extracted i nage object to the notion detector 102. The
obj ect extracting unit 101 extracts a rough i nage object corresponding to -
t he 25 background object from for exanple, the difference between - 39
the input imge and the extracted i mage-object corresponding to the
foreground object. Alternatively, for exanple, the object extracting unit
101 may extract the rough i mage object corresponding to the 5 foreground
obj ect and the rough i mage object corrggpoending to the background obj ect
fromthe difference between the background inmage stored in a built-in
backgr ound nennry and the input i mge. The notion detector 102 cal cul ates
a notion 10 the rou ext.ract ed e object corresponding to
the for eag&oeLY%d) oroq et "HCtBTdi d“%/ O:P}}Oert%'nlad'tfgﬁg%u%rh DIFERIREThi ng,

radi ent, cqryelatd on grecursive technigue, and su plles t he
gal cul at et %’?ﬁdn%e cih d”inhed) ot on- %caf%r 081 T ﬁ%nm T Cﬁa

(whi ch 'Sadwféyr{}?éa%hléofa{e 4 ngqugm[:g EA&QSsz tﬂ?

corresponding to t notion ve ure ratio cal cu ator 103

and  the dmtd ansdl e 2l IStk Wi th 06 s gy rm{'loéﬂs G4 Oreout put from the
noti on detector 102 contai'ns |nfornat|on correspon Ing to the anmount of
MoVenent cothahd HiHpUPLE Uh deieChitfutl Qb Y2 Ut Pie tdiey ML | @feryect or of
outputs an image or sound obtained as a result of the
processing to the output unit 27.

The storage unit 28 connected to the input/ocutput

interface 25 is formed of, for example, a hard disk, and

10 stores programs executed by the CPU 21 and various types of
data. A communication unit 29 communicates with an external
device via the Internet or another network. In this example,
the communication unit 29 serves as an obtaining unit for
obtaining an output of a sensor.

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

A drive 30 connected to the input/output interface 25
drives a magnetic disk 51, an optical disc 52, a magneto-
optical disk 53, a semiconductor memory 54, or the like,

20 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
storage unit 28 and stored therein if necessary.

Fig. 2 i1s a block diagram illustrating the image

25 processing apparatus.



each i mage object, together with the pixel positional information for
speci fying the pixels for the image object, to the notion-blur adjusting
unit 106. 25 The anobunt of novenent v is a value indicating a - 40 ‘
positional change in an inage corresponding to a noving object in units of
the pixel pitch. For exanple, if an object inmage corresponding to a
foreground is noving such that it is displayed at a position four pixels
away froma 5 reference frane when it is positioned in the subsequent
frame, the amount of novement v of the3gbiect image corresponding to the
foreground is 4. The object extracting unit 101 and the notion detector

102 are needed when adjusting the anmount of notion blur 10 corresponding to
a novi ng object. Based on the input |jmge and the, t'oQ vector and the
posi 1 onal 1 nf6r AREPOROEhBREGE S HBBERES FREMLPAAVABEPon TUBEFEERSr OF02, the

1 Xt -rati | cul at 103 generates the .estimated m xture ratio
(her ei naffr YEAS BIP 14 GG HPPAS >HHS AR PRI fid Raeware

correspondi n xture-ratio. rel te%)infor tion wh iht. 1s assuned that
the pixel®* ﬁgﬂégxl&ret'o arll%caot\/elrse'd t%’aec oS F GRS TS one portion  of

the mxed, Wity O’ﬁqooﬁi)zr%ggﬁ%ﬁgfag , Ade q%ﬁiélgg}igag;rﬁgr&%t We sdAllade WhiCh IS

the mxture r and responding mxture-ratio

rel ated infQr 'éyuPMQ?ki&i%gﬁﬁgﬁgsuned that the pixel belongs to an

uncovere ackgroun rea, is the other portion of the mixed area.
The In this specification, an image to be captured

corresponding to an object in the real world is referred to
as an image object.
An input image supplied to the image processiﬁg

10 apparatus is supplied to an object extracting unit 101, a
mixture-ratio calculator 103, an area specifying unit 104,
and a foreground/background separator 105,

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

15 input image, and supplies the extracted image object to a
motion detector 102. The object extracting unit 101 detects,
for example, an outline of the foreground image object
contained in the input image so as to extract a rough image
object corresponding to the foreground object.

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

25 Dbackground object from, for example, the difference between



m xture-ratio cal cul ator 103 supplies the two generated estimated m xture
rati os and the corresponding m xture-ratio 25 related information to the
area specifying unit 104. - 41 The mxture ratio a is a value indicating-
the ratio of the inage conponents corresponding to the background object
(hereinafter also be referred to as "background conponents”) to the pixel
val ue as expressed by equation (3), which is 5 shown below. Details of the
covered background area and the wuncovered background area are given bel ow.
The area specifying unit 104 specifiessgach pixel of the input inmage as
the foreground area, the background area, 10 or the m xed area based on
the input inage and the two estinmated m xture ratios and the correspondi ng
m xture-ratiq relgted information supplied fromthe m xture-ratig

cal cul at dPeLGPPENd"AH5DIFES M Seftd TP T ndtadt iRy 39 WA I SRAP A
foreground area,_the backgrqund area, or the m xed 15 area each pixe
bel ongs (tl‘l’erté}%aﬁotréargrroé’fré’?r 9% as the "area information") to the
foreground/ba% roun ise&arator %05 nd t e Li%n-bl ! Zpsti% uni t
106, "he ar ea rdpEer N i, Or0F*gaRAFa: S0% REIROR Gré - eFairg 4hksed on
and {he. ot Qubrar e o i dgud o Bl S e om the
o the 1 orEgRBuR baakar ur s s St AR Gindd¥ SRS Rapdifudgt [0 2
to the background object from the difference between the
background imaée stored in a built-in background memory and
the input image.
The motion detector 102 calculates a motion vector of
10 the roughly extracted image object corresponding to the
foreground object according to a technique, such as block
matching, gradient, phase correlation, or pel-recursive
technique, and supplies the calculated motion vector and the
motion-vector positional information (which is information
15 for specifying the positions of the pixels corresponding to
the motion vector) to the mixture-ratio calculator 103 and
the motion-blur adjusting unit 106,

The motion vector output from the motion detector 102

contains information corresponding to the amount of mévement
20 wv.

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

25 The amount of movement v is a value indicating a



The foreground/ background separator 105 separates the 25 input inmage into
a foreground conponent image forned of only - 42 the i nage conponents
corresponding to the foreground object (hereinafter also be referred to as
"foreground conponents”) and a background conponent inmage formed of only

t he background conponents based on the area information and the 5 m xture
ratio a supplied fromthe area specifying unit 104, and supplies the
foreground conponent image to the notion- blur adjusting unit 106 and a

sel ector 107. The separated foregroungyconponent inage nmay be set as the
final output. A nore precise foreground and background can be obtained 10
conpared to a known nethod in which only a foreground and a background are
specified without considering the m xed area. The notion-blur adjusting
uni t 106 RESIAATRES SHOIMi D AR PR SHT S TRATE Thg-Aat? IA3E " Dne pi xel
contained . in the foreground conponent | e based on the anpunt of
movement PI&E gt aHrh]e’ge ot e KRS ot Vet orEa%oe’bao{%%]oe 'onln%?é’ area
informatign. The unit of procqﬁﬁin is dqga t hat specifies, aE%%q¥p of

pi xel s tooq??eecs%b]j"é%qeeaccf% FHE MO DDl drt OHH T HE S " BERY BT he anount
by whi ch Lng, npl 1.on Pyl I5ed 0 be, 30, A st ol WLER1 & LRy eI dl 0, L he

i mage proctessing apparatus, the % reground conp fent I mage” supplied from

the gor %%Pé%@é@@cm&%%é?pﬂ a%é)rpésgl%iérﬁ‘eeq D O VS&'S%? the
posi tional Iinformation thereof supplie romthe notion etector 102, and
the unit of;pL0cess  HbudPoMHILHLAYU Y of the object image

corresponding to the foreground is 4.

The object extracting unit 101 and the motion detect§r
102 are needed when adjusting the amount of motion blur

10 corresponding to a moving object.

Based on the input image and the motion vector and the
positional information thereof supplied from the motion
detector 102, the mixture-ratio calculator 103 generates the
estimated mixture ratio (hereinafter referred to as the

15 "mixture ratio a") and the corresponding mixture-ratio
related information when it is assumed that the pixel
beldngs to a covered background area, which is one portion
of the mixed area, and also generates the estimated mixture
ratio, which is the mixture ratio to be estimated, and the

20 corresponding mixture-ratio related information when it is
assumed that the pixel belongs to an uncovered background
area, which is the other portion of the mixed area. The
mixture-ratio calculator 103 supplies the two generated
estimated mixture ratios and the corresponding mixture-ratio

25 related information to the area specifying unit 104,



25 adjusting unit 106 adjusts the amount of notion blur - 43 contained in
the foreground conponent inage by renoving, decreasing, or increasing the
notion blur contained in the foreground conmponent image. The notion-blur -
adjusting unit 106 then outputs the foreground 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.
Motion blur is a distortion contained in an image corresponding to a
novi ng obj ect caused by the novenent_of; 10 an object to be captured in the
real world and the inmage- capturing characteristics of the sensor. The
sel ector 107 selects one of the foreground conponent inmage supplied from
t he foreground/ background separator 105 _and .the foregroynd conponent i nage
° ¥ : e FRdma R ’

in which 15 tﬁéeaﬁﬁ 6 TRt Bisurd Valyg doded | i ) _
ot ot i i M LT o c R TR he i B oSt O
appar at us iR b A b O Wiahe Terbrehce | da RESu R
of , or el e N LR BT e P e e b S ded wi th
a CCDg 25,301,862 S&Nser, which is a solid-state inage-capturing device
Details of the covered background area and the
uncovered background area are given below.
The area specifying unit 104 specifies each pixel of
the input image as the foreground area, the background area,
10 or the mixed area based on the input image and the two
estimated mixture ratios and the corresponding mixture-ratio
related information supplied from the mixture-ratio
calculator 103, and supplies information indicating to which
of the foreground area, the background area, or the mixed
15 area each pixel belongs (hereinafter referred to as the
"area information") to the foreground/background separator
105 and the motion-blur adjusting unit 106,
The area specifying unit 104 generates the mixture
ratio o based on the generated area information, and the two
20 estimated mixture ratios and the corresponding mixture-ratio
related information supplied from the mixture-ratio
calculator 103, and supplies the generated mixture ratio o
to the foreground/background separator 105.

The foreground/background separator 105 separates the

25 input image into a foreground component image formed of only



- 44 An object 111 corresponding to a foreground in the real world noves,
for exanple, horizontally fromthe |left to the right, between an object
112 corresponding to a background and the sensor. 5 The sensor captures
the image of the object 111 corresponding to the foreground together with
the image of the object 112 corresponding to the background. The sensor
outputs the captured inmage in units of franmes. For exanple, the sensor

out puts an i nage having 30 franes per second. 10 The exposure tinme of the
sensor can be 1/30 second. The expasufg tinme is a period fromwhen the
sensor starts converting input light into electrical charge until when the
conversion fromthe input light to the electrical charge is finished. The

exposure tinme is also referred to as a 15 "shutter tinme". Fig. 4
i | 1ustraf®s e CAMPARSH o PSPPI Rty the f,é?rte}ﬂr&‘l’dﬁ‘?globjier?dﬁ cate
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and supplies the foreground component image to the motion-
blur adjusting unit 106 and a selector 107. The separated
foreground component image may be set as the final outpuf.
A more precise foreground and background can be obtained
10 compared 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 fhat 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 image processing apparatus,
the foreground component image supplied from the
foreground/background separator 105, the motidn'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



vertical direction on the image. As shown in Fig. 5, the detection device,
which is, for exanple, a CCD, converts input light into electrical charge
during a period corresponding to a shutter tine, and stores 5 the converted
el ectrical charge. The amount of charge is alnobst 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 10 the period
corresponding to the shutter tinme. Thajszis, the detection device
integrates the input light during the period corresponding to the shutter
tinme and stores the electrical charge corresponding to the anount of
integrated light. It can be considered that the detection device has 15 an
i nt egr at iGRg FUMAd o it fasgsraun FIREN e @R MY dl ST ge st ored in
the detection device is  converted into a volt val ue b C|r t (not
shown) , éjr?cfrec%%l tange”\Fﬁei?es%nsg RS H‘l@rtléﬁh\rgrq‘l ocqr}ﬁaol%?dgl%l | ue,
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is not essential that the motion vector and the positional
information therecf be used.

Motion blur is a distortion contained in an image
corresponding to a moving object caused by the movement of

10 an object to be captured in the real world and the image-
capturing characteristics of the sensor.

The selector 107 selects one of the foreground
component image supplied from the foreground/background
separatorv105 and the foreground component image in which

15 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.

An input image supplied to the image processing

20 apparatus is discussed below with reference to Figs. 3
through 18.

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

25 area sensor, which is a solid-state image-capturing device.



m xture ratio a, by the storage operation of the sensor. The inmage
processi ng apparatus adjusts the anount of distortion, for exanple, the
anount of notion blur, caused 5 by the m xture of the foreground i mage
object itself. The inage processing apparatus al so adjusts the anount of
di stortion caused by the m xture of the foreground i mage object and the
background i mage object. Fig. 6A illustrates an i nage obtai ned by capturing
a 10 noving object corresponding to a foreground and a stationary object
corresponding to a background. Fig. 6Bgpllustrates an inmmge obtained by
capturing a noving object corresponding to a foreground and a stationary
obj ect corresponding to a background. 15 Fig. 6A illustrates an inmage
obt ai ned by captur%ggra novi ng obj ect corresponding to foreground and a

IS:|t afi gz‘arﬁtf‘h q%]Jl)e'é?gt::t corres ond?fghttoéctqﬁfc@ ro-unrc}j iJtrhet vd?rﬁﬁ hofihg\gﬂt a:In
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formed only frgm the hackarqund corponenis, Jhalhd Snjldhe 1fage components

correspondi ng to the background obj ect.
corresponding to the foreground together with the image of

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

10 The exposure time of the sensor can be 1/30 second. The
exposure time is a period from when the sensor starts
converting input light into electrical charge until when the
conversion from the input light to the electrical charge is
finished. The exposure time is also referred to as a

15 "shutter time".

Fig. 4 illustrates the arrangement of pi#els. In Fig.
4, A through I indicate the individual pixels. The pixels
are disposed on a plane of a corresponding image. One
detection device corresponding to each pixel is disposed on

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

25 detection device in the Y direction corresponds to the



The val ues of the pixels in the foreground area are fornmed only fromthe
foreground conponents, that is, the image 5 conponents corresponding to the
foreground object. The values of the pixels of the m xed area are forned
fromthe background conponents and the foreground conponents. Since.the
val ues of the pixels in the mxed area are formed fromthe background
conponents and the foreground conponents, 10 it may be referred to as a
"distortion area". The m xed area is further classified into a covered
background area and an uncovered backgsound area. The covered background
area is a mxed area at a position corresponding to the leading end in the
direction 15 in which the foreground object is noving, where the
background conponents are gradually covered with the foreground over tine.
| n cont r &L tided HERAF QD BackdroumPIea is a mxed area correspondi ng
to the trailing end in the direction in 20 which the fore oundn%bject IS
movi ng, wher e AEh&NBHEK §PoGAT - c InpShEntEt§FAdIR BFVaFSeal r firneCrAs
di scussed above, the, jmage containing the foregroun rea, the background
area, or elﬁ?é“%eraeé:é@a'c rbVLﬁFdlsarléﬁg‘bﬁqlt%t et ecfatbrafccf@o $reais
input intp the area 25 specifying unit .103 | xture-ratio galcul ator
104, and Ci-)uréfsn 9 thed rﬁ“ro‘lroeégrcoournr s[PaO%kdg;lrn ntao saepéa&g%%lr 11!(%?%’563111% mpu%ué i mage.
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area, the covere ackground ‘aré€a, an The _
almost proportional to the intensity of the input light and
the period for which the light is input. The detection
device sequentially adds the electrical charge converted
from the input light to the stored electrical charge during
10 the period corresponding to the shutter time. That is, the
detection device integrates the input light during the
period corresponding to the shutter time and stores the
electrical charge corresponding to the amount of integrated
light. It can be considered that the detection device has
15 an integrating function with respect to time.
The electrical charge stored in the detection device is
converted into a voltage value by a circuit (not shown), and
the voltage value is further converted into a pixel value,
such as digital data, and is output. Accordingly, each
20 pixel value output from the sensor is a value projected on a
linear space, which is a result of integrating a certain
three-dimensional portion of the object corresponding to the
foreground or the background with respect to the shutter

time.

25 The image processing apparatus extracts significant



uncover ed background area di scussed above. In the areas 5 corresponding to
the image shown in Fig. 6A the background area is a stationary portion,
the foreground area is a noving portion, the covered background area of
the m xed area is a portion that changes fromthe background to the
foreground, and the uncovered background area of the mxed 10 area is a
portion that changes fromthe foreground to the background. Fig. 8
illustrates a nodel obtained by expanding in the tinme direction the pixel
val ues of the pixels aligned side- by-ggde in the i mage obtained by
capturing the imge of the 15 object corresponding to the stationary
foreground and the imge of the object corresponding to the stationary
background. For exanple, as the pixels aligned side-by-side, pi xel s
arranged O tioR PPedied cirehe M 5ol e, fhe PR 1al tha

i ndi cated by FO1 through FO4 shown in 20 Fig. 8 are_val ues of the pixels
cor r espodtiFig % Wﬁel%g} ey Hhe thersadr i?ﬁ’l%\’?i‘/tlf%? eJF othl. S&1RP DI xel val ues
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distortion caused by the mixture of the foreground image
object and the background image object.

Fig. 6A illustrates an image obtained by capturing a

10 moving object corresponding to a foreground and a stationary
object corresponding to a background. Fig. 6B illustrates
an image obtained by capturing a moving object corresponding
to a foreground and a stationary object corresponding to a
background.

15 Fig. 6A illustrates an image obtained by capturing a
moving object corresponding to a foreground and a stationary
object corresponding to a background. In the example shown
in Fig. 6A, the object corresponding to the foreground is
moving horizontally from the left to the right with respect

20 to the screen.

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

25 The values of the pixels in the background area are



5 conversion fromthe input light into the electrical charge is finished.
That is, the distance fromthe top side to the bottom side of the
rectangle in Fig. 8 corresponds to the shutter tinme. The pixels shown in-
Fig. 8 are described bel ow assuming 10 that, for exanple, the shutter tine
is equal to the frame size. The horizontal direction in Fig. 8 corresponds
to the spatial direction Xin Fig. 6A. Mre specifically, in the exanple
shown in Fig. 8, the distance fromthe left side of 15 the rectangle
indicated by "FAO" in Fig. 8 to the right side of the rectangle indicated
by "B04" is eight tinmes the pixel pitch, i.e., eight consecutive pixels.
When the foreground object and the background object are stationary, the
light input into the sensor does not 20 change during the period

cor r espofigirngdt onfliye folom tthe biagkgrounde compos@ndsrr édgdndisng the t he
shutter tine is divided into tw or nore portions of equal periods. For
exanpl e, impget kompomeaitsofcoyirespandding ded thér Liaskgroangd obiécodel shown
in Fig. 8 can be represented by the nodel shown in Fig. 9. 25 The nunber of
virtual @he dédussr Cifordec B X5E Ssdf 4O EPTRYLOUTE A &Y g SarkOFAE ot
novenent v of the object corresponding to the foreground within the
shutter Oy, fEGM é%’&rrﬁloé,egtrﬁémdm&’ﬁﬂ@%nﬁfnt\ﬁ'r AT divvi B¢ pgdP&%ns is set
to 4 en the anount of nove 4,_ and thecp%ﬁgggﬁgorresponding to 5
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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,
10 it may be referred to as a "distortion area". The mixed
area is further classified into a covered background area
and an uncovered background area.
The covered background area is a mixed area at a
position corresponding to the leading end in the direction
15 in which the foreground object is moving, where the
background components are gradually covered with the
foreground over time.
In contrast, the uncovered background area is a mixed
area corresponding to the trailing end in the direction in
20 which the foreground object is moving, where the background
components gradually appear over time.
As discussed above, the image containing the foreground
area, the background area, or the covered background area or
the uncovered background area is input into the area

25 specifying unit 103, the mixture-ratio calculator 104, and



The uppernost line in Fig. 9 corresponds to the first divided period from
when the shutter has opened. The second Iline in Fig. 9 corresponds to the
second divided period from when the shutter has opened. The third line in
Fig. 9 10 corresponds to the third divided period fromwhen the shutter
has opened. The fourth line in Fig. 9 corresponds to the fourth divided
period fromwhen the shutter has opened. The shutter tinme divided in
accordance with the anount 15 of novenent v is also hereinafter referred
to as the "shutter tine/v". Wien the gpject corresponding to the
foreground is stationary, the light input into the sensor does not change,
and thus, the foreground conponent FOI/v is equal to the 20 val ue obtai ned
by dividing the pixel value FO1 by the nunber. of virtual divided portions.
Si ni | ar | YW@ f3HO BB}/ RACk QU fERATHFI0 e 35ridlt odthi G s %t i onary,
the foreground cogpo ?nt FO2/v is equal to %%g val ue %bt i ned b% di vi di ng
the pixel val 6é%F0 53 {5 TR TSert CREFRPTSS adiSdi-d & S SPEETHE M Phe
f oreground compqgnent, FO3/v _is equal to -(fﬁj t.he val ue obt ai ne di vi di ng
e’ B ol kn v ROdUBEY A S oSSt o TR B T . et e
f or egr ound 0 t Eg4 V. 1S ual. \%ﬁ obtaj lj{ﬁg iding the
pi xel valuunecqggezg)ebé;e’?n%cek ruér%bnedr b eaaviaar]téucgfégc]elec\l/i ec(g:l’&eS' por i(;nﬁﬂes.é/ eéln t he
obj ect Coégrersé)soﬂ%&%é G4 h@lé)al%é)%hllé in Fig. 6A, the background
area is a stationary portion, the foreground area is a
moving portion, the covered background area of the mixed
area is a portion that changes from the background to the
foreground, and the uncovered background area of the mixed
10 area is a portion that changes from the foreground to the
background.
Fig. 8 illustrates a model obtained by expanding in the
time direction the pixel values of the pixels aligned side-
by-side in the image obtained by capturing the image of the
15 object corresponding to the stationary foreground and the
image of the object corresponding to the stationary
background. For example, as the pixels aligned side-by-side,
pixels arranged in one line on the screen can be selected.
The pixel values indicated by F0l through F04 shown in
20 Fig. 8 are values of the pixels corresponding to the object
of the stationary foreground. The pixel values indicated by
B0l through B04 shown in Fig. 8 are values of the pixels
corresponding to the object of the stationary background.

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

25 the vertical direction in Fig. 8. The position at the top




stationary, the light input into the sensor does not change, and thus, the
background conponent BO1l/v is equal to the value obtained by dividing the
pi xel value B0l by the nunber 10 of virtual divided portions. Simlarly,
when the object corresponding to the background is stationary, the
background conmponent B02/v is equal to the value obtained by dividing the
pi xel value B02 by the nunber of virtual divided portions, the background
conponent BO3/v is equal to 15 the val ue obtai ned by dividing the pixel

val ue BO3 by the nunber of virtual diydded portions, and the background
conmponent BO4/v is equal to the value obtained by dividing the pixel value
BO4 by the nunber of virtual divided portions. 20 Mdre specifically, when

t he object corresponding to the foreground is stationary, the |ight
cor r esporfdidfy o Hife £ 1surdd &Hj%ectt i eSHANSS He sté’t?sd:rmlﬂ’o not

Che. 1 or o8O SEmARHERE SHHHY COPVEH daR 29 FHe FITst portion of
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[£om vhery s SALLET, 9P SENF 1B Ll G SouEns S ape |
chut1 81 DSRS0 L R AW Sormenanl AL cory sapan g Lo
becone th% finished. That is, the distance from the top side to the
bottom side of the rectangle in Fig. 8 corresponds to the
shutter time.
The pixels shown in Fig. 8 are described below assuming
10 that, for example, the shutter time is equal to the frame
size.

The horizontal direction in Fig. 8 corresponds to the
spatial direction X in Fig. 6A. More specifically, in the
example shown in Fig. 8, the distance from the left side of

15 the rectangle indicated by "FO0l" in Fig. 8 to the right side
of the rectangle indicated by "B04" is eight times the pixel
pitch, i.e., eight consecutive pixels.

When the foreground object and the background object
are stationary, the light input into the sensor does not

20 change during the period corresponding to the shutter time.

The period corresponding to the shutter time is divided
into two or more portions of equal periods. For example, if
the number of virtual divided portions is 4, the model shown
in Fig. 8 can be represented by the model shown in Fig. 9.

25 The number of virtual divided portions can be set according



sane val ue. The same applies to FO2/v through FO4/v, as in the case of
FO1/v. 10 When the object corresponding to the background is stationary,
the light corresponding to the background object input into the sensor
does not change during the period corresponding to the shutter tine.
Accordingly, the background conponent BOl/v corresponding to the first 15
portion of the shutter tine/v fromwhen the shutter has opened, the
background conponent B0l/v corresponding to the second portion of the
shutter tinme/v fromwhen the shutter. dg@s-opened, the background conponent
BO1l/v corresponding to the third portion of the shutter tinme/v from when
the 20 shutter has opened, and the background conponent BOl/v
corresponding to the fourth portion of_ the shutter tinme/v c{on1mhen t he

shutter H&s AP e Sife MANE W He "(/aﬂfuetheﬂf&’j S U RGP

t hrough BQ4/v. A descr pt| nis qﬁﬂnase n which .t he q&iect 25

t
correspo %gfqrc?c-fnr?é”\‘ ‘@gt&&]hot}?es S he "obj e%’i mp]i%’
correspondl kar und i tlonar | Iust tes a node
obt ai ned 1rbym exrpaondlvnlgr i n cﬁ J'tde r ect i on %he %l&%l eunestho t he pixels
in one C b 9H? %ﬂgqi pg.g-' 5
correspon é%ét Elgd\{‘j%}egg%ﬁldse%s raraocr\l}?n g”ﬁ]e right 1 |3{gecl%o In Fig.
10, the et ; S | NEES 5¥ﬁ%c; a short period, it
can be assune 19%at1ﬁ? %é%t %%?fé%pon ing tot elfzreground isarigd

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

10 corresponds to the third divided period from when the

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

The shutter time divided in accordancelwith the amount

15 of movement v is also hereinafter referred to as the
"shutter time/v".

When the object corresponding to the foreground is
stationary, the light input into the sensor does not change,
and thus, the foreground component F0l/v is equal to the

20 value obtained by dividing the pixel value F01l by the number
of virtual divided portions. Similarly, when the object
corresponding to the foreground is stationary, the
foreground component F02/v is equal to the value obtained by
dividing the pixel value F02 by the number of wvirtual

25 divided portions, the foreground component F03/v is equal to



noving with constant velocity. In Fig. 10, the object inmage 10
corresponding to the foreground is noving such that it is positioned four
pixels to the right with respect to a reference frame when it is displayed
in the subsequent frame. In Fig. 10, the pixels fromthe |l eftnost pixel to
the fourth pixel belong to the foreground area. In Fig. 10, the 15 pixels
fromthe fifth pixel to the seventh pixel fromthe left belong to the m xed
area, which is the covered background area. In Fig. 10, the rightnost

pi xel belongs to the background area.gfhe object corresponding to the
foreground is nmoving 20 such that it gradually covers the object
corresponding to the background over tine. Accordingly, the conponents
contained in the pixel values of the pixels belonging to the cqvered

backgr ourfd*areal Wh aRfe Frasm h S 5 dkigid e Riotiponeghtde t7P 1 Y fidtegr ound
ShUTTor (THESE T Vot i et 1RO e LD SHS A TIRRRR Dy he t hi ck
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of ths sk&géégoﬁélme/v, and thus, the mxture ratio a of the fifth pixel
fromthe Te i's 1/4. The sixth pixel fromthe |left contains background

conponents When the object corresponding to the background is
stationary, the light input into the sensor 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

10 of virtual divided portions. Similarly, when the object
corresponding to the background is stationary, the
background component B02/v is equal to the value obtained by
dividing the pixel value B02 by the number of virtual
divided portions, the background component B03/v is equal to

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

20 More specifically, when the object corresponding to the
foreground is stationary, the light corresponding to the
foreground object input into the sensor does not change
during the period corresponding to the shutter time.
Accordingly, the foreground component F0l/v corresponding to

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



10 corresponding to two portions of the shutter time/v and foreground
conponents corresponding to two portions of the shutter tine/v, and thus,
the m xture ratio (X of the sixth pixel fromthe left is 1/2. The seventh
pi xel fromthe left contains background conponents corresponding to three
15 portions of the shutter tine/v and a foreground conponent corresponding
to one portion of the shutter tine/v, and thus, the mxture ratio cc of
the fifth pixel fromthe left is 3/4. It can be assuned that the object
corresponding to the foreground is a £59id body, and the foreground object
is 20 noving with constant velocity such that it is displayed four pixels
to the right in the subsequent frame. Accordingly, for exanple, the

f oreground conponent FO7/v_of the fourth ixel fromthe |eft in Fig. 10
cor r esporfditig 2o hate MG, g1 ifF Fr U FRIRFeRS FY ¥ rom when t he
shutter has 25 opeped is equal to the foreground co oqgnt of, the fifth -
55 pi xelSFSRRFAE Y (89 18 Feoic g dfhd o Seond e /Portion of
the shutter tine/v H{Oﬁ] en tggﬁ§hutter hqﬁ} 0 %peqk)ﬁ 'Iéuléleghe
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si xth pi romithe left. 5 i.n Fi,g. 10 correspondi t [xd portion
of the sﬁ]t);vr C%’%%%E?Avoerférlonrﬁ oent}%letﬂhﬁfté?Pﬁﬁé}go%%n%% %ﬁudé{%]% f or egr ound
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the fourth portion of t er om when t he shut'ter has opened.

10 It Ca%&@pmfmtcé%%rﬁﬁtn&%J eSPONEL DG 1 cbéﬂ.eion 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 F0l/v.

10 When the object corresponding to the background is
stationary, the light corresponding to the background object
input into the sensor does not change during the period
corresponding to the shutter time. Accordingly, the
background component B0l/v corresponding to the first

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

20 shutter has opened, and the background component B0l/v
corresponding to the fourth portion of the shutter time/v
from when the shutter has opened become the same value. The
same applies to B02/v through B04/v.

A description is given of the case in which the object

25 corresponding to the foreground is moving and the object



foreground is a rigid body, and the foreground object is noving with
constant velocity such that it is displayed four pixels to the right in

t he subsequent frame. Accordingly, for exanple, the foreground conponent °
FO6/v of the third 15 pixel fromthe left in Fig. 10 corresponding to the
first portion of the shutter time/v fromwhen the shutter has opened is
equal to the foreground conponent of the fourth pixel fromthe left in
Fig. 10 corresponding to the second portion of the shutter tine/v from
when the shutter has 20 opened. Simlagky, the foreground conponent FO06/v
is equal to the foreground conponent of the fifth pixel fromthe left in
Fig. 10 corresponding to the third portion of the shutter tinme/v from when
the shutter has opened, and the foreground onent of the sixth pixel

fromthe qoéﬁesiﬂﬁqulg“g T ﬁ%&%@%ﬁ%d—% oStt FWEEh portion of the
hutter tinmely,- m when the shut has op |t _can be assuned
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one frame is a short period, it can be assumed that the
object corresponding to the foreground is a rigid body
moving with constant velocity. In Fig. 10, the object image
10 corresponding to the foreground is moving such that it is
positioned four pixels to the right with respect to a
reference frame when it is displayed in the subsequent frame.
In Fig. 10, the pixels from the leftmost pixel to the
fourth pixel belong to the foreground area. In Fig. 10, the
15 pixels from the fifth pixel to the seventh pixel from the
left belong to the mixed area, which is the covered
background area. 1In Fig. 10, the rightmost pixel belongs to
the background area.
The object corresponding to the foreground is moving
20 such that it gradually covers the object corresponding to
the background over time., Accordingly, the components
contained in the pixel values of the pixels belonging to the
covered background area change from the background
components to the foreground components at a certain time

25 during the period corresponding to the shutter time.



opened. Simlarly, the foreground conponent FO5/v is equal to the
f oreground conponent of the fourth pixel fromthe left in Fig. 10
corresponding to the third portion of the 15 shutter time/v fromwhen the-
shutter has opened, and the foreground conponent of the fifth pixel from
the left in Fig. 10 corresponding to the fourth portion of the shutter
time/v fromwhen the shutter has opened. It can be assuned that the object
corresponding to the 20 foreground is a rigid body, and the foreground
object is noving with constant veloci¢y such that it is displayed four

pi xels to the right in the subsequent franme. Accordingly, for exanple, the
foreground conponent FO04/v of the leftnost pixel in Fig. 10 correspondi ng
to the first portion of the 25 shutter tine/v fromwhen the shu te% has

el

opened is equ Prt8xam91ertﬁ@efBﬁé@#oﬁﬁ&uéoNpéHéﬁPuGFeﬁhQYsé@&n& Bt from
the left _in Fi 10 carrespondin he second po of the shutter
timelv frﬁﬁﬂ%é‘%‘tﬁ@sﬂlﬁt HEr Y S ’8 {l)t ¢t egr ound

conponent FO4/v i ua t foreground 5 conpon of the third pixel
fromthe left %029 éOEégﬁgggﬁgﬁg%ﬁgvto t he thirggéortion of the shutter
timel/v fron1%Qpn thﬁFkggtfer ﬁnt%? §%& Nl m|¥%é r%%%Qal%%annent of

t he fourth plxel orrespon fourth
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bl ur as 4h§95§§?dtﬂggﬂﬁ’aﬂ& f@?bé%&ﬁhd components corresponding to
three portions of the shutter time/v, énd thus, the mixture
ratio o of the fifth pixel from the left is 1/4. The si#th
pixel from the left contains background components
10 corresponding ‘to two portions of the shutter time/v and
foreground components corresponding to two portions of the
shutter time/v, and thus, the mixture ratio o of the sixth
pixel from the left is 1/2. The seventh pixel from the left
contains background components corresponding to three
15 portions of the shutter time/v and a foreground component
corresponding to one portion of the shutter time/v, and thus,
the 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
20 moving with constant velocity such that it is displayed four
pixels to the right in the subsequent frame. Accordingly,
for example, the foreground component F07/v of the fourth
pixel from the left in Fig. 10 corresponding to the first
portion of the shutter time/v from when the shutter has

25 opened is equal to the foreground component of the fifth



be referred to as a "distortion area". Fig. 11 illustrates a nodel obtained
by expanding in 15 the tinme direction the pixel values of the pixels in
one |ine including an uncovered background area when the object :
corresponding to the foreground is nmoving to the right in Fig. 11. In Fig.
11, the anount of novenent v is 4. Since one frane is a short period, it
can be assuned that the 20 object corresponding to the foreground is a
rigid body noving with constant velocity. In Fig. 11, the object inmage
corresponding to the foreground is movggg-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 25 franme. - 58 1In Fig. 11, the pixels
fromthe Il eftnost pixel to the fourth pixel belong to the background area.
In Fig. MixehefreixEle fehbm imef 19 130 prxeresrergeng etenthe pis@@=2d f rom t he
| eft belong to the nmixed area, which,is_an uncovered 5 background area. In
Fig. 11, RMEI9ymhoste pf ket teel bHIR/ ¥ of TeRe o0 ebp @ utRN B eh. hahe obj ect

di , d_whi ch he obj dj ng t
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conponent s certaln
time/v from when the shutter has opened, and the foreground

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

10 It can be assumed that the object corresponding to the
foregrouhd is a rigid body, and the foreground object is
moving with constant velocity such that it is displayed four
pixels to the right in the subsequent frame. Accordingly,
for example, the foreground component F06/v of the third

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

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

25 corresponding to the fourth portion of the shutter time/v



the period corresponding to the shutter tinme. 15 For exanple, the pixel

val ue M surrounded by the thick frame in Fig. 11 is expressed by equation
(2). M = F02/v+F01/v+B26/v+B26/v (2) For exanple, the fifth pixel fromthe
| eft contains background conmponents corresponding to three portions of the
20 shutter tinme/v and a foreground conponent corresponding to one shutter
portion of the shutter tine/v, and thus, the mxture ratio a of the fifth
pi xel fromthe left is 3/4. The sixth pixel fromthe | eft contains
background conponents corresponding_tgstwo portions of the shutter tinme/v
and 25 foreground conmponents corresponding to two portions of the - 59
shutter tinme/v, and thus, the mxture ratio a of the sixth pixel fromthe
left is 1/2. The seventh pixel fromthe |eft contains a background
conponentf k% Mo ridieh G- tie BT tAReDf the shutter time/v and

f oreground conponents 5 correspondin%‘to t hree portions of the shutter
time/v, and thuSan Be Fisermed theito TheoPrPIRS s EPEFETPIRLENY FOmte | ef t

is 1/4. gg{l?e uat | ons (1’%, a,lnéj (Z%are Cg_e era irzed, the pixel value Mcan
be expre %&%&fta’ﬁ& Gt ﬂ? = i ¥RP ((HTIH % or® ais the
esi gnat C0HT GFE GUTE PO SrT o Sl (e Lo BT
Correng%%ighg(%éf¥%e right in the subsequent frame. Accordingly,
for example, the foreground component F05/v of the second
pixel from the left in Fig. 10 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is equal to the foreground component of the third
10 pixel from the left in Fig. 10 corresponding to the second
portion of the shutter time/v from when the shutter has
opened. Similarly, the foreground component F05/v is equal
to the foreground component of the fourth pixel from the
left in Fig. 10 corresponding to the third portion of the
15 shutter time/v from when the shutter has opened, ana the
foreground component of the fifth pixel from the left in Fig.
10 corresponding to the fourth portion of the shutter time/v
from when the shutter has opened.
It can be assumed that the object corresponding to the
20 foreground is a rigid body, and the foreground object is
moving with constant velocity such that it is displayed four
pixels to the right in the subsequent frame. Accordingly,
for example, thé foreground component F04/v of the leftmost
pixel in Fig. 10 corresponding to the first portion of the

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



15 foreground is a rigid body, which is noving with constant velocity, and
t he anobunt of novenent is 4. Accordingly, for exanple, the foreground
conponent FOl/v of the fifth pixel fromthe left in Fig. 11 correspondi ng
to the first portion of the shutter tine/v fromwhen the shutter has
opened is 20 equal to the foreground conponent of the sixth pixel from the
left in Fig. 11 corresponding to the second portion of the shutter tine/v
fromwhen the shutter has opened. Simlarly, the foreground conponent
FO1l/v is equal to the foreground cogpgfept of the seventh pixel fromthe
left in- 60 Fig. 11 corresponding to the third portion of the shutter
time/v fromwhen the shutter has opened, and the foreground conponent of
the eighth pixel fromthe left in Fig. 11 corresponding to the fourth
portion dfhe Heorganauwd tdomyonentf radmtlivers edrnd ity fzen dgendeftit can be
assuned that the object corresponding to the foreground is a rigid body,
whi ch i s ifoiiey Wik Ieauearanding|tocithe sarpPrnhe i Of Wivenent v is 4.
Accordingly, for exanple, the foreground conponent FO02/v of the sixth 10
pi xel frfitHey &me/y fpn Mhetorihss poRth Ry thet iPanedt  Pdriliaonof the
shutter tine/yv fromwhen the shutter has, opened is equal to the foreground
cormponent™hs QQﬁ?QﬁﬁﬁﬂﬂtFoﬂﬁ@&ﬁnqr@ﬂﬁ%&m%q quah ¥ gthe fF PHRFRPhding to

opencd. SRR Qe Hor Lo R RO T Soid 16 the
foregr Ounéjof:roerg)poonne anc;?ftcg hﬁleeig'pitrhd p;go)(re’éic];r{ o0t tme shutter time/v
from when the shutter has opened, and the foreground
component of the fourth pixel from the left in Fig. 10
corresponding to the fourth portion of the shutter time/v
10 from when the shutter has opened.

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

Fig. 11 illustrates a model obtained by expanding in

15 the time direction the pixel values of the pixels in one
line including an uncovered background area when the object
corresponding to the foreground is moving to the right in
Fig. 11. 1In Fig. 11, the amount of movement v is 4. Since
one frame is a short period, it can be assumed that the

20 object corresponding to the foreground is a rigid body
moving with constant velocity. 1In Fig. 11, the object image
corresponding to the foreground is moving to the right such
that it is positionedifour pixels to the right with respect
to a reference frame when it is displayed in the subsequent

25 frame.



left in Fig. 11 corresponding to the third portion of the shutter tinme/v
fromwhen the shutter has opened. It can be assuned that the object
corresponding to the 20 foreground is a rigid body, which is noving with"'
constant velocity, and the amount of novement v is 4. Accordingly, for
exanpl e, the foreground conponent FO3/v of the seventh pixel fromthe left
in Fig. 11 corresponding to the first portion of the shutter tine/v from
when the shutter has 25 opened is equal to the foreground conponent of the
eighth - 61 pixel fromthe left in Figg 11 corresponding to the second
portion of the shutter tine/v fromwhen the shutter has opened. It has
been described with reference to Figs. 9 through 5 11 that the nunber of

virtual divided Eortlons is 4. The nunber of virtual divided portlons
corresponds t &%t éganﬁﬁmttthpﬁﬁ§éﬁeﬁF°W thendrAMPSt R&*8ho bRt TBF movenent

v corres ond tq the_mving spe he obj ect corr d|n t he
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i's 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

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

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

M' = F02/v+F01/v+B26/v+B26/v (2)

For example, the fifth pixel from the left contains
background components corresponding to three portions of the

20 shutter time/v and a foreground component corresponding to
one shutter portion of the shutter time/v, and thus, the
mixture ratio o of the fifth pixel from the left is 3/4.

The sixth pixel from the left contains background components

corresponding to two portions of the shutter time/v and

25 foreground components corresponding to two portions of the



positioned in the subsequent frane, the anount of novenent v is set to 6,
and the nunber of virtual divided portions is 20 set to 6. Figs. 12 and 13
illustrate the relationship of the foreground area, the background area,
and the m xed area which consists of a covered background or an uncovered
background, which are di scussed above, to the foreground 25 conponents and
t he background conponents corresponding to - 62 the divided periods of the
shutter tine. Fig. 12 illustrates an exanple in which pixels in the
foreground area, the background area, ggd-the m xed area are extracted
froman i mage containing a foreground 5 corresponding to an object noving
in front of a stationary background. In the exanple shown in Fig. 12, the

obj ect carresponding to the foreground indicated by Ais horlzontally
nmovi ng wit %éb SAMe 0 ¢ RS ks, Eradel #e i 2 BLG (bRt sthR eyt ¢
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extracted, A5 p ﬁ%l‘ %tﬁné}@ea égﬁ%%éqopoﬁds&oﬁé@ é‘%élzég 13. Since the

obj ect correspo foregr pi xel values in the

foreggound, at @@p@ﬁ%ﬁ&r@%p&e fosee didd eg ety d ogeor ound, Gompenent

correspondi ng
thus, the mixture ratio a 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).

10 M=0 B+ D Fi/v (3)

In this equation, o is the mixture ratio, B indicates a
pixel value of the background, and Fi/v designates a
foreground component.
It can be assumed that the object corresponding to the
15 foreground is a rigid body, which is moving with constant
velocity, and the amount of movement is 4. Accordingly, for
example, the foreground component F01/v of the fifth pixel
from the left in Fig. 11 corresponding to the first portion
of the shutter time/v from when the shutter has opened is
20 equal to the foreground component of the sixth pixel from
the left in Fig. 11 corresponding to the second portion of
the shutter time/v from when the shutter has opened.
Similarly, the foreground component F0l/v is equal to the

foreground component of the seventh pixel from the left in



shutter tinme/v. For exanple, the |leftnost pixel of the 20 pixe
foreground area shown in Fig. 13 consists of FO01/v, FO02/v, FO
FO4/v. That is, the pixels in the foreground contain notion b
t he object corresponding to the background is stationary, lig
t he sensor corresponding to the 25 background during the shut
not change. In this - 63 case, the pixel values in the backgr
not contain notion blur. The pixel values in the m xed area c

a

covered background area or an uncovegped background area are

f oreground conponents and background conponents. A description
bel ow of a nodel obtained by expanding in the tine direction
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frames. Frame #n is
It can be assumed that the object corresponding to the

foreground is a rigid body, which is moving with constant

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

for example, the foreground component F02/v of the sixth

10 pixel from the left in Fig. 11 corresponding to the first

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

opened is equal to the foreground component of the seventh

pixel from the left in Fig. 11 corresponding to the second

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

15 opened. Similarly, the foreground component F02/v is

equal

to the foreground component of the eighth pixel from the

left in Fig. 11 corresponding to the third portion of

shutter time/v from when the shutter has opened.

the

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 1s 4. Accordingly,

for example, the foreground component F03/v of the seventh

pixel from the left in Fig. 11 corresponding to the first

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

25 opened is equal to the foreground component of the eighth



20 the frame subsequent to franme #n-1, and frane #n+l is the frane
subsequent to frame #n. The sanme applies to the other franmes. The pixel
val ues B01 through Bl12 shown in Fig. 14 are pixel values corresponding to
the stationary background 25 object. Since the object corresponding to the
background is - 64 stationary, the pixel values of the corresponding
pixels in franme #n-1 through franme #n+l1 do not change. For exanple, the
pi xel in frame #n and the pixel in frame #n+1l | ocated at the correspondi ng
position of the pixel having the pixel value B0O5 in franme #n-1 have the
pi xel value B05. Fig. 15 illustrates a nodel obtained by expanding in the
time direction the pixels which are aligned side-by-side in three franes
of an inmage obtained by capturing an object corresponding to a foreground
that is rmoviglg fron e ilgftt idn B Filgl dorrerpemdingth He cgeand
corresponding to a stationary background and which are | ocated at the sane
posi ti onPantite F dris . sITHe e deimestibviremh wiep e Yokt hdas covered
background area. In Fig. 15, it can be assunmed that the object 15
corresporfR9Rf4Yo the foreground is a rigid body nmoving with constant

velocrty. and hal || s VLN S UL L Lo 0 aplaved fous gl 1o
5, & andd N el ol vl L e 9PELS 5o 20 FO7 g © (e
number of virtual dividéd portions corresponds to the 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
10 to the foreground is moving such that it is displayed four
pixels to the right with respect to a certain frame when it
is positioned in the subsequent frame, the amount of
movement v is set to 4. The number of virtual divided
portions is set to 4 in accordance with the amount of
15 movement v. Similarly, when the object corresponding to the
foreground is moving such that it is displayed six pixels to
the left with respect to a certain frame when it is
positioned in the subsequent frame, the amount of movement v
is set to 6, and the number of virtual divided portions is
20 set to 6.

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

25 components and the background components corresponding to



pi xel of frame #n-1 in Fig. 15 corresponding to the first portion of the
shutter tinme/v fromwhen the shutter has opened is F12/v, and the
foreground conponent of the second pixel fromthe left in Fig. 15
corresponding to the second 25 portion of the shutter tine/v fromwhen the
shutter has - 65 opened is also F12/v. The foreground conponent of the
third pixel fromthe left in Fig. 15 corresponding to the third portion
of the shutter tinme/v fromwhen the shutter has opened and the foreground
conponent of the fourth pixel from5 the left in Fig. 15 corresponding to
the fourth portion of the shutter tinme/v fromwhen the shutter has opened
are F12/v. The foreground conponent of the |eftnost pixel of frame #n-1
in Fig. 15 corresponding to the second portion of the 10 shutter time/v

f r om wherthehdistidtede pelraodsperfedhies shut/ber THaef.or egr ound conponent of the
second pixel fromthe left in Fig. 15 corresponding to the third portion
of the shutteFigti #8/ ¥1lipshraken ﬁﬁee§ﬁmpﬂ§rlﬁa§héﬁgn§é¥eﬂ§ anséhf11/v. The

foreground conponent of the third pixel fromthe left in Fig. 15 15
cor r espofdirgg rogiché Hedur thep Hackar v a Reeshudndt ismdired AFHRawid® t he

shutter has opened is Fl11/v. The foreground cgﬂ$onen35§{ the | ef t nost pi xel
of frane ®¥HFAFHSd HPM A FRSES SORFAG Y thd ST P PST ti on of the

shuttﬁr tcioma/v f r om when ftheO huetter Q/_as ogLenn_e%i If)]ﬁ/v.s ZQ:iEk}l%rf or egr ound
conponent (ffretst?é”ggé’c?n Dide PG (RGP | Ofﬂscg. £ A EFE i ng to
the four&%&%aggd%hﬁﬁiﬁp%he example shown in Fig. 12, the object
corresponding to the foreground indicated by A is
horizontally moving with respect to the screen.
Frame #n+l is a frame subsequent to frame #n, and frame
10 #n+2 is a frame subsequent to frame #n+1l.

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

15 pixels in the time direction is shown in Fig. 13.

Since the object corresponding to the foreground is
moving, the pixel values in the foreground area are formed
of four different foreground components corresponding to the
shutter time/v. For example, the leftmost pixel of the

20 pixels in the foreground area shown in Fig. 13 consists of
F0l1/v, F02/v, F03/v, and F04/v. That is, the pixels in the
foreground contain motion blur.

Since the object corresponding to the background is
stationary, light input into the sensor corresponding to the

25 Dbackground during the shutter time does not change. In this



shutter tine/v fromwhen the shutter has opened is also F10/v. The
foreground conponent of the leftnost pixel of frame #n-1 in Fig. 15
corresponding to the fourth portion of 25 the shutter tine/v from when the
shutter has opened is FO9/v. - 66 Since the object corresponding to the
background is stationary, the background conponent of the second pixel
fromthe left of frane #n-1 in Fig. 15 corresponding to the first portion
of the shutter time/v fromwhen the shutter 5 has opened is BOl/v. The
background conponents of the third pigel_fromthe left of frame #n-1 in
Fig. 15 corresponding to the first and second portions of the shutter
tinme/v from when the shutter has opened are B02/v. The background
components of the fourth pixel fromthe left of frame #n-1 10 in Fig. 15
corr esporfdisigg tthe e el ¥ lugsoddh ths ¢ GFERaues a5 e oGS 3t/ v
from when the shutter has opened are B03/v. In franme #n-1 in Fig. 15, the
| ef t nost MHIRE” PRthe left belongs to the foreground area, and the

second through 15 fourth_pixels fromthe |eft bel on 0 the_m xed area,
nhioh i S o cotBreR BaCkEFAIRE APeknSTRERER! G EhCOngN SEagtr O Bl xel o from

the left of fr n-1in, Fig. 15 belong to the .background area, and the
el L attter s et i ateovRiaid KSR el et

t hrough fifth pi I rom.t left in.fr i i to the
foreg ounfc? rénreecgoxﬁhfzo ]?feogrrreggurnglﬁ I r[{pco({l r‘raﬁlotnse?ﬁq:?c} rﬁi a{%ﬂe& S durﬁ ecr]oﬁﬁl%ﬁrlee vi'n the

foreground arﬁadggcription is given below of a model obtained by

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 in the

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

15 Fig. 14 illustrates a model obtained by expanding in
the time direction the pixels which are aligned side-by-side
in three frames of an image obtained by capturing an object
corresponding to a stationary background and which are
located at the same positions in the frames. Frame #n is

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

The pixel values B0l through B12 shown in Fig. 14 are
pixel values corresponding to the stationary background

25 object. Since the object corresponding to the background is



frame #n is any one of FO5/v through F12/v. It can be assuned that the

obj ect corresponding to the 25 foreground is a rigid body noving with
constant velocity, - 67 and that it is nmoving such that the foreground
image is displayed four pixels to the right in the subsequent frane.
Accordi ngly, the foreground conponent of the fifth pixel fromthe left of
frame #n in Fig. 15 corresponding to the 5 first portion of the shutter -
time/v fromwhen the shutter has opened is F12/v, and the foreground
conponent of the sixth pixel fromthes}eft in Fig. 15 corresponding to the
second portion of the shutter tine/v fromwhen the shutter has opened is
al so F12/v. The foreground conponent of the 10 seventh pixel fromthe |eft
in Fig. 15 corresponding to the third portion of the shutter tinme/v from
when t he ssiaftitanrarhas-hsparietk lanth tuss o dgreo il Reaporbimg dfixdils dirght h
pixel fromthe left in Fig. 15 corresponding to the fourth portion of the
shut ter tfirasre, #om WHadthef g thrt hade gpehedhanee - 15 F2 FXANPHRy
foreground conponent of the fifth pixel fromthe left of frame #n in Fig.
15 corr esp¥hdinted ot Her & gt aipbrihoPistet n shiater* i hel’cFtmathen the

shutter has opened is F11/v. The for round,conqﬁgent of the, sixth 20
pi xel frdh§ FETEIPIMERY . PAB R fporith Ry 1t thRY Y1 rid e gor%Sn of the

LS Bl e e AR STV S N BTG LR ALEGS FLLY. The

CorrESpondingFﬁ%utq% illustrates a model obtained by expanding in
the time direction the pixels which are aligned side-by—side
in three frames of an image obtained by capturing an object
corresponding to a foreground that is moving to the right in

10 Fig. 15 together with an object corresponding to a
stationary background and which are located at the same
positions in the frames. The model shown in Fig. 15
contains a covered background area.

In Fig. 15, it can be assumed that the object

15 corresponding to the foreground is a rigid body moving with
constant velocity, and that it is moving such that it is
displayed four pixels to the right in the subsequent frame.
Accordingly, the amount of movement v is 4, and the number
of virtual divided portions is 4.

20 For example, the foreground component of the leftmost
pixel of frame #n-1 in Fig. 15 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is Fl12/v, and the foreground component of the second
pixel from the left in Fig. 15 corresponding to the second

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



fourth portion of the shutter tinme/v fromwhen the shutter 25 has opened
is F11/v. - 68 The foreground conponent of the fifth pixel fromthe |eft
of frame #n in Fig. 15 corresponding to the third portion of the shutter
time/v fromwhen the shutter has opened is F10/v. The foreground conponent
of the sixth 5 pixel fromthe left in Fig. 15 corresponding to the fourth
portion of the shutter tine/v fromwhen the shutter has opened is al so
F10/v. The foreground conponent of the fifth pixel fromthe left of frame
#n in Fig. 15 corresponding to the fogygth portion of the shutter tine/v
fromwhen the 10 shutter has opened is F09/v. Since the object
corresponding to the background is stationary, the background conponent of
t he S|xth1$ xe| from the 4fft of frame #n |nlﬁ$hP15 corre ondl %ﬁ%o t he
dgtk§ €
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is a cover
the shutter time/v from when the shutter has opened are

F12/v.
The foreground component of the leftmost pixel of frame
#n-1 in Fig. 15 corresponding to the second portion of the

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

15 15 corresponding to the fourth portion of the shutter time/v
from when the shutter has opened is Fll/v.

The foreground component of the leftmost pixel of frame
#n-1 in Fig. 15 corresponding to the third portion of the
shutter time/v from when the shutter has opened is F1l0/v.

20 The foreground component of the second pixel from the left
in Fig. 15 corresponding to the fourth portion of the
shutter time/v from when the shutter has opened is also
F10/v. The foreground component of the leftmost pixel of
frame #n-1 in Fig. 15 corresponding to the fourth portion of

25 the shutter time/v from when the shutter has opened is F09/v.



25 background area. - 69 The ninth through twelfth pixels fromthe left of
frame #n in Fig. 15 belong to the background area, and the pixel values

t hereof are BO8 through Bll, respectively. The first through ninth pixels"
fromthe left in frame 5 #n+l in Fig. 15 belong to the foreground area.
The foreground conmponent in the shutter tine/v in the foreground area of
frame #n+l is any one of FOl1/v through F12/v. It can be assuned that the
obj ect corresponding to the foreground is a rigid body noving with
constant velocity, 10 and that it is ving such that the foreground inmage
is displayed four pixels to the right rn the subsequent frane.

Accordingly, the foreground conponent of the ninth pixel . fromthe |left
of frame #n+l in Fig. 15 corresponding to the first portion of the shutter
time/v from wdmaehdhehgli@ctl Borae speadddd $oIlyey bagk@novad drsegr ound
conponent of the tenth pixel fromthe left in Fig. 15 corresponding to the
second pot¥3BHPHICY hetBhRATFIEF WG \CITRAARSIHEP | hehe ntReeRd Be%ebpened i s

al so F12/v. The foreground cqﬂgo ent of the eleventh pixel] fromthe |eft

in Fig. 15UbriReponlt iyf tora }n oF Hor t 1OnCOF T FRORFAAY e tFhR/ v from
i xel 1 oM hTERLoR DE ghe 15 KR T bsRel PGL{ (LR ORIt FEBBFETEn of t he
P8 P ol 80 ML PP Sl o LS SR, 82 e €0 T
pixel from the left of frame #n-1 in Fig. 15 corresponding
to the first and second portions of the shutter time/v from
when the shutter has opened are B02/v. The background
components of the fourth pixel from the left of frame #n-1
10 in Fig. 15 corresponding to the first through third portions
of the shutter time/v from when the shutter has opened are
B0O3/v.
In frame #n-1 in Fig. 15, the leftmost pixel from the
left belongs to the foreground area, and the second through
15 fourth pixels from the left belong to the mixed area, which
is a covered background area.
The fifth through twelfth pixels from the left of frame
#n-1 in Fig. 15 belong to the background area, and the pixel
values thereof are B04 through Bll, respectively.
20 The first through fifth pixels from the left in frame
#n in Fig. 15 belong to the foreground area. The foreground
component in the shutter time/v in the foreground area of
frame #n is any one of F05/v through Fl12/v.

It can be assumed that the object corresponding to the

25 foreground is a rigid body moving with constant velocity,



- 70 left of frame #n+l in Fig. 15 corresponding to the second portion of
the shutter tine/v fromwhen the shutter has opened is FlI/v. The
foreground conponent of the tenth pixel fromthe left in Fig. 15
corresponding to the third 5 portion of the shutter tine/v fromwhen the
shutter has opened is also FIl/v. The foreground conponent of the

el eventh pixel fromthe left in Fig. 15 corresponding to the fourth
portion of the shutter tine/v fromwhen the shutter has opened is Fll/v.
10 The foreground conponent of the ningh pixel fromthe left of frane #n+1
in Fig. 15 corresponding to the third portion of the shutter tinme/v from
when the shutter has opened is F10/v. The foreground conponent of the
tenth pixel fromthe left in Fig. 15 corresponding to the fourth 15
portion &R& Fdadhith érs MAEMD fSUSh vithért (e JARIBPUNS 1MEhed i s al so
F10/v. The fareground conponent of the ninth pixel fromthe |eft of frane
#n+l in BFPIAYS DR MHEHF T Wre Tl R-phdhs GHRTe IR SHIREMS ti me/ v

from when the ,shti%;ter has_ opened ids FO9/ v.
cor r espordtfisff 4 4re
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has opened is Fl12/v, and the foreground component of the
sixth pixel from the left in Filg. 15 corresponding to the
second portion of the shutter time/v from when the shutter
has opened is also Fl2/v. The foreground component of the
10 seventh pixel from the left in Fig. 15 corresponding to the
third portion of the shutter time/v from when the shutter
has opened and the foreground component of the eighth pixel
from the left in Fig. 15 corresponding to the fourth portion
of the shutter time/v from when the shutter has opened are
15 Fl2/v.
The foreground component of the fifth pixel from the
left of frame #n in Fig. 15 corresponding to the second
portion of the shutter time/v from when the shutter has
opened is Fll/v. The foreground component of the sixth
20 pixel from the left in Fig. 15 corresponding to the third
portion of the shufter time/v from when the shutter has
opened is also Fll/v. The foreground component of the
seventh pixel from the left in Fig. 15 corresponding to the

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

25 has opened is Fll/v.



to the first and second portions of the shutter tine/v from when the
shutter has opened are B10/v. The background conponents of the twelfth

pi xel fromthe left of frame #n+1 in Fig. 15 corresponding to the first
through third portion 5 of the shutter tine/v fromwhen the shutter has
opened are Bll1l/v. In franme #n+l in Fig. 15, the tenth through twelfth

pi xels fromthe | eft belong to the m xed area, which is a covered
background area. 10 Fig. 16 is a nodel of an inmge obtained by extracting
the foreground conponents fromthe pixgg values shown in Fig. 15. Fig. 17
illustrates a nodel obtained by expanding in the tinme direction the pixels
which are aligned side-by-side 15 in three franmes of an inage obtai ned by
capturing an object corresponding to a foreground that is noving to the
right in Fi gThe7 feggerrEnonicoRreRessti &t to8r fédsibn@iiglt ST8™ $b&ti onary
background and which are |located at_the sanelgﬁgsition in.the franmes. The

model  shoif§ P frifgamey 7 idortig nst P UHERRY '%_bctt&;r dchreh. In Fi g.
o1 d bodPRAG i (1 ORI =R i T3P A n 1 & TV such t hat -
b OTAEL LU R 15 S S M FUSP UL L 2
foreggou%%éé¥n¥¥gaﬂtﬁg fé%%'f§t§?§F 15 corresponding to the fourth

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

opened is also F10/v. The foreground component of the fifth

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

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

10 shutter has opened is F09/v.

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

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

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

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

25 background area.



pi xel of frame #n-1 in Fig. 17 corresponding to the first portion of the
shutter tinme/v fromwhen the shutter has opened is F13/v, and the

f oreground conponent of the second 5 pixel fromthe left in Fig. 17
corresponding to the second portion of the shutter tine/v fromwhen the
shutter has opened is also F13/v. The foreground conponent of the third

pi xel fromthe left in Fig. 17 corresponding to the third portion of the
shutter tine/v fromwhen the shutter has 10 opened and the foreground
conponent of the fourth pixel from thggleft in Fig. 17 corresponding to
the fourth portion of the shutter time/v fromwhen the shutter has opened
are F13/v. The foreground conponent of the second pixel fromthe 15 |eft
of frame #n-1 in Fig. 17 corresponding to the first portion of the shutter
time/v from wH&s Pﬁét§hG@F@Pgﬁa§wedﬁé%e@lﬁ§1P1¢F@F‘1@@ fletdgeduddadénmponent
of the third pixel fromthe left in Fig. 17 corresponding to the second
portion dff tife Bt t'er REIRDY %9 d‘?ﬁ%@r?q?%%tet@a hFED o hatietPl s al so

F14/v. The foreground conponent of the third ixel fromthe left in Fig.
17 corres‘f?olr’rtﬁ%g"}ieoref % sq&} ptg'Pﬁ‘? dline T&rVed¥e/v from when the
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foreground component in the shutter time/v in the foreground
area of frame #n+l is any one of FO0l/v through Fl1l2/v.
It can be assumed that the object corresponding to the
foreground is a rigid body moving with constant velocity,

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

15 has opened is F12/v, and the foreground component'of the
tenth pixel from the left in Fig. 15 corresponding to the
second portion of the shutter time/v from when the shutter
has opened is also Fl2/v. The foreground component of the
eleventh pixel from the left in Fig. 15 corresponding to the

20 third portion of the shutter time/v from when the shutter
has opened and the foreground component of the twelfth pixel
from the left in Fig. 15 corresponding to the fourth portion
of the shutter time/v from when the shutter has opeﬁed are
Fl12/v.

25 The foreground component of the ninth pixel from the



has opened are B25/v. The background conponents of the second pixel from
the left of frame #n-1 in Fig. 17 5 corresponding to the third and fourth
portions of the shutter tine/v fromwhen the shutter has opened are

B26/v. The background conponent of the third pixel fromthe left of frane
#n-1 in Fig. 17 corresponding to the fourth portion of the shutter tine/v
fromwhen the shutter has opened is B27/v. 10 In frane #n-1 in Fig. 17,
the | eftnost pixel through the third pixel belong to the m xed area, which
is an uncovered background area. The fgurth through twelfth pixels from
the left of frame #n-1 in Fig. 17 belong to the foreground area. The 15
foreground conponent of the frame is any one of F13/v through F24/v. The

| ef t rost pi xel through the fourth pixel fromthe Ileft of frame #n in Fig.

17 bel ongle®t the Heatqyribunt & Big. ahd ¢rerpsrepding Ues thereefonge B25
t hrough B28, 20 respectively. It can be assunmed that the object
corresporfR gt 2% hethe GFlegtermdtiRe AV rFEPT WoRly Hoki Pyt hkeh kst ant
velocity, and that_jt,is noving such that it is displayed four pixels to
the righFOQ?P?%el%U%L%GﬁentTW?a .eQQQEF%i?@WQQn?%E_gg Fof elffdtfhd conponent
of the gLppl el (rom {08 £ tpgl I oliate, fo 4o FLo T corgespond ng
IS FL3/V, oo AP NSe T S RYPL SOPROANT £ O e ERD Bl XELeLTOML Lhe
opened is also Fll/v. The foreground component of the
eleventh pixel from the left in Fig. 15 corresponding to the
fourth portion of the shutter time/v from when the shutter
has opened is Fll/v.
10 The foreground component of the ninth pixel from the
left of frame #n+l in Fig. 15 corresponding to the third
portion of the shutter time/v from when the shutter has
opened is F10/v. The foreground component of the tenth
pixel from the left in Fig. 15 corresponding to the fourth
15 portion of the shutter time/v from when the shutter has
opened is also F10/v. The foreground component of the ninth
pixel from the left of frame #n+l in Fig. 15 corresponding
to the fourth portion of the shutter time/v from when the
shutter has opened is F09/v.
20 Since the object corresponding to the background is
stationary, the background component of the tenth pixel from
the left of frame #n+l in Fig. 15 corresponding to the first
portion of the shutter time/v from when the shutter has

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

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



left in Fig. 17 corresponding to the second portion of the 5 shutter
tinme/v fromwhen the shutter has opened is also F13/v. The foreground
conponent of the seventh pixel from the left in Fig. 17 corresponding to
the third portion of the shutter tine/v fromwhen the shutter has opened
and the foreground conponent of the eighth pixel fromthe left in 10 Fig.
17 corresponding to the fourth portion of the shutter tine/v fromwhen the
shutter has opened are F13/v. .The foreground conponent of the sixth pixel
fromthe left of frame #n in Fig. 1Z g@rresponding to the first portion
of the shutter tinme/v fromwhen the shutter has 15 opened is Fl14/v. The
foreground conponent of the seventh pixel fromthe left in Fig. 17
correspondi n o_the second portion of the shutter tinme/v fron1mhen t he
shutter h%f% g’b‘?) ‘;saréqls%eccf:rﬂ/ppr’qqffénq o‘?%g\‘}b%n%lh‘é%%’bn%%ﬂ‘eo‘f fFRM eighth
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In frame #n+l in Fig. 15, the tenth through twelfth
pixels from the left belong to the mixed area, which is a
covered background area.

10 Fig. 16 is a model of an image obtained by extracting
the foreground components from the pixel values shown in Fig.
15.
Fig. 17 illustrates a model obtained by expanding in
the time direction the pixels which are aligned side-by-side
15 in three frames of an image obtained by capturing an object
corresponding to a foreground that is moving to the right in
Fig. 17 together with an object corresponding to a
stationary background and which are located at the same
positions in the frames. The model shown.in Fig. 17
20 contains an uncovered background area.

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

25 Accordingly, the amount of movement v is 4.



5 B30/v. The background conponent of the seventh pixel from the left of
frame #n in Fig. 17 corresponding to the fourth portion of the shutter
time/v fromwhen the shutter has opened is B31/v. In frane #n in Fig. 17,
the fifth pixel through the 10 seventh pixel fromthe |left belong to the
m xed area, which is an uncovered background area. The eighth through
twelfth pixels fromthe left of frame #n in Fig. 17 belong to the
foreground area. The value in the foreground area of frane #n
corresponding to 15 the period of the ghutter tine/v is any one of F13/v
through F20/v. The leftnost pixel through the eighth pixel fromthe left
of frame #n+1l in Fig. 17 belong to the background area, and the pixel

val ues thereof are B25 _through B32, 20 respectively. It can be assuned that
the object cofP&sFFRIPAS téhﬁhéorﬁaﬁegpéuﬁemipgngnﬁ Gitd HEdy SRS wi t h
constant velqcit and that it is nDV|ng such that it is dIS Ia ed four
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portion of the shutter time/v from when the shutter has
opened is also Fl3/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
10 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
F13/v.
The foreground component of the second pixel from the
15 left of frame #n-1 in Fig. 17 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is Fl4/v. The foreground component of the third
pixel from the left in Fig. 17 corresponding to the second
portion of the shutter time/v from when the shutter has
20 opened is also Fl4/v. The foreground component of the third
pixel from the left in Fig. 17 corresponding to the first
portion of the shutter time/v from when the shutter has
opened is F1l5/v,.
Since the object corresponding to the background is

25 stationary, the background components of the leftmost pixel



F13/v. The foreground conponent of the eleventh pixel from the left in
Fig. 17 corresponding to the third portion of the shutter tinme/v from when
the shutter has opened and the foreground conponent of the twelfth pixel
fromthe left in 10 Fig. 17 corresponding to the fourth portion of the
shutter tinme/v fromwhen the shutter has opened are F13/v. The foreground
conponent of the tenth pixel fromthe left of franme #n+l in Fig. 17
corresponding to the first portion of the shutter tinme/v fromwhen the
shutter has 15 opened is F14/v. The fofgground conponent of the el eventh
pi xel fromthe left in Fig. 17 corresponding to the second portion of the
shutter tinme/v fromwhen the shutter has opened is also Fl4/v. The
foreground conponent of the twelfth pixel fromthe left in

, , ig. 17
corresporndi fF A s LG ¥ it dor tGOFF SSPANE h r &% iSRG]P rtg'rﬁ%}‘?é‘n t he
shutter has ened s F15/v. Since the aobject correspondin o .the
backgrourfd’qrézcgpﬁoaﬁql@ﬁ’asrﬁ e tﬁgﬁ@eﬁuﬁdwﬁb é”’s'gefn ?ﬁ@gﬁ Y5 xel
fromthe left of frame +l,in F,g. .17 . corresponding tq th second
t hr ough fl}?tﬁtor?eﬁberc{iaornesiﬂ;fg/t‘ﬁe s#{%t fECRI TR fcroénrﬁc%’ef%s vﬂ?feﬁglehe shutter
has opened are, B33/ v. T ckgr.oun C S, of the t h pi xel from
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ackground® conponen rom the left of

frame #ny il G e/ F F LGS RANH Nohd Brdeer has opened are B26/v.

The background component of the third pixel from the left of

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

the shutter time/v from when the shutter has opened is B27/v.
10 In frame #n-1 in Fig. 17, the leftmost pixel through

the third pixel belong to the mixed area, which is an

uncovered background area.

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

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

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

20 respectively.

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

25 foreground component of the fifth pixel from the left of



fourth portion of the shutter time/v fromwhen the shutter has opened is
B35/v. In frame #n+l in Fig. 17, the ninth through eleventh 10 pixels
fromthe left in Fig. 17 belong to the m xed area, which is an uncovered.
background area. The twelfth pixel fromthe left of frame #n+l in Fig. 17
bel ongs to the foreground area. The foreground conponent in the shutter
time/v in the foreground area of franme #n+l 15 is any one of F13 through
F16, respectively. Fig. 18 illustrates a nodel of an inmage obtai ned by
extracting the foreground conponents fypmthe pixel values shown in Fig.
17. Referring back to Fig. 2, based on the input image and 20 the notion
vector and the positional information thereof supplied fromthe notion
detector 102, the mi xture-ratio calculator 103 generates the esti mated

m xture E&ABMG #Rd iPh&19cortr’e SPEREFRG PR RS- F&ﬁ 51F€FaP€JtﬂﬁPoPﬁetlon when

it is assunmed that the p er bel qngs to the covered bac und rea,
and alsotﬁénéﬂ%ﬁiﬁﬁtﬂ% Q%éhlﬁﬁ? %h?YFe 2% °p9 |§St€23 xture
ratio to be e ted an the corresp di.ng ture-rati ated

i nf or mat P&F Otr":‘|g§ FEFPeRE T exeslle: Sk rtolxpe cover ed

backgr ound rea The xture-ratiQ caIcuI tor 103 Iles t WO
gener at eg esth fatkd %ﬁoﬁtréeslpé’tnid&él DAY (e cséarcrot-ir-lsptgjD Oh (ol T

ng mxture ratio

ol 80 ST IR RaR R REE O i e s! CenllP £ G RPOCT VI NG

unit 104 speC| ies e

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

10 Fig. 17 corresponding to the fourth portion of the shutter
time/v from when the shutter has opened are F13/v.

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

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

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

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

25 second through fourth portions of the shutter time/v from



the input image as the foreground area, the background area, or the m xed
area based on the input inmage and the two 10 estimated m xture rati os and
the corresponding mxture-ratio related information supplied fromthe

m xture-ratio calculator 103, and supplies the area information indicating
to which of the foreground area, the background area, or the m xed area
each pi xel belongs to the foreground/ background 15 separator 105 and the
notion-blur adjusting unit 106. The foreground/ background separator 105
extracts the foreground conponent inmage consisting of only the foreground
conponents based on the pixel values of a plurality of franmes, the area
information, and the m xture ratio a, and 20 supplies the foreground

conponent image to the notion-blur _adjusting unit 106. The notion-bl ur
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the 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 B3l/v,

In frame #n in Fig. 17, the fifth pixel through the

10 seventh pixel from the left belong to the mixed area, which
-is an uncovered background area.

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

15 the period of the shutter time/v is any one of F13/v through
F20/v.

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

20 respectively.

It can be assumed that the object corresponding to the
foreground is a rigid body moving with constant velocity,
and that it is moving such that it 1s displayed four pixels

to the right in the subsequent frame. Accordingly, the

25 foreground component of the ninth pixel from the left of



positional information thereof supplied fromthe notion 10 detector 102,
the m xture-ratio calculator 103 calculates the estimated m xture ratio
and the corresponding mxture- ratio related information when it is assuned
that the pixel belongs to the covered background area, and al so cal cul ates
the estimated m xture ratio and the corresponding m xture 15 ratio rel ated
information when it is assuned that the pixel belongs to the uncovered
background area. The mi xture-ratio calculator 103 supplies the two

calcul ated estimated m xture ratios_apg the corresponding m xture-ratio
related information to the area specifying unit 104. Details of the 20

m xture-ratio cal culation processing are given below In step S12, the area
specifying unit 104 perforns, based on the input inmge and the two
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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 from the left in
10 Fig. 17 corresponding to the fourth portion of the shutter
time/v from when the shutter has opened are F13/v.
The foreground component of the tenth pixel from the
left of frame #n+l in Fig. 17 corresponding to the first
portion of the shutter time/v from when thé shutter has
15 opened is Fl4/v. The foreground component of the eleventh
pixel from the left in Fig. 17 corresponding to the second
portion of the shutter time/v from when the shutter has
opened is also Fl4/v. The foreground component of the
twelfth pixel from the left in Fig. 17 corresponding to the
20 first portion of the shutter time/v from when the shutter
has opened is F15/v.
Since the object corresponding to the background is
stationary, the background components of the ninth pixel

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

25 second through fourth portions of the shutter time/v from



10 to the foreground/ background separator 105. In step S13, the

f or egr ound/ background separator 105 extracts the foreground conponents
fromthe input image based on the area information and the m xture ratio-
a, and supplies the foreground conponents to the notion-blur 15 adjusting
unit 106 as the foreground conponent inmage. In step S14, the notion-blur
adjusting unit 106 generates, based on the notion vector and the area
information, the unit of processing that indicates the positions of
consecutive pixels disposed in the novjfg. 20 direction and bel onging to any
of the uncovered background area, the foreground area, and the covered
background area, and adjusts the anmount of notion blur contained in the
foreground conponents corresponding to the unit of processing. Details of
the proceéd¥imgheoshaditest indg el kU3 IV nothheh BRAkIZeEGi ven bel ow.

- 81 In step S15, the inmage processing}ap arat us determ nes whether the
processi MPMRONHiSs IRdd ST - Twivi*e I the lefitjof fHa@erifed tat t he
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the left of frame #n+l in Fig. 17 corresponding to the
fourth portion of the shutter time/v from when the shutter
has opened is B35/v.
In frame #n+l in Fig. 17, the ninth through eleventh
10 pixels from the left in Fig. 17 belong to the mixed area,
which is an uncovered background area.
The twelfth pixel from the left of frame #n+l in Fig.
17 belongs to the foreground area. The foreground component
in the shutter time/v in the foreground area of frame #n+l
15 is any one of F13 through Fl16, respectively.
Fig. 18 illustrates a model of an image obtained by
extracting the foreground components from the pixel values
shown in Fig. 17.
Referring back to Fig. 2, based on the input image and
20 the motion vector and the positional information thereof
supplied from the motion detector 102, the mixture-ratio
calculator 103 generates the estimated mixture ratio and the
corresponding mixture-ratio related information when it is
assumed that the pixel belongs to the covered background

25 area, and also generates the estimated mixture ratio, which



capabl e of adjusting the anmount of notion blur contained in the foreground
by separating the foreground and the background. That is, the inage
processi ng apparatus is capable of adjusting the anount of notion blur
contained in 15 sanpl ed data indicating the pixel values of the foreground
pi xel s. The configuration of each of the mxture-ratio calculator 103, the
area specifying unit 104, the foreground/ background separator 105, and the
noti on-blur 20 adjusting unit 106 is described below Fig. 20 is a block
diagramillustrating the configuratiopof the mxture-ratio calculator

103. An estimated-m xture-rati o processor 201 cal culates an estinmated

m xture ratio for each pixel by calculation 25 corresponding to a nodel of
a covered background area based - 82 on the notion vector and the
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the input image, and outputs the estimated m xture ratio together with the
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related information to the area specifying unit 104.

The area specifying unit 104 specifies each pixel of
the input image as the foreground area, the background area,
or the mixed area based on the input image and the two

10 estimated mixture ratios and the corresponding mixture-ratio
related information supplied from the mixture-ratio
calculator 103, and supplies the area information indicating
to which of the foreground area, the'background area, or the
mixed area each pixel belongs to the foreground/background

15 separator 105 and the motion-blur adjusting unit 106.

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

20 supplies the foreground component image to the motion-blur
adjusting unit 106.

The motion-blur adjusting unit 106 adjusts the amount
of motion blur contained in the foreground component image

based on the foreground component image supplied from the

25 foreground/background separator 105, the motion vector



based on the notion vector and the positional information thereof supplied
fromthe notion detector 102 and the input imge, and outputs the
estimated m xture ratio together with 15 the m xture-ratio rel ated
information, which is determned wth the calculation of the estimated

m xture ratio. The mxture-ratio related information output fromthe
estimated- m xture-ratio processor 202 is, for exanple, the sum of
foreground conponents. 20 Since it can be assuned that the object
corresponding to the foreground is moygng with constant velocity within
the shutter tinme, the mxture ratio a of the pixels belonging to a m xed
area exhibits the following characteristics. That is, the mxture ratio a

linearly 25 changes according to the positional change in the pixels. - 83
| f the pésirPildesl feeangde motHenpidedles oy dife digfshditénaired change in the
m xture ratio (X can be represented linearly. |f the positional change in
the pi xelR@fiormagdod Famsilcesl frem dhenge Son SHRE A% &ridt il@ 4 x3®&h be

represented on a plane. 5 Since the period of gne frane is short, it can be
assumed (1R RO dth e FIEIFATH F AT MR Y orafiourd Hs- X Ao body
nmovi ng Wi, th canstant velocity. The gradient of the mxture ratio a is
inversel§ﬂ1ﬁ?dﬁbfgﬁ6ﬁﬁfx¥o the anount of novenent v within the shutter 10
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performed by the image processing apparatus is described
below with reference to the flowchart of Fig. 19. 1In step
S11, based on the input image and the motion vector and the
positional information thereof supplied from the motion

10 detector 102, the mixture~-ratio calculator 103 calculates
the estimated mixture ratio and the corresponding mixture-
ratio related information when it is assumed that the pixel
belongs to the covered background area, and also calculates
the estimated mixture ratio and the corresponding mixture-

15 ratio related information when it is assumed that the pixel
belongs to the uncovered background area. The mixture-ratio
calculator 103 supplies the two calculated estimated mixture
ratios and the corresponding mixture-ratio related
information to the area specifying unit 104. Details of the

20 mixture-ratio calculation processing are given below.

In step S12, the area specifying unit 104 performs,
based on the input image and the two estimated mixture
ratios and the corresponding mixture-ratio related
information supplied from the mixture~ratio calculator 103,

25 area specifying processing for generating area information



m xed area can be represented by the reciprocal of the anount of novenent
v. 15 As shown in Fig. 21, the ideal mxture ratio a has the 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 in the mxed area. In the exanple
shown in Fig. 22, the pixel value C06 of 20 the seventh pixel fromthe
left in frame #n can be indicated by equation (4) by using the pixel value
P06 of the seventh pixel fromthe left in frame #n-1. - 84 C(C06 =

BO6/ v+B06/ v+F01/ v+F02/ v = P06/ v+P06/v+§Q1Lv+F02/v (4) z 2/ vPO6+Fi/v In
equation (4), the pixel .value C06 is indicated by a pixel value Mof the
pi xel in the m xed area, while the pixel value P06 is indicated by a pixe
value B of the pixel 5 in the background area, That is, the pixel value M
of the m@?echtﬁri%étomw}hr%faté‘r?d ftOr’Féf%‘i%d iR BT liar%k%%é} in the
background area can be represented uati ons (5) and (6 respectively.
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ratio a. . Since the amount qf nov the m xture ratio a of the
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Details of the area specifying processing are given below.

5 The area specifying unit 104 generates the mixture ratio o
based on the generated area information, and the two
estimated mixture ratios and the corresponding mixture-ratio
related information supplied from the mixture-ratio
calculator 103, and supplies the generated mixture ratio a

10 to the 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 o, and
supplies the foreground components to the motion-blur

15 adjusting unit 106 as the foreground component image.

In step S14, the motion-blur adjusting unit 106
generates, based on the motion vector and the area
information, the unit of processing that indicates the
positions of consecutive pixels disposed in the moving

20 direction and belonging to any of the uncovered background
area, the foreground area, and the covered background area,
and adjusts the amount of motion blur contained in the
foreground components corresponding to the unit of
processing. Details of the processing for adjusting the

25 amount of motion blur are given below.



As di scussed above, the pixel value Cin the designated 15 franme #n is
considered as the pixel value in the m xed area, 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 mxture ratio a
can be represented by equation (7): 20 C=a P+ (7) where f in equation
(7) indicates the sumof the foreground conponents Ei Fi/v contained in the
desi gnat ed pixel. The variables contained in equation (7) are two factors,
i.e., - 8 the mxture ratio a and thgy;sumf of the foreground

conponents. Simlarly, a nodel obtained by expanding in the tinme direction
the pixel values in which the anmount of novenent 5 is 4 and the nunber of
virtual divided portions is 4 in an uncovered background area is shown in
Fig. 23. As i A FESReptleserdts gt RISV e PREAGFBUSE G T eS n t he
uncover ed background area, the pjxel, value C of the ignated frape #n is

de
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equatgonspéégessing 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.

10 In this manner, the image processing apparatus is
capable of adjusting the amount of motion blur contained in
the foreground by separating the foreground and the
background. That is, the image processing apparatus is
capable of adjusting the amount of motion blur contained in

15 sampled data indicating the pixel values of the foreground
pixels.

The configuration of each of the mixture-ratio
calculator 103, the area specifying unit 104, the
foreground/background separator 105, and the motion-blur

20 adjusting unit 106 is described below.

Fig. 20 is a block diagram illustrating the
configuration of the mixture-ratio calculator 103. An
estimated-mixture-ratio processor 201 calculates an
estimated mixture ratio for each pixel by calculation

25 corresponding to a model of a covered background area based



through (8) can be applied to the case in which the background object is
nmovi ng by using the pixel value of a pixel |ocated corresponding to the
anount of novenent v of 20 the background. It is now assuned, for exanple,
in Fig. 22 that the anobunt of novenent v of the object corresponding to

t he background is 2, and the nunber of virtual divided portions is 2. In
this case, when the object corresponding to the background is noving to
the right in Fig. 22, the 25 pixel value B of the pixel in the background
area in - 86 equation (6) is represenggd_by a pixel value PO4. Since
equations (7) and (8) each contain two variables, the mxture ratio a
cannot be determ ned without nodifying the equations. 5 Accordingly, the
m xture ratio a is determ ned by establishing an equation concerning a set
of a pixdn HE iR teater mokdhs eesdd el coriegpndhdRseat

bel ongi ng to the background area in accordance with the anobunt of novenent
v of the FHIR\grShnd Wbjtdra .maplots de Rt ofanbvigientPRAt t18%ft i on
vector and the ositional information thereof,sqgglied fromthe notion

vector 109G HYS ZEF SRt I S et YT MR ed Mkt ratio
Do o e P oL (L AL 07 0505801 200 DY en i, e
baCkgcjountqmearcze'\aalci,t?léj@is&g icdethebeéso‘g\:[Lmated mixture ratio. The
mixture-ratio related information output from the estimated-
mixture-ratio processor 201 is, for example, the sum of
foreground components.
An estimated-mixture-ratio processor 202 calculates an

10 estimated mixture ratio for each pixel by calculation
corresponding to a model of an uncovered background area
based on the motion vector and the positional information
thereof supplied from the motion detector 102 and the input
image, and outputs the estimated mixture ratio together with

15 the mixture-ratio related information, which is determined
with the calculation of the estimated mixture ratio. The
mixture-ratio related information output from the estimated-
mixture-ratio processor 202 is, for example, the sum of
foreground components,

20 Since it can be assumed that the object corresponding
to the foreground is moving with constant velocity within
the shutter time, the mixture ratio o of the pixels
belonging to a mixed area exhibits the following
characteristics. That i1s, the mixture ratio o linearly

25 changes according to the positional change in the pixels.



In the exanple shown in Fig. 22 corresponding to the covered background
area, equation (9) holds true for P02 of 20 frame #n-1, and equation (10)
hol ds true for CO6 of frame #n. 2 P02 = 21v - B02 + Filv 2 C06 = 21v - BO06
+ Fl'lv In equations (9) and (10), the values corresponding to - 87 the

m xture ratio a are the sane, i.e., 2/v. In equations (9) and (10), the
val ues corresponding to the sumof the foreground conponents are the sane,
i.e., 2 Fi/lv e=l 5 That is, the mxture ratios a of P02 of frame #n-1 and
C06 of frame #n are the same, and the gyns of the foreground conponents of
P02 of frame #n-1 and CO6 of franme #n are the sane. Accordingly, it can be
proved that C06 of frane #n corresponds to P02 of frame #n-1 according to
the novenment 10 of the foreground object. By assum ng that the foreground
oMem|§ﬁﬂ%%®ﬁ$ﬁm&%QWWN@M@WWmmﬂ@@qm%m@m%%@m&mﬂsam
uniform over a plurality of frames, it is possible to select a_plurality
of sets, CORWEHMN s iMsts i ot at s ﬁelc%l%g‘i%eﬁfnﬁcﬁq RE-NA3EY -ar ea and

t he correspondi ng pi xel belonglng to the background area havi ng the sane
m xture rdtitdhe Bosd tipal change in the pixels” is two-dimensional, a

change in the mixture ratio o can be represented on a plane.

5 Since the period of one frame is short, it can be
assumed that the object corresponding to the foreground is a
rigid body moving with constant velocity.

The gradient of the mixture ratio o is inversely
proportional to the amount of movement v within the shutter

10 time of the foreground.

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

15 As shown in Fig. 21, the ideal mixture ratio a has the
value of 1 in the background area, the value of 0 in the
foreground area, and the value of greater than 0 and smaller
than 1 in the mixed area.

In the example shown in Fig. 22, the pixel value C06 of

20 the seventh pixel from the left in frame #n can be indicated
by equation (4) by using the pixel value P06 of the seventh

pixel from the left in frame #n-1.



same sum of the foreground conponents, according to the anount of novenent
v of the foreground object. For exanple, five sets, each set consisting of
a pixel belonging to the 20 m xed area and the correspondlng pi xel

bel onging to the background area, may be sel ected. For exanple, as shown
in Fig. 24, pixels MI through M5 belonging to the m xed area and
correspondi ng pixels Btl through Bt5 belonging to the background area can
be selected - 88 fromframe #n-3 through frame #n+2 in accordance with the
anmount of novenent v of the foregroundggbject. In Fig. 24, the white dots
i ndi cate pixels considered to belong to the background area, and the bl ack
dots indicate pixels 5 considered to belong to the m xed area. Equations
(11) throughc6tt5: Botd truesd®ry the milxgélxs + Mok through M5 and the pi xel s

EE I4+1E hrough:BléIS Blvgér? (YZTBI%AL%)(Y 14) O( lg) ftﬂtze/l%a{vlt gn: ?11)&3hr ough (15331

desi gnates the sum of the f orggground conponents Ei Fi/v.
=2/ v P06 + Fi/ v

i=1
In equation (4), the pixel value C06 is indicated by a
pixel value M of the pixel in the mixed area, while the
pixel value P06 is indicated by a pixel value B of the pixel
5 in the background area. That is, the pixel value M of the
pixel in the mixed area and the pixel value B of the pixel
in the background area can be represented by equations (5)

and (6), respectively.

M = C06 (3)
10 B = P06 (6)
In equation (4), 2/v corresponds to the mixture ratio o.

Since the amount of movement v 1s 4, the mixture ratio o of
the seventh pixel from the left in frame #n is 0.5.
As discussed above, the pixel value C in the designated
15 frame #n is considered as the pixel value in the mixed area,
while the pixel value P of frame #n-1 prior to frame #n is
considered as the pixel value in the background area.
Accordingly, equation (3) indicating the mixture ratio o can
be represented by equation (7):
20 C =o0o e P+f (7)
where f in equation (7) indicates the sum of the foreground
components X;Fi/v contained in the designated pixel. The

variables contained in equation (7) are two factors, i.e

L



15 Since the five equations (11) through (15) contain the comon
variables, i.e., the mxture ratio a and the sumf of the foreground
conponents, the nethod of |east squares can be applied to equations (11) -
through (15) to determne the mxture ratio a and the sumf of the
f oreground conponents. 20 For exanple, the estimated-m xture-ratio
processor 201 prestores nornmal equations for calculating the mxture ratio
a and the sumf of the foreground conponents, and sets pixel values
bel onging to the m xed area and the cog¢espondi ng pixel values belonging to
t he background area in the stored 25 normal equations, thereby cal cul ating
the mxture ratio a - 89 and the sumf of the foreground conponents
according to a matrix solution. |If the background is noving, as indicated
by an exdfs @ixgfung gatim o padediiaru-friok e i@ T Bressor 201 sets
5 pi xel values belonging to the m xed area and the correspondi ng pi xel
val ues b&IIRANR %o t he background area in the normal equations in
accordance with the amount of _noyement v', and cal.cul gtes the m xture

%V eﬂopé

ratio a and t Ré™Sdf ¥ -of {REeF: &P&&ﬁ@:@@hﬁ&ﬁ S0 ¢ diftg 8% mat ri x
10,5 e B G 2 dlie i, Aot S o) cale BBl o ErRd Lo,
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ratio by uncovered background area is shown in Fig. 23.

As in the representation of the covered background area,
in the uncovered background area, the pixel value C of the
designated frame #n 1s considered as the pixel value in the

10 mixed area, while the pixel value N of frame #n+l subsequent
fo frame #n is considered as the background area.

Accordingly, equation (3) indicating the mixture ratio a can
be represented by equation (8).
C =0a e N+f (8)

15 The embodiment has been described, assuming that the
background object is stationary. However, equations (4)
through (8) can be applied to the case in which the
background object is moving by using the pixel value of a
pixel located corresponding to the amount of movement v of

20 the background. It 1s now assumed, for example, in Fig. 22
that the amount of movement v of the object corresponding to
the background is 2, and the number of virtual divided
portions is 2. In this case, when the object corresponding

to the background is moving to the right in Fig. 22, the

25 pixel value B of the pixel in the background area in



usi ng the amount of novenment v based on a nodel corresponding to the
covered background area. Simlarly, the estimted-m xture-rati o processor
202 calculates the estimated m xture ratio by using the amount 20 of
novenent v based on a nodel corresponding to the uncovered background area.
In the uncovered background area, the correspondi ng pi xel belonging to the
background area is selected fromthe franme subsequent to the frame of a
designated pixel. 25 Fig. 26 is a block diagramillustrating the - 90
configuration of the estinated-m xtures: %atlo processor 201 for calculating
the estimated m xture rati o by using tﬁ anount of novenent v based on a
nodel corresponding to the covered background area. 5 A nornal -equation
adder 221 sets, based on the notion vector and the positional information
t her eof sepptiian f fomis heepmesomtekteytadrriogl pikes KAt ues belonging to
the mxed area and the correspondi ng pi xel values belonging to the

backgr ound ar S&nEEnteAURdd ans alt )i mage &) METamenterin Hevoloyamimitl Ssvage in
prestored normal equations. The normal - equatjon adder 221 supplies the

nor mal equd® iBHEEYFR Wi ehe ‘1‘h%arb?%%lb%aql%‘é%r%éql%%g‘%@h?‘éttfh%d %ERP ar ea and
the correspondi ng, pi xel val ues bel onging to the background area are set
to a cal cPAtTIIDPPNY5 The cal cul ator 222 sol ves the normal equations in

whi ChS the pi ccorcjlng Are Seetmlsx rleI erdatflroom t he c{.lotrenranlu_ne%%l on

establishing an equation concerning a set of a pixel
belonging to the mixed area and the corresponding pixel
belonging to the background area in accordance with the
amount of movement v of the foreground object.

10 As the amount of movement v, the motion vector and the
positional information thereof supplied from the motion
vector 102 are utilized.

The calculation for the estimated mixture ratio
performed by the estimated-mixture-ratio processor 201 by

15 using the amount of movement v based on a model
corresponding to the covered background area is described
below.

In the example shown in Fig. 22 corresponding to the
covered background area, equation (9) holds true for P02 of

20 frame #n-1, and equation (10) holds true for C06 of frame #n.

: 2
P02 = 2/v -B02 + ), Filv (9)
i=1
2 .
C06 = 2/v +B06 + D, Filv (10)

i=1

In equations (9) and (10), the wvalues corresponding to



adder 221 by applying a matrix solution, for exanple, a sweep-out nethod
(Gauss-Jordan elimnation) so as to obtain the estimated m xture rati o,
and outputs the calculated 20 estinated m xture ratio. The cal cul ator 222
outputs the sum of the foreground conponents, which is determ ned together
with the calculation of the estimated mi xture ratio, as the mxture-ratio
related i nformation. As discussed above, the estimted-m xture-ratio 25
processor 201 calculates the estimated m xture ratio by - 91 using the
anount of novenent v based on a nodel g¢orresponding to the covered
background area. The estimated-m xture-ratio processor 201 outputs the sum
of the foreground conponents as the mxture-ratio related 5 i nformation.
The estimated-m xture-ratio processor 202 has a configuration simlar to
the esti ridteedhiti bUung ecatdd ¢ Giocessdramml, L ¢hd oY expl BhaRTWAHE 44 eof s
thus omtted. As described above, based on the input inmage and the 10

moti on ve@oranghd(k¥Ne P tyaokgs |Cfﬁlbrr€iﬁ3tqf&ﬁ1”t%eﬁ=%oifhe sipbl9%ed% om t he
notion detector 102, the m xture-ratio calculator 103 is able to generate
the esti ERERPTAYRLIGPTROAS - RRFS R ot ®pond? ng ni xture-ratio rel ated
information when it is assuned that the pixel belongs to the 15 covered
backgr ound areERzmi is also able to generate the estimated m xture rati o,
which is the mexture.ratio to be estimated, and the correspondi ng

m xture-ratio rel ated

5 That is, the mixture ratios a of P02 of frame #n-1 and
C06 of frame #n are the same, and the sums of the foreground
components of P02 of frame #n-1 and C06 of frame #n are the
same. Accordingly, it can be proved that C06 of frame #n
corresponds to P02 of frame #n-1 according to the movement

10 of the foreground object.

By assuming that the foreground object is ﬁoving with
constant velocity and the foreground components are uniform
over a plurality of frames, it is possible to select a
plurality of sets, each set consisting of a pixel belonging

15 to the mixed area and the corresponding pixel belonging to
the background area having the same mixture ratio o and the
same sum of the foreground components, according to the
amount of movement v of the foreground object. For example,
five sets, each set consisting of a pixel belonging to the

20 mixed area and the corresponding pixel belonging to the
background area, may be selected.

For example, as shown in Fig. 24, pixels Mtl through
Mt5 belonging to the mixed area and corresponding pixels Btl

through Bt5 belonging to the background area can be selected
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processing is conpleted. 20 As di scussed above, the m xture-ratio
calculator 103 is able to calculate the estimated m xture ratio for each
pi xel based on the notion vector and the positional information thereof
supplied fromthe notion detector 102 and the input inmage. 25 A
description is given below, with reference to the - 93 flowhart of Fig.
28, of the estimated-m xture-ratio calculating processing perfornmed by the
estimated-m xture- ratio processor 201 by using a nodel corresponding to
the covered background area in step_Sggl_of Fig. 27. 5 In step S221, the
nor mal - equati on adder 221 reads the notion vector and the positional
information supplied from the notion detector 102 so as to obtain the
anount of npovenent v, In step S222, the normal -equation adder 221 sel ects

the 10 PRI rMihptt Whe rEPERITUR HecRP PRERES RCEPRIRDUIR Df

novenent v, and seifs fhe pixel values of the selected pixels in the
pr est or ed"hor Al SRGUEPBns. In step S223, the nornal -equation adder 221

determ nes r the pixel values have been set for.the target npixel.

TE T IO ot M e PR e et T e o b e o, bl
target pixgel,.th ro S turns.to. step S22 an t he pr ssing for
ot O i HE mag 128 POES e LELML BSR4 e SREE1 0 Do LS PT EEPRLIL 10T

the pisxelpyad'esa1 BY HOESRG RS 107 chNIREGL 0L XGha Lhg Process proceeds

corresponding pixel values belonging to the background area
in the normal equations in accordance with the amount of
movement v', and calculates the mixture ratioc o and the sum
f of the foreground components according to a matrix
10 solution. Iﬁ Fig. 25, the white dots indicate pixels
considered to belong to the background area, and the black
dots designate the pixels considered to belong to the mixed
area.
As discussed above, the estimated-mixture-ratio
15 processor 201 calculates the estimated mixture ratio by
using the amount of movement v based on a model
corresponding to the covered background area.
Similarly, the estimated-mixture-ratio processor 202
calculates the estimated mixture ratio by using the amount
20 of movement v based on a model corresponding to the
uncovered background area. In the uncovered background area,
the corresponding pixel belonging to the background area is
selected from the frame subsequent to the frame of a
designated pixel.

25 Fig. 26 is a block diagram illustrating the



20 step S224. In step S224, the normal -equation adder 221 supplies the
normal equations in which the pixel values are set to the calculator 222,
and the cal cul ator 222 solves the nornmal equations by a sweep-out nethod
(Gauss-Jordan elimnation) so as to calculate the estimated m xture ratio.
25 The processing is then conpleted. The cal cul ator 222 - 94 outputs the
sum of the foreground conponents corresponding to each pixel, which is
determ ned together with the calculation of the estimated m xture rati o,
as the mxture- ratio related informatggn. 5 As discussed above, the
estimated-m xture-ratio processor 201 is able to calculate the estinmated
m xture ratio. The mxture-ratio estimating processing perfornmed by the
estimated-m xture-rati o processor, 202 by using a nodel 10 corresponding to
t he uncoﬁ%@%@% artd R SPRPEIX HLETERt DT PEOGERFPAr2ED the
rocessing indicated py the flowhart of Fig. 28 py using, the nornal
gquations OR T ESPLREH Y H2° t Bt HiRietd FRLX MR INERdLE? Y baekRF othRl ar ea,
and an e&glanatio there of is thqi omtted a bl ock diagram

5 Fig. 29 i
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The nixtégéggggiéggQJgglg orr103 configured as shown in Fig. 29 does not
use a notTon VEctor: An-estihared-m xture-ratio processor 241 cal cul at es,

20 baged on the Npph 1IRA&; &G &R BIEE X WA LA He motion
vector and the positional information thereof supplied from
the motion detector 102, pixel values belonging to the mixed
area and the corresponding pixel values belonging to the
background area contained in an image of M frames of the

10 input image in prestored normal equations. The normal-
equation adder 221 supplies the normal equations in which
the pixel values belonging to the mixed area and the
corresponding pixel values belonging to the background area
are set to a calculator 222.

15 The calculator 222 solves the normal equations in which
the pixel values are set supplied from the normal-equation
adder 221 by applying a matrix solution, for example, a
sweep—-out method (Gauss—-Jordan elimination) so as to obtain
the estimated mixture ratio, and outputs the calculated

20 estimated mixture ratio. The calculator 222'outputs the sum
of the foreground components, which is determined together
with the calculation of the estimated mixture ratio, as the
mixture-ratio related information.

As discussed above, the estimated-mixture-ratio

25 processor 201 calculates the estimated mixture ratio by



each pixel by the calculation corresponding to a nodel of the covered
background area, and outputs the estinmated mxture ratio together with the
m xture-ratio related information, which is calculated together with the-
25 calculation of the estimated m xture ratio. The m xture - 95 ratio
related information output fromthe estimated-m xture- ratio processor 241
is, for exanple, the sumof the foreground conponents or the gradient of
the m xture ratio. An estimated-m xture-ratio processor 242 calculates, 5
based on the input inage, the estimateghnixture ratio of each pixel by the
cal cul ation corresponding to a nodel of the uncovered background area, and
outputs the estimated mxture ratio together with the mxture-ratio

related information, which is cal cul ated tqgether with the 10 cal cul ation
of the estSifst ddri3RAHE (A iMPVERRN tri% tRAET 4t 1% TSk ed i nf or mati on

out put fromthe est.imated-m xture- ratio processor 242 i for exanple, the
sum of ttfié’rl?ecﬁ%}m tc%rFB]Iﬁ]é%ﬂvse‘iﬁ tk?‘?éﬂ&rafﬂi 137072 1 heﬂ}ﬁ xture ratio. The
m xture-rati,0 estimatin rocessin erfor by 15 t he

esti mat eae-srﬁJ)?fatﬁeecl—%’ito“gfpér?—orcaetslsoorp’gbﬁesasnoar the e%‘itr%ﬁsedthem SR rHltS o
processor_242 is described below wi,th reference 1o Figs.. 30 and 32. As

di scussed W TH ¢ a:rceonm eorf%ntl'—sl gass. aric E%I,re grlcan%leo Ig%%aa '“Td?‘ons (7) and (8)

each gont.aj i variables, the 20 mxture ratio a cannot be
) la'lfvlv?’{rﬂagtujtwrrbdifyi ng equations (7) and (8).

det erm ne
The estimated-mixture-ratio processor 202 has a
configuration similar to the estimated-mixture-ratio
processor 201, and an explanation thereof is thus omitted.
As described above, based on the input image and the

10 motion vector and the positional information thereof
supplied from the motion detector 102, the mixture-ratio
calculator 103 is able to generate the estimated mixture
ratio and the corresponding mixture-ratio related
information when it is assumed that the pixel belongs to the

15 covered background area, and is also able to generate the
estimated mixture ratio, which is the mixture ratio to be
estimated, and the corresponding mixture-ratio related
information when it is assumed that the pixel beloﬂgs to the
uncovered background area.

20 The estimated-mixture-ratio calculation processing
performed by the mixture-ratio calculator 103 is described
below with reference to the flowchart of Fig. 27. 1In step
5201, the estimated-mixture-ratio processor 201 performs the
mixture—-ratio estimating processing by using a model

25 corresponding to the covered background area based on the



The m xture ratio a linearly changes in accordance with a change in the
position of the pixels because the object corresponding to the foreground
is noving with constant 25 velocity. By utilizing this characteristic, the
estimated - 96 mxture-ratio processor 241 or the estimated-m xture-ratio
processor 242 sets an equation in which the m xture ratio a and the sumf
of the foreground conponents are approximated in the spatial direction.
Also, by utilizing a plurality of 5 sets of the pixel values of the pixels
belonging to the mxed area and the_pjxel values of the pixels bel onging
to the background area, the equations in which the mxture ratio a and
the sumf of the foreground conponents are approxi mted are solved. 10
When a change in the mxture ratio a is approxinmated as , a straight |ine,
the m xt dr@Ytatimeae el B efided sifFoedig iif EPLtienal | +p (16) In
equation (16), i is the index in the spatial direction, 15 when the position
of the dédifghaaddah Xdeqeos&URRY igd £540 e Hafede§icte Mt ure
ratio a. is.the intercept of the straight line of the mxture ratio a,
and i s AREFANS G X SIS R R e G GBS Fiuat i on (16)

(e =l AP A e AR XS] T AL EPRLE s PO ALE

intergept P i%nsg%@% %@OERgth%oESEQHEk%d—ﬁﬁxtE@%JMyef% processor 202
performs the mixture-ratio estimating processing by using a
model corresponding to the uncovered background area based
on the input image and the motion vector and the positional
information thereof supplied form the motion detector 102.

10 In step $5203, the mixture-ratio calculator 103
determines whether the mixture ratios have been estimated
for the whole frame, If it is determined that the mixture
ratios have not been estimated for the whole frame, the
process returns to step 5201, and the processing for

15 estimating the mixture ratio of the subsequent pixel is
executed.

If it is determined in step $203 that the mixture
ratios have been estimated for the whole frame, the
processing is completed.

20 As discussed above, the mixture-ratio calculator 103 is
able to calculate the estimated mixture ratio for each pixel
based on the motion vector and the positional information
thereof supplied from the motion detector 102 and the input
image.

25 A description is given below, with reference to the



dot indicates the designated pixel and the black dots indicate the
proximty pixels. 25 By approximating the m xture ratio a as equation (16),
- 97 aplurality of different m xture ratios a for a plurality of pixels
can be expressed by two variables. In the exanple shown in Fig. 30, the
five mxture ratios for five pixels are expressed by the two vari abl es,
i.e., the gradient 1 and 5 the intercept p. Wien the mxture ratio a is
approximated in the plane shown in Fig. 31, equation (16) is expanded into
the plane by considering the novenentgy <orresponding to the two
directions, i.e., the horizontal direction and the vertical 10 direction
of the image, and the mxture ratio a can be expressed by equation (17).

In Fig. 31, the it ot Jndicates the desigpate ixel. a = jmkg+p (17)
I n equat i W(C?‘ﬂr\,,gnjoﬁ?s?dlt%'e 482dé3<9i G t?egetrfﬂ'fal R HIT A TP 15 and k is
the index_ i.n t.he .vertical di.rection when. the osition.of t desi gnat ed

pi xel is cs‘_i(-:;ltC loa 9P reoqcueas’[si GiY %’%O,rmn%ddebéf gtn}gef eéséttﬁ%%eodr intz}%n ua’ise gr adi ent
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of the mxture ratio aint |'ane.” I'n equa tes the

b SRt U8 TSI 10 406, B0 g e 11 A o
through Q07, 1hesReg!is¥8hY. the normal-equation adder 221 reads the
motion vector and the positional information supplied from
the motion detector 102 so as to obtain the amount of
movement v,
In step $222, the normal-equation adder 221 selects the
10 pixels from input M frames of images based on the amount of
movement v, and sets the pixel values of the selected pixels
in the prestored normal equations.
In step 5223, the normal-equation adder 221 determines
whether the pixel values have been set for the target pixel.
15 If it is determined that the pixel Values have not been set
for the target pixel, the process returns to step $222, and
the processing for setting the pixel values is repeated.
If it is determined in step S$223 that the pixel values
have been set for the target pixel, the process proceeds to
20 step S224. In step 5224, the normal-equation adder 221
supplies the normal equations in which the pixel values are
set to the calculator 222, and the calculator 222 solves the
normal equations by a sweep-out method (Gauss—-Jordan
elimination) so as to calculate the estimated mixture ratio.

25 The processing is then completed. The calculator 222




C05 = a050BO6/v+f 05 (18) 25 CO6 = a06B06/v+f06 (19) - 98 Q07 =
a076BO7/ v+f O7 (20) Assuming that the foreground conponents positioned in
close proximty with each other are equal to each other, i.e., that FO
t hrough FO3 are equal, equation (21) holds 5 true by replacing FOL through
FO3 by Fc. f(x) = (1-(X (x))Fc (21) In equation (21), x indicates the
position in the spatial direction. Wen a (x) is replaced by equation
(17), equation (21) 10 can be expressed by equation (22). f (x) =
(1-(jmtkg+p) ).Fc = j (-nmFc) +k (-gFcgq +((1-p) Fc) = js+kt+u (22) In
equation (22), (-nfFc), (-gsFc), and (1-p)' Fc are 15 replaced, as expressed
by equations (23) through (25), respectively. s =-nFc (23) t = -qFc (24)
(1-p).Fc (25) 20 In equation ( qﬁg is the index in the harizonta
di r ect | OIFERRETE [ e sfex i fe L oA or P TSP PAHE ber 1§ on

of the de5|gn ed pi S, i scussed bove S|nce i t_.can be assuned
that the tbbj %e)rﬁes q’hglstéidtt?emfl&’ree‘b 1i}hgﬂbﬁth

calculation of the estimated mixture ratio, as the mixture-
ratio related information.

5 As discussed above, the estimated-mixture-ratio
processor 201 is able to calculate the estimated mixture
ratio.

The mixture-ratio estimating processing performed by
the estimated-mixture-ratio processor 202 by using a model

10 corresponding to the uncovered background area in step 5202
of Fig. 27 is similar to the processing indicated by the
flowchart of Fig. 28 by using the normal equations
corresponding to the model of the uncovered background area,
and an explanation there of is thus omitted.

15 Fig. 29 i1s a block diagram illustrating another
configuration of the mixture-ratio calculator 103. The
mixture-ratio calculator 103 configured as shown in Fig. 29
does not use a motion vector.

An estimated-mixture-ratio processor 241 calculates,

20 based on the input image, the estimated mixture ratio of
each pixel by the calculation corresponding to a model of
the covered background area, and outputs the estimated
mixture ratio together with the mixture-ratio related
information, which is calculated together with the

25 calculation of the estimated mixture ratio. The mixture-



25 constant velocity within the shutter period, and that the 99

conponents positioned in close proximty with each other are uniform
sum of the foreground conponents can be approxi mated by equation (22
When the mixture ratio a is approximted by a straight 5 line, the sum of
t he foreground conponents can be expressed by equation (26). f (x) =
(26) By replacing the mxture ratio a and the sumof the foreground
conponents in equation (16) by using equations 10 (17) and (22), the pixel
val ue M can be expressed by equation §27). M= (jmkg+p) B+j s+kt+u
] B mtkBq+Bp+j s+k.t+u (27) In equation (27), unknown variables are six

f or egr ound

t he

).

i s+u

factors, 15 such as the horizontal gradient mof the mxture ratio a in

t he plane t he vertlcal radient gq of the mxture ratloal the | ane,
and the TS gftor%q}l cﬂ“”"tpr’riet LAY e reasttijé“aé"‘? %he. The
pi xel val ue M and the val ue. B are s 20 equ (27) in

accor dandé Wi r?rtor?eespﬁcgre)%s“cljoss'e LoF teﬁ‘? 55 &%}fi eand then, a
plurality. of egu: uat onosml n i chr tr]} pi xecllenaC M.h ndmfx | er vaI ue B
are set ard SHoIlWVEH BRWE et 1 & THuatess S AERLEY ca’i culAti ng
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based on the input image, the estimated mixture ratio of
each pixel by the calculation corresponding to a model of
the uncovered background area, and outputs the estimated
mixture ratio together with the mixture-ratio related
information, which is calculated together with the
calculation of the estimated mixture ratio. The mixture-
ratio related information output from the estimated-mixture-
ratio processor 242 is, for example, the sum of the
foreground components or the gradient of the mixture ratio.

The mixture-ratio estimating processing performed by
the estimated-mixture-ratio processor 241 and the estimated-
mixture-ratio processor 242 is described below with
reference to Figs. 30 and 32.

As discussed with reference to Figs. 22 and 23, since
equations (7) and (8) each contain the two variables, the
mixture ratio o cannot be determined without modifying
equations (7) and (8).

The mixture ratio o linearly changes in accordance with
a change in the position of the pixels because the object
corresponding to the foreground is moving with constant

velocity. By utilizing this characteristic, the estimated-



- 100 index j of the designated pixel is set to 0, and the vertical index
k of the designated pixel is set to 0. In this case, when the pixel value
Mor the pixel value Bis set in the equation corresponding to equation
(27) for 3x3 5 pixels located in the proximty with the designated pixel,
equati ons (28) through (36) are obtained. M1, 1 = (-1) B-1,-1m+ (-1)
B-1,-1g+B-1,-1p+ (-1) s+ (-1) t+u (28) M, 1 = (0)Bo "

_1m+(-1) Bo, -1q+Bo _1p+(0)s+(-1)t+u (29) M1, -1 (+1) B+1,-1m+ (-1)

B+1, - 1g+B+1, - 1p+ (+1) s+ (-1) t+u (30)940-M1I, 0 (-1) B-1,omt (0)
B-1,0q+B_1,0p+ (-1) s+ (0) t+u (31) M,o0 =
(O)Boonw(O)Bo 0oq+Bo, op+(0)s+(0)t+u (32) M1,0 =
(B+%) ;B_Igi_l_%\w( O%Bilr(aoql;oBg'_rc(() eﬁ(s-kql 32% )4 +u ( 33%st.1mate<} m:ugtu Bra1ﬁ1+olm+ (+1)

0) Bo, +1m+( +1) B 0 +1 = B+, +lmr
E+)1)0511 +‘(1++ Sidrii%‘ (+‘°1$ Saﬁrnzséa +CBP (%‘%)WERJS?]}}] %{'Ir‘? H%l’h%‘?"r( %% i%hdex |
f the d d | 0,.and th t nd t he, d ated
i xel se%%og“%hi S e Pond o 8 i e e 0 s Bt GBS ee T

val ue whef to t}lhe & and, K dfr@c{{‘or‘?q“aéiso@ (H?Z)utJACsz h§ éﬂ“géase &fatio a

i s equal i'ntercept in equation { cor on t he
nine gqualdans, £ 28le 5&9@9%1@@ of h&@%iz@m %eﬂé@&i tegnedde vertical
gradient g, and the intercepts p, s, t, u are calculated by the nethod

of 1g§ast B eSreNhd Nend B LEEERfa Pud S @ytmé PSxe 29 BB Xireratio a.
the background area, the equations in which the mixture
ratio a and the sum f of the foreground components are
approximated are solved.

10 When a change in the mixture ratio o is approximated as
a straight line, the mixture ratio o can be expressed by
equation (16).

o = il+p (16)
In equation (16), i is the index in the spatial direction

15 when the position of the designated pixel is set to 0. 1 is
the gradient of the mixture ratio a. p is the intercept of
the straight line of the mixture ratio @, and is also the
mixture ratio o of the designated pixel. In equation (16),
the index i is known, and the gradient 1 and the intercept p

20 are unknown.

The relationship among the index i, the gradient 1, and
the intercept p is shown in Fig. 30. 1In Fig. 30, the white
dot indicates the designated pixel and the black dots

indicate the proximity pixels.

25 By approximating the mixture ratio o as equation (16),



A specific process for calculating the mxture ratio a by applying the

nmet hod of |east squares is as follows. Wien the index i and the index k are
expressed by a single index x, the relationship anmong the index i, the 5°
i ndex k, and the index x can be expressed by equation (37). x =
(j+1)03+(k+l) (37) It is now assuned that the horizontal gradient m the
vertical gradient q, and the intercepts p, s, t, and u are expressed by
vari ables wo, wi, w2, w3, w4, and wb, 10 respectively, and jB, kB, B, j, k
and 1 are expressed by a0, al, a2, a%7a4, and a5, respectively. In
consideration of the error ex, equations (28) through (36) can be nodified
into equation (38). 5 Mk = Yay w + ex (38) Y=015 In equation (38), X is
any one of the integers fromO to 8 Equation (39) can be found from

equat i on ¥ ®1gyralisye e f= it fenengy migfursgrafi®ssion i@ e Midtidd 9 Afeast
squares is applied, the 20 square sumE Ofé&ﬁf erraqr iildefine as

fol | ows, PAZSEIETsbF By PEGEA oY 40P VB ablesgy: Jyghe example

shown in Fig. 30, the five mixture ratios for five pixels
are expressed by the two variables, i.e., the gradient 1 and
5 the intercept p.

When the mixture ratio o is approximated in the plane.
shown in Fig. 31, equation (16) is expanded into the plane
by considering the movement v corresponding to the two
directions, i.e., the horizontal direction and the vertical

10 direction of the image, and the mixture ratio o can be
expressed by equation (17). 1In Fig. 31, the white dot
indicates the_designated pixel.

o = jm+tkqg+p (17)

In equation (17), j is the index in the horizontal direction
15 and k is the index in the vertical direction when the
position of the designated pixel is set to 0. In equation
(17), m designates the horizontal gradient of the mixture
ratio a in the plane, and q indicates the vertical gradient
of the mixture ratio @ in the plane. In equation (17), p
20 indicates the intercept of the mixture ratio o in the plane.
For example, in frame #n shown in Fig. 22, equations

(18) through (20) can hold true for C05 through CO07,

respectively.
C05 = a05¢BO5/v+£05 (18)
25 C06 = a068BO6/v+£06 (19)



x=0 - 102 In 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. vis any one of the integers fromO to 5. Thus, wy is determ ned so
that 5 equation (41) is satisfied. 8E = 8 aex 2- E x=0 ex aw (41) 8 =
2- Eex- av = 0 x=0 By substituting equation (39) into equation (41),
equation (42) is obtained. 8 5 8 E (av lay- W) = E av M x=0 y=0 x=0
(42) 10 For exanple, the sweep-out nmethod (Gauss-Jordan elimnation) is
applied to the normal equations consispgng of six equations obtained by
substituting one of the integers fromO to 5 into v in equation (42),
thereby obtaining w. As stated above, wOis the horizontal 15 gradient m

W is the vertical gradient g, w2 is the intercept p, w3 is s, w4 is t,
and w5 is u.CO7 = GO78B07/v+E07 (20)

Assuming that the foreground components positioned in
close proximity with each other are equal to each other,
i.e., that F0l through F03 are equal, equation (21) holds

5 true by replacing F01l through F03 by Fc.

f(x) = (1-0(x))eFc (21)

In equation (21), x indicates the position in the spatial
direction.

When a(x) is replaced by equation (17), equation (21)

10 can be expressed by equation (22).

f(x) = (1-(im+kgt+p) )eFc

it

je (-meFc) +ke (-qeFc) +( (1-p)eFc)

js+kt+u (22)
In equation (22), (-meFc), (—geFc), and (l-p)eFc are

15 replaced, as expressed by equations (23) through (25),

respectively.
s = —meFc - (23)
t = —geFc (24)
u = (l-p)eFc (25)
20 In equation (22), 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 can be assumed that the
object corresponding to the foreground is moving with

25 constant velocity within the shutter period, and that the



As di scussed above, by applying the nmethod of |east squares to the
equations in which the pixel value Mand the pixel value B are set, the
hori zontal gradient m the 20 vertical gradient g, and the intercepts p, s,
t, and u can be determned. The intercept p is the mxture ratio a when
indexes i - 103 and k are 0, i.e., when the intercept p is |located at the
center position. Thus, the intercept P is output. A description has been
given, with reference to equations (28) through (36), by assum ng that the
pi xel 5 value of the pixel contained_iggthe mxed area is M and the pixel
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

desi gnat etP AT TR %ed ?%ﬂERﬁﬁ%ﬁ$mﬁP$%F%%%ﬁ%nh%v%%%ﬂeb%%%ﬁ%%%ﬁﬁ e, For
exanple, if the nlxture rafLo a of t he |er contained in the covered
backgrouﬁﬁa%ﬁe% |%rf?ﬁﬁﬁu%hf%ﬁ6mn ?rP?WgO 25N¢ ST YRESF WML dCORRNEMEDUgh
C08 of the pixels in rane #n and the ﬁ% val ues P04 through P08 of the
i xel's 1651 15 oARP B ARSFEd Y THTEOROI o) *equati ons. 11 the m xture

ratio a of th 1S cont.ai ned uncovered bac round area.i,n frame
#n shown in F?Ngrpenzg: 5 Mt eremIHaetdw %2815[ h%pcﬁjg%%tecr 1-Xreaijsgklfh frame

in and. e, pi el v vguﬁeéfh@ﬁetPspggpo@ﬁ& 8$m£8§e9£§e£§n'QeféQHPeﬁy t4 20 are

set in the nofnma
by equatlon (26) .

f(x) = is+u (26)
By replacing the mixture ratio o and the sum of the
foreground components in equation (16) by using equations
10 (17) and (22), the pixel value M can be expressed by
equation (27).
M = (jmtkg+p)eB+js+kt+u
= jBemtkBeg+Bep+jes+ket+u (27)
In equation (27), unknown variables are six factors,
15 such as the horizontal gradient m of the mixture ratio o in
the plane, the vertical gradient g of the mixture ratio a in
the plane, and the intercepts p, s, t, and u of the mixture
ratio a in the plane.
The pixel value M and the pixel value B are set in
20 equation (27) in accordance with the pixels close to the
designated pixel, and then, a 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 o.

25 It is now assumed, for example, that the horizontal



Moreover, if, for exanple, the mxture ratio a of the pixel contained in
t he covered background area shown in Fig. 32 is calculated, the foll ow ng
equations (43) through (51) are set. In Fig. 32, the white dots indicate-
pi xels to 25 belong to the background, and the black dots indicate pixels -
104 to belong to the m xed area. The pixel value of the pixel for which
the m xture ratio a is calculated is M5. Ml

(-1)Bcl m-(-1)Bcl g+Bclp+(-1)s+(-1)t+u(43) M2

(0) Bc2m( - 1) Bc2q+Bc2p+(0) s+(- 1) t +u(44)ydNe3

(+1) Bc3m+(- 1) Bc3g+Bc3p+(+1)s+(-1)t +u(45) M4

=(-1) Bc4m+(0) Bc4q+Bc4p+(-i)s+(0)t+u(46) M5

=(0) Bc5mt+( 0) Bc5g+Bc5p+( 0 Sf(O)t+%§47) M6, =(+i) BcanQ%&% Bc6g+Bc6p+ (+1)
s+ (0) t -y ML Z¢hey) atBdgiese Ao (e st +01) tand 49)e 10Mme8 =

0) Bc8mt+( +1) Bc8qg+Bc8p+(Q) s+(+1)t +u(50) M9 =, ,

E+)1) Bc9rr§5’(“3‘+1’33§fg'q+313"€%‘d‘+(32+f)éRQ%)QW%%t%erC’%ﬁlcdtsdﬁeﬁg the mi xture ratio
a of the pixel contained.in the cov redbEackggound.area in frame #n, the

pi xel val B hr B %‘Lxe?%e"h i3 e %’ef&efg?rvoal}ﬁbe 15 eg in

f #n-1 i n, i 43 1 ti i t

he pi xolSeT et BTkt AR e BT ST T B nggogf
igichontid . e _ | B

| caPouiB OS] i gt SR SO e R SRS e

pixel valyg, of; 4he Pl e L5u i £ ) NEr M 30 Fneq.

M,y = (~1)®B_; _;em+(-1)®B_; _;0q+B_; _ep+(-1)es+(-1)et+u (28)
My,-1 = (0)®Bj, _,om+ (~1)eB;, _,eq+B, _,*p+ (0)es+(-1)et+u (29)
M,;,; = (+1)®B,; _jem+(-1)8B,; _,8q+B,; _;®p+ (+1)es+(=1)et+u (30)
10 M, o= (-1)®B_; ¢eom+(0)®B_; (®q+B_; ¢op+(~1)es+(0)et+u (31)
My o = (0)eB; (om+ (0)®B, #q+Bg #p+ (0)es+ (0)et+u (32)
My1,0 = (+1)@B,; (®m+(0)eB,; (®q+B,; ¢*p+ (+1)es+(0)et+u (33)
My,41 = (~1)®B_; ,om+ (+1)®B_; ,;0q+B_; ,;8p+(-1)es+ (+1)et+u (34)
Mg 41 = (0)®Bg . 8m+ (+1)By ,8q+B, ,0p+ (0)es+ (+1)et+u (35)
15 Myp,4; = (+1)8B,; . em+ (+1)®B,; , 8q+B,; ,,®p+ (+1)es+ (+1)et+u (36)

Since the horizontal index j of the designated pixel is
0, and the vertical index k of the designated pixel is 0,
the mixture ratio o of the designated pixel is equal to the
value when j is 0 and k is 0 in equation (17), i.e., the
20 mixture ratio o is equal to the intercept p in equation (17).
Accordingly, based on the nine equations (28) through
(36) , the horizontal 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

25 the mixture ratio a.



ratio a is calculated is Mu5. Ml = (-1)Bul m(-1)Bulqg+Bul p+(-1)s+(-1)t+u
(52) Mg = (0)Bu2mt(-1) Bu2q+Bu2p+(0)s+( Dt+u (53) 25 M3 =

(+1) Bu3m+( - 1) Bu3q+Bu3p+(+1)s+(-1)t+u (54) - 105 M4 =

(- 1) Budm+(0) Bu4g+Budp+(-1)s+(0)t+u (55) M5 =

(0) Bubmt( 0) Bu5q+Bu5p+(0)s+(0)t+u (56) M6 =

(+1) Buém+( 0) Bu6q+Bubp+(+1)s+(0)t+u (57) M7 =
(-1)Bu7m+(+l)Bu7q+Bu7p+(-1)s+(+1)t+u (58) 5 Mu8 =

(0) Bu8mt( +1) Bu8g+BuBp+(0) s+(+1)t+u. {591 M9 =

(+1) Bu9m+( +1) Bu9q+Bu9p+(+1)s+(+1)t+u (60) For calculating the m xture
ratio a of the pixel contained in the uncovered background area in franme
#n, the pixel values Bul through Bu9 of the pi xels of, the back round 10
area in fran‘eA@H‘T‘He‘‘3llr’Flé’qé?&toic(ﬁ’r?sg &74) 6’&@!?1(”@0) eré'%lﬁ“ett’:lt|e\/é:lé‘3)tg',L

correspo n are__used ure-ratio

h |
esti mat i g?#’ %]g‘ét 1 Xe%%#cgl%ergﬁ%&% SETITS ek} |?ﬁat$2?)ﬁ%vf%cessor 242
are configuredyls Sghrg ; deXc t;o tn?{ea:rﬂ ff{aee{%ct Q. rg e_[sesqsr 2nd an

expl anati on t héreof us oni roceSS| ng or cal t| ng the

est'rmtegsdm%ié"&démoméf faeélws@g oty r@héa{ﬁ@e@ic% g or 103

confi gur shown in Fi s sim e processing di scussed
wi th ref efence 1&0 dhe Eﬂ@“ﬁ?@éi Pfcdi e ngp@é@sé‘@ bﬁX@&@é@iéﬁn(ﬁﬁrem IS
thus omtted. A description is now given, With referencé to

x = (j+1)e3+(k+1) : (37)

It is now assumed that the horizontal gradient m, the
vertical gradient g, and the intercepts p, s, t, and u are
expressed by variables w0, wl, w2, w3, w4, and w5,

10 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 (28) through (36) can be modified

into equation (38).

5
Mx = }: ay *r wy + ex (38)

y=0

15 In equation (38), x is any one of the integers from O
to 8.

Equation (39) can be found from equation (38).

5

ex=Mx—Zay-wy (39)

y=0

Since the method of least squares is applied, the
20 square sum E of the error is defined as follows, as

expressed by equation (40).

8
E = ), ex’ (40)
x=0



flowchart of Fig. 33, of the mxture-ratio estimating processing by using
a nodel of the covered background area 25 in step S202 of Fig. 27. - 106
In step S241, the estimted-m xture-ratio processor 241 sets the pixel

val ue contained in the input inage in a normal equation corresponding to a
nodel of the covered background area. 5 In step S242, the

estimated-m xture-rati o processor 241 determ nes whether the setting of
the target pixels is finished. If it is determ ned that the setting of the
target pixels is not finished, the prggess returns to step S241, and the
processing for setting the pixel values in the 10 normal equation is
repeated. If it is determned in step S242 that the setting for the target
pi xels is finished, the process proceeds to step S243. .In step S243, the
esti mat ed- m x&fr OXA8E| OpPERdTdge the1 exZPEul éfné’s PERE18dt i mat ed mi xture

rati o by soIV|n the 15 nor nal uation n _which .the pixels ues are
set, and did q% @aﬁi”ﬁjl%ﬁeﬁ‘ ’ifra}]reatwv WL TRt etd)

m'xture ratlo roce out uts th m the . fore round onent s

and the gt he éél} %Lff%eroql 0," vihi cHare Uet O‘}rwﬁpned

t oget her v%th etrhSe t2 n%:ad cuCI)a§| onrhoJSt ve d‘qﬂ é(éug {P?EH 0, as the
el a]i yd| scusse a

m xt ure- ormation. ove,

esti mat edecmg(glugre (@j'g s P OCESPOLG : 241 is able to cal cul ate the estinated

m xture 5 5
E ex
o = 2 ex « T
owWv Z,;) OWv
: (41)
= 2 §:en<-av =0
By substituting equation (39) into equation (41),
equation (42) 1is obtained.
8 5 8
Z(av- Zay- Wy) =Z av - Mx (42)
x=0 y=0 x=0
10 For example, the sweep-out method (Gauss—-Jordan

elimination) is applied to the normal equations consisting
of six equations obtained by substituting one of the
integers from 0 to 5 into v in equation (42), thereby
obtaining wy. As stated above, w0 is the horizontal

15 gradient m, wl is the vertical gradient g, w2 is the
intercept p, w3 is s, w4 is t, and wb is u.

As discussed above, by applying the method of least
squares to the equations in which the pixel value M and the
pixel value B are set, the horizontal gradient m, the

20 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



rati o based on the input inmage. The estimated-m xture-ratio 25 processor
241 outputs the sumof the foreground conponents - 107 and the gradi ent of
the estimated mixture ratio as the mxture-ratio related information. The
m xture-ratio estimating processing perforned by the

estimated-m xture-rati o processor 242 by using a nodel 5 corresponding to

t he uncovered background area is simlar to the processing using the
normal equations corresponding to a nodel of the uncovered background area
indicated by the flowhart of Fig. 33g3and an explanation thereof is thus
omtted. 10 Fig. 34 is a block diagramillustrating still another
configuration of the m xture-ratio calculator 103 for estimating the

m xture ratio froman input imge, which is input as a conponent signal.
In this specikf iagat ilon, i tehe edreporidet imdarednidinviigudioca®diagndiheconponent s
of a conponent signal, such as a |lum nance signal, a chrom nance signal
and an RGRNREdRfddrd-an -ue)Thus gifdle iTHe s Ntol ¢ ®8SdUption is given
based on an exanple .in which conponent 1 is a luninance value Y, conponent
2 is 20 a coPofedrrietdRRehds BRENCEANERent’ 1l £eded6PGe dCfference V. An
esti mat ed- m xture-r t.he esti,mat.ed m xture

tl 41-1 | | at
ratio fore‘jf—i'“(f‘(:tﬁ'Opﬂsxe{32 gs roog%%%sg onéit Ca%’sg#“fqﬁ?sﬁ%)%tt}}‘?ré)g‘é‘e&tcordi ng to

the C§|Ck9§fdé”gf the pixel contained in the mixed area is M, and the

pixel value of the pixel contained in the background area is

B. In this case, it is necessary to set normal equations

for each of the cases where the designated pixel is

contained in the covered background area, or the designated
10 pixel is contained in the uncovered background area.

For example, if the mixture ratio o of the pixel
contained in the covered background area in frame #n shown
in Fig. 22 is determined, C04 through C08 of the pixels in
frame #n and the pixel values P04 through P08 of the pixels

15 in frame #n-1 are set in the normal equations.

If the mixture ratio o of the pixels contained in the
uncovered background area in frame #n shown in Fig. 23 is
determined, C28 through C32 of the pixels in frame #n and
the pixel values N28 through N32 of the pixels in frame #n+l

20 are set in the normal eqguations.

Moreover, 1f, for example, the mixture ratio a of the
pixel contained in the covered background area shown in Fig.
32 is calculated, the following equations (43) through (51)
are set., In Fig. 32, the white dots indicate pixels to

25 Dbelong to the background, and the black dots indicate pixels



25 corresponding to a nodel of a covered background area, and - 108
outputs the estinmated m xture ratio together wwth the mxture-ratio
related information, which is determined with the calculation of the
estimated m xture ratio. The mxture-ratio related information output from
the estimated 5 m xture-ratio processor 241-1 is, for exanple, the sum of
the foreground conponents and the gradient of the mxture ratio. An
estimated-m xture-rati o processor 242-1 calculates the estinmated m xture
ratio for each pixel based on 10 conpgpgnt 1 of the input inmage according
to the calculation corresponding to a nodel of an uncovered background
area, and outputs the estimated m xture ratio together with the

m xture-ratio related information, which is determ ned with the

cal cul at iteh RSl ok testihfatickad atnde r o PHRS M8 el dheamizelel at ed
information output fromthe estimated- m xture-ratio processor 242-1 is,

f or exan‘pﬁ% Wrﬁézlbtﬁﬁeof‘“lxt%efd%aédﬁ d- T RIS AF M6 gr adi ent of t he

m xture nate ure-ratio rocess [ 41 2 ca | ates 20
t he estlﬁﬁi nﬁﬁ&'?&l P4t (5t 6?C£%Rﬁpﬁﬁ58$ éséa(og onen¢ of t he

[ ul f th
ot g e 3 bt gt ot of e
with the ég)dqu%)ﬁ§q3gm+an; %5{§£§%§H§+(quwg#qh 1hecdgtermpnad with 25

t he cal culation e esti rat
= (—~1l)eBc4em+ (0)eBcdeg+Bcdep+ (—1)es+ (0)ett+u (46)
Mc5 = (0Q)eBcSem+ (0)eBcS5eqg+BcSep+ (0)es+ (0)et+u (47)
Mc6 = (+1)eBcéotem+ (0)eBceeg+Bceep+ (+1)es+ (0)et+u (48)
Mc7 = (~1)eBc7em+ (+1)eBc7eg+Bc7ep+ (—-1)es+ (+1)et+u (49)
10 Mc8 = (0)eBcB8em+ (+1)eBc8eqg+BcB8ep+ (0)es+ (+1)et+u (50)
Mc9 = (+1)eBc9em+ (+1)eBcIeqg+BcIep+ (+1)es+ (+1)et+u (51)

For calculating the mixture ratio o of the pixel
contained in the covered background area in frame #n, the
pixel values Bcl through Bc9 of the pixels of the background

15 area in frame #n-1 in equations (43) through (51),
respectively, corresponding to the pixels in frame #n are
used.

When, for example, the mixture ratio o of the pixel
contained in the uncovered background area shown in Fig. 32

20 is calculated, the following equations (52) through (60) are
set. The pixel value of the pixel for which the mixture

ratio o is calculated is Mub.

Mul = (-~1)eBulem+ (—1)eBuleg+Bulep+ (—-1l)es+(-1l)et+u (52)
Mu2 = (0)eBuZem+ (—1)eBulZeg+Bulep+ (0)es+ (—~1)et+u (53)
25 Mu3 = (+1)eBulem+ (—1)eBu3eg+Bulep+ (+1)es+ (-1)et+u (54)



- 109 An estimated-m xture-rati o processor 242-2 calculates the estinmated
m xture ratio for each pixel based on conponent 2 of the input inmage
according to the calculation corresponding to a nodel of the uncovered
background area, 5 and outputs the estimated m xture ratio together with
the mxture-ratio related information, which is determined wwth the
calculation of the estimated m xture ratio. An estimated-m xture-ratio
processor 241-3 calculates the estinmated m xture ratio for each pixe
based on 10 conponent 3 of the input i;pege according to the calculation
corresponding to a nodel of the covered background area, and outputs the
estimated m xture ratio together with the mxture-ratio rel ated
information, which is determned with the calculation of the estimated
mxture M4 & @5)ABUSSH 1R BBU MBI D10 *Bitd0e886Y 242- 3 Gallcul at es
the estimated m xture ratio for each pixel based on conponent of the

i nput inﬁ@€5étcﬁpdﬁﬁé'ﬁé(PhéBE%ﬁQiﬁQﬁﬁHﬁf0)66Fﬁ8$bgﬁﬁing.to a Hﬁge! of the
{oget her HHIS 1T CHeL 26 Ree §Pe PAETR REARed APGI AP FOR.  whi chCTD) det er m ned
the m xt S1EL rac o eaaranas) TBS TRUR e S Balach A o 1S anl ¢ to
Che 25 cambrentemsiar TS b REE i (Pt BF e gt 110" ™
Mu9 = (+1)eBuSem+ (+1)eBu9eg+Bulep+ (+1)es+(+1)et+u (60)
For calculating the mixture ratio o of the pixel
contained in the uncovered background area in frame #n, fhe
pixel values Bul through Bu9 of the pixels of the background
10 area in frame #n+l in equations (52) through (60),
respectively, corresponding to the pixels in frame #n are
used.
The mixture-ratio estimation processor 241 and the
mixture-ratio estimation processor 242 are configured
15 similarly to the mixture-ratio processor 201, and an
explanation thereof 1s thus omitted.
The processiné for calculating the estimated mixture
ratio performed by the mixture-ratio calculator 103
configured as shown in Fig. 29 is similar to the processing
20 discussed with reference to the flowchart of Fig. 27, and an
explanation thereof is thus omitted.
A description is now given, with reference to the
flowchart of Fig. 33, of the mixture-ratio estimating
processing by using a model of the covered background area

25 in step $202 of Fig. 27.



nodel of the covered background area and the estimated mxture ratio by
using a nodel of the uncovered background area. The m xture-ratio

cal cul ator 103 outputs the m xture- ratio related information, such as the
sum of the foreground 5 conponents and the gradient of the estimted

m xture ratio, for each conponent corresponding to the estimted m xture
rati o cal cul ated by the nodel corresponding to the covered background area
and the estinmated m xture ratio cal culated by using the nodel
corresponding to the uncovered backgrqupd - 10 area. Wien estimating the

m xture ratios fromthe input inmage, which is input as the conponent
signal, the mxture-ratio calculator 103 may cal cul ate the estinmated
m xture ratio by using a nodel corresponding to the covered background
area 15 and tH& Sfemerdd, fhha @sdimetiesmr ﬁﬁjﬁéﬁﬁﬁnﬁrOQ%W¥%%gﬁﬁding to
t he uncovered background area for each  conponent according to the

processi i tHe REE§hatztie fttaeehtin PHoctRyr JA9%ri2@®, and

tputs the corresponding m xture-ratio related jnfornmati on together 20
oY he T b SRS T e d B i dioiet "hE TR i O weeed | bed,

assum ng thaﬁ t he dob]:Lect correspondi ng to the background is stationary.
However , 9%%'%%3Vé-d%s%$lbed m xture-ratio cal culation processing can be

appli gd even if, t{’a%ﬂ %C%ﬂees%%%a%&—%i%é&ﬁbe—%a&@rp sas[)oexa £Ont ai ns
notion. For exanple, if e - 11 i mage correspondl ng to the background
area is Lﬁ@éé&ﬁqﬂés whether the setting of the target pixels is
finished. TIf it is determined that the setting of the
target pixels is not finished, the process returns to step
S241, and the processing for setting the pixel values in the
10 normal equation is repeated.
If it 1s determined in step S$242 that the setting for
the target pixels is finished, the process proceeds to step
S243. In step S243, the estimated-mixture-ratio processor
241 calculates the estimated mixture ratio by solving the
15 normal equations in which the pixels values are set, and
outputs the calculated mixture ratio. The estimated-
mixture-ratio processor 241 outputs the sum of the
foreground components and the gradient of the estimated
mixture ratio, which are determined together with the
20 calculation of the estimated mixture ratio, as the mixture-
ratio related information.
As discussed above, the estimated—-mixture-ratio
processor 241 is able to calculate the estimated mixture
ratio based on the input image. The estimated-mixture-ratio

25 processor 241 outputs the sum of the foreground components



novi ng, the m xture-ratio calculator 103 shifts the overall inmage in
accordance with this notion, and perfornms processing in a manner simlar
to the case in which the 5 object corresponding to the background is
stationary. if +the inmage corresponding to the background area contains

| ocally different notions, the m xture-ratio calculator 103 selects the
pi xel s corresponding to the notions as the pixels belonging to the m xed
area, and executes the above- 10 described processing. The area specifying
unit 104 is described below. Fig. 35.i~5 a block diagramillustrating the
configuration of the area specifying unit 104. A predictive-error

cal cul ating portion 301 calculates the 15 error value (predictive error

val ue corresponding to the estinmated m xture ratio) for each pixel based
on the rmAnd wrhe raadiend afedhafeoriatd tre dotiasR it hP t35 tHee esti mat ed
m xture ratio cal cul ated by using the npdel of the covered background area
and the &&it¥ttesdaldQ urelatrd otP et ed by using the nodel of the
covered background area, and supplies the calculated error value to an

uncover ed- badk§r Surd-Vdeed 3de e St 156 BT SFI NS TERENT% PYahen t he
T Ol sl Sl S 0% SEL oS, e pr 6 Ll g v agBly no (e
Dol 61 LR B A2, o U LA PRS2, Ll 85t sauare
the processing using the normal equations corresponding to a
model of the uncovered background area indicated by the
flowchart of Fig. 33, and an explanation thereof is thus
omitted.
10 Fig. 34 is a block diagram illustrating still another
configuration of the mixture-ratio calculator 103 for
estimating the mixture ratio from an input image, which is
input as a component signal.
In this specification, the component means individual
15 signal components of a component signal, such as a luminance
signal, a chrominance signal, and an RGB (Red—-green-blue)
signal.
The following description is given based on an ekample
in which component 1 is a luminance value Y, component 2 is
20 a color difference U, and component 3 is a color difference
V.
An estimated—mixture—ratio-prqcessor 241-1 calculates
the estimated mixture ratio for each pixel based on

component 1 of the input image according to the calculation

25 corresponding to a model of a covered background area, and



cal cul ation corresponding to equation (61), based on the mxture-ratio
related information, which is the sumof the 5 foreground conponents,
corresponding to the estinmated mxture ratio calculated by the nodel of
the covered background area and the estinmated m xture ratio cal culated by
t he nodel of the covered background area. S =ZIM((V -B+ EFi IV)|l 2 t i 10
In equation (61), a indicates the estinmated m xture ratio, and t indicates
t he nunber of franes used for calculating Filv the mxture ratio. i
designates the sum of the foreground Q)@rrp_onents which is the

m xture-ratio related information. 15 predictive-error calcul ating
portion 302 calculates the error value for each pixel based on the

m xture-ratio related information corresponding to the estimated m xture
ratio calGifiPatted W Bftigad afbdeix ofr e Ha it SR Packdiodie area and the
estimated m xture ratio calculated 20 by using a nodel of the uncovered
backgr ouffd ¥de&e ~ tafd-© s’i?plpﬂqeé’s %Wfé’%fdtﬂnazt eth it ors AgtRrmiged with

cover ed- backgr qun area det nln or ion 304. The predictive-error
cal cul at itﬁlf %tci ﬁi%fnd: £t ’%‘%}}rﬁjlrﬁte“{)he % or val ue for

ggchgi_ E%Qyu%qs—é%%&bol C)rce tecF ormnastllsotr{ ncg.ltputa Px.lounq 6!’cll{et yesoi-flrrpl Xeci S, such

5 mixture-ratio processor 241-1 is, for example, the sum of
the foreground components and the gradient of the mixture
ratio.

An estimated-mixture-ratio processor 242-1 calculates

the estimated mixture ratio for each pixel based on

10 component 1 of the input image according to the calculation
corresponding to a model of an uncovered background area,
and outputs the estimated mixture ratio together with the
mixture-ratio related information, which is determined with
the calculation of the estimated mixture ratio. The

15 mixture-ratio related information output from the estimated-
mixture-ratio processor 242-1 is, for example, the sum of
the foreground components and the gradient of the mixture
ratio.

An estimated-mixture-ratio processor 241-2 calculates

20 the estimated mixture ratio for each pixel based on
component 2 of the input image according to the calculation
corresponding to a model of the covered background area, and
outputs the estimated mixture ratio together with the
mixture-ratio related information, which is determined with

25 the calculation of the estimated mixture ratio.



The predictive-error calculating portions 301 and 302 5 may preset t, or
may obtaint fromthe mxture-ratio calculator 103 as the mxture-ratio
rel ated i nformati on. The uncover ed- background-area determ ning portion 303
determ nes for each pixel whether the error value supplied fromthe
predictive-error calculating portion 301 is greater 10 than or equal to a
prestored threshold Th. If it is determned that the error value is
greater than or equal to the threshold Th, the uncovered-background-area
determ ning portion 303 deternines thaly the designated pixel belongs to

t he uncovered background area, and sets a flag indicating 15 the uncovered
background area in correspondence with the designated pixel. The

uncover ed- background-area determning portion 303 supplies the flag

i ndi cati ng thénugs®idededBdekgrerra tdreRromfsERy @ et fcgrd ced@tesi xel , to
a synthesizer 306. 20 The covered-background-area determ ning portion 304
det er ni néd§ s ARG Hetx e Heatihef oF riRc B s ppise P from t he

predictive-error calculating portion 302 is greater than or equal to the
prest or eFYIRAGHT  THE e (AnREE qeaes AGRREAIEA ThethE rof SR Rl an

et or i ni FE =SSR 1 ForR JUPHEbref o R FAFSTH) RRSFOHRREN £1%81 bel ongs
0 o N Sl Rel R, ot ot 0 B9 2489 LAGLGRLL R by pover
determ mﬂ%&éﬁ%éifgkfgy%éﬁg%géefnf£¥hation, which is determined with
the calculation of the estimated mixture ratio.
An estimated-mixture-ratio processor 241-3 calculates
the estimated mixture ratio for each pixel based on

10 component 3 of the input image according to the calculation
corresponding to a model of the covered background area, and
outputs the estimated mixture ratio together with the
mixture-ratio related information, which is determined with
the calculation of the estimated mixture ratio.

15 An estimated-mixture-ratio processor 242-3 calculates
the estimated mixture ratio for each pixel based on
component 3 of the input image according to the calculation
corresponding to a model of the uncovered backgfound area,
and outputs the estimated mixture ratio together with the

20 mixture-ratio related information, which is determined with
the calculation of the estimated mixture ratio.

As discussed above, the mixture-ratio calculator 103
configured as shown in Fig. 34 is able to calculate for each
component, based on the input image, which is input as the

25 component signal, the estimated mixture ratio by using a



5 flag indicating the covered background area, which is set for each

pi xel , to the synthesizer 306. A foreground/ background area determ ning
portion 305 deterni nes whether the pixel belongs to the foreground area

or the background area. 10 For exanple, the foreground/ background area
determning portion 305 determ nes whether the designated pixel is noving
based on the difference between the pixel value of the designated pixel of
t he designated frame #n and the pixel value of the pixel corresponding to
the designated 15 pixel of frame #n-.1.q1the foreground/ background area
determ ni ng portion 305 determ nes whether the designated pixel is noving
based on the difference between the pixel value of the designated pixel of
the designated frame #n and the pixel value of the pixel corresponding to
the desi dirdeld oD xxavered r%wndﬁr@q and derered nidertedt t he
de5|gnated}P|er from frame #n-1 to frame #n i s noving and t hat t he
designaté&-ﬁﬁ?&ﬂrﬁ?%ﬂnWXEﬂﬁ%9ﬂ1ﬁ(?qq%ﬁnPﬁﬂﬁH?l¥99ﬁNﬁ?ﬁﬁ 3fekground
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for each component corresponding to the estimated mixture

ratio calculated by the model corresponding to the covered

background area and the estimated mixture ratio calculated

by using the model corresponding to the uncovered background
10 area.

When estimating the mixture ratios from the input image,
which is input as the component signal, the mixture-ratio
calculator 103 may calculate the estimated mixture ratio by
using a model corresponding to the covered background area

15 and the estimated mixture ratio by using a model
corresponding to the uncovered background area for each
component according to the processing by the estimated-
mixture-ratio processor 201 or 202, and outputs the
corresponding mixture-ratio related information together

20 with the estimated mixture ratios.

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

25 the background area contains motion. For example, if the



determ nes that the designated pixel belongs to the background area. The

f or egr ound/ background area determ ning portion 305 supplies a flag

i ndicating the foreground area and a flag 10 indicating the background
area, which are set for each pixel, to the synthesizer 306. The :
synt hesi zer 306 synthesizes area information for each pixel indicating one
of the uncovered background area, the covered background area, the
foreground area, and the 15 background area based on the flag indicating

t he uncovered background area suppli qdif rom t he uncover ed- background- area
determ ning portion 303, the flag indicating the covered background area
supplied fromthe covered-background-area determ ni ng portion 304, and

the flag indicating the 20 foreground area and the flag indicating the
backgr ourtd"H% £ GRS IR f%%ﬁ}‘aﬂ{ﬂfbﬁ%%rb%grﬂ‘hg%%“a]dét er mi ni ng
Fo & m xPURED | GRIGUaT oA T et (FpI S oL AP et Gt A S ea
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Sh 0 iy PSR L e (USRSl 0 portien
oneoB e oo AL =S A8 RSO0 DL Bl petee L 0 e
the image corresponding to the background area contains
locally different motions, the mixture-ratio calculator 103
selects the pixels corresponding to the motions as the
pixels belonging to the mixed area, and executes the above-
10 described processing.
The area specifying unit 104 is described below.
Fig. 35 is a block diagram illustrating the
configuration of the area specifying unit 104. A
predictive-error calculating portion 301 calculates the
15 error value (predictive error value corresponding to the
estimated mixture ratio) for each pixel based on the
mixture~ratio related information corresponding to the
estimated mixture ratio calculated by using the model of the
covered background area and the estimated mixture ratio
20 calculated by using the model of the covered background area,
and supplies the calculated error value to an uncovered-
background-area determining portion 303.
For example, when the mixture-ratio calculator 103

estimates the mixture ratio by applying the method of least

25 squares to equations (11) through (15), the predictive-error



area. \Wen the designated pixel belongs to the covered background area,
the mxture-ratio determning portion 307 sets the estinmated m xture ratio
cal cul ated by the nodel of 10 the covered background area in the m xture
ratio a. When the designated pixel belongs to the uncovered background
area, the mxture-ratio determning portion 307 sets the estimated m xture
rati o cal cul ated by the nodel of the wuncovered background area in the
m xture ratio a. The 15 mixture-ratio determ ning portion 307 outputs the
m xture ratio a determ ned based on the area i nformati on. The determ ni ng
processi ng perfornmed by the uncovered- background-area determ ning portion
303 is described below with reference to Figs. 36 and 37. 20 As shown in
Fig. 36, since the object corresponding.to he _background is stationary,
t he pixePaéép&étdpgtWQrtd€§i&ﬁété&lﬁp%gﬁeﬁel i5G Sito SANE T6aSkBr @dnd ar ea
of the designated franme #n is equal to the pixel value. of .the pixel
corr esporr en%rFBthew%é§$gﬁ§9é&agﬁfeﬁ%% S 2408 S wRYc A ss s
subsequent .to.frame #n. In _Fig. 36, Windicates the - 117 ba round ar ea.
SiniIarIf?l§F&8§lPWeQ&ﬁﬁﬁﬁPOE%ﬁP@%ﬁghﬁﬁﬁﬁtﬁﬁ§ ﬁﬁénbacaﬁﬁgbﬁﬁ %égétationary,
the pi Xe'mi‘f%'u‘]'%—?:atti%e rgﬂ'a&%ldl (])_fnfforr?n b Q1+| v}hrl%hcq.t eq.l'%y sturl]neforfott'h n vector
the de q a

f
based on signat ed pi xel s equal” td the pixel val ue of the
cor 1 e8 por) Gy bl ARl RlpcldrAlTR. </ 2 AGREENN Yoo 4 QYR M XLUre ratio
cal culate %%% fﬁ% nngll of tHe covergﬁﬁbac ground area corresponding to
mixture ratio calculated by the model of the covered

background area and the estimated mixture ratio calculated

by the model of the covered background area.

,S::%?«{Al-—(cv-l?4:§31%/vl}2 (61)

10 In equation (61), o indicates the estimated mixture ratio,

and t indicates the number of frames used for calculating

ZFi/v

the mixture ratio. i designates the sum of the

foreground components, which is the mixture-ratio related

information.

15 A predictive—error calculating portion 302 calculates
the error value for each pixel based on the mixture-ratio
related information corresponding to the estimated mixture
ratio calculated by using a model of the uncovered
background area and the estimated mixture ratio calculated

20 Dby using a model of the uncovered background area, and
supplies the calculated error value to a covered-background-
area determining portion 304,

The predictive-error calculating portions 301 and 302
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calculator 103 as the mixture-ratio related information.

The uncovered-background-area determining portion 303
determines for each pixel whether the error value supplied
from the predictive-error calculating portion 301 is greater
than or equal to a prestored threshold Th. If it is
determined that the error value is greater than or equal to
the threshold Th, the uncovered-background-area determining
portion 303 determines that the designated pixel belongs to
the uncovered background area, and sets a flag indicating
the uncovered background area in correspondence with the
designated pixel. The uncovered-background-area determining
portion 303 supplies the flag indicating the uncovered
background area, which is set for each pixel, to a
synthesizer 306.

The covered—background—area determining portion 304
determines for each pixel whether the error value supplied
from the predictive-error calculating portion 302 is greater
than or equal to the prestored threshold Th. If it is
determined that the error value is greater than or equal to

the threshold Th, the covered-background-area determining



t he foreground conponents contained in the pixel value of 10 the
correspondi ng pi xel of franme #n+l, which is subsequent to frane #n.
Simlarly, the foreground conponents contained in the pixel value of the"
pi xel of frame #n+l1l indicated by the notion vector based on the designated
pi xel are different fromthe foreground conponents contained in the 15

pi xel value of the correspondi ng pi xel of frame #n+2. When determ ning the
solution by setting the estimated mxture ratio and the sum of the
foreground conponents to be unknown \qani abl es according to the nmethod of

| east squares, the sum of the foreground conponents contained in the pixel
20 value set in the equation cannot be cal cul ated because it is changed.
Accordingly, the estinmated m xture ratio and the | east square sum of the

errors ofPAfduRMY deatermpmes dhed tdnsinfefna tethiRive laRe lengsuita ed
based on the nodel of the 25 covered background :ﬁea acc rduﬁglto t he

net hod oftheeflvered Pad@rawyd af&o Hedinat ed
Cncover e BAIESH QfEnEas Ea{rié’amb%“ dsﬁa‘%rfﬁ"‘ Tk o T8 det er mi ne

mmking a “oﬁfe%diﬁs%%eiiqf%o?g& I mate Sre#{glrﬁé‘?oéj ‘;crvrﬁ;f@ Rt ed”
g]ai(fzﬂ gtre téb‘isglgﬂ J‘tﬁri&'%ﬁ%lé ‘{ He coé\?%e{%go gérEF(;Et@1 aér/ﬁe];Caccor ding to

the met h%IOfealcﬁ?%lxel, to the synthesizer 306.

A foreground/background area determining portion 305
determines whether the pixel belongs to the foreground area
or the background area.

10 For example, the foreground/background area determining
portion 305 determines whether the designated pixel is
moving based on the difference between the pixel value of
the designated pixel of the designated frame #n and the
.pixel value of the pixel corresponding to the designated

15 pixel of frame #n-1. The foreground/background area
determining portion 305 determines whether the designated
pixel is moving based on the difference between the pixel
value of the designated pixel of thé designated frame #n and
the pixel value of the pixel corresponding to the designated

20 pixel of frame #n+1.

If it is determined that the designated pixel from
frame #n-1 to frame #n is moving, and that the designated
pixel from frame #n to frame #n+l is moving, the
foreground/background area determining portion 305

25 determines that the designated pixel belongs to the



10 squares, is greater than or equal to the threshold Th. Simlarly, the
cover ed- background-area determ ning portion 304 is able to determ ne
whet her the designated pixel belongs to the covered background area by
making a determnation as to whether the error value S of the 15 estinated
m xture ratio and the sumof the foreground conponents, which are
cal cul at ed based on the nodel of the uncovered background area accordi ng
to the method of |east squares, is greater than or equal to the threshold
Th. Figs. 38 through 43 illustrate inpyts images and 20 exanpl es of the
.results of the area determnations performed by the area specifying unit
104. Fig. 38 illustrates an input inmage. In the input imge shown in Fig.
38, the foreground object is nmoving fromthe left to the right in the
drawi ng. T EHLCYMAGE Shown in Fig. 39 is the result obtained by - 120
maki ng a determ nation for each pixel of the jnput inmage, shown in Fig. 38
by the area sp&& G 6ni 164 By éj&tﬁrﬁt}ne(%é'—e’tarﬁ d¥olde st edese 70 based
on the estjmte nix%gie atjo awg}the sum of the foreground conponents,
whi ch ar 5k TEA HEPBy ATl niokt R b ot VoL LAY at TS 18R bythRI ng  seven
frames. I?e i mage shown jn_Fig..40 is,the result pbtained by ., making a
det er m naty ort e% cﬁ‘%&Sﬁﬁ'ﬁeﬁrﬂ%cﬁP of° t ]éarpenpﬁ?ifi Jr%gfét%‘f‘u T h Fig. 38
by the ar S I £ yi i ) 1 ng. ] xt ratio in
e S§m3 @f%cﬁ&%é uénxlﬂgdozfér%ék&zoém?& A0 ASFULAK ATRE SO fAXT4SE
determines that the designated pixel belongs to the
background area.
The foreground/background area determining portion 305
supplies a flag indicating the foreground area and a flag
10 indicating the background area, which are set for each pixel,
to the synthesizer 306.
The synthesizer 306 synthesizes area information for
each pixel indicating one of the uncovered background area,
the covered background area, the foreground area, and the
15 Dbackground area based on the flag indicating the uncovered
background area supplied from the uncovered-background-area
determining portion 303, the flag indicating the covered
background area supplied from the covered-background-area
determining portion 304, and the flag indicating the
20 foreground area and the flag indicating the background area
supplied from the foreground/background area determining
portion 305. The synthesizer 306 supplies the synthesized
area information to a mixture-ratio determining portion 307,

and also outputs the area information.

25 A mixture-ratio determining portion 307 determines the



and by setting the threshold Th of the sumof the error values S of each
bl ock to be 750 and by setting the threshold Th of the error value S of
each pixel within the block to be 10 based on the estimated m xture rati o
and the 15 sum of the foreground conponents, which are calculated by the
m xture-ratio calculator 103 by using three frames. Fig. 41 illustrates an
input image. In the input image shown in Fig. 41, the foreground object is
noving fromthe left to the right in the drawing. 20 The i nage shown in
Fig. 42 is the result obtained by nmkiyyg a determination for each pixel of
the input image shown in Fig. 41 by the area specifying unit 104 by
setting the threshold Th to be 70 based on the estinmated m xture ratio
and the sum of the fprgground conponents, which are 25 cal cul ated by the
m xt ur e- MAX e t4FER oFf Ro3edyorsthgy araprinferaatisantdPPihed | FERfe shown
in Fig. 43 is the result (g%ai ned by neking a determ nation for each
5X5- pi xel ThF oW BEeFHesT n% - iRER %%%f’rﬁ%aﬁ%{ Bhe ¥ herer et sdeci fyi ng
unit 104(;5) 5 assum n tﬂat t#‘ﬁ mxture ratjo in,the sanme, bl ock is uniform
and by sé %'%ﬂ“irhjen?hg%g [OR"! 7o?e1f§1e(?s’cﬁn Jbl?etrﬂ’ex PFOrrathe BsWRED each
blockto%_(la 7('?-30 setti tge th esglgld Th of the error value S of
each pi xe Wi %?%8€%€¥db?%’éif?%e 299 bas eoﬁmf'ﬁ%r%%?ﬁn%f%%' m'ﬁ?%re ratio
andtfge ]TQ'QUHQQiéff )S o] S i ar e, | at e t he
m xt ufe-rati 6 cal cura o(r9 ﬁ%éggﬁ%él%]??ﬁr ee3?¥w;%r§3€§ I lga{ﬁg SEXQUPX
ratio @ when the designated pixel belongs to the background
area. When the designated pixel belongs to the covered
background area, the mixture-ratio determining portion 307
sets the estimated mixture ratio calculated by the model of
10 the covered background area in the mixture ratio a. When
the designated pixel belongs to the uncovered background
area, the mixture-ratio determining portion 307 sets the
estimated mixture ratio calculated by the model of the
uncovered background area in the mixture ratio a. The
15 mixture-ratio detefmining portion 307 outputs the mixture
ratio o determined based on the area information.
The determining processing performed by the uncovered-
background-area determining portion 303 is described below
with reference to Figs. 36 and 37.
20 As shown in Fig. 36, since the object corresponding to
the background is stationary, the pixel value of the
designated pixel belonging to the background area of the
designated frame #n is equal to the pixel value of the pixel

corresponding to the designated pixel in frame #n+1l, which

25 is subsequent to frame #n. In Fig. 36, W indicates the



In Figs. 39 through 43, the covered background area is positioned at the

| eading end in the direction in which the foreground object is noving with
respect to the foreground 15 area, and the uncovered background area is
positioned at the trailing end in the direction in which the foreground
object is noving with respect to the foreground area. As shown in Figs. 38
through 43, the area specifying wunit 104 is able to determ ne the areas

al nost precisely. 20 A description is given below of the processing of the
area specifying unit 104 when the mxtyre-ratio calculator 103 estimates
the m xture ratio by applying the nethod of |[|east squares to equations
(28) through (36) and outputs the data indicating the gradient of the
estimated m xture ratio 25 as the m xture-ratio related information

t oget her haakgnhmd apxEa . estimgtaad i »a@ivee ridig ebIRrt glowtespnging of t he
desi gnated pixel is expressed by equation (62) according to equation (27).
M = (j mkeprpisBhaskgeaung (162)s B hipnadiat 6t (639el jva itk <t é? he index in
the horizontal direction and k indicates the index in the vertical

di rect i oP3#fEn the 5558 tioit o dife Rt iRjh R T XD ied@r hased qm
‘equation (62), mdesigpates the horizontal radient in the_plane of the
qut ure rdi§ di%ﬁlﬁ‘a}tsec{'t%“ﬁ)l Vet tE?q:%ﬁZl gtroadvb%tp}r’he]t he iaff of"% he ni xture

ratio_.a, and i ndi cates the intercept of the plane of the m xture ratio
a. In eqﬁ%ﬁﬁ%ﬁ??’%‘g’)r}g Fiyel aCh% {Faé?ee %fé*ié abl es indicating the

Accordingly, the estimated mixture ratio calculated by
the model of the covered background area corresponding to
the pixel belonging to the background area becomes almost 1,
and the sum of the foreground components becomes almost 0.

10 Thus, the error value S calculated by eqguation (61)
becomes almost 0.

In Fig. 36, since the designated pixel belonging to the
foreground area indicated by X is motion-compensated, the
pixel value of the designated pixel of the designated frame

15 #n is equal to the pixel value of the pixel of frame #n+1
indicated by the motion vector based on the designated pixel.
Since the foreground object has a strong correlation in the
spatial direction, the values of thé foreground components
are almost the same,. |

20 Accordingly, the estimated mixture ratio and the least
square sum of the errors of the sum of the foreground
components calculated by the method of least squares become
relatively small values, though, strictly speaking, this is
not proved based on a physical model.

25 Naturally, in the covered background area indicated by



rel ati onship between m q, and p and the foreground conponents, as
expressed by equations (23) through (25). 15 The predictive-error
calculating portion 301 is able to calculate the |east square sum of

errors
equat i
k, m

, Whi ch
on (63)
q,. p, S

is the error value S, by the calculation corresponding to
based on the mxture-ratio related information containing j,
, t, and u corresponding to the estimted 20 m xture ratio

cal cul ated by the nodel of the covered background area and the estimated

m xture ratio calculated by the nodel;1@f -t he covered background area. S

E{M [(j,n+tkg+p).B +j.s+k.t+ul }2 (63) x, y The predictive-error
calculating portion 302 is able to - 123 <calculate the error value for
each pixel by the calculation  corresponding to equatjion (63) based on the
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i's determned that the error value s greater than or

components contained in the pixel value of the designated

pixel of the designated frame #n belonging to the uncovered

background area indicated by Z in Fig. 37 are different from

the foreground components contained in the pixel value of

the corresponding pixel of frame #n+l, which is subsequent

to frame #n. Similarly, the foreground components contained

in the pixel value of the pixel of frame #n+l indicated by

the motion vector based on the designated pixel are

different from the foreground components contained in the

pixel value of the corresponding pixel of frame #n+2.

When determining the solution by setting the estimated

mixture ratio and the sum of the foreground components to be

unknown variables according to the method of least squares,

the sum of the foreground components contained in the pixel

value set in the equation cannot be calculated because it is

changed.

Accordingly, the estimated mixture ratio and the least

square sum of the errors of the sum of the foreground

components, which are calculated based on the model of the

covered background area according to the method of least



the prestored threshold Th, the uncovered-background-area 15 determ ning
portion 303 determ nes that the designated pixel belongs to the uncovered
background area, and sets a flag indicating the uncovered background area
in correspondence wth the designated pixel. The uncovered-background- area
determ ning portion 303 supplies the flag indicating the 20 uncovered
background area, which is set for each pixel, to the synthesizer 306. The
cover ed- background-area determ ning portion 304 determ nes for each pixel
whet her the error value supplied fromighe predictive-error calcul ating
portion 302 is greater 25 than or equal to the prestored threshold Th. If
it is - 124 determned that the error value is greater than or equal to
the prestored threshold Th, the covered-background-area determ ning

porti on 3CWad&Ser MaRONS KEtCAUR JediUfpfa ity dyElBged @Pidfd cover ed
background area, and sets a flag 5 indicating the covered background area
in corr eSO ieh WO G Rad@5aund am8fe cover ed- backgr ound- ar ea
determ ning paortion 304 supplies the flag indicating the over.ed
background ar &5C 18ﬁﬁﬁs §5F PGFogﬁEﬁd5%ﬁ§#9ﬁﬂyqﬁT recn frterrdrisgs. 10
The foreground/b roound .area determ.nin or.tion 305, determ nes whether
each pi xét° qaod'hgaj”gd(‘}golﬁ H%’]feorteogr %%eoméf'rréeaq“g‘?t}ﬁ% Yo ot Wi%a, and
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306. determination as to whether the error value S of the
estimated mixture ratio and the sum of the foreground
components, which are calculated based on the model of the
covered background area according to the method of least
10 squares, is greater than or equal to the threshold Th.
Similarly, the covered-background-area determining
portion 304 is able to determine whether the designated
pixel belongs to the covered background area by making a
determination as to whether the error value S of the
15 estimated mixture ratio and the sum of the foreground
components, which are calculated based on the model of the
uncovered background area according to the method of least
squares, is greater than or equal to the threshold Th,
Figs. 38 through 43 illustrate input images and
20 examples of the results of the area determinations performed
by the area specifying unit 104.
Fig. 38 illustrates an input image. In the input image
shown in Fig. 38, the foreground object is moving from the
left to the right in the drawing.

25 The image shown in Fig. 39 is the result obtained by



15 The synthesi zer 306 synthesizes area information indicating one of the
uncover ed background area, the covered background area, the foreground
area, and the background area for each pixel based on the flag indicating
the wuncovered background area supplied fromthe uncovered 20
background-area determ ning portion 303, the flag indicating the covered
background area supplied fromthe covered- background-area determ ning
portion 304, and the flag indicating the foreground area and the flag
~indicating the.background area supplieddromthe foreground/ background area
25 determ ning portion 305. The synthesizer 306 supplies the - 125

synt hesi zed area information to the m xture-ratio determ ning portion 307,
and al so outputs the area information. The mixture-ratio determ ning

portion JRHRA et AR HePhi SR UrP PR B Y- RSOl RREL 28289 nf or mat i on
SUPPl Lo ST % Y TS o, S0 S SesErL Ped sbever ol fie, ofep, spect 11no
XL ure B RO LA L X Lol LOLOLIBL O A e
X e SALEUAL L0 9 el BB el BT A Ll g e
e T4 AP T PR 197 £A6I 450 £OTFITBY LA
seven frames.
The image shown in Fig. 40 is the result obtained by
making a determination for each 5x5-pixel block of the iﬂput
image shown in Fig. 38 by the area specifying unit 104 by
10 assuming that the mixture ratio in the same block is uniform
and by setting the threshold Th of the sum of the error
values S of each block to be 750 and by setting the
threshold Th of the error value S of each pixel within the
block to be 10 based on the estimated mixture ratio and fhe
15 sum of the foreground components, which are calculated by
the mixture-ratio calculator 103 by using three frames.
Fig. 41 illustrates an input image. 1In the input image
shown in Fig. 41, the foreground object is moving from the
left to the right in the drawing.
20 The image shown in Fig. 42 is the result obtained by
making a determination for each pixel of the input image
shown in Fig. 41 by the area specifying unit 104 by setting
the threshold Th to be 70 based on the estimated mixture

ratio and the sum of the foreground components, which are

25 calculated by the mixture-ratio calculator 103 by using



information, and the input image, which is input as the conponent signal.
The elenents simlar to those shown in Fig. 35 are indicated by |ike

ref erence nunerals, and an explanation thereof is thus omtted. 20 A
predictive-error calculating portion 301-1 calculates the error value for
each pi xel based on the mxture-ratio related information corresponding to
the estimated m xture ratio calculated by a nodel of the covered
background area and the estinmated m xture ratio cal culated by a nodel of
the 25 covered background area, the _estijmated mxture ratios being - 126
cal cul ated from conponent 1 of the input inmage, and supplies the

cal cul ated error value to an adder 321. A predictive-error calculating
portion 301-2 calculates the error value for each pixel based on the

m xt ur e- Ve Franefted i nformati on corresponding to the estimated mxture
rati o cal cul ated by a nodel of the covered background area  and_the
estimat ed ni x{Thee 1M@Geo SEQWEL IRt Ed by 43 Avddofrasid t ehFeiedbRIkgr ound.

area, the estimated m xture rati os bei cal cul at from conponent 2 of
TR ¥ s R e T T Bl A e et B A it S
321. A predictive-error cal cuifti n%}gorti on 301-3_cal cul at es e error
val ue for 8% HIE HadetV on't HY nih& %23 1R T T e it ety on
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cover ed background area ed m xture ratio calcu ed by a

model of 1 ¢ oVel e Packer AL BE £ it NGe eSHd MBLE o M KAMT & FG 1 OS being
values S of each block to be 750 and by setting the
threshold Th of the error value S of each pixel within the
block to be 10 based on the estimated mixture ratio and the
10 sum of the foreground components, which are calculated by
the mixture-ratio calculator 103 by using three frames.

In Figs. 39 through 43, the covered background area is
positioned at the leading end in the direction in which the
foreground object is moving with respect to the foreground

15 area, and the uncovered background area i1s positioned at the
trailing end in the direction in which the foreground object
is moving with respect to the foreground area.

As shown in Figs. 38 through 43, the area specifying
unit 104 is able to determine the areas almost precisely.

20 A description is given below of the processing of the
area specifying unit 104 when the mixture-ratio calculator
103 estimates the mixture ratio by applying the method of
least squares to equations (28) through (36) and outputs the
data indicating the gradient of the estimated mixture ratio

25 as the mixture-ratio related information together with the



cal cul ated from conponent 3 of the input inmage, and supplies the
cal cul ated error value to the adder 321. A predictive-error calcul ating
portion 302-1 calculates 20 the error value for each pixel based on the

m xture-ratio related information corresponding to the estimted m xture
ratio cal cul ated by a nodel of the uncovered background area and the
estimated m xture ratio cal cul ated by a nodel of the wuncovered background
area, the estinmated m xture ratios 25 being cal cul ated from conponent 1 of
the input inmage, and - 127 supplies fhg cal cul ated error value to an adder
322. A predictive-error calculating portion 302-2 calculates the error

val ue for each pixel based on the mxture-ratio related information
corresponding to the estimated m xture 5 ratio calculated by a nodel of-the
uncover e@sBaFRgrESUAG *dre® T@fd t-he estimated mixture ratio calculated by a
nodel of the _uncovered background area, the estimted m xture ratios

bei ng cal cul afB8 PLBRLcEAPHReHt 0 &het AesiApatefnRiscland S¥BpFrSEL t he
cal cul ated error value to the adder 322. 10 A . r@ﬁ;ctive-error cal cul ating
portion 32 °TEHIAN &% 9@ G t\PaI%-’éJafto‘rorga Joi xel based on the

m xture-ratio_ relat informati on corresponding to estimated m xture
ratio cal cul at’ed 59m§ﬂﬁ685ré6?'?%kfﬁfﬁbovered backgrégﬁ area and the

est] "Bt ed gt it i caloulated by, apdsla gl Ghedd wiconsred

background a e es ur'e i'0s eing calc rom

Comone“tdigcecgtitahe ddPYW 1B%8 + AN SURR:ES f Nehsala alpd error value to
t he adder 322.

direction when the position of the designated pixel is set
to 0. In equation (62), m designates the horizontal
gradient in the plane of the mixture ratio o, g is the

10 vertical gradient in the plane of the mixture ratio o, and p
indicates the intercept of the plane of the mixture ratio o.
In equation (62), s, t, and u are variables indicating the
rélationship between m, g, and p and the foreground
components, as expressed by equations (23) through (25).

15 The predictive-error calculating portion 301 is able to
calculate the least square sum of errors, which is the error
value S, by the calculation corresponding to equation (63)
based on the mixture-ratio related information containing j,
k, m, g, p, s, t, and u corresponding to the estimated

20 mixture ratio calculated by the model of the cdvered
background area and the estimated mixture ratio calgulated

by the model of the covered background area.

S:Z{M—[(jm+kq+p)-B+j-s+k-t+u]}2 (63)

Xy

The predictive-error calculating portion 302 is able to



The adder 321 adds the error value supplied fromthe predictive-error

cal culating portion 301-1, the error value 20 supplied fromthe
predictive-error calculating portion 301-2, and the error val ue supplied
fromthe predictive-error calculating portion 301-3, and supplies the
added error value to the uncovered-background-area determ ning portion
303. 25 The adder 322 adds the error value supplied fromthe - 128

predi ctive-error calculating portion 302-1, the error value supplied from
the predictive-error calculating poctiipgen 302-2, and the error val ue
supplied fromthe predictive-error calculating portion 302-3, and supplies
the added error 5 value to the covered-background-area deternining portion
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of the uncovered background area, and supplies the

calculated error value to the covered-background-area
determining portion 304.
The uncovered-background-area determining portion 303
10 determines for each pixel whether the error value supplied
from the predictive—-error calculating portion 301 is gréater
than or equal to the prestored threshold Th. TIf it is
determined that the error value 1s greater than or equal to
the prestored threshold Th, the uncovered-background-area
15 determining portion 303 determines that the designated pixel
belongs to the uncovered background area, and sets a flag
indicating the uncovered background area in correspondence
with the designated pixel. The uncovered-background-area
determining portion 303 supplies the flag indicating the
20 uncovered background area, which is set for each pixel, to
the synthesizer 306.
The covered-background-area determining portion 304
determines for each pixel whether the error value supplied
from the predictive-error calculating portion 302 is greater

25 than or equal to the prestored threshold Th. If it is



correspondence with the designated pixel. The uncovered 20 background-area
determ ning portion 303 supplies the flag indicating the uncovered
background area, which is set for each pixel, to the synthesizer 306. The
cover ed- background-area determ ning portion 304 determ nes for each pixel
whet her the error value supplied 25 fromthe adder 322 is greater than or
equal to the prestored - 129 threshold Th. If it is determned that the
error value is greater than or equal to the threshold Th, the covered-
background-area determ ning portion_3Q4,determ nes that the designated

pi xel belongs to the covered background area, and 5 sets a flag indicating
the covered background area in correspondence with the designated pixel.
The covered- background-area determ ning portion 304 supplies the flag

i ndi cat i W@ rtdd hadlegresind aadale Vit arqateetthiagy o/avadi X4€, to

t he synt hesizer 306. 10 The foreground/ background area determ ning portion
305 det &hf e Pras mq%%%,cmmﬁerﬁd-&ﬁfﬁwndzam conponent
3 whet her_ each pixel belongs to the foreground  area or the background

area, andSRIFHIES% B Thd CatdHie TS dritdr dutfy STmie S Hixey
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indicatiqgjhquﬂpqu {&ﬁgé&ﬁ”%ﬁ£%ﬂ¥j The covered-background-area
determining portion 304 supplies the flag indicating the
covered background area, which is set for each pixel, to the
synthesizer 306.

10 The foreground/background area determining portion 305
determines whether each.pixel belongs to the foreground area
or the background area, and supplies a flag indicating the
foreground area and a flag indicating the background area,
the flag being set for each pixel, to the synthesizer 306.

15 The synthesizer 306 synthesizes area information
indicating one of the ﬁncovered background area, the covered
background area, the foreground area, and the background
area for each pixel based on the flag indicating the
uncovered background area supplied from the uncovered-

20 Dbackground-area determining portion 303, the flag indicating
the covered background area supplied from the covered-
background-area determining portion 304, and the flag
indicating the foreground area and the flag indicating the
background area supplied from the foreground/background area

25 determining portion 305. The synthesizer 306 supplies the



20 area supplied fromthe uncovered-background-area determ ning portion
303, the flag indicating the covered background area supplied fromthe
cover ed- background-area determning portion 304, and the flag indicating"
the foreground area and the flag indicating the background area supplied
fromthe 25 foreground/ background area determ ning portion 305. The - 130
synt hesi zer 306 supplies the synthesized area information to the

m xture-ratio determ ning portion 307, and al so outputs the area ,
information. As described above, the gpga_specifying unit 104 shown 5 in
Fig. 44 is able to specify the area based on the mxture ratio estinmated
for each conponent signal and the corresponding m xture-ratio rel ated
information, and the input inmage, which is input as the conponent signal.

The ar egvspdeistiyiesy ansa inde ragiiogurted tde sFHAHaT98tgC 44 is 10 able to
specify the area nore precisely conpared to the area specifying unit 104
confi gur 8¢ t&IMRGRY BP HHien 3%}/7 Fidgd £9 5% PRW i d=Ea i | | ustrati ng
anot her configuration of the area specifying unit 104 for specifying the
area basé@ﬁﬂ?_ QﬂodLne ratio estimated for each 15 conponent signal and
e gor L eSPondng. e L0 ated. LI OLTBLL oy AL LG Rt o anal
Z ng'ﬂ ;? itg'xirgg 'ngécdf[%;es &5 eJI-SoiS { edeocm c;ir{] etl:ﬁ ek ea £ ee:':{c &f nef-'ocremar%:uinoenr asI uspp lainedd an
from the synthesizer 306.
As described above, the area specifying unit 104 is
able to generate area information based on the estimated
mixture ratio and the mixture-ratio related information in
10 correspondence with the method for estimating the mixture
ratio by the mixture-ratio calculator 103.
Fig. 44 is a block diagram illustrating the
configuration of the area specifying unit 104 for specifying
the area based on the mixture ratios estimated for each
15 component signal, the corresponding mixture-ratio related
information, and the input image, which is input as the
component signal. The elements similar to those shown in
Fig. 35 are indicated by like reference numerals, and an
explanation thereof is thus omitted.
20 A predictive-error calculating portion 301-1 calculates
the error value for each pixel based on the mixture-ratio
related information corresponding to the estimated mixture
ratio calculated by a model of the covered background area

and the estimated mixture ratio calculated by a model of the

25 covered background area, the estimated mixture ratios being




The predictive-error calculating portion 301-1 calculates the error val ue
for each pixel based on the mxture-ratio related information
corresponding to the estimated m xture ratio calculated by a nodel of the
covered 25 background area and the estimated m xture ratio calculated - 131
by a nodel of the covered background area, the estinmated m xture ratios
bei ng cal cul ated from conponent 1 of the input inage, and supplies the

cal cul ated error value to an uncovered-background-area determ ning portion
303-1. 5 The predictive-error cal culating portion 301-2 calculates the
error value for each pixel based on the mxture-ratio related information
corresponding to the estimated mxture ratio calculated by a nodel of the
covered background area and the estimated mixture ratio calculated 10 by a
nmodel of GHECWovteaddf 4RIt KRAETEY e, 0§ Heh @ stttk ebnagl xtad FHRRbDei ng
cal cul ated from conponent 2 of the input ipmage,_ and supplies the

cal cul at e erGOYCHAR RS tFERE e ef R RIP DU ar ea det ermi ni ng portion
303-2. The predictiyve-error calcul ati portion 301-% %f cal cul ates the
error val ue f&r PEEH FiWE ™ T Gt T Tkt 9 7 é 4 tion
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and the estimated mixture ratio calculated by a model of the

covered background area, the estimated mixture ratios being

calculated from component 2 of the input image, and supplies
10 the ¢alculated error value to the adder 321,

A predictive—~error calculating portion 301-3 calculates
the error value for each pixel based on the mixture-ratio
related information corresponding to the estimated mixture
ratio calculated by a model of the covered background area

15 and the estimated mixture ratio calculated by a model of the
covered background area, the estimated mixture ratios being
calculated from component 3 of the input image, and supplies
the calculated error value to the adder 321,

A predictive-error calculating portion 302-1 calculates

20 the error value for each pixel based on the mixture-ratio
related information corresponding to the estimated mixture
ratio calculated by a model of the uncovered background area
and the estimated mixture ratio calculated by a model of the
uncovered background érea, the estimated mixture ratios

25 being calculated from component 1 of the input image, and



uncover ed- background-area determ ning portion 303-3. The predictive-error
cal cul ating portion 302-1 calculates the error value for each pixel based
on the 25 mxture-ratio related information corresponding to the - 132
estimated m xture ratio calculated by a nodel of the uncovered background
area and the estimated m xture ratio calculated by a nodel of the
uncover ed background area, the estimated m xture ratios being cal cul ated
from component 1 5 of the input image, and supplies the calculated error
value to a covered-background-area dg g ning portion 304-1. The
predictive-error calculating portion g calcul ates the error value for
each pi xel based on the mxture-ratio related i nformati on corresponding to
the 10 estimated m xture ratio cal cul ated by a nodel of the uncovered
backgr oudiPild#€ sarfd e e lsstliakad ® 5HO% Mo Yati® 2t AR atEE by a model of
t he uncovered background area, the_  estinated nlxtur% rati os beln%
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bei ng Cala% egl'ﬁéj «sfg‘tpl%acgéﬁ)%%uLSe ratio calculated by a model of the

uncovered background area,.the estimated mixture ratios
being calculated from component 2 of the input image, and
supplies the calculated error value to the adder 322.

10 A predictive-error calculating portion 302-3 calculates
the error value for each pixel based on the mixture-ratio
related information corresponding to the estimated mixture
ratio calculated by a model of the uncovered background area
and the estimated mixture ratio calculated by a model of the

15 uncovered background area, the estimated mixture ratios
being calculated from component 3 of the input image, and
supplies the calculated error value to the adder 322.

The adder 321 adds the error value supplied from the
predictive-error calculating portion 301-1, the error value

20 supplied from the predictive-error calculating portion 301-2,
and the error value supplied from the predictive-error
calculating portion 301-3, and supplies the added error
value to the uncovered-background-area determining portion
303.

25 The adder 322 adds the error value supplied from the



of the input inmage, and supplies the calculated error value to a

cover ed- background-area determ ning portion 304-3. 25 The
uncover ed- background-area determ ning portion 303-1 - 133 deternines for -
each pixel whether the error value supplied fromthe predictive-error
calculating portion 301-1 is greater than or equal to the prestored
threshold Th. If it 1is determined that the error value is greater than or
equal 5 to the threshold Th, the uncovered-background-area determ ning
portion 303-1 determ nes that the desiiggated pixel belongs to the
uncover ed background area, and sets a flag indicating the uncovered
background area in correspondence with the designated pixel. The uncovered

ggebﬁﬁggroungkﬁgga_peterninin ]%ﬁﬁékfgggggéélf DH;S?H*%ﬁ%%L%QﬂGJndlcatlng
I | - 341. Th d:b
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supplies the flag
component 2 of the input image, and component 3 of the input
image, and supplies added component 1, component 2, and
component 3 to the foreground/background area determining

10 portion 305.

The uncovered-background—-area determining portion 303
determines for each pixel whether the error value supplied
from the adder 321 is greater than or equal to the prestored
threshold Th. If it is determined that the error value is

15 greater than or equal to the threshold Th, the uncovered-
background-area determining portion 303 determines that the
designated pixel belongs to the uncovered background area,
and sets a flag indicating the uncovered background area in
correspondence with the designated pixel. The uncovered-

20 background-area determining portion 303 supplies the flag
indicating the uncovered background area, which is set for
each pixel, to the synthesizer 306.

The covered-background-area determining portion 304

determines for each pixel whether the error value supplied

25 from the adder 322 is greater than or equal to the prestored



i ndi cating the uncovered background area, which is set for 25 each pixel,
to the logical-OR calculating portion 341. - 134 The
uncover ed- background-area determ ning portion 303-3 determ nes for each
pi xel whether the error value supplied fromthe predictive-error
calculating portion 301-3 is greater than or equal to the prestored
threshold Th. If it 5is determned that the error value is greater than or
equal to the threshold Th, the uncovered-background-area determ ning
portion 303-3 determ nes that the dgsthaLed pi xel belongs to the
uncover ed background area, and sets a | ag i ndicating the uncovered
background area in 10 correspondence with the designated pixel. The
uncover ed- background-area determ ning portion 303-3 supplies the flag

i ndi cati g ussd Frer ed thaddk grio et ermdaediiitdt s arfur vadaeh 4§ xel , to
the | ogical-OR cal culating portion 341. The covered- background- area
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background-area determining portion 304 supplies the flag
indicating the covered background area, which is set for
each pixel, to the synthesizer 306.

10 The foreground/background area determining portion 305
determines based on the added component 1, component 2, and
component 3 whether each pixel belongs to the foreground
area or the background area, and supplies a flag indicating
the foreground area and a flag indicating the background

15 area, which are set for each pixel, to the synthesizer 306.

The synthesizer 306 synthesizes area information
indicating one of the uncovered background area, the covered
background area, the foreground area, and the background
area based on the flag indicating the uncovered background

20 area supplied from the uncovered-background-area determining
portion 303, the flag indicating the covered background area
supplied from the covered—background—area'determining
portion 304, and the flag indicating the foreground area and

the flag indicating the background area supplied from the

25 foreground/background area determining portion 305. The



25 background area, which is set for each pixel, to a logical - 135 OR

cal cul ating portion 342. The covered-background-area determ ning portion
304-2 determ nes for each pixel whether the error value supplied fromthe
predictive-error calculating portion 302-2 is 5 greater than or equal to
the prestored threshold Th. If it is determned that the error value is
greater than or equal to the threshold Th, the covered-background-area
determ ning portion 304-2 determ nes that the designated pixel belongs to
t he covered background area, and setsiaqflag indicating 10 the covered
background area in correspondence with the designated pixel. The

cover ed- background-area determ ning portion 304-2 supplies the flag

i ndi cating the covered background area, which is set for_each pixel, to

the | ogiAtERIERTHR iTHPRHIORS dhes £y Uy SfRe A% TR 0T - & ea

determ nin ortion 304-3 eterm nes for each pjxel ether the error
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greater Hgﬁn or e%3§! to the prestored threshold Th. If it is determ ned
that the BIF G 8AITETEY e er than or equal 20 to the threshold Th, the
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desi gnat ed pi Xxel "belongs ~ t'0 the covered ba area, an a flag
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supplies the §1ag imdi&atidg d&n CORS&tent signal and the
corresponding mixture-ratio related information, and the
input image, which is input as the component signal. Thé
area specifying unit 104 configured as shown in Fig. 44 is
10 able to specify the area more precisely compared to the area
specifying unit 104 configured as shown in Fig. 35.

Fig. 45 is a block diagram illustrating another
configuration of the area specifying unit 104 for specifying
the area based on the mixture ratio estimated for each

15 component signal and the corresponding mixture-ratio related
information, and the input signal, which is input as the
component signal.

The elements similar to those shown in Fig. 44 are
designated with like reference numerals, and an explanation

20 thereof is thus omitted.

The predictive-error calculating portion 301-1
calculates the error value for each pixel based on the
mixture-ratio related information corresponding to the
estimated mixture ratio calculated by a model of the covered

25 Dbackground area and the estimated mixture ratio calculated



- 136 background area, which is set for each pixel, to the |ogical-OR

cal cul ating portion 342. A foreground/ background area determ ni ng portion
305-1 determ nes based on conponent 1 whether each pixel belongs 5 to the
foreground area or the background area, and supplies a flag indicating the
foreground area or a flag indicating the background area, which is set for
each pixel, to a logical-OR calculating portion 343. A

f oregr ound/ background area determ ning portion 305-2 10 determ nes based
on conponent 2 whether each pixel belgags- to the foreground area or the
background area, and supplies a flag indicating the foreground area or a
flag indicating the background area, which is set for each pi xel , to t he

| ogi cal - CR cal cul ating portion 343. 15 A foreground/ Qun
det er m niP¥g 2p &G ano§8§ he 9ﬁ¥ﬁ£%ﬁl9§$HiiﬁﬁTQJ &G %§hm%£ r each

pi xel belangs to the foregrou area he backgr ou d ar and supplies
a flag i AH*Aten aﬁﬁgsfgfegﬁbﬁﬁﬂ' qmaﬁfWé#ﬂ t backgr ound
area, whi,ch |s set forrgﬁc i-xel Q th Idgica%or Vgﬁcnnailn portion
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uncover ed- background-area
calculates the error value for each pixel based on the

mixture-ratio related information corresponding to the
estimated mixture ratio calculated by a model of the covered
background area and the estimated mixture ratio calculated
10 by a model of the covered background area, the estimated
mixture ratios being calculated from component 2 of the
input image, and supplies the calculated error value to an
uncovered-background-area determining portion 303-2.
The predictive-error calculating portion 301-3
15 calculates the error value for each pixel based on the
mixture-ratio related information corresponding to the
estimated mixture ratio calculated by a model of the covered
background area and the estimated mixture ratio calculated
by a model of the covered background area, the estimated
20 mixture ratios being calculated from component 3 of the
input image, and supplies the calculated error value to an
uncovered-background-area determining portion 303-3.
The predictive-error calculating portion 302-1
calculates the error value for each pixel based on the

25 mixture-ratio related information corresponding to the



determ ning portion 303-2, and the uncovered background area i ndicated by
the flag supplied fromthe uncovered- background-area determ ning portion
303-3 based on the flag indicating the uncovered background area supplied
fromthe 5 uncovered-background-area determ ning portion 303-1, the flag
i ndi cating the uncovered background area supplied from the
uncover ed- background- area determ ning portion 303-2, and the flag

i ndi cating the uncovered background area supplied fromthe
uncover ed- background- area determ ni ngjpertion 303-3 10 so as to generate a
flag indicating the uncovered background area calculated by the | ogical
OR The logical-OR calculating portion 341 supplies the generated flag

i ndi cating the uncover ed back roun rea t he synt hesi 306. 15 The

| ogi cal - GR EHEA%T Hij:u&cﬁ th qt%\'\ é%‘/ tahé'}/ Cfegg rﬁ? of the
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The predictive-error calculating portion 302-2
calculates the error value for each pixel based on the
mixture-ratio related information corresponding to the
10 estimated mixture ratio calculated by a model of the
uncovered background area and the estimated mixture ratio
calculated by a model of the uncovered background area, the
estimated mixture ratios being calculated from component 2
of the input image, and supplies the calculated error value
15 to a covered-background-area determining portion 304-2.
The predictive-error calculating portion 302-3
calculates the error value for each pixel based on the
mixture-ratio related information corresponding to the
estimated mixture ratio calculated by a model of the
20 unco&ered background area and the estimated mixture ratio
calculated by a model of the uncovered background area, the
estimated mixture ratios being calculated from component 3
of the input image, and supplies the calculated error value
to a covered-background-area determining portion 304-3.

25 The uncovered-background-area determining portion 303-1



flag indicating the covered background area supplied from the

cover ed- background-area determ ning portion 304-3 so as to generate a flag
i ndi cating the covered background area 5 cal cul ated by the |ogical OR The
| ogi cal -OR cal culating portion 342 supplies the generated flag indicating
the covered background area to the synthesizer 306. The | ogical -OR

cal cul ating portion 343 calculates the I|ogical OR of the foreground area
indicated by the flag 10 supplied fromthe foreground/ background area
determ ning portion 305-1, the foregreggd-area indicated by the flag
supplied fromthe foreground/ background area determ ning portion 305-2,
and the foreground area indicated by the flag supplied fromthe

f oregr ound/ background area_determ nin portion 305-3 based on the flag

i ndi cat i A§ *ERBLFEFedPEufd ClaPddedu Blei%@é?’f O G FordiGuidPBackgr ound
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indiCate%é@éﬂﬁ%ﬁﬂﬂga%ortion 303-1 determines that the designated
pixel belongs to the uncovered background area, and sets a
flag indicating the uncovered background area in
correspondence with the designated pixel. The uncovered-
10 background-area determining portion 303-1 supplies the flag
indicating the uncovered background area, which is sét for
each pixel, to a logical-OR calculating portion 341.
The uncovered-background-area determining portion 303-2 -
determines for each pixel whether the error value supplied
15 from the predictive—error calculating portion 301-2 is
greater than or équal to the prestored threshold Th. If it
is determined that the error value is greater than or equal
to the threshold Th, the uncovered-background-area
determining portion 303-2 determines that the designated
20 pixel belongs to the uncovered background area, and sets a
flag indicating the uncovered background area in
correspondence with the designated pixel. The uncovered-
background-area determining portion 303-2 supplies the flag

indicating the uncovered background area, which is set for

25 each pixel, to the logical-OR calculating portion 341.



supplied fromthe foreground/ background area determ ning portion 305-1,

t he background area indicated by the flag 5 supplied fromthe

f oreground/ background area determ ning portion 305-2, and the background -
area indicated by the flag supplied fromthe foreground/ background area
determning portion 305-3 based on the flag indicating the background
area supplied fromthe foreground/ background area 10 determ ning portion
305-1, the flag indicating the background area supplied fromthe

f or eground/ background area determ ning4pertion 305-2, and the flag

i ndi cating the background area supplied fromthe foreground/ background
area determning portion 305-3 so as to generate a flag 15 indicating t he

back d | cul at Th I I |.at
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The synthesi@fd 806shold Th, the uncovered-background-area
determining portion 303-3 determines that the designated
pixel belongs to the uncovered background area, and sets a
flag indicating the uncovered background area in
10 correspondence with the designated pixel. The uncovered-
background-area determining portion 303-3 supplies the flag
indicating the uncovered background area, which is set for
each pixel, to the logical-OR calculating portion 341,
The covered4background—area determining portion 304-1
15 determines for each pixel whether the error value supplied
from the predictive—-error calculating portion 302-1 is
greater than or equal to the prestored threshold Th. If it
is determined that the error value is greater than or equal
to the threshold Th, the covered-background-area determining
20 portion 304-1 determines that the designated pixel belongs
to the covered background area, and sets a flag indicating
the covered background area in correspondence with the
designated pixel. The covered-background-area determining
portion 304-1 supplies the flag indicating the covered

25 background area, which is set for each pixel, to a logical-



out puts the synthesized area information. 5 The area specifying unit 104
configured as shown in Fig. 45 is able to output the area infornmation that
specifies the entirety of each of the foreground area, the background
area, the covered background area, and the uncovered background area. 10
Fig. 46 is a block diagramillustrating still another configuration of the
area specifying unit 104 for specifying the area based on the m xture
ratio estimated for each conponent signal and the corresponding
m xture-ratio related information, _andsthe input inmage, which is input as
the 15 conponent signal. The elenents-simlar to those showmn in Fig. 45 are
indicated by |like reference nunerals, and an explanation thereof is thus
omtted. A logical-AND cal culati ng portion 361 calculates the 20 |ogica
AND of tﬁE‘Gﬁédvéﬁéaiﬁhdkﬁﬁﬁwﬁﬁi%ﬁ a indicated by the flag supplied from
t he uncover ed- background-area determ ning portion 303-1, /the uncgvered
backgr ound ar é&¢ FﬁﬂﬁE&Fé@aﬁﬁgFﬁénﬁré§e§u%ﬁﬁ@é&lPFGQiPﬁét&HEOQQAé -
background- area determ ni ng portion _303-2, and the uncqyered Z%Jb%fkground
area i ndi TIPS P | Lafmled“}ertg}ﬁrth € gyPr Value supplie
uncover ed- backgr ound- ar ea. det er m ni n rti.on 303-3.ba§ﬁﬁ%_ . the flag
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is determined that the error value is greater than or equal
to the threshold Th, the covered-background-area determining
portion 304-2 determines that the designated pixel belongs
to the covered background area, and sets a flag indicating
10 the covered background area in correspondence with the
designated pixel. The covered-background-area determining
portion 304-2 supplies the flag indicating the covered
background area, which is set for each pixel, to the
logical-OR calculating portion 342,
15 The covered-background-area determining portion 304-3
determines for each pixel whether the error value supplied
from the predictive-error calculating portion 302-3 is
greater than or equal to the prestored threshold Th. If it
is determined that the error value is greater than or equal
20 to the threshold Th, the covered-background-area determining
portion 304-3 determines that the designated pixel belongs
to the covered background area, and sets a flag indicating
the covered background area in correspondence with the

designated pixél. The covered-background-area determining

25 portion 304-3 supplies the flag indicating the covered



5 fromthe uncovered-background-area determ ning portion 303-2, and the
flag indicating the uncovered background area supplied fromthe
uncover ed- background-area determ ning portion 303-3, and generates a flag
i ndi cating the uncovered background area cal cul ated by the | ogical AND.
The | ogical 10 AND cal cul ating portion 361 supplies the generated fl ag
i ndi cati ng the uncovered background area to the synthesizer 306. A
| ogi cal - AND cal cul ating portion 362 cal culates the 1ogical AND of the
covered background area indicated by tjhg 15 flag supplied fromthe
cover ed- background-area determning portion 304-1, the covered background
area indicated by the flag supplied fromthe covered-background-area
det erm ni ng ortion 304-2, and the covered background area indicated by
the flag TRHRG 1B d hé’}b’ﬁérle%-ﬁfa%kﬁq%ﬁﬁn&ér%a"%g' de? ¥ ni ng portion
304-3 based on the flag indicating the ered background area supplied
fromt heS]cCEﬂ/]e‘?ae]d'-opba B P et nf‘ﬂélng portion 304-1, the flag
indicating th vered b round area supplied framthe . . a
Cover ed- backgrod it SEreR B RAT Db R i Hars o ogg 1
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the 5 covgreth Dack QMG 6Re 1 B thgr Sy Nesé 288 396f1ag indicating
the background area, which is set for each pixel, to é
logical-OR calculating portion 343.

A foreground/background area determining portion 305-2

10 determines based on component 2 whether each pixel belongs
to the foreground area or the background area, and supplies
a flag indicating the foreground area or a flag indicating
the background area, which is set for each pixel, to the
logical-OR calculating portion 343.

15 A foreground/background area determining portion 505—3
determines based on component 3 whether each pixel belongs
to the foreground area or the background area, and supplies
a flag indicating the foreground area or a flag indicating
the background area, which is set for each pixel, to the

20 logical-OR calculating portion 343.

The logical-OR calculating portion 341 calculates the
logical OR of the uncovered background area indicated by the
flag supplied from the uncovered-background-area determining
portion 303-1, the uncovered background area indicated by

25 the flag supplied from the uncovered-background-area



A | ogi cal - AND cal cul ating portion 363 calculates the |[|ogical AND of the
foreground area indicated by the flag supplied fromthe

f oreground/ background area determining portion 305-1, the foreground area
indicated by the flag 10 supplied fromthe foreground/ background area
determning portion 305-2, and the foreground area indicated by the flag
supplied fromthe foreground/ background area determning portion 305-3
based on the flag indicating the foreground area supplied fromthe

f or eground/ background area 15 determ R portion 305-1, the flag
indicating the foreground area supplied fromthe foreground/ background
area determning portion 305-2, and the flag indicating the foreground
area supplied fromthe foreground/ background area determ ning portion
305- 3, arftPipameising Reftian i W vht ianf 2the Hindovered urarkg el aigat ed by
the logical AND. The | ogical-AND cal culating portion 363 supplies the
gener at edin3iGRLE§h R dth gl kae FrRgrindr A el e rerveyssihesi zer 306. The
| ogi cal - AND cal cul ating portion 363 cal cul ates the 1ogical AND of the
backgr ouW%%@?W%%&%VEWW%@O@?%@W% b3gA tore the flag

o eorounds backay ound, anco. SELELTOLIR, o L3 AROT 00, D08 L e bckar ound
et et 81 kB I S05: Gin 00 L DEEKRr oMY 2ree, Lichoated . the 1] ag
based on khe. T1ag Lol ating 1he, Packeround - 068 40P Lesb IO oSy

the uncovered-background-area determining portion 303-2, and

the flag indicating the uncovered background area supplied

from the uncovered-background-area determining portion 303-3

10 so as to generate a flag indicating the uncovered background
area calculated by the logical OR. The logical-OR
calculating portion 341 supplies the generated flag
indicating the uncovered background area to the synthesizer
306.

15 The logical-OR calculating portion 342 calculates the
logical OR of the covered background area indicated by the
flag supplied from the covered-background-area determining
portion 304-1, the covered background area indicated by the
flag supplied from the covered-background-area determining

20 portion 304-2, and the covered background area indicated by
the flag supplied from the covered-background-area
determining portion 304-3 based on the flag indicating the
covered background area supplied from the covered-
background-area determining portion 304-1, the flag

25 indicating the covered background area supplied from the



determ ning portion 305-1, the flag indicating the background area
supplied fromthe foreground/ background area determ ning portion 305-2.,
and the flag indicating the 10 background area supplied fromthe ‘
f oreground/ background area determ ning portion 305-3, and generates a flag
indicating the background area cal cul ated by the |ogical AND. The
| ogi cal - AND cal cul ati ng portion 363 supplies the generated flag indicating
t he background area to the synthesizer 306. 15 The synt hesizer 306
synt hesi zes area information indicatiyag ane of the uncovered background
area, the covered background area, the foreground area, and the background
area for each pixel based on the flag indicating the uncovered background
area supplied fromthe | ogical AND 20 cal cul ating portion 361, the flag
i ndi cat i ifPee dedhpstTketr o Unsiagresu e tarad rslush In - #qro A G4 | it diheAND
calculating portion 362, and the flag indicating the foreground area and
the flag Gifd daxdird il Bk Grofie e kKIEPINe R T AU 19b s AND
cal culating portion 363. The synt hesi zer 306 25 outputs the synthesized
area i nf dMiRatGVET ed-PaFkafpInd & & &8 TSATHG W tpolrg:dl%r?fw}g'je?f &> shown
in Fig. 46 is able to out utcgrea,infornation hﬁyin smal |l errors. The
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covered background area to the synthesizer 306.
The logical-OR calculating portion 343 calculates the
logical OR of the foreground area indicated by the flag
10 supplied from thé foreground/background area determining
portion 305-1, the foreground area indicated by the flag
supplied from the foreground/background area determining
portion 305-2, and the foreground area indicated by the flag
supplied from the foreground/background area determining
15 portion 305-3 based on the flag indicating the foreground
area supplied from the foreground/background area
determining portion 305-1, the flag indicating the
foreground area supplied from the foreground/background area
determining portion 305-2, and the flag indicating the
20 foreground area éupplied from the foreground/background area
determining portion 305-3 so as to génerate a flag
indicating the foreground area calculated by the logical OR.
The logical-OR calculating portion 343 supplieé the
generated flag indicating the foreground area to the

25 synthesizer 306.



Details of the covered-background-area specifying processing are given
below. 10 In step S302, the area specifying unit 104 perfornms processing
for specifying the uncovered background area for each pixel based on the"
error value. Details of the uncovered-background-area specifying
processing are given below. 15 In step S303, the foreground/ background
area determning portion 305 specifies the foreground or the background
for each pixel, and the processing is conpleted. The

cover ed- background- area specifying prqgessi ng corresponding to step S301
is discussed belowwith reference 20 to the flowhart of Fig. 48. In step
S321, the predictive-error calculating portion 302 calculates the error
val ue by usin% a nodel _corresponding to the uncaovered background area. The
predictive-er F8€ d80¢GRATPRY CASFLILGH 1892 POFfHrRe S 4Ph &2 5 UL AteS AP€d error

val ue to the caovered-background-area - 145 determnin ortion 304. In
step S322°%412 I KFerdd- BT IRADFHRME L 1F& ef Jn‘?arfﬁ'(‘;":‘r8 B?*&}g% é@@ det er m nes

e e S A SRR S LS L8 BLSO) LY ST Gl oL 19
ot erT g el it £1 001 YA S 2Bl LS P Log Hlegt I eohol 0
CalCugaiigﬁbﬁ¥¥é&(¥}é%n%ﬁénfbégg}gdégybackground area determining
portion 305-2, and the background area indicated by the flag
supplied from the foreground/background area determining
portion 305-3 based on the flag indicating the background
area supplied from the foreground/background area
10 determining portion 305-1, the flag indicating the
background area supplied from the foreground/background area
determining portion 305-2, and the flag indicating the
background area supplied from the foreground/background area
determining portion 305-3 so as to generate a flag
15 indicating the background area calculated by the logical OR.
The lbgical—OR calculating portion 343 supplies the
generated flag indicating the background area to the
synthesizer 306.
The synthesizer 306 synthesizes area information
20 indicating one of the uncovered background area, the covered
background area, the foreground area, and the background
area for each pixel based on the flag indicating the
uncovered background area supplied from the logical-OR
calculating portion 341, the flag indicating the covered

25 background area supplied from the logical-OR calculating



i ndi cating the covered background area in the pixel having 10 the error

val ue. The process then proceeds to step S324. |If it is determned in step
S322 that the error value is not greater than or equal to the threshold
Th, it can be proved that the pixel does not belong to the covered
background area. Accordingly, the processing of step S323 15 is skipped,
and the process proceeds to step S324. In step S324, the area specifying
unit 104 determ nes whether the processing has been performed for the
whole screen. If it is determ ned t-hat4dt ke processing has not been
performed for the whole screen, the process returns to 20 step 8321 and

t he cover ed- background- area deternlnlng processing i s repeated. i's

oL P M S0y 5 o B3R Nl e, B G %g&gl%g@ge begn f@iﬁﬁ@ﬁe cndhe

whol e scréen € prlocess ~proce
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i ndi cati ng t cover ar ea. OCGSSI ng I S then
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correspondi ng to step S302 1s di'scussed ow with Teference to t he

f 1 onmchar toﬁfﬂg +HE - syhiHe St AR BAa i Riedisti ve-error cal cul ating

portion cal cul ates the error value by using a nodel corresponding to
the cgvered haekgnnddExyie ui€dicd | ¥6nLifeFre8ahsUkBbIWAY iROFligON 301

supplies the «calculated error value to the uncovered-background- area
45 is able to output the area information that specifies the
entirety of each of the foreground area, the background area,
the covered background area, and the uncovered background
area.

10 Fig. 46 is a block diagram illustrating still another
configuration of the area specifying unit 104 for specifying
the area based on the mixture ratio estimated for each
component signal and the corresponding mixture-ratic related
information, and the input image, which is input as the

15 component signal.

The elements similar to those shown in Fig. 45 are
indicated by like reference numerals, and an explanation
thereof is thus omitted.

A logical-AND calculating portion 361 calculates the

20 logical AND of the uncovered background area indicated by
the flag supplied from the uncovered-background-area
determining portion 303-1, the uncovered background area
indicated'by the flag supplied from the uncovered-
background-area determining portion 303-2, and the uncovered

25 background area indicated by the flag supplied from the



10 determ ning portion 303. In step S342, the uncovered-background-ar
determning portion 303 determ nes whether the error value supplied from

the predictive-error calculating portion 301 is greater than

ea

or equal to

the threshold Th. If it is determined that the 15 error value is greater

than or equal to the threshold Th, the process proceeds to step S343.

step S343, the flag indicating the uncovered background area is set

pi xel having the error val ue.

If it is
or equal

determned in step S342 that 4le-error value 1is not greater
to the threshold Th, it can be proved that the pixel does n

bel ong to the uncovered background area. Accordingly, the processing

step S343,,
S344, the area sp

- 147 whether t

In
in the

The process then proceeds to step S344. 20
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processing is repeated. If it is determned in step 83%4 that the
processi nthe AP aam el fdidrethd ainddig M|k S eaind tde Draaasisi er oceeds
to step S345 in which the uncovered-background-area determ ning portion

303 obt purona fHaguhaic €aédFigatbgrdindreoyer adtbankgiangngoatean Boe-2,
processing is then conpl et ed.

10

15

20

25

and the flag indicating the uncovered background area
supplied from the uncovered-background-area determining
portion 303-3, and generates a flag indicating the uncovered
background area calculated by the logical AND. The logical-
AND calculating portion 361 supplies the generated flag
indicating the uncovered background area to the synthesizer
306.

A logical-AND calculating portion 362 calculates the
logical AND of the covered background area indicated by the
flag supplied from the covered-background-area determining
portion 304-1, the covered background area indicated by the
flag supplied from the covered-background-area determining
portion 304-2, and the covered background area indicated by
the flag supplied from the covered-background-area
determining portion 304-3 based on the flag indicating the
covered background area supplied from the covered-
background-area determining portion 304-1, the flag
indicating the covered background area supplied from the
covered-background-area determining portion 304-2, and the

flag indicating the covered background area supplied from

get-en BhNizng-19



As di scussed above, the area specifying unit 104 is able to calcul ate the
error value based on the estimated mxture ratio and the m xture-ratio
related information corresponding to the estinated m xture ratio so as to
15 specify the covered background area and the uncovered background area
based on the cal cul ated error value. The area specifying unit 104 is able
to determine the mxture ratio a based on the generated area information,
and outputs the determned mxture ratio a. 20 By utilizing the m xture
ratio a, it is possible to separate tl4@ f-oreground conponents and the
background conponents contained in a pixel value while maintaining the
informati on of notion blur contained in the image corresponding to the

novi ng ohj,ect The ecifyin it .10, j.gur e 5 .sha in Fig.
e aP B sa e HA AR R S AR SO
descri be 1 t:Q, 45 Jﬂgmﬁygt { 49, except
t hat the%cégv%%e{ﬁga{: %g}%(;egu nlgl&éttgaaglor t he (fjbn"(::%)rv{é gc}l ]gb(zli(og%&(}{m area i s

speci fi edbased iy tﬂaﬁ_@@%g‘%@ﬂ A2l g Hdetailagh edlamatdan of the
processing is thus omtted. The area specifying unit 104 configured as

shown i N dekkiorft B ePetiddi8ed N Alah AU I M d LI ReBsSIGd M lar to
that described with reference to the flowharts of Figs. 47 10 through 49,

exceps thadvdhel dhkdroERPd d£edd Aheagh titaympanedoes and the final area
is determ ned by the | ogical
A logical-AND calculating portion 363 calculates the

ldgical AND of the foreground area indicated by the flag
supplied from the foreground/background area determining
portion 305-1, the foreground area indicated by the flag

10 supplied from the foreground/background area determining
portion 305-2, and the foreground area indicated by the flag
supplied from the foreground/background area determining
portion 305-3 based on the flag indicating the foreground
area supplied from the foreground/background area

15 determining portion 305-1, the flag indicating the
foreground area supplied from the foreground/background area
determining portion 305-2, and the flag indicating the
foreground area supplied from the foreground/background area
determining portion 305-3, and generates a flag indicating

20 the foreground area calculated by the logical AND. The
logical-AND calculating portion 363 supplies the generated
flag indicating the foreground area to the synthesizer 306.

The logical—-AND calculating portion 363 calculates the

logical AND of the background area indicated by the flag

25 supplied from the foreground/background area determining



OR of the specified areas. A detailed explanation of the processing is
thus omtted. The area specifying unit 104 configured as shown in Fig. 15
46 specifies the area according to processing simlar to that described
with reference to the flowharts of Figs. 47 through 49, except that the
area is specified for each conponent, and the final area is determ ned by
the logical AND of the specified areas. A detailed explanation of the 20
processing is thus omtted. The foreground/ background separator 105 is

di scussed below. Fig. 50 is a block digsggr-amillustrating an exanple of
the configuration of the foreground/ background separator 105. The i nput

i mage supplied to the foreground/ background 25 separator 105 is supplied to

a separating .portj 60 a.-_149 switch 602, .and a,switgch 604. The area
"t of e (R SAbl B U1 e poe SR M G S T PR OB e (mifi%at i ng. t he
i nformati f. the C : kgr ound
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supplied to the separating portion 601. 10 The separating portion 601
separ gt espd e Jror A -0Ukh s £PMRONEY SefdPmddiecd fpny tHadsadasesep the area

information indicating the covered background area, the area

area supplied from the foreground/background area
determining portion 305-1, the flag indicating the
background area supplied from the foreground/background area
determining portion 305-2, and the flag indicating the

10 background area supplied ffom the foreground/background area

| determining portion 305-3, and generates a flag indicating

the background area calculated by the logical AND. The
logical—-AND calculating portion 363 supplies the generated
flag indicating the background area to the synthesizer 306.

15 The synthesizer 306 synthesizes area information
indicating one of the uncovered background area, the covered
background area, the foreground area, and the background
area for each pixel based on the flag indicating the
uncovered background area supplied from the logical AND

20 calculating portion 361, the flag indicating the covered
background area supplied from the logical AND calculating
portion 362, and the flag indicating the foreground area and
the flag indicating the background area supplied from the
logical AND calculating portion 363. The synthesizer 306

25 outputs the synthesized area information.



information indicating the uncovered background area, and the m xture

ratio (X, and supplies the separated foreground 15 conponents

to a

synt hesi zer 603. The separating portion 601 also separates the background
conponents fromthe input imge, and supplies the separated background
conponents to a synthesizer 605. The switch 602 is closed when a pi xel
corresponding to 20 the foreground is input based on the area infornmation

i ndicating the foreground area, and supplies only the pixels

correspondi ng

to the foreground contained in the np44 mage to the synthesizer 603. The
switch 604 is closed when a pixel corresponding to 25 the background i's
i nput based on the area information - 150 indicating the background area,

and suppliesqpnly the s@ieé%lﬁ%gcgorurﬁs%ggﬂj _r[l%rlipii egagggg}g(ggg
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the start of

unit 104 performs processing for specifying the covered

background area for each pixel based on the error value.

Details of the covered-background—area specifying processing

are given below.

10 In step S302, the area specifying unit 104 performs

processing for specifying the uncovered background area for

each pixel based on the error value. Details of the

uncovered-background-area specifying processing are given

below.

15 In step S303, the foreground/background area

determining portion 305 specifies the foreground or the

background for each pixel, and the processing is completed.

The covered-background—-area specifying processing

corresponding to step S301 is discussed below with reference

20 to the flowchart of Fig. 48.

In step S321, the predictive-error calculating portion

302 calculates the error value by using a model
corresponding to the uncovered background area. The
predictive-error calculating portion 302 supplies the

25 calculated error value to the covered-background-area



t he synt hesi zing processing for the foreground conponent 15 inage, the

synt hesi zer 603 stores an i mage whose pixel values are all 0 in a built-in
frame nenory. Then, in the synthesizing processing for the foreground '
conponent image, the synthesizer 603 stores the foreground conponent inage
(overwrites the previous inmage by the foreground conponent 20 inage).
Accordingly, O is stored in the pixels corresponding to the background
area in the foreground conponent inmage output fromthe synthesizer 603.
The synt hesi zer 605 synt hesi zes a backgysound conponent inage based on the
background conmponents supplied fromthe 25 separating portion 601 and the
pi xel s corresponding to the - 151 background supplied fromthe switch 604,
and outputs the .synthesized kground conponent image. Since the

backgr ourttf & E% e ¥ Gtea do not overlap, the synthesizer 605

applies, for sxamle, Ji00i oah (R0 the i hackoround somaneats and the

background pi xel ereby synthesizing background conponent =l nage. In

the ini tir%g,%tziid}g O 43&%@%@&& {e S Pi1ud hﬁu@(ﬁﬁg%@@?mes

processi or the ground conponent ~image, the synthesizer
an i mge M@%ﬁréﬁf@i@@-é’@éd&e%ﬁ&ﬂﬁir%'ﬁbﬁtm 1302 Ny 4 r &P@s £@FOFYan Then,

in the synthesizing processing for the background conponent image, the
synt hesi zgr &fm St ashd hen Ragkaroung, conponent s | deeeem{QVE@r vkd £ egnd he

previ ous i mage by the background conmponent inmage). Accordingly, O is
stored i nedder pfXBIS is greater than or equal to the threshold Th,
the process proceeds to step S$323. In step S$323, the
predictive-error calculating portion 302 sets the flag
indicating the covered background area in the pixel having
10 the error value. The process then proceeds to step S324.

If it is determined in step 8322 that the error value
is not greater than or equal to the threshold Th, it can be
proved that the pixel does not belong to the covered
background area. Accordingly, the processing of step 5323

15 is skipped, and the process proceeds to step S324.

In step S324, the area specifying unit 104 determines
whether the processing has been performed for the whole
screen. If it is determined that the processing has not
been performed for the whole screen, the process returns to

20 step S$321, and the covered-background-area detérmining
processing is repeated.

If it is determined in step S324 that the processing
has been performed for the whole screen, the process
proceeds to step S$325 in which the covered-background-area

25 determining portion 304 outputs a flag indicating the



15 corresponding to the foreground area in the background conponent inage
output fromthe synthesizer 605. Fig. 51A illustrates the input imge input
into the foreground/ background separator 105 and the foreground conponent
i mge and the background conponent image output 20 fromthe

f or eground/ background separator 105. Fig. 51B illustrates a nodel
corresponding to the input image input into the foreground/ background
separator 105 and the foreground conponent inage and the background
conponent i nmage output fromthe foregragund/ background separator 105. 25
Fig. 51Ais a schematic diagramillustrating the image - 152 to be

di spl ayed, and Fig. 51B is a nodel obtained by expanding in the tine

di ti th | xel s di d i | i i ncl udi t.h ixels b [

o the fGeaTShd SO T B el L RIBHOT T Lo9 ¢ HE. HAgk o SUHF e, “and
th ixels 5 I [ to & 1 i to Fig.. b1A. As
shgvmgl |Xﬁ Iséi gs%‘fﬁ&%&n%eg%g,—%%ﬁggﬁ:ag‘ﬁlé}%%ﬁ O%%%p%gmn%gipnrgj&éels%&tngut fromthe
foregrou%ﬂ?&ﬁg{%&'}%ﬁ@&ﬁ%&% ; iscgi’iséaiésé)ci Eé‘fo»?'v%‘fh%dpeeé g to

t he backgroun round conponents contained 1n e pixels

of the 10 4rixgd &rKands: howydn 4/ gs. 51A and 51B, the foreground

conmponent i nage output fromthe f or egr ound/ background separator 105
consi gts of the Rivs s@qllqn%régpltr%dtﬂae;iw—%&@fn%aqr&ﬁaamg the thierneground

conponents contained in the pixels of the 15 m xed area.
301 calculates the error value by using a model

corresponding to the covered background area. The
predictive-error calculating portion 301 supplies the
calculated error value to the uncovered-background-area

10 determining portion 303.

In step S$342, the uncovered-background-area determining
portion 303 determines whether the error value supplied from
the predictive-error calculating portion 301 is greater than
or equal to the threshold Th. If it is determined that the

15 error value is greater than or equal to the threshold Th,
the process proceeds to step S343. 1In step S343, the flag
indicating the uncovered background area i1s set in the pixel
having the error value. The process then proceeds to step
S344.

20 If it is determined in step S342 that the error wvalue
is not greater than or equal to the threshold Th, it can be
proved that the pixel does not belong to the uncovered
background area. Accordingly, the processing of step $343
is skipped, and the process proceeds to step S344.

25 In step S344, the area specifying unit 104 determines



The pi xel values of the pixels in the m xed area are separated into the
background conponents and the foreground conponents by the .
f oregr ound/ background separator 105. The separated background conponents
formthe background 20 conmponent inmage together with the pixels bel onging
to the background area. The separated foreground conponents form the
foreground conponent image together with the pixels belonging to the
foreground area. As discussed above, in the foreground conponent imge, 25
t he pi xel values of the pixels corresga&vdi-ng to the - 153 background area
are set to O, and significant pixel values are set in the pixels
corresponding to the foreground area and the pixels corresponding to the

d | | |
of ‘the 5 GisA e (B Fraddh i’ PR EMBAATANT L08R IR NG
significap, dixel dfa‘tnheslpsf‘;oeﬁf?eextmlr{b& hcenaq{ X S Of&af}%%%ﬂ{a&g dd t he

background area an correspondi ng t ar ea.

descri pt iy Sl AP QY Gfnd REPrOGRSSIdYY, eRe Yl fsbedd A fhEs stc{par ating
portion 601 for separating the foreground conmponents and the background

conponentscdg an4dine pixele Qﬂ%f&iﬂhélgfrdﬂﬁ@%@é£adeﬁﬁnlrﬁ%¢ I lustrates
a model of an image indicating foreground conponents and background

conpopentrddedsingl b §f nadmsatidit] udi ng a foreground object noving fromthe
left to the right in Fig. 52. In the nodel of the image shown in

If it is determined in step S344 that the processing
has been performed for the whole screen, the process
proceeds to step S$345 in which the uncovered-background-—-area
determining portion 303 outputs a flag indicating the

10 uncovered background area. The processing is then completed.

As discussed above, the area specifying unit 104 is
able to calculate the error value based on the estimated
mixture ratio and the mixture-ratio related information
corresponding to the estimated mixture ratio so as to

15 specify the covered background area and the uncovered
background area based on the calculated error value.

The area specifying unit 104 is able to determine the
mixture ratio o based on the generated area information, and
outputs the determined mixture ratio o.

20 | By utilizing the mixture ratio o, it is possible to
separate the foreground components and the background
components contained in a pixel value while méintaining the
information of motion blur contained in the image
corresponding to the moving object.

25 The area specifying unit 104 configured as shown in Fig.




Fig. 52, the anobunt of novenent v is 4, and the nunber of virtual divided
portions is 4. In frame #n, the leftnost pixel and the fourteenth 20

t hrough ei ghteenth pixels fromthe left consist of only the background
conponents and belong to the background area. In frame #n, the second

t hrough fourth pixels fromthe left contain the background conponents and
the foreground conponents, and belong to the uncovered background area. In
25 frame #n, the eleventh through thirteenth pixels fromthe - 154 [eft
cont ai n background conponents and foregmound conponents, and belong to the
covered background area. In frame #n, the fifth through tenth pixels from
the left consist of onIy t he foreground conponents, and belong to the
foregrou area., I n frane #n+l first through flfthlarxel fromthe

| ef t and §3§ TEeh 1 Hidkse %Qﬁﬂﬁ eﬁ% Qﬁﬂﬁﬁ 5 ot :ﬁﬁb background
Conponentt%ahﬁargjes%erl %ne%f t Orjﬁth?e bﬁa etq'rr Con - ne bfﬁlq(wchalacrrE #P-';El e4'7SI Xth

t hr ough ei A pirxelsTro groun conpo nts and
: ?éﬁ%ri‘n‘%‘*ﬁ%‘)r@"# Rshl %%5591”%53’% B R A T T 2
packar ound S e o ey AL P 8% %ﬂi%"fﬁhmug%k‘%meem RS Trom
For earound aren S e B e At T A A e "t he.
f or egr ounch O REReIEs, from the pixels belonging to the
The area specifying unit 104 configured as shown in Fig.
45 specifies the area according to processing similar to
that described with reference to the flowcharts of Figs. 47
10 through 49, except that the area is specified for each
component, and the final area is determined by the logical
OR of the specified areas. A detailed explanation of the
processing is thus omitted.
The area specifying unit 104 configured as shown in Fig.
15 46 specifies the area according to processing similar to
that described with reference to the flowcharts of Figs. 47
through 49, except that the area is specified for each
component, and the final area is determined by the logical
AND of the specified areas. A detailled explanation of the
20 processing is thus omitted.
The foreground/background separator 105 i1s discussed
below. Fig. 50 is a block diagram illustrating an example
of the configuration of the foreground/background separator

105. The input image supplied to the foreground/background

25 separator 105 is supplied to a separating portion 601, a



covered background area. In Fig. 53, al through (X18 indicate m xture
rati os of the individual pixels of frame #n. 20 In Fig. 53, the fifteenth
t hrough seventeenth pixels fromthe | eft belong to the covered background
area. The pixel value C15 of the fifteenth pixel fromthe left in frame #n
can be expressed by equation (64): Cl15 = B15/v+F09/v+FO8/v+FO7/v 25 =

al 50BlI 5+F®/ v+F®8/ v+FO7/v - 155 = al5P15+F09/v+F08/v+F07/v (64) where al5
indicates the m xture ratio of the fifteenth pixel fromthe left in frame
#n, and P15 designates the pixel val uetof-the fifteenth pixel fromthe
left in franme #n-1. 5 The sum f15 of the foreground conponents of the
fifteenth pixel fromthe left in frame #n can be expressed by equation

(65) based qn.e ion (64), fl15 = 9/ v#F08/ v+F0.7/ v = Cl15-al5P15 (65) 10
Sol 1 aer T £ ohd sk Bih 0 L s Ao T R i el

(o et LR LS80 Re S SEPELY SMALLC{ S and L sum
110 A S LN SO NATL J5] 16T 00 BIERI8.L60
cont ai netha diyddithdia¥da VA Wufp Ofed N PLRE! s 194 PG Y B &L 1in COYEr ed
5 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

calculator 103 is supplied to the separating portion 601.

10 The separating portion 601 separates the foreground
components from the input image based on the area
information indicating the covered background area, the area
information indicating the uncovered background area, and
the mixture ratio o, and supplies the separated foreground

15 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.

The switch 602 is closed when a pixel corresponding to

20 the foreground is input based on the area information
indicating the foreground area, and supplies only the pixels
corresponding to the foreground contained in the input image
to the synthesizer 603.

The switch 604 is closed when a pixel corresponding to

25 the background is input based on the area information



background area can be expressed by equation (68): 20 fc = CaP (68) where
P designates the pixel value of the corresponding pixel in the previous
frame. Fig. 54 illustrates the processing for separating the foreground
conponents fromthe pixels belonging to the 25 uncovered background area.
In Fig. 54, al through al8 - 156 indicate mxture ratios of the individual
pi xels of franme #n. |In Fig. 54, the second through fourth pixels fromthe
| eft belong to the uncovered background area. The pi xel value C02 of the
second pixel fromthe left 5 in framsgn_can be expressed by equation
(69): Q02 = B02/v+B02/v+B02/v+FOLl/v = a2B02+FOL/v = a2N02+FQOLl/v (69)
where a2 indicates the mxture ratio of the second pixel 10 fromthe |eft
in frame #n, and NO2 deijg ates the pixel value of the second pixel from

the | eft 1K @RI A8 TG GF Gt AN FBRRr gt PEShpdRe RS t he
second pixel from,ithe left in frame #n can be expressed by equation (70)
based on CSTEASHEAES) oS0 PATKEFOPL ARSI (7 oy ST R ITAoS he ' sum
f03 of the foreground conpo s of the third pixel fromthe left in frame
#n can ngé§gf%s§g§%68123}rggg'

The synthesizer 603 synthesizes a foreground component
5 image based on the foreground components supplied from the
separating portion 601 and the pixels corresponding to the
foreground supplied from the switch 602, and outputs the
synthesized foreground component'image. Since the
foreground area and the mixed area do not overlap, the
10 synthesizer 603 applies, for example, logical OR to the
foreground components and the foreground pixels, thereby
synthesizing the foreground component image.
In the initializing processing executed at the start of
the synthesizing processing for the foreground component
15 image, the synthesizer 603 stores an image whose pixel
values are all 0 in a built—iﬁ frame memory. Then, in the
synthesizing processing for the foreground component image,
the synthesizer 603 stores the foreground component image
(overwrites the previous image by the foreground component
20 image). Accordingly, 0 is stored in the pixels
corresponding to the background area in the foreground
component image output from the synthesizer 603.'
The synthesizer 605 synthesizes a background component
image based on the background components supplied from the

25 separating portion 601 and the pixels corresponding to the



by equation (71), and the sumf04 of the foreground 20 conponents of the
fourth pixel fromthe left in frame #n can be expressed by equation (72).
f03 = C03-a3N03 (71) {04 = C04-a4N04 (72) In this manner, the foreground
conponents fu contained 25 in the pixel value C of the pixel belonging to
t he uncovered - 157 background area can be expressed by equation (73): fu
= CaN (73) where N designates the pixel value of the correspondi ng pi xel
in the subsequent frame. 5 As discussed above, the separating portion 601
is able to separate the foreground-caiorents fromthe pixels belonging
to the m xed area and the background conponents fromthe pixels bel ongi ng
to the m xed area based on the information indicating the covered

backgr ound A, A0 L8 10 d ML dhe 419 L dnGayer adhbackgr ound

area contail e area information, and the mxture ratio a for each

pi xel . Fisq,néégisze@e%%&ﬁﬁgf ABridd sty At ne an exanpleg, of  the

configuration of t separating portion 601 for 15 executing the

above- desefdiRat NP RS Nhd Ahd MRged Nl ddtDt hysenal atdg portion 601
is supplied to a frane nenory 621, and the area information indicating the

covered RAKHEOURG FEA Al ide WO\ Rac ki Pibyh areacsuid ied from
the m xture-ratio calculator 103 and the m xture ratio

5 Dbackground components and the background pixels, thereby
synthesizing the background component image.

In the initializing processing executed at the start of
the synthesizing processing for the background component
image, the synthesizer 605 stores an image whose pixel

10 wvalues are all 0 in a built-in frame memory. Then, in the
synthesizing processing for the background component image,
the synthesizer 605 stores the background component image
(overwrites the previous image by the background component
image). Accordingly, 0 is stored in the pixels

15 corresponding to the foreground area in the background
component image oﬁtput from the synthesizer 605.

Fig. 51A illustrates the input image input into the
foreground/background separator 105 and the foreground
component image and the background component image output

20 from the foreground/background separator 105. Fig. 51B
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.

25 Fig. 51A is a schematic diagram illustrating the image



20 a are supplied to a separation processing block 622. The franme nmenory
621 stores the input inages in units of frames. Wwen a frane to be
processed is frane #n, the frame nenory 621 stores frame #n-1, which is
the frame one frame before frane #n, frame #n, and frame #n+l, which is

25 the franme one frane after franme #n. - 158 The frane nenory 621 supplies
the corresponding pixels in franme #n-1, franme #n, and franme #n+l to the
separation processing block 622. The separation processing bl ock 622
applies the 5 cal cul ati ons di scussed- vi%h +eference to Figs. 53 and 54 to

t he pi xel values of the corresponding pixels in frame #n-1, frane #n, and
frame #n+1l supplied fromthe frane nenory 621 based on the area

i nf or mat i%p ﬂ@d&%%%di%ﬂee&’hi é)nvbi{(ﬁd %kgg Oéwod?‘éfa?@@%ﬁ@& ncover ed
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uncovered area processor 631, a covered area processor 632, a synthesizer

633, and @& YHhesd 2881 Sfincp 181 {AP B LEk SAJuRd 4 hEa UngQyered 1 .ean s
processor 63 multiplies the pixel value of the pixel in frame #n+l

suppl bed g 1dnd ey FEANEn B ed G2dedYcd P dboddi gy redi®iq, 20anand out puts
the resulting pixel value to a switch 642. The

As shown in Figs. 51A and 51B, 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

10 mixed area.

As shown in Figs. 51A and 51B, the foreground component
image output from the foreground/background separator 105
consists of the pixel belonging to the foreground area and
the foreground components contained in the pixels of the

15 mixed area.

The pixel wvalues of the pixels in the mixed area are
separated into the background components and the foreground
components by the foreground/background separator 105. The
separated background components form the background

20 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.

As discussed above, in the foreground component image,

25 the pixel values of the pixels corresponding to the



switch 642 is closed when the pixel of frame #n (corresponding to the

pi xel in frame #n+l) supplied fromthe frane nenory 621 belongs to the
uncover ed background area, and supplies the pixel value nmultiplied by the
m xture ratio 25 a supplied fromthe nultiplier 641 to a cal cul ator 643 and
- 159 the synthesizer 634. The val ue obtained by multiplying the pixel

val ue of the pixel in frame #n+1l by the m xture ratio a output fromthe
switch 642 is equivalent to the background conponents of the pixel value
of the corresponding pixel in 5 framSn.- The cal cul ator 643 subtracts the
background conmponents supplied fromthe switch 642 fromthe pixel val ue of
the pixel in frane #n supplied fromthe frane nenory 621 so as to obtain

t he fore ts, ol q 843,10 Fﬁp! round
conponent 3 éoi{bdﬁqne pl‘—’{y3 i ?Sgerr%aé? LH’be‘? ongl n rilj[fJ§ Lfsnai}f)‘%/lere eg%kgr ound
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suppl i ed Jﬂd)mﬁé‘%ﬂc){é’l@ ms)@cﬁ?dll L6 HE Xhi & Tt D, A, 51rfdh OUf put's the
resulting pixel value to a swtch 652. The swtch 652 is closed en the

pi xel of iff aife HhcKPHAURS RUMEANEA© Iy Xele igh fdANE Filesl)osutd i ed from
the frame nenory 621 belongs to the cover ed background area, and 20

suppl bes giiee 1 X raedgndind i Gk biotdiprdind Wked adit® fet stppd j ed from
the nultiplier 651 to a cal culator 653 and the
and significant pixel values are set in the pixels
corresponding to the background area and the pixels
corresponding to the mixed area.
A description is given below of the processing executed
10 Dby the separating portion 601 for separating the foreground
components and the background components from the pixels
belonging to the mixed area.
Fig. 52 illustrates a model of an image indicating
foreground components and background components in two
15 frames including a foreground object moving from the left to
the right in Fig. 52. 1In the model of the image shown in
Fig. 52, the amount of movement v is 4, and the number of
virtual divided portions is 4.
In frame #n, the leftmost pixel and the fourteenth
20 through eighteenth pixels from the left consist of only the
background components and belong to the background area. 1In
frame #n, the second through fourth pixels from the left
contain the background components and the foreground
components, and belong to the uncovered background area. 1In

25 frame #n, the eleventh through thirteenth pixels from the



synt hesi zer 634. The val ue obtained by nmultiplying the pixel value of the
pi xel in frame #n-1 by the m xture ratio a output fromthe switch 652 is
equi val ent to the background 25 conponents of the pixel value of the
corresponding pixel in - 160 frame #n. The cal cul ator 653 subtracts the
background conmponents supplied fromthe switch 652 fromthe pixel val ue of
the pixel in franme #n supplied fromthe frane nenory 621 so as 5 to obtain
t he foreground conponents. The cal cul ator 653 supplies the foreground
conponents of the pixel in frame #n- hejonging to the covered background
area to the synthesizer 633. The synthesizer 633 conbi nes the foreground
conponents 10 of the pixels of frane #n belonging to the uncovered

background area apd,s lied fromthe cal culatqr 643 with the foreground

Componentieiy THE bR ePaCHIT PP APORET bRgPRY L6 FHE e COTPRESRT ound
d lied f th I t 653 d | i th t hesi zed

For agr ourth PUGRSbE €' e TRT9H RN G Thel Syr e by G
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b0 oot SRR Blol ) ELE SIS SN S he covered
synthesi zed baekg-aurd 4#¢0TPORSRAL ¥ itQ tt Re r JUAE IR PA LA 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
contain background components and foreground components, and
10 Dbelong to the uncovered background area. In frame #n+l, the
fifteenth through seventeenth pixels from the left contain
background components and foreground components, and belong
to the covered background area. In frame #n+l, the ninth
through fourteenth pixels from the left consist of only the
15 foreground components, and belong to the foreground area.

Fig. 53 illustrates the processing for separating the
foreground components from the pixels belonging to the
covered background area. In Fig. 53, al through al8
indicate mixture ratios of the individual pixels of frame #n.

20 In Fig. 53, 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 (64):

Cl15

B15/v+F09/v+F08/v+F07/v

25

015eB15+F09/v+F08/v+FQ7/v



The frame nenory 623 stores the foreground conponents and the background
conponents of the pixels in the mxed 25 area of frane #n supplied from
the separation processing - 161 block 622. The franme nenory 623 outputs
the stored foreground conponents of the pixels in the nmxed area in frane
#n and the stored background conmponents of the pixels in the mxed 5 area
in frame #n. By utilizing the mxture ratio a, which indicates the feature
gquantity, the foreground conponents and the background conponents
contained in the pixel values can be 1g@pl etely separated. 10 The

synt hesi zer 603 conbi nes the foreground conponents of the pixels in the

m xed area in frame #n output fromthe separating portion 601 with the

Conponent i %32 re A Sk S oBLTTER RS Cnd backorBbha 15 conponent s
of the pixels, I} d N, 1 X6d Area. i LIATP AL oUlpuly L 10MB 4 die, SeR3T A1) N0

portlon he p|x onglng e background area’s
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Filr e R R
separ gt ed, an@pkhdsm 1€ of the foreground components of the
fifteenth pixel from the left in frame #n can be expressed
by equation (65) based on equation (64).
£f15 = F09/v+F08/v+F07/v
= Cl5-al5eP15 (65)
10 Similarly, the sum f16 of the foreground components of
the sixteenth pixel from the left in frame #n can be
expressed by equation (66), and the sum f17 of the

foreground components of the seventeenth pixel from the left

in frame #n can be expressed by equation (67).

15 f16 Clé—-a16eP16 (66)

£17

Cl7-al7ep17 (67)

In this manner, the foreground components fc contained
in the pixel value C of the pixel belonging to the covered
background area can be expressed by equation (68):

20 | fc = C-oeP (68)
where P designates the pixel value of the corresponding
pixel in the previous frame.

Fig. 54 illustrates the processing for separating the
foreground components from the pixels belonging to the

25 uncovered background area. In Fig. 54, ol through ol8



pi xel values are set to 0. 25 The second and fourth pixels fromthe |left
belong to - 162 the uncovered background area before the foreground and
the background are separated. Accordingly, the background conponents are
set to 0, and the foreground conmponents are naintained. The el eventh
through thirteenth pixels fromthe 5 left belong to the covered background
area before the foreground and the background are separated. Accordingly,
t he background conponents are set to 0, and the foreground conponents are
mai ntai ned. The fifth through tenth pix@ds- fromthe left consist of only
t he foreground conponents, 10 which are thus maintained. Fig. 56B
illustrates an exanple of the background conponent inmage corresponding to
frame #n in Fﬁ§§e52.xghe Ie%tnnst p%éel.agd tgg founteﬁnthfpi el fmpnlthe
oRt¥EYHe BAEKT ohhd *RENPBRENT S Bt & Ste Of5 F 680 "Stind

| ef t con%?%%co
mai nt i nedt TS SoboniS RrSran R Eor st R R B P R o e
uncoveregj%ﬁ%:géugg??f&?%%%%@ BQ&%&% Coypgaand t he background are

separ at ed. or egroun onponents are set to 0, and the
background compRNgNnL& 1ahe 1 JBRIdYAIJEdhe NG LIky ik 1 N Qg dirdgent h

pixel s fromthe [Ieft belong to the covered background area before the
f or egsounth ambrﬁ@e#rba@mrwr&%\f@smawt@%uaﬁﬁ@@r dsoply, the foreground
conponents are set to O, and the backgroun

co02 B02/v+B02/v+B02/v+F0l/v

020B02+F01/v

I

= 0.28N02+F01/v (69)
where a2 indicates the mixture ratio of the second pixel
10 from the left in frame #n, and N02 designates the pixel
value of the second pixel from the left in frame #n+l.
The sum £02 of the foreground components of the second
pixel from the left in frame #n can be expressed by equation
(70) based on equation (69).

15 f02 = FOl/v

C02-0.2eN02 (70)
Similarly, the sum f03 of the foreground components of
the third pixel from the left in frame #n can be expressed.
by equation (71), and the sum f04 of the foreground
20 components of the fourth pixel from the left in frame #n can
be expressed by equation (72).

03

C03-0.3eN03 (71)
f04 = CO04-04eNQ4 (72)
In this manner, the foreground components fu contained

25 in the pixel value C of the pixel belonging to the uncovered



25 conmponents are maintained. The fifth through tenth pixels - 163 from
the left consist of only the foreground conponents, and thus, the pixel
val ues are set to 0. The processing for separating the foreground and the
background executed by the foreground/ background separator 5 105 is
descri bed below with reference to the flowhart of Fig. 57. In step S601,
the frame nenory 621 of the separating portion 601 obtains an input imge,
and stores frame #n for which the foreground and the background are
separated together with the previous fimgme #n-1 and the 10 subsequent
frame #n+l. In step S602, the separation processing block 622 of the
separating portion 601 obtains area information supplied fromthe

m xture-rati.o calculator 103. In _step S6 t he _.separatj,on processing

bl ock 622% kgtnnoeur%d;paarreaat i S5 telxéjr‘nré%'sseég%yob%%an%l rhe(’j‘;rrjl)x't ure ratio a
supplied fromdhe gLéLHre- rati o cal culator 103. In step §§p4, t he
uncovered area processor 631 extracts the background coﬂponents fromthe

pixe Valyesoly g lials gl yqigg.gvtaq@eofmﬁﬁaew&mi d area

supplied rom rame neno based on the area I'nformati on and
t he nixt%ﬁgﬁﬁanagheIgﬁ§g§¥%§§p§m4ﬁg{uncovered area processor 631
extracts ™ the foreground conponents tromthe pixel values of the pixels
bel onging to ke 4requakad a%@%gr QHRd saped aSURR! ipRF 3%l O tilke sinane
menory 621 based on the area information and
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
information indicating the covered background area and the
10 information indicating the uncovered background area
contained in the area information, and the mixture ratio o
for each pixel.
Fig. 55 is a block diagram illustrating an example of
the configuration of the separating portion 601 for
15 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
from the mixture-ratio calculator 103 and the mixture ratio
20 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

frame before frame #n, frame #n, and frame #n+l, which is

25 the frame one frame after frame #n.



- 164 the mxture ratio a. In step S606, the covered area processor 632
extracts the background conponents fromthe pixel values of the pixels
bel onging to the covered background area supplied 5 fromthe frane nenory
621 based on the area information and the mxture ratio a. In step S607,
the covered area processor 632 extracts the foreground conmponents fromthe
pi xel values of the pixels belonging to the covered background area
supplied 10 fromthe frame nenory 621 based on the area information and
the m xture ratio a. In step S608, thergynthesizer 633 conbines the
foreground conponents of the pixels belonging to the uncovered background
area extracted in the processing of 15 step S605 with the foreground
conponents of the pixels belonging to the cqQvered background area

ok 3 SPeRAGFS Hhe

extracted in B8 Ee EFRG Yo° SATTHEH % Pegand
conponent.s e supplied to the synthesizer 603.. The synthesizer 603
further Cohth TS (HE i XA LD BNGIHY TRTRBHE (57 SO L oo Fupp i ed
via the switch 602\%ffkﬁrg§2foreground conponents supplied fromthe

separatiﬁf?ﬁﬁ%ﬁ%? S0 ds"to generate a foreground conmponent inmage. In

T S50 ol EASL S SAES e TG eaorrt s, of e
proce§SirEbfguIaéfghs.discussed with reference to Figs. 53 and 54 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
background area and the uncovered background area and the
10 mixture ratio & so as to separate the foreground components
and the background components from the pixels belonging to
the mixed area in frame #n, and supplies them to a frame
memory 623.
The separation processing block 622 is formed of an
15 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
supplied from the frame memory 621 by the mixture ratio a,

20 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,
and supplies the pixel value multiplied by the mixture ratio

25 o supplied from the multiplier 641 to a calculator 643 and



step S604 with the background conponents 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 synthesizer 605. The
5 synt hesi zer 605 further conbines the pixels belonging to the background
area supplied via the switch 604 wth the background conponents supplied
fromthe separating portion 601 so as to generate a background conponent
imge. In step S610, the synthesizer 603 outputs the 10 foreground
conponent image. In step S611, the syntgeesi zer 605 outputs the background
conponent image. The processing is then conpleted. As discussed above, the
f or egr ound/ background separator 105 is able to separate the f or egr ound

he”ar oa SO OFHH T S The. rinA BT T 1ot “ahdb Ut Ll e B (i or ouna
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nmot i 0§ defggtorynl02 are supplied to a - 166 wunit-of-processing determ ning
portion 801, a nodel -form ng

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
to obtain the foreground components. The calculator 643

10 supplies the foreground components of the pixel in frame #n
belonging to the uncovered background area to the
synthesizer 633.

A multiplier 651 of the covered area processor 632

multiplies the pixel value of the pixel in frame #n-1

15 supplied from the frame memory 621 by the mixture ratio a,
and outputs the resulting pixel value to a switch 652. The
switch 652 is closed when the pixel of frame #n
(corresponding to the pixel in frame #n-1) supplied from the
frame memory 621 belongs to the covered background area, and

20 supplies the pixel value multiplied by the mixture ratio o
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
o output from the switch 652 is equivalent to the background

25 components of the pixel value of the corresponding pixel in



portion 802, and a cal culator 805. The area information supplied fromthe
area specifying unit 104 is supplied to the unit-of-processing determ ning
portion 801. The 5 foreground conponent image supplied fromthe

f or egr ound/ background separator 105 is supplied to the adder 804. The

uni t-of - processing determning portion 801 generates the unit of
processi ng based on the notion vector 10 and the positional information
thereof, and the area information, and supplies the generated unit of
processing to the nodel-form ng portiigp 802 and the adder 804. As
indicated by Ain Fig. 59, for exanple, the unit of processing generated
by the unit-of-processing determning 15 portion 801 indicates consecutive
pi xel s dhéPosed in the noving direction starting fromthe pixel

correspo *the covered background area of the foreground conponent

| ndtcat s LonEfE@B e RS R B At o e AT AR 1 B st i g
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t he | ower r|g t point. ng portion 802 forns el based on
supplies the foreground components of the pixel in frame #n

belonging to the covered background area to the synthesizer
633.
The synthesizer 633 combines the foreground components

10 of the pixels of frame #n belonging to the uncovered

background area and supplied from the calculator 643 with

the foreground components of the pixels of frame #n

belonging to the covered background area and supplied from

the calculator 653, and supplies the synthesized foreground
15 components to the frame memory 623.

The synthesizer 634 combines the background components
of the pixels of frame #n belonging to the uncovered
background area and supplied from the switch 642 with the
background components of the pixels of frame #n belonging to

20 the covered background area and 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

25 area of frame #n supplied from the separation processing



the notion vector and the input unit of processing. Mire specifically, for
exanpl e, the nodel-formng portion 802 may 5 store in advance a plurality
of nobdels in accordance with the nunmber of pixels contained in the unit of
processing, the nunmber of virtual divided portions of the pixel value in
the time direction, and the nunber of foreground conponents for each

pi xel . The nodel -form ng portion 802 may then 10 sel ect the nodel in which
the correlation between the pixel values and the foreground conponents is
designated, such as that in Fig. 60; lsised on the unit of processing and
the nunber of virtual divided portions of the pixel value in the tine
direction. .15 It is now assuned, for exanple, that the nunber of pixels
correspo%ﬁég%tébéhe unit of processing is 12, and that the anmount of.
novemnent Wthin the shutter tine is 5. Then, the nodel-form ng portion

802 sets the ’&:ﬁg’%ﬂﬁ&a‘?‘{e mérdrAle 4 qxt%oréﬂeo%scéxoeé%og{k‘?ﬁogiq%{”s a nmodel

formed of 20 e types © oreground conponents so ef t nost

i xel co j f e i X r | ef t
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contains two foregr onents, rrd pixel Tfromt t contains

three forggs ot LOMPONENESund tdEnd MR s b xetnd r;’?’ﬂkéi‘@ 1&ftn&aniadas four
pi xel 25 conponents, the fifth pixel fromthe |eft contains five - 168

foregsounghr£&HMONEdBe #he sixth pixel fromthe left contains five

foreground conponents, the seventh pixel from the left contains five

foreground comgoRasiliS.zilnie icfdMikture ratio o, which indicates the
feature quantity, the foreground components and the
background components contained in the pixel values can be
completely separated.

10 The synthesizer 603 combines the foreground components
of the pixels in the mixed area in frame #n output from the
separating portion 601 with the pixels belonging to the
foreground area so as to generate a foreground component
image. The synthesizer 605 combines the background

15 compohents of the pixels in the mixed area in frame #n
output from the separating portion 601 with the pixels
belonging to the background area so as to generate a
background component image.

Fig. 56A illustrates an example of the foreground

20 component image corresponding to frame #n in Fig. 52. The
leftmost pixel and the fourteenth pixel from the left
consist of only the background components before the
foreground and the background are separated, and thus, the
pixel vaiues are set to 0.

25 The second and fourth pixels from the left belong to



pi xel fromthe left contains five foreground conponents, the 5 ninth pixel
fromthe left contains four foreground conponents, the tenth pixel from
the left contains three foreground conponents, the el eventh pixel fromthe
|l eft contains two foreground conmponents, and the twelfth pixel fromthe

| eft contains one foreground conponent. 10 Instead of selecting a nodel
fromthe prestored nodels, the nodel-form ng portion 802 nmay generate a
nodel based on the notion vector and the unit of processing when the
notion vector and the unit of procesdigry -are supplied. The nodel -form ng
portion 802 supplies the selected 15 nodel to an equation generator 803.
The equation generator 803 generates an equation based on the nodel

plied f h d 8 d bel
N CRE gt s e Yt M b SR L ER S o e
) f
Fig 60, X 2% O%L@ Io&s n%{%&d lgy(% & ml O{hge&e&?i]% r§C93 when t he

nunber groun conp ne p|xe correspondi ng

to the u i . \When
the foregr ofg&ég%%pgan%zén{%%ont al ngé@}gd Th’?% or egr oun corrrpl)%nea?ﬁesi mage
correspong 10 4 o d e Sf}lrgtglrever;*@r?g‘%ﬁfl%%éﬁ’ a&&%@éﬁ%tﬁm F8h Vend N

rel ati onshi ps between FO1/v throu v and the pixel values COL through

Cl2 cgn RereXUESRPd DY iUt ORsd (40 kd A8 e £8D)pe £5e =H 01/ v (74)

foreground and the background are separated. Accordingly,

the background components are set to 0, and the foreground

components are maintained. The fifth through tenth pixels

from the left consist of only the foreground components,
10 which are thus maintained.

Fig. 56B illustrates an example of the background
component image corresponding to frame #n in Fig. 52. The
leftmost pixel and the fourteenth pixel from the left
consist of only the background components before the

15 foreground and the background are separated, and thus, the
background components are maintained.

The second through fourth pixels from the left belong
to the uncovered background area before the foreground and
the background are separated. Accordingly, the foreground

20 components are set to 0, and the background components are
maintained. The eleventh through thirteenth pixels from the
left belong to the covered background area before the
foreground and the background are separated. Accordingly,
the foreground components are set to 0, and the background

25 components are maintained. The fifth through tenth pixels



5 @2 = F02/v+FQLl/v (75) CO3 = FO3/v+F02/v+FA v (76) Q04 =

F04/ v+F03/ v+F02/v+FA v (77) CO5 = FO5/v+F04/v+F03/v+F02/v+FAy (78) Q06 =
FO6/ v+F05/ v+F04/ v+F03/ v+F02/v (79) 10 CO7 = FO7/v+F06/v+F05/ v+F04/ v+F03/ v
(80) C08 = FO08/v+F07/v+F06/v+F05/v+F04/v (81) C09 =

FO8/ v+F07/ v+F06/ v+FO5/v (82) Cl10 = FO8/v+FO07/v+F06/v (83) Cl1 =

FO8/ v+F07/v (84) 15 Cl2 = F08/v (85) The equation generator 803 generates
an equation by nodifying the generated equations. The equations generated
by the equation generator 803 are indile®ed by equations (86) though (97).
20 COL = 10FQO1/v+0F02/ v+0F03/ v+0F04/ v+0F05/ v +0OF06/ v+0F07/ v+O FO8/ v (86)
C02 = 1SFO1/v+1l FQ2/ v+0F03/ v+0O F04/ v+0O FO5/v +OF06/ v+0F07/v+O F08/v (87)
C03 = 10F01/v+10FQ2/v+10F03/ v+0F04/ v+0OFQ5/ v, 25 +0 FO6/v+0F07/v+OF08/v (88
- 170 o0F ¥ T %xﬁﬁfoﬁd’z}%% ISFRECA S, FE0RT RPN S OB AT 08§v)
(89) Q05 = 10FQ1/v+10FQ2/ v+10F03/v+10FE04/ v+1FO05/ v +0F06/ v+0F07/ v+0F08/ v
(90) 5 (OB RHEOF0A T FR0S VESTFo A VO:LI-'10F05/V

The processing for separating the foreground and the
background executed by the foreground/background separator
5 105 is described below with reference to the flowchart of
Fig. 57. 1In step $601, 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
10 subsequent frame #n+1.

In step S602, the separation processing block 622 of
the separating portion 601 obtains area information supplied
from the mixture-ratio calculator 103. 1In step S603, the
separation processing block 622 of the separating portion

15 601 obtains the mixture ratio o supplied from the mixture-
ratio calculator 103.

In step 5604, the uncovered area processor 631 extracts
the background components from the pixel values of the
pixels belonging to the uncovered background'area supplied

20 from the frame memory 621 based on the area information and
the mixture ratio a.

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

25 from the frame memory 621 based on the area information and



+1F06/ v+OF07/ v+OOF08/ v (91) Q07 00F01/ v+0F02/ v+10F03/ v+10F04/ v+10F05/ v
+10F06/ v+10FO7/ v+OF08/ v (92) C08 = 0OOF. 01/ v+0F02/v+0F03/v+1F04/ v+l FO5/v 10
+10F06/ v+10FO7/ v+1FO8/v (93) (09 = 00F01/v+0F02/v+0F03/v+0F04/ v+1F05/ v
+10F06/ v+10FO7/ v+10F®8/ v (94) Cl10 = 00F01/v+0F02/v+0F03/v+0F04/v+0F05/v
+1F06/ v+19FO7/ v+10FO8/v (95) 15 Cll OF01/ v+0F02/ v+0F03/ v+0F04/ v+0F05/ v
+0F06/ v+10F07/ v+10F08/v (96) Cl2 = OOFcn/v+0F02/v+0F03/v+0F04/v+0F05/v
+0F06/ v+0F07/ v+10F08/v (97) Equations (86) through (97) can be expressed by
20 equation (98). oa g = EaijFi/~v1640k (98) In equation (98), |

desi gnates the position of the pixel. In this exanple, j has one of the
val ues fron11 to In equation (98), i designates the position of the -

171 for (%ég%ln%aérthns exanple, i has one of the values from1l to
8. In equ |on as’the value 0 or 1 according to the values of

and j. Equatiqp (98) &3%ePe tRPIRIRELPLY RWPIRULLDD 632 extracts

the background components from the pixel values of the

pixels belonging to the covered background area supplied
5 from the frame memory 621 based on the area information and
the mixture ratio «.

In step $607, the covered area processor 632 extracts
the foreground componeﬁts from the pixel values of the |
pixels belonging to the covered background area supplied

10 from the frame memory 621 based on the area information and
the mixture ratio .

In step S608, the synthesizer 633 combines the
foreground components of the pixels belonging to the
uncovered background area extracted in the processing of

15 step S605 with the foreground components of the pixels
~ belonging to the covered background area extracted in the
processing of step S607. The synthesized foreground
components are supplied to the synthesizer 603. The
synthesizer 603 further combines the pixels belonging to the
20 foreground area supplied via the switch 602 with the
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

25 uncovered background area extracted in the processing of



5 consideration of the error. 08 ¢ = 1] aijFi/v+ej 1=01 (99) In
equation (99), e designates the error contained in the designated pixel
g . Equation (99) can be nodified into equation (100). 08 10 ¢f = (-
laijFi/v 1=01 (100) In order to apply the method of |east squares, the
square sum E of the error is defined as equation (101). 12 E _ 1] ej2
j=01 2 e In order to mnimze the error, the partial 15 differenti al

val ue using the variable Fk with respect to the square sumE of the error
should be 0. Fk is determ ned so that 1&fuation (102) is satisfied. a E 12
Uej r*"Fk =01 & j 12 08

step 5604 with the background components of the pixels
belonging to the covered background area extracted in the
processing of step S606. The synthesized background
components are supplied to the synthesizer 605. The
5 synthesizer 605 further combines the pixels belonging to the
background area supplied via the switch 604 with the
background components supplied from the separating portion
601 so as to generate a background component image.
In step S$610, the synthesizer 603 outputs the
10 foreground component image. In step S611, the synthesizer
605 outputs the background component image. The processing
is then completed.
As discussed above, the foreground/background separator
105 is able to separate the foreground components and the
15 Dbackground components from the input image based on the area
information and the mixture ratio ¢, and outputs the
foreground component image consisting of only the foreground
components and the background component image consisting of
only the background components.
20 Adjustments of the amount of motion blur from a
foreground component image are described below.
Fig. 58 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

25 supplied from the motion detector 102 are supplied to a



=2 - E{(G - laij Fi /v) (-akj /v) =0 j=01i=01 (101) (102) In equation
(102), since the amount of novenent v is a 20 fixed val ue, equation (103)
can be deduced. - 172 12 0Oe 1. akj (G- 2: aijFi/v) =0 i=01 (103) To
expand equation (103) and transpose the terns, equation (104) can be
obtained. 12 08 12 2: (akjl aU. FO =vya)V(Q x.01 1.01 x.01 (104) 5
Equation (104) is expanded into eight equations by substituting the

i ndividual integers from1l to 8 into k in equation (104). The obtained

ei ght equations can be expressed by amss matri x equation. This equation is
referred to as a "normal equation”. 10 An exanple of the normal equation
generated by the equation generator 803 based on the nmethod of | east

squares 15 | Nk GaL A bY; SAUAH O (iR porddSh sof, 3 Fndadh % ShnfiFH
portion 802, and a calculator 805. The area information
supplied from the area specifying unit 104 is supplied fo
the unit-of-processing determining portion 801. The
5 foreground component image supplied from the
foreground/background separator 105 is supplied to the adder
804.
The unit-of-processing determining portion 801
generates the unit of processing based on the motion vector
10 and the positional information thereof, and the area
information, and supplies the generated unit of processing
to the model-forming portion 802 and the adder 804.
As indicated by A in Fig. 59, for example, the unit of
processing generated by the unit-of-processing determining
15 portion 801 indicates consecutive pixels disposed in the
moving difection 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
20 the moving direction starting from the pixel corresponding
to the uncovered background area until the pixel
corresponding to the covered background area. The unit of
processing is formed of two pieces of data which indicate,
for example, the upper left point (which is the position of

25 the leftmost or the topmost pixel in the image designated by



45432100F02 34543210F03 23454321F04 123454
32F05 01234543F06 00123454F07 0001234 5J F08J
12 ECI i=08 11 101 C i-06 09 =v EC i-05(105) 08 2: C i-04 07
06 1 G i-02 05
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the unit of processing) and the lower righ£ point.

The model-~forming portion 802 forms a model based on
the motion vector and the input unit of processing. More
specifically, for example, the model-forming portion 802 may

5 store in advance a plurality of models in accordance with
the number of pixels contained in the unit of processing,
the number of virtual divided portions of the pixel wvalue in
the time direction, and the number of foreground components
for each pixel. The model-forming portion 802 may then

10 select the model in which the correlation between the pixel
values and the foreground components is desigﬁated, such as
that in Fig. 60, based on the unit of processing and the
number of virtual divided portions of the pixel value in the
time direction.

15 It is now assumed, for example, that the number of
pixels corresponding to the unit of processing is 12, and
that the amount of movement v within the shutter time is 5.
Then, the model-forming portion 802 sets the number of
virtual divided portions to 5, and selects a model formed of

20 eight types of foreground components so that the leftmost
pixel contains one foreground component,_the second pixel
from the left contains two foreground components, the third
pixel from the left contains three foreground components,
the fourth pixel from the left contains four pixel

25 components, the fifth pixel from the left contains five



~Cl 1=01 J When equation (105) is expressed by AF=vSC, C, A and v are
known, and F is unknown. A and v are known when the 5 nodel is forned,
whil e C beconmes known when the pixel value is input in the addition
processing. By calculating the foreground conponents according to the

nor mal equation based on the nmethod of |east squares, the error contained
in the pixel C can be distributed. 10 The equation generator 803 supplies
the normal equation generated as di scussed above to the adder 804. The
adder 804 sets, based on the unit of- gregcessing supplied fromthe

uni t-of - processi ng determ ning portion 801, the pixel value C contained in
the foreground conponent 15 inage in the matrix equation supplied fromthe

equatlon 174 ener at or 803. T e adder, 804 supplies th tr|x in which
t he pi xel £]% ?%ro'%’ %o?en%s cattl ajt’g?h eilj' ad: %I% eJt Ot 805 cal cul at es

the fore%o%%d;b&so”?%r%or rfci 0&1%&&@9 'Ol béér'& eé} :gé{‘g £ by the

processi ng ase on a SO as a’ sweep OU uss Jordan
Tt o ?%ﬁ@avﬁ?%ﬁf&ﬂ%&fééw ptssl e Lapene ol the
el i m nat g6k x chher r SRl G af OF + 80oh £ ERs Oflixpé'tﬁoﬁ 6%&9&&%&9@0% i mage
10 consisting of the pixel values Fi w thout notion blur,” such as that in
Fig. 61, dihth Witon-didk addere 806ahfns four foreground
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.
10 Instead of selecting a model from the prestored models,
the model-forming portion 802 may generate a model based on
the motion vector and the unit of processing when the motion
vector and the unit of processing are supplied.
The model-forming portion 802 supplies the selected
15 model to an equation generator 803.
The equation generator 803 generates an equation based
on the model supplied from the model-forming portion 802. A
description is given below, with reference to the model of
the foreground component image shown in Fig. 60, of
20 equations generated by the equation generator 803 when the
number of foreground components is 8, the number of pixels
corresponding to the unit of processing is 12, and the
amount of movement v is 5.
When the foreground components contained in the

25 foreground component image corresponding to the shutter



sel ector 807. In the foreground conponent inmage w thout notion blur shown
in Fig. 61, the reason for setting FOL through FO8 in 15 C03 through C10,
respectively, is not to change the position of the foreground conponent '
image with respect to the screen. However, FOl1l through FO8 may be set in
any desired positions. The notion-blur adder 806 is able to adjust the
anount of notion blur by adding the anount v' by which notion blur 20 is
adj usted, which is different fromthe amount of novenent v, for exanple,

t he amount v' by which notion blur isjedjusted, which is one half the

val ue of the amount of novenent v, or the anmount v' by which notion blur
is adjusted, which is irrelevant to the anDunt of novenent v. 25 For

For or oUrd B ABI WA KL A Tt HOA BN B Orm B CH RS BHRURC B which
bl d ob h Fi/v'.

o 0 B Pl ST L ST

conponentgeblé)éﬁllessg%g é;%)ye :{c‘%é n%‘?)hetﬂvﬁ?#h ﬂéy)e in which the anmount

of notion or exa amount v' by which
nmotion blur i$@diustyd.is 3, the pixel value C02 is se&og p (FO1)/v", the
pi xel val ue C3 IS set to (FOL+FO2)/v', the pixel value is set to 10
(FO1+E02+F03) Ingo, A AMamixel value CO5 is set to (FO2yEMEB+FO4)/v'. The
not i on- bl ur adder 806 supplles t he foreground

C03 = F03/v+F02/v+F0lv (76)
C04 = F04/v+F03/v+F02/v+F0lv (77)
C05 = FO05/v+F04/v+F03/v+F02/v+F0lv (78)
C06 = FO06/v+F05/v+F04/v+F03/v+F02/v (79)
10 C07 = FO07/v+F06/v+F05/v+F04/v+F03/v (80)
C08 = F08/v+F07/v+F06/v+F05/v+F04/v (81)
C09 = F08/v+F07/v+F06/v+F05/v (82)
Cl0 = FO08/v+F07/v+F06/v (83)
Cll = FO08/v+F07/v (84)
15 Cl2 = F08/v (85)

The equation generator 803 generates an equation by
modifying the generated equations. The equatiohs'generated
by the equation generator 803 are indicated by equations

(86) though (97).

20 COl = 1eF01/v+0eF02/v+0eF03/v+0eF04/v+0eF05/v
+08F06/v+0eF07/v+0eF08/v (86)

C02 = 1eF01l/v+1eF02/v+0eF03/v+0eF04/v+0eF05/v
+08F06/v+0eF07/v+0eF08/v (87)

C03 = 1eFQ1l/v+1eF02/v+1eF03/v+0eF04/v+0eF05/v

25 +0eF06/v+0eF07/v+0eF08/v (88)



conponent image in which the anobunt of notion blur is adjusted to a

sel ector 807. 15 The sel ector 807 selects one of the foreground conponent

i mge without notion blur supplied fromthe calculator 805 and the '
foreground conponent inmage in which the anmount of notion blur is adjusted
supplied fromthe notion-blur adder 806 based on a sel ection signal
reflecting 20 a user's selection, and outputs the selected foreground
conponent image. As di scussed above, the notion-blur adjusting unit 106 is
able to adjust the anmount of notion-blimo based on the selection signal and
t he amount v' by which notion blur is 25 adjusted. - 176 Also, for
exanpl e, when the nunber of pixels corresponding to the unit of processing

ot on- DI o] GO W TRPE 108 eter St R Ay Muat Yon oxpr essed by

equation (106). 4 3 2 1 01 K E 4 3 2 FO3 2343
F0a" 01 23 AF 0 51 i=05 Q3rRskytoirbrivEberod/d (89

CO05

1eF0l/v+1eF02/v+1eF03/v+1eF04/v+1eF05/v
+0eF06/v+0eF07/v+0eF08/v (90)

5 C06 = 0eF01/v+1eF02/v+1eF03/v+1eF04/v+1eF05/v
+1eF06/v+QeF07/v+0eF08/v (91)

C07 = QeF01l/v+0eF02/v+1eF03/v+18F04/v+1eF05/v
+18F06/v+18F07/v+0eF08/v (92)

C08 = QeF01/v+QeF02/v+0eF03/v+1eF04/v+1eF05/v
10 +1eF06/v+1eF07/v+1eF08/v (93)

C09 = QeF01/v+0eF02/v+0eF03/v+0QeF04/v+1eF05/v
+18F06/v+1eF07/v+1eF08/v (94)

Cl0 = QeF01l/v+Q0eF02/v+0eF03/v+0eF04/v+0eF05/v
+1eF06/v+1eFQ07/v+1eF08/v (95)

15 C11 = 0eF01/v+0eF02/v+0eF03/v+0eF04/v+0eF05/v
+0eF06/v+1eF07/v+1eF08/v (96)

Cl2 = QeF(01/v+0eF02/v+0eF03/v+0eF04/v+0eF05/v
+0eF06/v+0eF07/v+1eF08/v (97)

Equations (86) through (97) can be expressed by

20 equation (98).

08
cji= D aij-Fi/v (98)

i=01

In equation (98), j designates the position of the
pixel. 1In this example, j has one of the values from 1 to

12. 1In equation (98), i designates the position of the



=Vi=04 06 ECG (106) i=03 05 E G i=02 04 In this manner, the
notion-blur adjusting unit 106 calculates Fi, which is the pixel value in
whi ch the anount 10 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. 15 Fig. 64 illustrates an exanpl e of another configuration

of the notion-blur adjusting unit 106.17Rhe. sane el enents as those shown in
Fig. 58 are designated with |ike reference nunerals, and an expl anation
thereof is thus onitted ‘Based on a selection signhal, a selector 821

directly - 177 plles an inp notion vector. and a po |t|onal nal
Lher eof * tEPTSREQHAY - 67 ‘b%ce%%.ﬂbl%emwln?ngl T e BRE Chparabed

odel - {or g 49 POLL 1 o 802 AL IR {8 Yt 2OLSS 941 82T TR pUbStitute

according to the values of i and j.
Equation (98) can be expressed by equation (99) in

5 consideration of the error.

08

Cj=Zaij-Fi/v+ej (99)

i=01

In equation (99), ej designates the error contained in
the designated pixel Cj.

Equation (99) can be modified into equation (100).

08
10 ej=Cj- D aij-Fi/v (100)

i=01

In order to apply the method of least squares, the

square sum E of the error is defined as equation (101).

12
D e (101)

j=01

In order to minimize the error, the partial
15 differential value using the variable Fk with respect to the
square sum E of the error should be 0. Fk is determined so

that equation (102) is satisfied.
0E . < Oej
= _ 5. e » —=
oFk &7 ork
' (102)

12 08
=22 {Cj- D aij-Fi /v - (akj / v) =

j=01 i=01
In equation (102), since the amount of movement v is a

20 fixed value, equation (103) can be deduced.



5 vector by the amount v' by which notion blur is adjusted, and then
supplies the notion vector and the positional signal thereof to the

uni t-of -processing determning portion 801 and the nodel -form ng unit 802.
Wth this arrangenent, the unit-of-processing 10 determ ning portion 801

t hrough the cal cul ator 805 of the notion-blur adjusting unit 106 shown in
Fig. 64 are able to adjust the anbunt of notion blur in accordance with
the anount of novenent v and the amount v' by which notion blur is

adj usted. For exanple, when the anmount 70f -movenent v is 15 5, and the
amount v' by which notion blur is adjusted is 3, the unit-of-processing
determ ning portion 801 through the calculator 805 of the notion-blur
adjusting,unit 106 sheggsm in Fig. 64 execute conputation on the foreground
conponent ia@ge(cijn_\/\@ %qjt.hp-laynplzplg:t cof novenent v is 5 shownyiigy)Fig. 20 60
accordi ng-T.0 the nmodeEoashown in Fig. 62 in which the amount v' by which
notion blur is adjusted is 3. As a result, the i mage containing notion

bl havi f / '
oy i ch ot Fn SEARe, st RLETT0sY o Rho ATAMEbATe EKETRa) | SNCU o8

In this tj.td?{a ﬂqj@ulc%trpqa i 'Bigf‘aiqfé?ﬁ not contain notion - 178 bl ur

correspondi ng to the anount of novenent v of 3. Accordingly, it should be
not ed t hag t%ﬁéie[at[onsgig_ between the anount of novement v and the
anount V' o Fiiot Vel G is adjusted is different fronttdfd result of
the 5 notfon-kBPur adder/~8B06.

5 Equation (104) is expanded into eight equations by
substituting the individual integers from 1 to 8 into k in
equation (104). The obtained eight equations can be
expressed by one matrix equation. This equation is referred
to as a "normal equation'.

10 An example of the normal equation generated by the
equation generator 803 based on the method of least squares

is indicated by equation (105).



As di scussed above, the notion-blur adjusting unit 106 generates the
equation in accordance with the anount of novenent v and the unit of
processing, and sets the pixel values of the foreground conmponent inage in
t he generated 10 equation, thereby cal cul ating the foreground conponent
image in which the amount of notion blur is adjusted. The processing for
adj usting the anount of notion blur contained in the foreground conponent
i mge executed by the notion-blur adjusting unit 106 is described bel ow
with 15 reference to the flowhart of 1F3g.- 65. In step S801, the

uni t-of-processing determning portion 801 of the notion-blur adjusting
unit 106 generates the unit of processing based on the notion vector and
the area information, and supplies tféﬁgen$rated unit of 20 processing to
the nodel -form ng portion 802. In step. ©3, the nodel -forning portion 802
of the notion-blur adjusting unit 106'%&l €cts or generates the nodel in
accordance with the amount of novenent afnd the wunit of processing. In
step S803s thesequaf i gn (gefiFraiPr 25 g037ggnerates the normal equation
based on |t he selected - 179 del . |nSstgp S804, the adder 804 sets the
pi xel val|fes® of @héZféréeruﬁaﬂconponeQZthage in the generated nornal

equation.|3 g sgem S803, 1t het | adger 804 d&t er|mi nes whether 5 the pi xel val ues

iofS aalle![emjezng%xglhic%)aée%og :1%89 t:;behzo?tﬁ_ of processing ar(elOSSe)t. If it
1 23 45 4 3 2/|F05 ici
0 1 2 3 4 5 4 3|F04q =04
0 01 2 3 4 5 4[F07 > cdl
0 0 01 2 3 4 5|Fog| Loa

When equation (105) is expressed by AeF=veC, C, A, and v

are known, and F is unknown. A and v are known when the
5 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.

10 The equation generator 803 supplies the normal equation
generated as discussed above to the adder 804.

The adder 804 sets, based on the unit of processing
supplied from the unit-of-processing determining portion 801,
the pixel value C contained in the foreground component

15 image in the matrix equation supplied from the equation



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 10 nornmal equation is repeated. If it is determ ned
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 ator 805 cal cul ates the pixel values of the 15 foreground
in which the anount of notion blur is adjusted based on the nornal
equation in which the pixel values arag74set supplied fromthe adder 804.
The processing is then conpleted. As discussed above, the notion-blur
adjusting unit 106 20 is able to adjust the anbunt of notion blur of the

foreground inm e €9 i ni no ed on .t he notion, and the
area i nf A fﬂgﬁ 4% 3QQF5Q?R %ﬁh?ﬁﬁ W%%:ﬁﬁdﬂht%quhntlon

bl ur conté ned in th |, vaI s t hat cont d in 25 sanpled data.
- 180 Flgegh erh' Vﬁlgec)lg’e tHIusCt l}ln‘slg1_’°an(a)4 er exarrple of the

Conflguratlonﬂf %@%ctaata't%r} %'o%r g(ilc&ﬁstt@g o Hiorallit WA ticL O] and

t he positional Fivation t hereo e I on detector 102

:ge supplg €4, tﬂ:cﬁn %5{635’151{ fxﬁitl%rPGc?l % deﬁltl%ﬁla[‘& t% :}?lgcﬁc"esaﬁqxga”
jUStlng pOI’tIOﬂ e area I ormat1 on sup |ed e ared
speci 5yi i diY tonl O 41 Sl | edhdip 4& Léﬂ&éepp-fo@é e dY(Gauss-
Jordan elimination), so as to obtain Fi corresponding to i
indicating one of the integers from 0 to 8, which is the
pixel value from which motion blur is eliminated. The
calculator 805 then outputs the foreground component image
10 consisting of the pixel values Fi without motion blur, such
as that in Fig. 61, to a motion-blur adder 806 énd a
selector 807.
In the foreground component image without motion blur
shown in Fig. 61, the reason for setting FO01l through F08 in
15 C03 through Cl0, respectively, is not to change the position
of the foreground component image with respect to the screen.
However, F0l1 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
20 is adjusted, which is different from the amount of movement
v, for example, the amount v' by which motion blur is
adjusted, which is one half the value of the amount of
movement v, or the amount v' by which motion blur is

adjusted, which is irrelevant to the amount of movement v.

25 For example, as shown in Fig. 62, the motion-blur adder 806



determ ning portion 901. The foreground conponent inmage supplied fromthe
f or egr ound/ background separator 105 is 10 supplied to a cal cul ator 904. The
uni t-of -processing determ ning portion 901 generates the unit of "
processi ng based on the notion vector and the positional information
thereof, and the area information, and supplies the generated unit of
processing 15 to a nodel -form ng portion 902 together with the notion
vector. The nodel -form ng portion 902 forns a nodel based on the notion
vector and the input unit of processings Mre specifically, for exanple,

t he nodel -form ng portion 902 may 20 store in advance a plurality of nodels
in accordance with the nunber of pixels contained in the unit of

ing, . th m f Vi | divided ' f the pixel I [
Phe. 1 me G e atF CH WG O Foh ey ot BARorE et fobaeh
pixel . T S rr_Dan% 'r{ C)rvm- r}%{ %J’Féhon ogtoi2 l\.rlpe{]s 28.5%:}?1%1?%& %@eayngoe' In which
ki elo =Y e

the correration between -t he pix Val ues oreground

conmponent §._ .S i i Flg. n. unit of
processi nééjoﬂaérllfteﬁ{eeg%%ggéé%@vﬁ?puéa{@ﬁ vﬁl]lcxe:‘égbo?]t?rli%ns 0 r?hq%l%?xel val ue
Inthe tige dig@etinth aldylSdOWms iR e foujdiat the number

of pixels corresponding to the unit of processing I1s 12, and that the

amount ofdmyaiEMs e W NI et diesisP U d e r 44 18y | €n o piddienvatdie spdel -forni ng
portion 902 sets the nunber of

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 (F01)/v', the pixel value C3

is set to (F01+F02)/v', the pixel value C04 is set to

10 (FO1+F02+F03)/v', and the pixel value C05 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.

15 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

20 a user's selection, and outputs the selected foreground
component image.

As discussed above, the motion-blur adjusting unit 106
is able to adjust the amount of motion blur based on the
selection signal and the amount v' by which motion blur is

25 adjusted.



virtual divided portions to 5, and selects a nodel fornmed of 10 eight types
of foreground conponents so that the |eftnost pixel contains one

f oreground conponent, the second pixel fromthe left contains two
foreground conponents, the third pixel fromthe left contains three
foreground conponents, the fourth pixel fromthe left contains four pixel
15 conponents, the fifth pixel fromthe left contains five foreground
conponents, the sixth pixel fromthe left contains five foreground
conponents, the seventh pixel from thedeft contains five foreground
conponents, the eighth pixel fromthe left contains five foreground
conponents, the 20 ninth pixel fromthe left contains four foreground
conponents, tentgﬁflxel fromthe |eft contalns three foreground

component s, S e FETt IR RGP Af MOYRT &' PRt f or egr ound
ts dt twel ft | the | eft f d
ComponentS drzrgé'ﬁ%%fa S 0 ety of FRRTSITERT (1R r eLtbr o AHEHET - 182

t he nDdeI ormn ortion 902 m enerat el _based, on fe not i on
oo oo of HAORRO B0 B R T B TR E LR P B T O

Eéiéﬁssé%ﬂf%%ﬁh}f%&ﬁ S %ai’*ﬁ% S L
descrigpt i éﬁﬁéﬁ)ifﬂyen with reference to the nodels of foreground

conponent Trmages shown In Figs. 67 through 69, of an exanple of the
equation generated by the equcﬁif Yenerat or 903 when the nunber of
. Ci

f or egr ound
1=05
(4 3 2 1 ofFo1] ZCi
3 4 3 2 1]|F02 i=04
2 3 43 2|F03 =v.|) ci (106)
1 2 3 4 3||{Fo4 s
0 1 2 3 4]Fosl] 2 ci
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In this manner, the motion-blur adjusting unit 106
calculates Fi, which is the pixel value in which the amount

10 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.

15 Fig. 64 illustrates an example of another configuration
of the motion-blur adjusting unit 106. The same elements as
those shown in Fig. 58 are designated with like reference
numerals, and an explanation thereof is thus omitted.

Based on a selection signal, a selector 821 directly



10 conponents is 8, the nunber of pixels corresponding to the wunit of
processing is 12, and the amount of novenent v is 5. Wen the foreground
conponents contained in the foreground conponent imge corresponding to the
shutter tinme/v are FO1/v through FO8/v, the relationships between 15
FO1/v through FO8/v and pixel values COL through Cl2 can be expressed by
equations (74) through (85), as stated above. By considering the pixel

val ues Cl2 and Cl1, the pixel value Cl2 contains only the foreground
conponent FO08/v, as expressed by equatipn (107), and the pixel value dI
20 consists of the product sum of the foreground conponent FO08/v and the -
f oreground conponent FO7/v. Accordingly, the foreground conponent FO7/v
can be foun uatj on éloag FO8/v = Cl2 (107 FO7/v = Cl11-Cl2 (108) 25
Slnllarlysu%@P{%ﬁ HetPRIYE tHREFR cHR ot %%ﬁp%n% titional sighdhined in the

i xel val C1D th h 1, f d ts FOB/ h
Po1/ v cart Be- ¥k ”?}%’eo’e%?.%%spm o3 PR ot (a0 raepetet i) Roer v -

50 G WEH IR e
(114) . stlriﬁc@&lPaéiP’}n%?”&S@é@{t@Pé GEDShALEBLLRE SHURL ARSI 9K
5 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

10 determining portion 801 through the calculator 805 of the
motion-blur adjusting unit 106 shown in Fig. 64 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 v is

15 5, and the amount v' by which motion blur is adjusted is 3,
the unit-of-processing determining portion 801 through the
calculator 805 of the motion—bluf adjusting unit 106 shown
in Fig. 64 execute computation on the foreground component
image in which the amount of movement v is 5 shown in Fig.

20 60 according to the model shown in Fig. 62 in which the
amount v' by which motion blur is adjusted is 3. As a
result, the image containing motion blur having the amount
of movement v of (amount of movement v)/{amount v' by which
motion blur is adjusted) = 5/3, i.e., about 1.7 is obtained.

25 In this case, the calculated image does not contain motion



cal cul ating the foreground conmponents by the difference between the pixel
val ues, as indicated by the exanples of equations (107) through (114). 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 pi xel values are set. For exanple, when equations (107) through (114)
20 are supplied fromthe equation gengrat ar 903, the calculator 904 sets
t he pi xel values Q05 through Cl12 in equations (107) through (114). The
cal cul at or 904 cal cul ates the foreground conponents based on the equations
in which the pixel values are set. 25 For (gga |l e, the calcul ator 904
cal cul at B YhEFHESRUHND GBS AN Y]MYHr olight FO8/ v, as shown
in Fig. 68, based . on the calculations of equations (107) through (114) in
whi ch'i he S oS COH T H DU TS b the e 0f Wit 904
supplies . the foreground components FO1/v 5 thraugh FO8/v tp .the adj.usting
portion é?)%‘.weﬁ%_%bﬁ' PRI pof (TOF° rr‘ﬁl%?%l%‘% FHH o r b griint £en
Co”pof‘e”géoéi‘@ﬁ'ﬂﬁﬁi Tirsona@fsé‘ea& cul aéi’%f?gxoé‘n%’y#m é@%’“f‘ésﬁt Jpvarent v
contained 1n e noti‘on vector supplie rom the unit-of-processing
det er gi ni ng. RO LI QN 94)&?6910 #pg o obtain 10 the foreground pixel values from
whi ch not oanf ur 1s elim na?'ed. For exanpl e, when the foreground
conponent s 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

10 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

15 reference to the flowchart of Fig. 65.

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

20 processing to the model-forming portion 802.

In step S$S802, the model-forming portion 802 of the
motion-blur adjusting unit 106 selects or generates the
model in accordance with the amount of movement v and the

unit of processing. In step S$803, the equation generator

25 803 generates the normal equation based on the selected



FO1/v through FO8/v are supplied fromthe cal culator 904, the adjusting
portion 905 multiples each of the foreground conponents FO1/v through
FO8/v by the anobunt of novenent v, 15 i.e., 5 so as to obtain the
foreground pi xel values FOL through FO8 from which notion blur is
elimnated, as showmn in Fig. 69. The adjusting portion 905 supplies the
foreground conponent inage consisting of the foreground pixel values 20
wi t hout notion blur cal culated as descri bed above to a notion-blur adder
906 and a sel ector 907. The notion-bl yrzoadder 906 is able to adjust the
anount of notion blur by using the amount v' by which notion blur is
adj usted, which is different fromthe anount of novenment 25 v, for
exanpl e, the anount v' by which notion blur is - 185 adjusted, which is
one haIf"Fﬁgﬂvalue of the anount of nnvenent'v or the amount v' by which

notion blur i jus , C evant to the _anoun vement v.
For exanpl e, §£ Eﬁgﬁng%§4Fl h G?d%tﬁeg ti°6 Sbﬁﬁr gddsr J Géugsdl i des the
foregrou i N I gpqun; v, by which
noti on blncglreolfs@acﬂv ed dsoéﬁlijffrh?tqH-’t o da T éﬂef t(ﬁlegroun co onlent FI/V :

The noti n ad %?g% £t nd f
corrponen%rshl% /v , tﬁig{e generat| ng t e pi xsg)l?4 val ue i nrmes vﬁ %ut he
amung OftHH)t;il%lb|\}Hlde% ark légﬂlecbhé:%lmad@cﬁnre 1{2!;? EITHYE BhiDY

which nmotion blur is adjusted is 3, 'the pixel value COZ is set to
(FO1)/ V' ot hrleinpldte G:t. 1If 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
10 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 S5806. In step 5806,
the calculator 805 calculates the pixel values of the
15 foreground in which the amount of motion blur is adjusted
based on the normal equation in which the pixel wvalues are
set supplied from the adder 804. The processing is then
completed.
As discussed above, the motion-blur adjusting unit 106
20 is able to adjust the amount of motion blur of the
foreground image containing motion blur based on the motion
vector and the area information.
That 1s, it is possible to adjust the amount of motion

blur contained in the pixel values, that is, contained in

25 sampled data.



is set to (FO1+F02)/v', the pixel value C0O4 is set to (FO1+F02+F03)/vVv',

and the pixel value C05 is set to 15 (FO02+F03+F04)/v'. The notion-bl ur

adder 906 supplies the foreground conponent image in which the amount of
notion blur is adjusted to the selector 907. The sel ector 907 selects
either the foreground 20 conponent image w thout notion blur supplied from
the adjusting portion 905 or the foreground conponent inage in which the
anount of notion blur is adjusted supplied from the notion-blur adder 906
based on a selection signal reflectngoa-user's selection, and outputs the
selected 25 foreground conponent image. - 186 As discussed above, the
notion-blur adjusting unit 106 1is able to adjust the anmount of notion blur

b d th I i i I d. th t .v' by which ti bl i
based on {1 139 °6e1 98, 2 WAL 00 Lhe ATIL L L LR I LR b 1S,
f t byt tion-Dbl dj ust. I 106 fi d
ore0roung SARCUL AR ANS R Yo S USILNG U 08 AT iy 0 o

P9 00, i SR SO0kcdde il tonl acasslng G0 dibhgrd fon 901 of

the noti 'ur—a i ng uni enerates e uni processi ng based

oS TG M e AP TP o AL PR e oeneraces
5 unit-of-processing determining portion 901 and an adjusting
portion 905. The area information supplied from the area
specifying unit 104 is supplied to the unit-of-processing
determining portion 901. The foreground component image
supplied from the foreground/background separator 105 is
10 supplied to a calculator 904.

The unit-of-processing determining portion 901
generates the unit of processing based on the motion vector
and the positional information therecf, and the area
information, and supplies the gene:ated unit of processing

15 to a model-forming portion 902 together with the motion
vector.

The model-forming portion 902 forms a model based on
the motion vector and the input unit of processing. More
specifically, for example, the model-forming portion 902 may

20 store in advance a plurality of models in accordance with
the number of pixels contained in the unit of processing,
the number of virtual divided portions of the pixel value in
the time direction, and the number of foreground components
for each pixel. The model-forming portion 902 may then

25 select the model in which the correlation between the pixel



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 amobunt 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 for calculating the foreground
conponents by the difference between the pixel values of the foreground
conponent image. In step S904, the cal culator 904 sets the pixel values of
t he foreground conponent image in theiganerated equations, 25 and extracts
t he foreground conponents by using the - 187 difference between the pixel
val ues based on the equations in which the pixel values are set. In step
S905, the ]palcula ﬁ1904 det erm nes mhegg$£ an éhe.forg ound . conponents
cor r espond i ¥ & the i 1%t B SIS HAVE® brert s e 5t ed 9t 3% i s
determn t.hat A fqre OMRO: [ t he unit of
pr ocessi ﬁ%]%g\a/len ﬁéojtg' @e’n%&%‘gﬁ}g&ﬁﬁ @lgi'feg‘%:%sé%%%%?%g&t%&ist@bé S904, and

the pro 'élg.J@rvieB‘EJa%Ctdj%gjoc%&frﬁacg%&frPs?@ C@g@%@ﬁ Ja1ud epeated. 10

If it is determned In step eground conponents
correspondifng do-ddedinit of  processing have been extracted, the process
proceeds to step S906. In step S906, the adjusting portion 905 adjusts each

of the foregraynd sCoEROR&RIMF0L/A6 1t RixaugN F08h4 SR irRthber of

pixels corresponding to the unit of processing is 12, and
that the amount of movement v within the shutter time is 5.
Then, the model-forming portion 902 sets the number of
virtual divided portions to 5, and selects a model formed of

10 eight types of foreground components so that the leftmost
pixel contains one foreground component, the second pixel
from the left contains two foreground components, the third
pixel from the left contains three foreground components,
the fourth pixel from the left contains four pixel

15 components, the fifth pixel from the left contains five
foreground components, the sixth pixel from the left
contains five foreground components, the seventh pixel from
the left contains five foreground components, the eighth
pixel from the left contains five foreground components, the

20 ninth pixel from the left contains four foreground
components, the tenth pixel from the left contains three
foreground components, the eleventh pixel from the left
contains two foreground components, and the twelfth pixel
from the left contains one foreground component.

25 Instead of selecting a model from the prestored models,



15 fromthe cal cul ator 904 based on the anount of novenent v so as to
obtain the foreground pi xel values FO1l/v through FO8/v from which notion
blur is elimnated. In step S907, the notion-blur adder 906 cal cul ates the
foreground pi xel values in which the anpbunt of notion blur 20 is adjusted,
and the selector 907 selects the inage wi thout notion blur or the inmage in
whi ch the amount of notion blur is adjusted, and outputs the selected

i mge. The processing is then conpleted. As described above, the
notion-blur adjusting unit 106 25 confgpgured as shown in Fig. 66 is able
to nore speedily - 188 adjust notion blur of the foreground inmage
containing notion blur according to sinpler conputations. A known

t echni que_.f or rtially elimnatin tion blur such_a Wener filter,
s ef f ect 1o IR HAT TS &P R vhe 0% THa=2 135S SUrsTel s ediof ci ent
for an ac |1 e 4 cont.ai nj ' tr,ast, if i1s
proved tHi ToERE ARy Rt AR CRILE OF 1oaBR SEpe dafel A nabied T

Fig. 66 iéeé&glfiacﬂcf?éﬂé/ Lﬁ{]{@ccg}_ @%‘?‘%S%%@gé% :Snl15 Pf.q quanti zed and

cont ai ni ng nol se. I's thus po ate notion blur with high

pr eci si on. AS xleserihadalane: i 9IS ARSI h WRAAS pY | gur ed

as shown in Fig. i's able to adjust the amount of on bl ur contained
in ansi NY 4 K@GRoad1 e IO def o agh b &R &l SEHSR Ry gboveidy s@iting the

15 mixture ratio a to the ratio of the background conponents
A description is now given, with reference to the
models of foreground component images shown in Figs. 67
through 69, of an example of the equation generated by tﬁe
equation generator 3803 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 F0l/v through F08/v and pixel values CO0l through Cl2 can be
expressed by equations (74) through (85), as stated above.
By considering the pixel values Cl12 and Cll, the pixel
value Cl2 contains only the foreground component F08/v, as
expressed by equation (107), 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 F07/v can be found by equation (108).

FO08/v Clz (107)

il

FO7/v

fi

Cl1-C1lz2 (108)

25 Similarly, by considering the foreground components



contained in the pixel values. However, the mxture ratio a may be set to
the ratio of the foreground conponents contained in the pixel values. The
enbodi nent has been di scussed above by setting the 20 noving direction of
the foreground object to the direction fromthe left to the right.
However, the noving direction is not restricted to the above-descri bed
direction. In the above description, a real-space imge having a

t hr ee- di nensi onal space and tine axis information is 25 projected onto a
ti me space having a two-di nensional spag ~ 189 and tine axis information
by using a video canera. However, the present invention is not restricted
to this exanple, and can be applied to the follow ng case. Wen a greater

el or MRRALIRC SECOHT (HSHmatd ofe 3 W'%aéhbﬁﬁﬂeaﬁ@bnﬁrikiﬁéed > oo
d stort'%&gg@ﬂ%&{&fg%&}&% B rAL e ot Alan fheant

i nformatio e extrac nore ura I mage can hesi zed.
The sens 0 anot her type of
sensor, QJ 4§E£§ﬁ§ 10) %f(%é3§94ﬁhage- captu |ng deV|ce for exanple, a BBD
(Bucket Brlgaggsp%VLc%h@ 310 D (Charge Injection Device);g9f a CPD (Charge
Primng Device), CMXS (Conpl ementary Metal Oxide Sem conductor).

Al so, st he sen%@@/QOesc@@Lch@ve to be a sensor in which 1%; gdgfection devices
are arranged in a matri x, and may be a sensor in which detection devices

are arranged iFp49Re = ico8-co9 (111)
F03/v = C07-C08+Cl2 (112)
F02/v = C06-C07+Cl11-Cl2 (113)
FOl/v = C05-C06+Cl0-Cl1 (114)
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 (10?) through (114). 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 wvalues
are set. For example, when equations (107) through (114)

20 are supplied from the equation generator 903, the calculator
904 sets the pixel values C05 through Cl12 in equations (107)
through (114).

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



A recording nediumin which a programfor perform ng the signal processing
of the present invention is recorded nmay be fornmed of a package nediumin
which the programis 20 recorded, which is distributed for providing the
programto a user separately fromthe conputer, as shown in Fig. 1, such
as the magnetic disk 51 (including a floppy (registered trade nane) disk),
the optical disc 52 (including a CD-ROM (Conpact D sc-Read Only Menory)
and a DVD (Digital Versatile 25 Disc)), the magneto-optical disk 53
(including MD (Mni - 190 Disc) (regiisteered trade nane)), or the

sem conductor nenory 54. The recordi ng medium may al so be fornmed of the
ROM 22 or a hard disk contained in the storage unit 28 in which the

programis recorded,_.such recordi medi um.bei ng. provided, 5.to the user
ot Do hei TR Gt E A7 (e S A ¥ riae S ragf o it AR
recorded jn recor di-ng . nmedi he exe d ogi-cal |,y accordi ng
to the (?rndé:?? ez°§lc(:r11|]b"’1gcdl T t#;]esr%%acﬁ Olncgz;t ﬁ(ﬁ]ﬂ H%J\A%O\?‘g&! @hleé do' not have
to be ex t i {J ye-.ser. | Y. Y. 1 ecut ed
concurre%ﬁqyﬁgrﬂr{gng?lv%%al eiy‘%%r?ﬁs]ﬁreﬁ‘%pﬂr%aabl i%é}e'Acgrol_f%i ng to the
present MR ALy idod SUiRISIdY &L rRefduhd darkaHaiid sgmge area, a

novi ng object Inmage area, 15 and an image area in which the mxture of the
backgsoungd, idmfie RIEA; ayl dhe IBMING RPiRAttidmgHrea occurs. - 191

CLAI V5 :
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 pixellvalues FO1
through F08 from which motion blur is eliminated, as shown
in Fig. 69.
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



1. An inmage processing apparatus for processing imge data which is fornmed
of a predeterm ned nunber of pixel data obtained by an inmage-capturing
device including a 5 predeterm ned nunber of pixels, the pixels having a
time integrating function, said inage processing apparatus conprising:

rel ati onal - expressi on generating nmeans for extracting, 1in correspondence
with a designated pixel of a designated 10 frame of the imge data, the

pi xel data of a peripheral frame around the designated frane as background
pi xel data corresponding to a backgragsd-obj ect which forns a background
anong a plurality of objects of the inmage data, and also for extracting
desi gnat ed pi xel data of the 15 designated pixel contained in the

desi gnat ed,.frane, so.as.ta ener,at | yral ity of .rel atiqnal expressions
concer ni r?élj uts%eeddeswlhglr?aﬁ ed %lnfelhailﬁfd?tc}ge[ ivr?gluae re a%r%eonas O|upn eci%een t he

desi gnat e pipssl: 42t 3, and d e hackyround sl fata, magure Tt io

det ecti on neans Ing a mxtu ratito indicating a mxture

state of dd&Aldy AHierPly PRyt Whe hfdlanifld SORGRIAE: e

desi gnat ed pi xel 'base e relational expressions; predictive-error

cal cul at igQ}: BARDH IO L2IHYWAL 1110 A g Predl Gl e/ en T - S URRId A Wgang the
m xture ratio detected 25 by said mxture-ratio detection nmeans into the
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background area
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 is adjusted. For example,
when the amount v' by which motion blur is adjusted is 3,
the pixel value C02 is set to (F01l)/v', the pixel value C3
is set to (F01+F02)/v', the pixel value C04 is set to
(FO1+F02+F03) /v', and the pixel value C05 is set to
15 (F02+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.



speci fying nmeans for specifying, based on the predictive error, whether an
area to which the designated pixel belongs 5 is a mxed area in which the
plurality of objects are m xed and is also a covered background area fornmed
at a leading end in a noving direction of a foreground object which forns
a foreground anong the plurality of objects, or is the mxed area and is
al so an uncovered background area fornmed at a 10 trailing end in the noving
direction of the foreground object; and foreground areal/background area
speci fying means for specifying whet hggs t-he area to which the designated
pi xel belongs is a foreground area consisting of only foreground 15 obj ect
conponent s whi ch fornlthe foreground object or a background area

consi sting of _on back und obj npon s whj.ch forn1th ground
object. 2. AnHS wgéé ?gﬁ E%Fhfﬁg' gﬁﬂin db&%ﬁ%ﬁQnufl agg¥e|n' 20
said m xture- ratlo de ectlo neans etect s the obj

corrponentjs caobnjt ai e S T he" esaf"%"ént o pﬁ“?(% %sp%%aoerhct}%th t he
desi gnat ed, péa(@_l_mp l%laoln cﬁchet}{ aﬁlﬁd&ﬂ@l e %ﬁﬂ%tl X rreanfsd)cgj[eé ects the

nlxture ra sai pre ve-error cu cul ates
the - g{ c§t|ve error by substituting the mxture ratio and the
foregrounéiobject conponents contained in the designated pixel detected by

sai d gl xture- il @rdel@Gling ARaRY A ng the amount of motion blur
of the foreground executed by the motion-blur adjusting unit
106 configured as shown in Fig. 66 is described below with
reference to the flowchart of Fig. 70.
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 $902, 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 5904, the calculator 204 sets the pixel values
of the foreground component image in the generated equations,

25 and extracts the foreground components by using the



the rel ational expressions. 5 3. An inmage processing apparatus according to
claim?2, wherein said relational-expression generating neans extracts the
pi xel data of the peripheral frame corresponding to the designated pixel
as the background pi xel data corresponding to the background object, and
al so extracts the designated 10 pi xel data of the designated pixel and
vicinity pixel data of a vicinity pixel positioned in the vicinity of the
designated pixel in the designated franme, and generates the plurality of
rel ati onal expressions concerning thejglesi gnated pixel indicating a

rel ati onship anong the 15 designated pi xel data, the vicinity pixel data,
and the background pi xel data corresponding to the designated pixel data

th icinit i | dat a. . AN, i i t [ di t
ol ai m 3, SARATETES e T i i LS prGE O AT AT Mo e D0 oner at os
th I lity .of | ati.onal ' b fd i mat i [
whi ch het STEGTURLE OHBet VABHBorU tont ahet T 198 tetlpnat ed pi el |
data and dhe., V610 4y Rloel Al ane G0uala) AL @ AecOnd, gpproximation in
whi ch the T XtUre ratio 1h the mxed area |9Tear y 6ﬁan es W th respect

to a positd rfgd}@s p&&&ezlefsgon%cgﬁé“;l\%}?dtﬁé Gfhit J@“prg’ces}f‘iﬁ PrOL&sSi ng

apparatus according to c erein sald relational -expression

gener gt i Ng, {EANSq Jener ates; 4 hee gl i aldd Yool r&l Atigdato Rxpr&ssi ons based
on a first approxinmation in which the foreground object
components corresponding to the unit of processing have not
been extracted, the process returns to step S904, and the
processing for extracting the foreground components is
repeated.

10 If it is determined in step S9%905 that all the
foreground components corresponding to the unit of
processing have been extracted, the process proceeds to step
$906. In step S906, the adjusting portion 905 adjusts each
of the foreground components FO0l/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 FOl/v through F08/v
from which motion blur is eliminated.

In step S907, the motion-blur adder 906 calculates the
foreground pixel values in which the amount of motion blur

20 is adjusted, and the selector 907 selects the image without
motion blur or the image in which the amount of motion blur
is adjusted, and outputs the selected image. The processing
is then completed.

As described above, the motion-blur adjusting unit 106

25 configured as shown in Fig. 66 1s able to more speedily



5 conponents contained in the designated pixel data and the vicinity pixel
data are equal, and a second approximation in which the mxture ratio in
the m xed area planarly changes wth respect to a position of a pixel of
the m xed area. 6. An inmge processing apparatus according to claim3, 10
wherein said mxture-ratio detection neans detects the mxture ratio by
solving the plurality of relational expressions according to a nethod of

| east squares. 7. An inage processing apparatus according to claim 3,
wherein said rel ati onal - expressi on gen@matd ng neans 15 generates the
plurality of relational expressions by extracting the pixel data of a
frame prior to the designated frame as the background pi xel data when the

the. pi x@UIHE T T ST T THE Gt Gha s Panhe B e |
backgr Ou'?aguf?r' )geéc%ta& } hen g4 ldeersl&r?ﬁ;uecda&%e bel ongs to the uncovered
background ar ea nage rocessing appara us according to claim 2,
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state in which the plurality of objects are mxed fro he desi gnat ed
framesand gdde daridhenal f4 alBe hased Oned: MY Uh ofctdiel foRgee ound  obj ect

and by al so extractlng, in correspondence with each 5 itemof the m xed
pi xel datquardtiez B UsHEPinkAlg ddfide. In contrast, it is proved
that the motion-blur adjusting unit 106 configured as shown
in Fig. 66 is sufficiently effective for an actual image
guantized and containing noise. It is thus possible to
10 eliminate motion blur with high precision.

As described above, the image processing apparatus
configured as shown in Fig. 2 is able to adjust the amount
of motion blur contained in an input image.

The embodiment has been discussed above by setting the

15 mixture ratio o to the ratio of the background components
contained in the pixel values. However, the mixture ratio o
may be set to the ratio of the foreground components
contained.in the pixel values.

The embodiment has been discussed above by setting the

20 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

25 projected onto a time space having a two-dimensional space



correspondi ng to the background object froma frane different fromthe
frame fromwhich the m xed pixel data is extracted based on a notion of

t he background object. 9. An inage processing apparatus according to claim
8, 10 wherein said relational -expression generating nmeans generates the
plurality of relational expressions based on a first approximtion in

whi ch the foreground object conponents corresponding to the m xed pi xel
data are equal and a second approxinmation in which the m xed pi xel data 15
extracted fromthe designated frane _angd he peripheral franme are uniform
10. An inmage processing apparatus according to claim8, wherein: said

rel ational - expression generating neans generates 20 the plurality of

rel ati onal expressions by extracting, in  correspondence with the
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area in he predi ve
dimensional space, distortion generated by the projection

can be corrected, significant information can be extracted,
or a more natural image can be synthesized.
The sensor is not restricted to a CCD, and may be
10 another type of sensor, such as a solid-state image-
capturing device, for example, a BBD (Bucket Brigade Device),
a CID (Charge Injection Device), or a CPD (Charge Priming
Device), or a CMOS (Complementary Metal Oxide Semiconductor).
Also, the sensor does not have to be a sensor in which
15 detection devices are arranged in a matrix, and may be a
sensor in which detection devices are arranged in one line.
A recording medium in which a program for performing
the signal processing of the present invention is recorded
may be formed of a package medium in which the program is
20 recorded, which 1s distributed for providing the program to
a user separately from the computer, as shown in Fig. 1,
such as the magnetic disk 51 (including a floppy (registered
trade name) disk), the optical disc 52 (including a CD-ROM
(Compact Disc—Read Only Memory) and a DVD (Digital Versatile

25 Disc)), the magneto-optical disk 53 (including MD (Mini-



error is greater than or equal to a predeterm ned threshold -as the
uncover ed background area. 11. An imge processing apparatus according to
claim8, 10 wherein: said rel ational -expressi on generati ng neans gener ates
the plurality of relational expressions by extracting, in correspondence
wi th the designated pixel, the m xed pixel data indicating the m xture
state in which the plurality of 15 objects are m xed fromthe designated
frame and the peripheral frame based on the notion of the foreground

obj ect and al so by extracting, in coerrnegpendence with each itemof the

m xed pi xel data, the background pi xel data corresponding to the
background object froma frane 20 subsequent to the frane from which the

obj cct | P cal i BV T DA QU o e by T B SR DU ey
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The steps forming the program recorded in a recording
medium may be executed chronologically according to the
orders described in the specification. However, they do not

have to be executed in a time—-series manner, and they may be

10 executed concurrently or individually.

Industrial Applicability
According to the present invention, it i1s possible to
specify a background image area, a moving object image area,
15 and an image area in which the mixture of the background

image area and the moving object image area occurs.



in correspondence with a designated pixel of a designated frane of the

i mge data, the pixel data of a peripheral 10 frane around the designated
frame as background pixel data corresponding to a background object which
forms a background anong a plurality of objects of the imge data, and
al so of extracting designated pixel data of the designated pixel contained
in the designated frame so as to 15 generate a plurality of relational
expressions concerning the designated pixel indicating a relationship

bet ween the designated pixel data anddihe- background pi xel data; a

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

m xture state of the plurality of objects 20 in the real world concerning
t he desi gnated pi xel based on the re%gﬁ gnal expressions; a
predictive-error calculation step of culatlng a predictive error by

bsti tut
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anong the plurality of objects, or is the mxed area and is al so an
uncover edi esdaed O AIRec fof /esh 24 Bnage processing apparatus
comprising:
relational—éxpression generating means for extracting,
in correspondence with a designated pixel of a designated
10 frame of the image data, the pixel data of a peripheral
frame around the designated frame as background pixel data
corresponding to a background object which forms a
background among a plurality of objects of the image data,
and also for extracting designated pixel data of the
15 designated pixel contained in the designated frame so as to
generate a plurality of relational expressions concerning
the designated pixel indicating a relationship between the
designated pixel data and the background pixel data;
mixture-ratio detection means for detecting a mixture
20 ratio indicating a mixture state of the plurality of objects
in the real world concerning the designated pixel based on
the relational expressions;
predictive-error calculation means for calculating a
predictive error by substituting the mixture ratio detected

25 Dby said mixture-ratio detection means into the relational



trailing end in the noving direction of the foreground 10 object; and a
foreground areal/background area specifying step of specifying whether the
area to which the designated pixel belongs is a foreground area consisting
of only foreground object conponents which formthe foreground object or a
15 background area consisting of only background object conponents which
formthe background object. 13. An imge processing nethod according to
claim12, wherein: in said mxture-ratio detection step, the foreground

20 obj ect components contained in thedgsignated pixel is detected in
correspondence with the designated pixel based on the relational
expressions, and the mxture ratio is also detected; and in said
predictive-error, calculation step, the 25 predictive error is cal cul ated by
substrttﬂ?ﬁﬁf%%ﬁ}?ﬁiture - 199 ratio and the foreground object conponent s

contained in the n ted det ect ed essing in sai d m xture-
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and is also a covered background area formed at a leading
end in a moving direction of a foreground object which forms
a foreground among the plurality of objects, or is the mixed
area and 1s also an uncovered background area formed at a
10 trailing end in the moving direction of the foreground
object; and
foreground area/background area specifying means for
specifying whether the area to which the designated pixel
belongs is a foreground area consisting of only foreground
15 object components which form the foreground object or a
background area consisting of only background object

components which form the background object.

2. An image processing apparatus according to claim 1,
wherein:
20 said mixture-ratio detection means deteots the

foreground object components contained in the designated
pixel in correspondence with the designated pixel based on
the relational expressions, and also detects the mixture
ratlio; and

25 sald predictive—-error calculation means calculates the



10 of a vicinity pixel positioned in the vicinity of the designated pixel
in the designated franme are also extracted, and the plurality of

rel ati onal expressions concerning the designated pixel indicating a

rel ati onship anong the designated pixel data, the vicinity pixel data, and
t he 15 background pi xel data corresponding to the designated pixel data or
the vicinity pixel data. 15. An inmage processing nethod according to claim
14, wherein, in said relational-expression generating step, the plurality
of relational expressions are generatedibased on a 20 first approxinmation
in which the foreground object conponents contained in the designated pixel
data and the vicinity pixel data are equal, and a second approximation in

which the mxture ratio in the mxed area linearly changes w respect to
B bosi 1 st o e &Sy it S ST e G T A i Pt hod
according to claim14,. - 200 wherein, in said, relational-expression
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said m xture-ratio detection step, the mxture 10 ratio is detected by
sol ving il ddity @f1 dt8ladtd10pression generating means extracts

the pixel data of the peripheral frame corresponding.to the
designated pixel as the background pixel data corresponding
to the background object, and also extracts the designated

10 pixel data of the designated pixel and vicinity pixel data.
of a vicinity pixel positioned in the vicinity of the
designated pixel in the designated frame, and generates the
plurality of relational expressions concerning the
designated pixel indicating a relationship among the

15 designated pixel data, the vicinity pixel data, and the
background pixel data corresponding to the designated pixel
data or the vicinity pixel data.
4. An image processing apparatus according to claim 3,
wherein said relational-expression generating means

20 generates the plurality of relational expressions based on a
first approximation in which the foreground object
components contained in the designated pixel data and the
vicinity pixel data are equal, and a second approximation in
which the mixture ratio in the mixed area linearly changes

25 with respect to a position of a pixel of the mixed area.




expressions according to a nethod of |east squares. 18. An inmage
processi ng nmet hod according to claim 14, wherein, in said

rel ati onal - expressi on generating step, the plurality of relational
expressions are generated by 15 extracting the pixel data of a frame prior
to the designated frane as the background pixel data when the designated
pi xel belongs to the covered background area and by extracting the pixel
data of a frame subsequent to the designated frame as the background pi xel
data when the designated pi xel bel ongg9420 to the uncovered background
area. 19. An inmage processing nethod according to claim13, wherein, in
said rel ational -expression generating step, the plurality of relational
expressi Qns re.%gnerated by . extracﬂlg#ﬁin corr.espaondence with the

desi gnat &d prfeliMes RSERFIASA WA A G S8 TR dve i n whi ch
the - 201 | ural it.y. of .ohj.ects are mxed fromthe .designated franme and
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processi ROy FINOR ACCAI M d AL HdNded i g Lidixd N BAL and the
rel ational -expression generating step, the 10 plurality of relational
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which the mixture ratio in the mixed area planarly changes
with respect to a position of a pixel_of the mixed area.
6. An image processing apparatus according to claim 3,

10 wherein said mixture-ratio detection means detects the
mixture ratio by solving the plurality of relational
expressions according to a method of least squares.

7. An image processing apparatus according to claim 3,
wherein said relational—-expression generating means

15 generates the plurality of relational expressions by
extracting the pixel data of a frame prior to the designated
frame as the background pixel data when the designated pixel
belongs to the covered background area and by extracting the
pixel data of a frame subsequent to the designated frame as

20 the background pixel data when the designated pixel belongs
to the uncovered background area.

8. An image processing apparatus according to claim 2,
wherein said relational-expression generating means
generates the plurality of relational expressions by

25 extracting, in correspondence with the designated pixel,



conponents corresponding to the m xed pixel data are equal and a second
approxi mation in which the m xed pixel data extracted fromthe designated
frame and the peripheral frane 15 are uniform 21. An inage processing '
met hod according to claim 19, wherein: in said relational-expression
generating step, the plurality of relational expressions are generated by
20 extracting, in correspondence with the designated pixel, the m xed

pi xel data indicating the mxture state in which the plurality of objects
are m xed fromthe designated frame -andgs t-he peri pheral franme based on the
notion of the foreground object and by al so extracting, in correspondence
with each 25 item of the m xed pixel data, the background pixel data - 202

correspondi ng,to, the background object froma frame prior t the franme
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of relational expressions are generated by extracting, 1 n correspondence
with ghe gesh patat Rixeld ghel data, the background pixel data
corresponding to the background object from a frame
different from the frame from which the mixed pixel data is
extracted based on a motion of the background object.
9. An image processing apparatus according to claim 8§,

10 wherein said relational-expression generating means
generates the plurality of relational expressions based on a
first approximation in which the foreground object
components corresponding to the mixed pixel data are equal
and a second approximation in which the mixed pixel data

15 extracted from the designated frame and the peripheral frame
are uniform.

10. An image processing apparatus according to claim 8,
wherein:
said relational-expression generating means.generates

20 the plurality of relational expressions by extracting, in
correspondence with the designated pixel, the mixed pixel
data indicating the mixture state in which the plurality of
objects are mixed from the designated frame and the
peripheral frame based on the motion of the foreground

25 object and by also extracting, in correspondence with each



m xed pixel data indicating the mxture state in which the plurality of
objects are m xed fromthe designated frane and 15 the peripheral frane
based on the notion of the foreground object and also by extracting, in
correspondence with each itemof the m xed pixel data, the background

pi xel data - corresponding to the background object froma frame subsequent
to the frame fromwhich the m xed pixel data is 20 extracted based on the
notion of the background object; and in said covered background

area/ uncover ed background area speci fydag-step, an area in which the
predictive error is greater than or equal to a predetermned threshold is
specified as the covered background area. 25 23. A recording medi umin

whi ch dabl e ded
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program conprising:” a relational-expression genefating s ex ractrng,
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i mge data, the pixel data of perrpheral 10 frame around the designated
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forms a background anong a plurality of objects of the image dat a,
al so of exddacty gy desd B s Pf XS slatardd idevhich the predictive
error is greater than or equal to a predetermined threshold
as the uncovered background area.
11. An image processing apparatus according to claim 8,
10 wherein:
said relational-expression generating means generates
the plurality of relational expressions by extracting, in
correspondence with the designated pixel, the mixed pixel
data indicating the mixture state in which the plurality of
15 objects are mixed from the designated frame and the
peripheral frame based on the motion of the foreground
object and also by extracting, in correspondence with each
item of the mixed pixel data, the background pixel data
corresponding to the background object from a frame
20 subsequent to the frame from which the mixed pixel data is
extracted based on the motion of the background object; and
said covered background area/uncovered background area
specifying means specifies an area in which the predictive
error is greater than or equal to a predetermined threshold

25 as the covered background area.



desi gnat ed pi xel contained in the designated franme so as to 15 generate a
plurality of relational expressions concerning the designated pi xel
indicating a relationship between the designated pixel data and the
background pixel data; a mxture-ratio detection step of detecting a
m xture ratio indicating a mxture state of the plurality of objects 20
in the real world concerning the designated pixel based on the relational
expressions; a predictive-error calculation step of calculating a
predictive error by substituting the mggtuwe ratio detected by processing
in said mxture-ratio detection step into the 25 relational expressions; -
204 a covered background area/uncovered background area specifying step
an area to which the

f i f.yj ng,, based th edicti ... Whet h,
desi gnat & pi A BATHGE L% T AFFIRD T RETTIE I pIAS (9551 obj ect s

are mxed.and 5 is-also a covered, hackground area forned at | eadi ng end
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conponents which formthe foreground object or a
comprising:

a relational-expression generating step of extracting,
in correspondence with a designated pixel of a designated
frame of the image data, the pixel data of a peripheral

10 frame around the designated frame as background pixel data
corresponding to a background object which forms a
background among a plurality of objects of the image data,
and also of extracting designated pixel data of the
designated pixel contained in the designated frame so as to

15 generate a plurality of relational expressions concerning
the designated pixel indicating a relationship between the
designated pixel data and the background pixel data;

a mixture-ratio detection step of detecting a mixture
ratio indicatiﬁg a mixture state of the plurality of objects

20 in the real world concerning the designated pixel based on
the reiational expressions;

a predictive—error calculation step of calculating a
predictive error by substituting the mixture ratio detected

by processing in said mixture-ratio detection step into the

25 relational expressions;



15 background area consisting of only background object conponents which
formthe background object. 24. A recording nedium according to claim 23,
wherein: in said mxture-ratio detection step, the foreground object
conponents contained in the designated pixel is 20 detected in
correspondence with the designated pixel based on the relational
expressions, and the mxture ratio is also detected; and in said
predictive-error calculation step, the predictive error is calculated by
substituting the mxture 25 ratio anddge foreground object conmponents
contained in the - 205 designated pixel detected by processing in said
m xture- ratio detection step into the relational expressions. 25. A
recordi ng medi um acco sai d

di t | aj m 24,, wh in,
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background pixel data corresponding to the designated pixe
vicinity Pindtifipldirection of a foreground object which forms a

foreground among the plurality of objects, or is the mixed
area and is also an uncovered background area formed at a
trailing end in the moving direction of the foreground
10 object; and
a foreground area/background area specifying step of
specifying whether the area to which the designated pixel
belongs is a foreground area consisting of only foreground
‘object components which form the foreground object or a
15 Dbackground area consisting of only background object
components which form the background object.
13. An image processing method according to claim 12,
wherein:
in said mixture-ratio detection step, the foreground
20 object components contained in the designated pixel is
detected in correspondence with the designated pixel based
on the relational expressions, and the mixture ratio is also
detected; and
in said predictive~error calculation step, the

25 predictive error is calculated by substituting the mixture



26. A recording nedium according to claim25, wherein, in said

rel ati onal - expressi on generating step, the plurality of relational
expressions are generated based on a first approximation in which the

f oreground object conponents 20 contained in the designated pixel data and
the vicinity pixel data are equal, and a second approxi mation in which
the mxture ratio in the mxed area linearly changes with respect to a
position of a pixel of the m xed area. 27. A recording medium according to
claim 25, wherein, in 25 said rel atd qua —-expressi on generating step, the
plurality of - 206 relational expressions are generated based on a first
approxi mation in which the foreground object conponents contained in the

desi d .pni xel d the vicini ixel d I d.
appr o TGS 1P BT A L T IO Ry G SRS phandi y

h i t h . it f i f.th 1 xed . .
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rel ation enerating step, the plurality
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t he designated frame as the 15 background pixel data when the ‘desi gnated

8i ;<el belings: tdatd EF COve sk BRSO Ufchndd &80 Brsk iyn @t d aed 141 t he pi xel
= designated pixel is extracted as the background pixel data
corresponding to the background object, and the designated
pixel data of the designated pixel and vicinity pixel data
10 of a vicinity pixel positioned in the vicinity of the
designated pixel in the designated frame are also extracted,
and the plurality of relational expressions concerning the
designated pixel indicating a relationship among the
designated pixél data, the vicinity pixel data, and the
15 background pixel data corresponding to the designated pixel
data or the vicinity pixel data.
15. An image processing method according to claim 14,
whereln, in sald relational-expression generating step, the
plurality of relational expressions are generated based on a
20 first approximation in which the foreground object
components contained in the designated pixel data and the
vicinity pixel data are equal, and a second approximation in
which the mixture ratio in the mixed area linearly changes
with respect to a position of a pixel of the mixed area.

25 16. An image processing method according to claim 14,



of a frame subsequent to the designated frane as the background pixel data
when the designated pixel belongs to the uncovered background area. 20 30.
A recording nedium according to claim24, wherein, in said

rel ati onal - expressi on generating step, the plurallty of relational
expressions are generated by extracting, in correspondence with the

desi gnated pi xel, m xed pixel data indicating a mxture state in which the
plurality of objects 25 are m xed fromthe designated franme and the

peri pheral frame - 207 based on a motign -of the foreground object and by
al so extracting, in correspondence with each itemof the m xed pixel

data, the background pixel data corresponding to the background object
froma frane different fromthe frame from5 which the p xed pixel data is

extract ed" HERHP ot $td off bt el BT BheR o%?%%’fat%‘ig ?At Rcorkf ng
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with respect to a position of a pixel of the mixed area.

17. An image processing method according to claim 14,
wherein, in said mixture-ratio detection step, the mixture
10 ratio is detected by solving the plurality of relational
expressions according to a method of least squares.
18. An image processing method according to claim 14,
wherein, in said relational-expression ¢generating step, the
plurality of relational expressions are generated by
15 extracting the pixel data of a frame prior to the designated
| frame as the background pixel data when the designated pixel
belongs to the covered background area and by extracting the
pixel data of a frame subsequent to the designated frame as
the background pixel data when the designated pixel belongs
20 to the uncovered background area.
19. An image processing method according to claim 13,
wherein, in said relational-expression generating step, the
plurality of relational expressions are generated by
extracting, in correspondence with the designated pixel,

25 mixed pixel data indicating a mixture state in which the



m xed pixel data indicating the mxture state in which the plurality of
objects are m xed fromthe designated frane and 20 the peripheral frane
based on the notion of the foreground object and by also extracting, in
correspondence with each itemof the m xed pixel data, the background

pi xel data corresponding to the background object froma frame prior to
the frame fromwhich the m xed pixel data is extracted based 25 on the
notion of the background object; and - 208 in said covered background
area/ uncover ed background area spec fa0ing step, an area in which the
predictive error is greater than or equal to a predetermned threshold is
specified as the uncovered background area. 5 33. A recording nedi um

according.to cl.ai.m 30, wherein:__in said.relat,ional-e essi on generating
step, thg)lupﬁaﬁlrla M tci/pocfbjreecfta iaornealmle}%epdr eﬁsé?r%ﬁ%ﬂ%r%ésgle%g&{r% édp %%/nge Sl
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data indicati'ng tthe mxture state 1 n whi ura obj ects are
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notion of the foregroun obj'ect and al so by extracting, in correspondence
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correspondi ng to the background object froma frane 15 subsequent to the

franesf r oy s Slbrddigndri e il X cipt Sud S oed d-act £sh haseehn the notion of
t he background object; and in said covered background area/uncovered
backgr ounth efterspetidny i 410 Stefe afr@H 6shidh W& mited ps ek Ctdaea erg or
extracted based on a motion of the background object.
20. An image processing method according to claim 19,
wherein, in said relational-expression generating step, the
10 plurality of relational expressions are generated based on a
first approximation in which the foreground object
components corresponding to the mixed pixel data are equal
and a second approximation in which the mixed pixel data
extracted from the designated frame and the peripheral frame
15 are uniform.
21. An image processing method according to claim 19,
wherein: ,
in said relational-expression generating step, the
plurality of relational expressions are generated by
20 extracting, in correspondence with the designated pixel, the
mixed pixel data indicating the mixture state in which the
plurality of objects are mixed from the designated frame and
the peripheral frame based on the motion of the foreground

object and by also extracting, in correspondence with each

25 item of the mixed pixel data, the background pixel data



is greater than or equal to a predetermined threshold is 20 specified as
the covered background area. 34. A programfor allowing a conputer for
processing imge data formed of a predeterm ned nunber of pixel data
obtained by an image-capturing device including a predeterm ned nunber of
pi xel s, the pixels having a tine integrating 25 function, to execute: - 209
a rel ational -expression generating step of extracting, 1in correspondence
with a designated pixel of a designated frane of the inage data, the pixe
data of a peripheral frane around thegdesi gnated frame as background pi xel
data 5 corresponding to a background object which fornms a background anong
a plurality of objects of the inmage data, and also of extracting

desi gnat e data of the xel contained in the designated

d pi xel desi gnat e
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is greater than or equal to a predetermined threshold is
specified as the uncovered background area.
22. An image processing method according to claim 19,
wherein:

10 in said relational-expression generating step, the
plurality of relational expressions are geﬁerated by
extracting, in correspondence with the designated pixel, the
mixed pixel data indicating the mixture state in which the
plurality of objects are mixed from the designated frame and

15 the peripheral frame based on the motion of the foreground
object and also by extracting, in correspondence with each
item of the mixed pixel data, the background pixel data
corresponding to the background object from a frame
subsequent to the frame from which the mixed pixel data is

20 extracted based on the motion of the background object; and

in said covered background area/uncovered background
area specifying step, an area in which the predictive error
is greater than or equal to a predetermined threshold is
specified as the covered background area.

25 23. A recording medium in which a computer-readable program



20 a covered background area/uncovered background area specifying step of
speci fying, based on the predictive error, whether an area to which the
desi gnated pixel belongs is a mxed area in which the plurality of objects
are mxed and is also a covered background area formed at a | eading end in
25 a noving direction of a foreground object which fornms a - 210

foreground anong the plurality of objects, or is the mxed area and is

al so an uncovered background area fornmed at a trailing end in the noving
direction of the foreground object; -ard35-a foreground areal/ background area
speci fying step of specifying whether the area to which the designated

pi xel belongs is a foreground area consi sting -of onIy f oreground obj ect

whi ch § he, f d abj d
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error is calculated by substituting the mixture ratio and the foreground
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processing in said mxture-
program comprising:

a relational-expression generating step of extracting,
in correspondence with a designated pixel of a designated
frame of the image data, the pixel data of a peripheral

10 frame around the designated frame as background pixel data
corresponding to a background object which forms a
background among a plurality of objects of the image data,
and also of extracting designated pixel data of the
designated pixel contained in the designated frame so as to

15 generate a plurality of relational expressions concerning
the designated pixel indicating a relationship between the
designated pixel data and the background pixel data;

a mixture-ratio detection step of detecting a mixture
ratio indicating a mixture state of the plurality of objects

20 in the real world concerning the designated pixel based on
the relational expressions;

a predictive-error calculation step of calculating a
predictive error by substituting the mixture ratio detected
by processing in said mixture-ratio detection step into the

25 relational expressions;



rati o detection step into the rel ational expressions. 36. A program
according to claim35, wherein, in said relational-expression generatlng
step, the pixel data of the peripheral frane corresponding to the
designated pixel is 25 extracted as the background pixel data correspondi ng
to the - 211 Dbackground object, and the designated pixel data of the

desi gnated pixel and vicinity pixel data of a vicinity pixel positioned in
the vicinity of the designated pixel in the designated frane are al so
extracted, and the plurality of 5 rel afgsonal expressions concerning the

designated pixel indicating a relationship anong the designated pi xel
data, the vicinity pixel data, and the background pixel dat a
corresponding to the designated pi xel data or t e |n|t pi xel data. 10
37. A progr anFaE&HPcHieHgbta k@F&PHIdBGr ERECN B grou a4 area
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whi ch the fraHPUd LR FOPIHEUFound object which forms a
foreground among the plurality of objects, or is the mixed
area and 1s also an uncovered background area formed at a
trailing end in the moving direction of the foreground
10 object; and
a foreground area/background area specifying step of
specifying whether the area to which the designated pixel
belongs is a foreground area consisting of only foreground
object componenté which form the foreground object or a
15 background area consisting of only background object
components which form the background object.
24, A recording medium according to claim 23, wherein:
in said mixture-ratio detection step, the foreground
object components contained in the designated pixel is
20 detected in correspondence with the designated pixél based
on the relational expressions, and the mixture ratio is also
detected; and
in said predictive-error calculation step, the

predictive error is calculated by substituting the mixture

25 ratio and the foreground object components contained in the



contained in the designated pixel data and the vicinity pixel data are
equal , and a second approximation in which the mxture ratio in the m xed
area planarly changes with 25 respect to a position of a pixel of the m xed
area. - 212 39. A program according to claim 36, wherein, in said

m xture-ratio detection step, the mxture ratio is detected by solving the
plurality of relational expressions according to a nethod of |east

squares. 5 40. A program according to claim 36, wherein, in said

rel ati onal - expressi on generating step,20she plurality of relational
expressions are generated by extracting the pixel data of a frame prior to
the designated frame as the background pixel data when the designated

pi xel bel pngs taq 0 the cpvered ckaround area and by.extracting the
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extracting, in correspondence with each itemof the m xed ~ pixel data, the
backgr oungh ;i xels datErfHdERONHNbddkdund pixel data

corresponding to the background object, and the designated
pixel data of the designated pixel and vicinity pixel data
of a vicinity pixel positioned in the vicinity of the

10 designated pixel in the designated frame are also extracted,
and the plurality of relational expressions concerning the
designated pixel indicating a relationship among the
designated pixel data, the vicinity pixel data, and the
background pixel data corresponding to the designated pixel

15 data or the vicinity pixel data.
26. A recording medium according to claim 25, wherein, in
said relational-expression generating step, the plurality of
relational expressions are generated based on a first
approximation in which the foreground object components

20 contained in the designated pixel data and the vicinity
pixel data are equal, and a second approximation in which
the mixture ratio in the mixed area linearly changes with
respect to a position of a pixel of the mixed area.
27. A recording medium according to claim 25, wherein, in

25 sald relational-expression generating step, the plurality of



background object froma franme different fromthe frame from which the

m xed pixel data is extracted based on a notion of 25 the background
object. - 213 42. A program according to claim4l, wherein, in said

rel ati onal - expression generating step, the plurality of relational
expressions are generated based on a first approximation in which the

f oreground obj ect conponents 5 corresponding to the m xed pixel data are
equal and a second approxinmation in which the m xed pixel data extracted
from the designated frame and the perdggeral frame are uniform 43. A
program according to claim41, wherein: in said relational-expression
generating step, the 10 plurality of relational expressions are generated

by extracting, in correspondence with the d xel, the m xed
ol xel  datseihaendt @%%sp%ﬁ%&%raer%t%%réeﬁt%ﬁs% D n B Flast 0%t Tob, act s
are m xed fromihe desi gnat.ed fr§$e the §fheral frane based on the
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of the bac ground object In said covered a/ uncovered

backggoung, e a}ﬁﬁ@t&f@%éﬁ’i&glétﬁpe ikt 88rd ﬂ‘fﬁ&&ﬁ;‘ﬂ%ﬂﬁ@é&twi’& error is
greater than or equal to a predetermned threshold i's specified as t he
uncover edr@@g‘}é‘cgtf Ootth &St tion of a pixel of the mixed area.

28. A recording medium according to claim 25, wherein, in

said mixture-ratio detection step, the mixture ratio is

detected by solving the plurality of relational expressions

10 according to a method of least squares.

29. A recording medium according to claim 25, wherein, in
sald relational-expression generating step, the plurality of
relational expressions are generated by extracting the pixel
data of a frame prior to the designated frame as the

15 background pixel data when the designated pixel belongs to
the covered background area and by extracting the pixel data
of a frame subsequent to the designated frame és the
background pixel data when the designated pixel belongs to
the uncovered background area.

20 30. A recording medium according to claim 24, wherein, in
sald relational-expression generating step, the plurality of
relational expressions are generated by extracting, in
correspondence with the designated pixel, mixed pixel data
indicating a mixture state in which the plurality of objects

25 are mixed from the designated frame and the peripheral frame



44. A program according to claim4l, wherein: 25 in said

rel ati onal - expressi on generating step, the - 214 plurality of relational
expressions are generated by extracting, in correspondence with the
designated pixel, the m xed pixel data indicating the m xture state in

which the plurality of objects are m xed fromthe designated frane and 5

t he peripheral franme based on the notion of the foreground object and al so
by extracting, in correspondence with each itemof the m xed pixel data,

t he background pi xel data corresponrdigoy t-0 the background object froma
franme subsequent to the frame fromwhich the m xed pixel data is 10

~extracted based on the notion of the background object; and in said
covered hackground area/unco ed ack roun area s i.f step, an area
in which éQ%redlctlv é}ror |s % ke % b%ﬁc%dﬁaﬁ 9% %ﬂ%?edeternlned
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data of a peripheral frane around the designated frame as background pi xel
dat a the background object.
31. A recording medium according to claim 30, wherein, in
said relational—exéression generating step, the plurality of
relational expressions are generated based on a first

10 approximation in which the foreground object components
corresponding to the mixed pixel data are equal and a second
approximation in which the mixed pixel data extracted from
the designated frame and the peripheral frame are uniform.
32. A recording medium according to claim 30, wherein:

15 in said relational-expression generating step, the
plurality of relational expressions are generated by
extracting, in correspondence with the designated pixel, the
mixed pixel data indicating the mixture state in which the
plurality of objects are mixed from the designated frame and

20 the peripheral frame based on the motion of the foreground
object and by also extracting, in correspondence with each
item of the mixed pixel data, the background pixel data
corresponding to the background ebject from a frame prior to
the frame from which the mixed pixel data is extracted based

25 on the motion of the background object; and




25 corresponding to a background object which forns a - 215 background
anong a plurality of objects of the image data, and also for extracting
desi gnated pi xel data of the designated pixel contained in the designated
frame so as to generate a plurality of relational expressions concerning 5
t he designated pixel indicating a relationship between the designated
pi xel data and the background pi xel data; mxture-ratio detection neans
for detecting a mxture ratio indicating a m xture state of the plurality
of objects in the real world concernigng the designated pi xel based on 10
the rel ati onal expressions; predictive-error calcul ati on neans for
calculating a predictive error by substituting the mxture ratio detected
by said m xture-rati,o detection ans_i,nto the rel atian expressions; 15
Brakiopate
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in said relational-expression generating step, the
plurality of relational expressions are generated by
extracting, in correspondence with the designated pixel, the
mixed pixel data indicating the mixture state in which the
10 plurality -of objects are mixed from the designated frame and
the peripheral frame based on the motion of the foreground
object and also by extracting, in correspondence with each
item of the mixed pixel data, the background pixel data
corresponding to the background object from a frame
15 subsequent to the frame from which the mixed pixel data is
extracted based on the motion of the background object; and
in said covered background area/uncovered background.
area specifying step, an area in which the predictive error
is greater than or equal to a predetermined threshold is
20 specified as the covered background area.
34, A program for allowing a computer for processing image
data 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

25 function, to execute:



- 216 specifying whether the area to which the designated pixel belongs
is a foreground area consisting of only foreground object conponents which
formthe foreground object or a background area consisting of only
background object 5 conponents which formthe background object. 46. An

i mge-capturing apparatus according to claim45, wherein: said

m xture-rati o detection neans detects the foreground object conponents
contained in the designated 10 pixel in correspondence with the designated
pi xel based on the relational expressiag®ss,- and al so. detects the m xture
ratio; and said predictive-error calculation neans cal cul ates the
predictive error by substituting the m xture ratio and the 15 foreground

obj ect conpon%nt% C qﬁai ed i@ t he desi Q%%ﬁg, ixq! d%ﬁ?%ﬁﬁﬁ Q%jgaid
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pi xel data correspond d object, an SO extracts. the

desi gnat egh-apd Xolo (e i e ot ek Sl X8 p Ay Mo eh i § ¥x P X@dtHata  of
a vicinity pixel positioned inthe vicinity of the 25 designated pixel in
the desi ghateskddring &yl Jahekidesutd@obyedy which forms a
background among a plurality of objects of the image data,
and also of extracting designated pixel data of the
designated pixel contained in the designated frame so as to
generate a plurality of relational expressions concerning
10 the designated pixel indicating a relationship between the
designated pixel data and the background pixel data;

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

15 the relational expressions;

a predictive-error calculation step of calculating a
predictive error by substituting the mixture ratio detected
by processing in saild mixture-ratio detection step into the
relational expressions;

20 a covered background area/uncovered background area
specifying step of specifying, based on the predictive error,
whether an area to which the designated pixel belongs is a
mixed area in which the plurality of objects are mixed and

is also a covered background area formed at a leading end in

25 a moving direction of a foreground object which forms a



plurality of relational expressions concerning the designated pixel
indicating a relationship anong the designated pixel data, the vicinity

pi xel data, and the background pi xel data corresponding to the designated
pi xel 5 data or the vicinity pixel data. 48. An inage-capturing apparatus
according to claim47, wherein said relational-expression generating nmeans
generates the plurality of relational expressions based on a first

approxi mation in which the foreground object 10 conponents contained in the
desi gnat ed pi xel data and the vicinitypixel data are equal, and a second
approximation in which the mxture ratio in the mxed area linearly
changes wth respect to a position of a pixel of the mxed area. 49. An

oot ondios ”&%@@F%ﬁéﬁie%wd' & St stﬁoer“ﬂf%?% A

el atonal exey e Oraasboaserg&rpcoaveééégcﬁ qo{q&ﬁddgiégeﬁ%t T dta and

f or eground objec cornponent s~ cont ai ne

the vici : r in 20 which
t he m xt u‘l{ryeatlrlaltml%e%ndjalhrg frn[%e(e c%Ianarjlsy c anggés? P&%é@r&ect to a
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accordi ng to claim47, wherein said mxture-ratio detection means detects
the pgixture %atﬂer%X‘o%%ldV'a%at/lﬂ)%cﬁklglﬂo@rﬂdt Bér%fa S?Jef&lf%aﬂg 23 pXRyeessi ons

according to a nethod of |east squares. - An i mage- capt uri ng
appar at UsRaGionii i) Wik tHed MY .area to Wthh the designated pixel
belongs is a foreground area consisting of only foreground
object components which form the foreground object or a
background area consisting of only background object
10 components which form the background object.
35. A program according to claim 34, wherein:
in said mixture-ratio detection step, the foreground
object components contained in the designated pixel is
detected in correspondence with the designated pixel based
15 on the relational expressions, and the mixture ratio is also
detected; and
in said predictive-error calculation step, the
predictive error is calculated by substituting the mixture
ratio and the foreground object components contained in the
20 designated pixel detected by processing in said mixture-
ratio detection step into the relational expressions.
36. A program according to claim 35, wherein, in said
relational-expression generating step, the pixel data of the
peripheral frame corresponding to the designated pixel is

25 extracted as the background pixel data corresponding to the



wherein said rel ati onal - expressi on generati ng neans generates the
plurality of relational expressions by extracting the pixel data of a
frame prior to the designated 5 frane as the background pi xel data when the
desi gnat ed pi xel belongs to the covered background area and by extracting
the pixel data of a frame subsequent to the designated frane as the
background pi xel data when the desi gnated pi xel belongs to the uncovered
background area. 10 52. An i mage-capturing apparatus according to clai m 46,
wherein said rel ati onal - expressi on genranati ng neans generates the _
plurality of relational expressions by extracting, in correspondence with
the designated pixel, mxed pixel data indicating a mxture state in which

the 15 plurality o bj ects ar i xed from.the designated f and the
peri pher Qacﬁ?gatr%mé{aéﬁ}eﬁ 3 a%fltg’lr? ﬁeﬁﬂ%’laftoerogé)rl&ﬁed Bt &€ by al so
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generating means generates the plurality of relational expressions based
on a 85 fridist IRRRIIOEAPd WY drik WYk ddied AIRITQUNIGIRD &€ tprxeAld

conponents corresponding to the m xed pi Xel data are equal and a second
appr oxi matritddindiL rdine ind@h Piaminglaiie designated pixel data,
the vicinity pixel data, and the background pixel data
corresponding to the designated pixel data or the vicinity
pixel data.

10 37. A program according to claim 36, wherein, in said
relational-expression generating step, the plurality of
relational expressions are generated based on a first
approximation in which the foreground object components
contained in the designated pixel data and the vicinity

15 pixel data are equal, and a second approximation in which
the mixture ratio in the mixed area linearly changes with
respect to a position of a pixel of the mixed area.

38. A program according to claim 36, wherein, in saia
relational-expression generating step, the plurality of

20 relational expressions are generated based on a first
approximation in which the foreground object components
contained in the designated pixel data and the vicinity
pixel data are equal, and a second approximation in which
the mixture ratio in the mixed area planarly changes with

25 respect to a position of a pixel of the mixed area.



extracted fromthe designated frame and the peripheral franme are uniform
5 54. An inmage-capturing apparatus according to claimb52, wherein: said
rel ati onal - expressi on generating neans generates the plurality of

rel ati onal expressions by extracting, in correspondence with the

desi gnated pi xel, the m xed pixel 10 data indicating the mxture state in
which the plurality of objects are m xed fromthe designated franme and the
peri pheral frane based on the notion of the foreground object and by al so
extracting, in correspondence with eagh2 i-temof the m xed pixel data, the
background pi xel data 15 corresponding to the background object froma
frame prior to the franme fromwhich the m xed pixel data is extracted

based - on the notion of the background abj ; .and sai d cover.ed background
ar ea/ uncover ed Bofcq%rrad'hrﬂfcaorrégm‘gﬁceoci qﬁlﬁ%%a Spectfi¥s HH%Grea in which

the predictive 20 error is areater than or .equal to .a predeterm.ne
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pi xel data ng the mxture state in which the plurality of objects
are mpxedyf r om thefest aatsd fdan® andi #&6, wherein, in said

relational-expression generating step, the plurality of
relational expressions are generated by extracting the pixel
data of a frame prior to the designated frame as the
background pixel data when the designated pixel belongs to

10 the covered background area and by extracting the pixel data
of a frame subsequent to the designated frame as the
background pixel data when the designated pixel belongs to
the uncovered background area.
41. A program according to claim 35, wherein, in said

15 relational-expression generating step, the plurality of
relational expressions are generated by extracting, in
correspondence with the designated pixel, mixed pixel data
indicating a mixture state in which the plurality of objects
are mixed from the designated frame and the peripheral frame

20 based on a motion of the foreground object and by also
extracting, in correspondence with each item of the mixed
pixel data, the background pixel data corresponding to the
background object from a frame different from the frame from

which the mixed pixel data is extracted based on a motion of

25 the background object.



peri pheral frane based on the notion of the foreground 5 object and al so by
extracting, in correspondence with each itemof the m xed pixel data, the
background pi xel data corresponding to the background object froma frane
subsequent to the frane fromwhich the m xed pixel data is extracted based
on the notion of the background object; and 10 said covered background
area/ uncovered background area specifying nmeans specifies an area in which
the predictive error is greater than or equal to a predeterm ned threshold
as the covered background ar ea. - 213 -

42. A program according to claim 41, wherein, in said
relational-expression generating step, the plurality of
relational expressions are generated based on a first
approximation in which the foreground object components
5 corresponding to the mixed pixel data are equal and a second
approximation in which the mixed pixel data extracted from
the designated frame and the peripheral frame are uniform.
43. A program according to claim 41, wherein: |
in said relational-expression generating step, the
10 plurality of relational expressions are generated by
extracting, in correspondence with the designated pixel, the
mixed pixel data indicating the mixture state in which the
plurality of objects are mixed from the designated frame and
the peripheral frame based on the motion of the foreground
15 object and by also extracting, in correspondence with each
item of the mixed pixel data, the background pixel data
corresponding to the background object from a frame prior to
the frame from which the mixed pixel data is extracted based
on the motion of the background object; and
20 in said covered background area/uncovered background
area specifying step, an area in which the predictive error
is greater than or equal to a predetermined threshold is
specified as the uncovered background area.
44, A program according to claim 41, wherein:

25 in said relational-expression generating step, the
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plurality of relational expressions are generated by
extracting, in correspondence with the designated pixel, the
mixed pixel data indicating the mixture state in which the
plurality of objects are mixed from the designated frame and
the peripheral frame based on the motion of the foreground
object and also by extracting, in correspondence with each
item of the mixed pixel data, the backgrbund pixel data
corresponding to the background object from a frame
subsequent to the frame from which the.mixed pixel data is
extracted based on the motion of the background object; and

in said covered background area/uncovered background
area specifying step, an area in which the predictive error
is greater than or equal to a predetermined threshold is
specified as the covered background area.
45. An image-~capturing apparatus comprising:

image-capturing means for outputting a subject image
captured by an image-capturing device including a
predetermined number of pixels, the pixels having a time
integrating function, as image data formed of a
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, the pixel data of a peripheral
frame around the designated frame as background pixel data

corresponding to a background object which forms a



10

15

20

25

- 215 -

background among a plurality of objects of the image data,
and also for extracting designated pixel data of the
designated pixel contained in the designated frame so as to
generate a plurality of relational expressions concerning
the designated pixel indicating a relationship between the
designated pixel data and the background pixel data;

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;

predictive—-error calculation means for calculating a
predictive error by substituting the mixture ratio detected
by sald mixture-ratio detection means into the relational
expressions;

covered background area/uncovered background area
specifying means for specifying, based on the predictive
error, whether an area to which the designated pixel belongs
is a mixed area in which the plurality of objects are mixed
and is also a covered background area formed at a leading
end in a moving direction of a foreground object which forms
a foreground among the plurality of objects, or is the mixed
area and is also an uncovered background area formed at a
trailing end in the moving direction of the foreground
object; and

foreground area/background area specifying means for
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specifying whether the area to which the designated pixel
belongs is a foreground area consisting of only foreground
object components which form the foreground object or a
background area consisting of only background object
components which form the background object.
46. An image—-capturing apparatus according to claim 45,
wherein:

said mixture-ratio detection means detects the
foreground object compénents contained in the designated
pixel in correspondence with the designated pixel based on
the relational expressions, and also detects the mixture
ratio; and

saild predictive—~error calculation means calculates the
predictive error by substituting the mixture ratio and the
foreground object components contained in the designated
pixel detected by said mixture-ratio detection means into
the relational expressions.
47. An image-—capturing apparatus according to claim 46,
wherein said relational-expression generating means extracts
the pixel data of the peripheral frame corresponding to the
designated pixel as the background pixel data corresponding
to the background object, and also extracts the designated
pixel data of the designated pixel and vicinity pixel data
of a vicinity pixel positioned in the vicinity of the

designated pixel in the designated frame, and generates the
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plurality of relational expressions concerning the
designated pixel indicating a relationship among the
designated pixel data, the vicinity pixel data, and the
background pixel data corresponding to the designated pixel
data or the vicinity pixel data.

48. An image-capturing apparatus according to claim 47,
wherein said relational-expression generating means
generates the plurality of relational expressions based on a
first approximation in which the foreground object
components contained in the designated pixel data and the
vicinity pixel data are equal, and a second approximation in
which the mixture ratio in the mixed area linearly changes
with respect to a position of a pixel of the mixed area.

49. An image-capturing apparatus according to claim 47,
wherein said relational-expression generating means
generates the plurality of relational expressions based on a
first approximation in which the foreground object
components contained in the designated pixel data and the
vicinity pixel data are equal, and a second approximation in
which the mixture ratio in the mixed area planarly changes
with respect to a position of a pixel of the mixed area.

50. An image-capturing apparatus according to claim 47,
wherein said mixture-ratio detection means detects the
mixture ratio by solving the plurality of relational

expressions according to a method of least squares.
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51. An image-capturing apparatus according to claim 47,
wherein said relational-expression generating means
generates the plurality of relational expressions by
extracting the pixel data of a frame prior to the designated
frame as the background pixel data when the designated pixel
belongs to the covered background area and by extracting the
pixel data of a frame subsequent to the designated frame as
the background pixel data when the designated pixel belongs
to the uncovered background area.

52. An image-—-capturing apparatus according to claim 46,
wherein said relational-expression generating means
generates the plurality of relational expressions by
extracting, in correspondence with the designated pixel,
mixed pixel data indicating a mixture state in which the
plurality of objects are mixed from the designated frame and
the peripheral frame based on a motion of the foreground
object and by also extracting, in correspondence with each
item of the mixed pixel data, the background pixei data
corresponding to the background object from a frame
different from the frame from which the mixed pixel data is
extracted based on a motion of the background object.

53. An image-capturing apparatus according to claim 52,
wherein said relational-expression generating means
generates the plurality of relational expressions based on a

first approximation in which the foreground object
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components corresponding to the mixed pixel data are equal
and a second approximation in which the mixed pixel data
extracted from the designated frame and the peripheral frame
are uniform.
54, An image—capfuring apparatus according to claim 52,
wherein:

said relational-expression generating means generates
the plurality of relational expressions by extracting, in
correspondence with the designated pixel, the mixed pixel

data indicating the mixture state in which the plurality of

‘objects are mixed from the designated frame and the

peripheral frame based on the motion of the foreground
object and by also extracting, in correspondence with each
item of the mixed pixel data, the background pixel data
corresponding to the background object from a frame prior to
the frame from which the mixed pixel data is extracted based
on the motion of the background object; and

said covered background area/uncovered background area
specifying means specifies an area in which the predictive
error is greater than or equal to a predetermined threshold
as the uncovered background area.
55. An image-capturing apparatus according to claim 52,
wherein:

sald relational-expression generating means generates

the plurality of relational expressions by extracting, in
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correspondence with the designated pixel, the mixed pixel
data indicating the mixture state in which the plurality of
objects are mixed from the designated frame and the
peripheral frame based on the motion of the foreground
object and also by extracting, in correspondence with each
item of the mixed pixel data, the background pixel data
corresponding to the background object from a frame
subsequent to the frame from which the mixed pixel data is
extracted based on the motion of the background object; and
said covered background area/uncovered background area
specifying means specifies an area in which the predictive
errof is greater than or equal to a predetermined threshold

as the covered background area.



